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This application provides & proposal for the marketing of a sezmsymheuc cephalosporin, Cefdinir,
for the treatment of patients with commumty acquired pneumonia, acute exacerbations of chronic
bronchitis, ) » _ acute otitis media, acute maxillary
sinusitis, pharyngitis/tonsillitis, and uncomplicated skin and slcm structure infections.

CONCLUSIONS & RECOMMENDATIONS:

The application is approvable from the microbiological viewpoint under section 507(b) of the Act
when changes are made to the MICROBIOLOGY section of the package insert. The changes

needed should be sent to the sponsor. These revisions are hsted as nouﬁcauon to the sponsor at
the end of this review on pages 127 to 134. ' o0

APPEARS THIS WAY
" ON ORIGINAL -
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L INTRODUCTION

Cefdinir is a new, orally administered member of the cephalosporin class of B-lactam antimicrobial
agents. It has been evaluated in clinical trials in adults and children against community-acquired
infections of the upper and lower mpn-atory tracts and infections of the skin and skin structures.
Due to its spectrum of antimicrobial activity and pattern of f-lactamase resistance, cefdinir was
targeted against the following species of bacteria: Staphylococcus aureus, Streptococcus
agalactiae, S. pnevmoniae, S. pyogenes, Escherichia coli, Haemophilus influenzae, H.
parainfluenzae, Klebsiella pneumoniae, and Moraxella catarrhalis.

Based on pilot plasma concentration studies performed in humans, the recommended cefdinir
regimen for the treatment of infections in adults, using a capsule formulation, is either 300 mg
twice a day or 600 mg once daily. The equivalent oral doses of suspension in children, ranging in
age from 6 months to 12 years, are 7 mg/kg twice a day or 14 mg/kg once daily.

IL  PRECLINICAL EFFICACY (IN VITRO)

A. Mechanism of Action

Cephalosporins exert their antibacterial activity by inhibiting bacterial cell wall synthesis,
p-lactams bind to proteins on the inner surface of the bacterial cell membrane. These proteins,
penicillin binding proteins (PBPs), are of 3 classes: transpeptidases; carboxypeptidases; and

endopeptidases. These enzymes are responsible for the final assembly of newly synthwzed cell
wall, external to the cell membrane

Cephalosporins inhibit the transpeptidase enzyme responsible for cross-linking nascent
peptidoglycan. The cephalosporin fi-lactam ring sterically mimics the D-ala-D-ala amino acid
sequeace of the peatapeptide precursor, covalently binding at the transpeptidase active site,
rendering the enzyme and the cephalosporin inactive, Cephalosporins are bactericidal by virtue of
cell wall synthesis inhibition, although the actual killing mechanism is unclear.

In a study by Yasuhiro Mine et 8l ® relative PBPs affinities of cefdinir in S. aureus 209P IC-1, E.
Jaecalis FP183, and E. coli NIHJ JC-2 were investigated. The data are presented in Table 1.
Affinities of cefdinir for PBPs 1, 2, and 3 (classified by molecular weight) of $. aureus and PBPs
1a, Ibs, 2, 3, and 4 of E. coli were generally equal to or greater than those of cefixime, cefaclor,
or cephalexin. Cefdinir and the 3 reference drugs had poor affinity for PBP 4 of S. qureus and
PBPs 5 and 6 of E. coli. Against E. faecalis PBPs, cefdinir showed very high affinity for PBP 2
and 3, moderate affinity for PBP 1, and low affinity for PBPs 5 and 4, while cefaclor showed very
high affinity for PBPs 2 and 1, moderate affinity for PBP 3, and low affinity for PBPs 4 and 5.
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TABLE 1. Affinity of Cefdinir and Reference Antibiotics for Penicillin-Binding Proteins
(PBPs) :
(o .
PBPs - '
Cefdinir Cefizime Cefaclor Cephalexin
Staphylococcus aureus 1 0.58 29 02 02
209P JC-1 2 0.17 <02 125 17
3 0.12 6.2 <02 02
4 28 25 >125 24
MIC (ug/mL) 020 25 0.78 1.56
Enterococcus faecalis 1 79 ' 0.66
FP183 2 <0.2 <0.2
3 <0.2 6.1
4 >125 26
5 74 97
MIC (pg/mL) 12.5 .100
Escherichia coli la 0.09 <0.2 1.6 0.8
NIHJ JC-2 Ibs 2.3 <0.2 72 >125
2 1.6 16 27 2125
3 0.07 0.2 1.6 8.7
4 1.1 >125 1.6 3.0
5 >125 >125 >25 >125
‘ 6 >125 13 >25 >125
MIC (ug/mL) 0.2 0.2 3.13 12.5

* Inhibitory conocatrations (ug/nL) of drog required t reduos [“Clbenzylpenicilin binding by 50%

Takeshi Yokota et al.® supported part of the above information by reporting that cefdinir

manifested higher binding affinities to PBPs 2 and 3 of § aureus 205P, PBP 1bs, 2, 3, and 4 of E.
coli NIHJ JC-2, and all fractions except PBP 2B of S. pneumortiae 13 than cefaclor. Kazuo
Hatano et al.“ also demonstrated that cefdinir’s high binding affinities for PBPs, 2, and 3 of S.
aureus and PBPs 1 and 2-of S. pyogenes were the reason for drastic morphological changes and

antibacterial activity.

Consistent with this mechanism of action, cefdinir induced filamentation in E. coli at ~
concentrations as low as 0.025 ug/mL and produced lysis at 0.78 ug/mL.® Exposure of E.
Jaecalis to 6.25 pug/mL of cefdinir for 2 hours produced nonseparating cells with a multiple thick
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cross wall and 10% lysis. In S aureus exposed to cefdinir at concentrations as low as
0.05ug/mL, the cross walls were swollen, the next cross wall synthesis started before completion
of septation, and lysis was triggered at the site of cross wall formation resulting in cell skeletons in
most cells. In S. pyogenes, 0.012.g/ml of cefdinir induced swollen and incomplete cross walls,
as well as lysis in a large cell population; and at 0.048 ug/ml, there was almost complete
inhibition of cross wall formation and lysed cells.¢®

B. Antimicrobial Spectrum of Activity

Cefdinir has been tested for in vitro activity against a variety of microorganisms derived from
infections throughout the world. The data derived from these studies are summarized in Table 2.
These studies were conducted using standardized and controlied in vitro susceptibility test
methods. Minimum inhibitory concentrations (MICs) were determined by a dilution method,
most commonly using Mueller-Hinton (MH) broth for aerobes, supplemented as required for

- support of factitious organisms and Wilkins-Chalgren (WC) agar for anaerobes. For investigators
using broth microdilution methods an inoculum of about 10° CFU per milliliter was used in most
studies. For investigators using agar dilution an inoculum of about 10* CFU per spot for aerobes
and 10° CFU per spot for anaerobes was used in most studies. Tests for aerobes were read afier
overnight incubation at 35-37°C, but some anaerobes required up to 48 hours incubation. These
agar and inocula are those recommended by the National Committee for Clinical’Laboratory
Standards (NCCLS).

The sponsor proposed susceptibility criteria based on human pharmacokinetics data® and the
600-mg once or 300-mg twice daily dose of cefdinir used in clinical evaluations, as foliows:
Susceptible, MIC<1.0ug/mL; Intermediate, MIC = 2 ug/mlL; and Resistant, MIC >4 ug/mL.

Using these criteria, most species of gram-positive isolates are susceptible (median MIC,,s <1.0

pg/mL) to cefdinir. This includes the following species: Gardnerella vaginalis, Gemella B
morbillorum; methicillin/oxacillin-susceptible isolates of Staphylococcus aureus, S. epidermidis,

S. haemolyticus, 8. saprophyticus, S. xylosus, and coagulase-negative Staphylococci; S, capitis;

&. cohnii; S. hominis, S. simulans; Streptococcus anginosus; S. bovis; 8. constellatus; S.

equinus; S. pyogenes; S. agalactiae; S. intermedius; 8. mitis, penicillin-susceptible S.

pneumoniae, S. salivarius, and 8. sanguis.

In addition, the following fastidious gram-negative bacteria are susceptible to cefdinir:
Haemophilus influenzae and H. parainfluenzae, Moraxella catarrhalis, Neisseria gonorrhoeae,
and N. meningitidis. Cefdinir'’s activity extends to Aeromonas hydrophila and the following

. enteric species: Citrobacter diversus, Pantoea (Enterobacter) agglomerans and E. sakazakii,
Escherickia coli; Klebsiella oxytoca and K. pneumoniae; Proteus mirabilis; Salmonella
enteritidis and S. Hphi; and Yersinia enterocolitica.
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Susceptible strictly anaerobic species are Clostridium perjfringens; Peptostreptococcus
anaerobius, P. asaccharolyticus, P. magnus, P. micros, and P. prevotii; Porphyromonas
gingivalis; Prevotella intermedia and P. oralis, and Propionibacterium acnes.
According to the sponsor since spectrum of activity of cefdinir includes bacterial strains that
produce a wide variety of Blactamases, cefdinir has been evaluated in clinical trials as an orel
cephalosporin for the treatment of the following commmunity-acquired infections:

Lower Respiratory Tract Infections:

¢ Community-acquired pneumonia caused by susceptible strains of Haemophilus influenzae,
Haemophilus parainfluenzae, Streptococcus pneumoniae, Staphylococcus aureus, Moraxella
catarrhalis, Escherichia coli, and Klebsiella pneumoniae.

* Acute exacerbations of chronic bronchitis caused by susceptible strains of Haemophilus

influenzae, Haemophilus parainfluenzae, Strepfococcus pneumoniae, Staphylococcus aureus,
Moraxella catarrhalis, Escherichia coli, and Klebsiella pneumoniae.

- * r

\_

Upper Respiratory Tract Infections:
J

e Acute max:llaly sinusitis caused by susceptible strains of Haemophilus influenzae,
Haemophilus parainfluenzae, Streptococcus pneumoniae, S. pyogenes, Staphylococcus
aureus, Moraxella catarrhalis, Escherichia coli, and Klebsiella pneumoniae.

* Pharyngitis/tonsillitis caused by susceptible strains of Strepfococcus pyogenes.

Uncomplicated skin and skin structure infections caused by susceptible strains of Staphylococcus
aureus, Streptococcus pyogenes, Streptococcus agalactiae, and Klebsiella pneumoniae.

An analysis of the activity of cefdinir against the most frequently encountered pathogens is given
in Table 3. Included for reference are other oral cephalosporins with similar antibacterial
properties and the most commonly used oral penicillin (amoxicillin). The data show that cefdinir
has good antibacterial activity against most of the bacterial strains isolated from the infections
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described above, ie¢., methicillin‘oxacillin-susceptible Staphylococcus aureus, Streptococcus
pyogenes;, penicillin-susceptible Streptococcus pneumoniae; Haemophilus influenzae, Moraxella
catarrhalis, Escherichia coli, and Klebsiella pneurnoniae. Cefdinir is almost 10-fold more active
egainst methicillin/oxacillin-susceptible Staphylococcus aureus than cefpodoxime, the compound
with the most similar spectrum. Cefdinir is also almost 10-fold more active against.
methicillin/oxacillin-susceptible Staphylococcus aureus; Streptococcus pyogenes; penicillin-
susceptible Streprococcus pneumoniae; Haemophilus influenzae; Moraxella catarrhalis;
Escherichia coli; and Klebsiella pneumoniae than the comparator cefaclor.

Cefdinir is not effective against all the Enterococci, methicillin/oxacillin-resistant staphylococci,
penicillin-resistant pneumococci, all the Acinetobacter species, Burkholderia cepacia, all
legionella species, all the pseudomonads, Stenotrophomonas maltophilia, all Citrobacter species,
Enterobacter aerogenes , E. Cloacae, Morganella morganii, Proteus vulgaris, all Providencia
species, and all Serratia species. '

The NDA holders letter of January 1993 suggested that at least 100 isolates from each species
should be tested. Therefore, only species with around 100 isolates will be considered for
inclusion in the in vitro section (second list) of the package insert. The NDA holders letter also
states that in order to be included in the label (second list) a microorganism should be a significant
(not anecdotal) pathogen at the body site(s) or in the infection(s) for which clinical effectiveness
for other pathogens has been established. Since the sponsor is requesting community-acquired
pneumonia, acute exacerbations of chronic bronchitis,/

lacute maxillary sinusitis, pharyngmsftonmllms, and
uncomphcated skin and skin structure infections, only potential pathogenic microorganisms
usually found at these sites will be included in the second list of the label.




TABLE 2. Summery of In Vitro Antibacterial Activity of Cefdinir

(Page 1 of 7)
Organism ',f,‘l‘“c:' n".lnc;':_ N MIC Rangs Referonces
Gram-Positive
Bacillus cereus 3 4.50 7,8
Corynebacterium feikeium >16 >16 10 0.06->16 7
Corynebactertum spp ' ' 5 <0,025-128 8,9 !
Enterococcus avium >100 50->100 102 0.4->100 5, 10-13
E. faecium >100 >64->128 275 0.1->128 2,5, 10-17
E. faecalls >16 1.6->128 1093 <0.015->12 1,2, 7, 10-31
8
Enterococcus spp 16 >4->128 413 0.25->128 7,9, 21, 32-39
Gardnerella vaginalis 0.5 0.5 26 0.06-6.25 14, 40
Gemella morbillorum 0.4 0.4 10 0.05-04 8
G. haemolysans 1 <0025 8
Listerla monocytogenes 54 4-8 o1 0.25-64 7, 14, 15, 24, 35
Staphylococous aureus® 08 0.03>100 - 1865  <0.002->12 2, 8, 10, 14, 15, 18, 21, 22, 25, 27-3¢,
: 8 33, 38, 39, 41.51
methicillin/oxacillin- >64 >16->128 .925 0.2->128 1,2,7,9-20, 23, 24, 31, 32, 35, 36, 41,
resistant 52,53
methicillin/oxacillin- 0.5 0.1-12.5 1609 000825 1,2,7,9,11-14, 16, 1% 19, 20, 23, 24,
susceptible ' 32, 34.37, 41, 44, 52-55
Staphylococcus sp. 4 £0.015->128 216 0.008->128 2,7, 8, 15, 21, 29, 30, 33, 36, 44, 49
coagulase-negative®

Page 10 of 134




methicillin/oxacillin- >128 >64->256 141 £0.03->256 9, 15, 16, 18, 24, 35, 52, 53
resistant : '
methicillin/oxacitlin- 1 0.1-2 302 <0.01-8 9,16, 18,24, 35,37, 52, 53
susceptible '
S. capitis 0.5 0.5 | 0.1-64 54
S. cohmnit 1 -1 10 025-1 14 i
S. epidermidis® 4 £0.06->128 526 <0.025->12 1,7, 8, 10-14, 21, 26-28, 32, 34, 38, 39,
: 8 41, 44, 49, S0
_ methicillin/oxacillin- >100 >64->128 89 0.03->128 14, 17, 20, 23
resistant
methicillin/oxacillin. 0.1 0.06-3.1 118 0.01-3.1 14,17,20, 23, 54
susceptible .

* Number of strains

¥ Methicillin/oxacillin susceptibility unspecified
* References are listed numerically on pages 2-26 in volume 47 of the submitted NDA 50-739,
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TABLE 2. Summary of In Vitro Antibacterial Activity of Cefdinir
(Page 2 of 7)

Organism ’;fnj.: R N MIC Range Refesnc’

Gram-Positive (cont)

S hoemolyticus® >64 45128 108 €0.025>128  1,8,21, 44,53
methicillio/oxaclin-rosietant 7 16>128 14,20
methicillin‘oxacillin-sasceptible 0.5 0392 1 0.03-564 14,20, 84

8 homints 0.1 (X] 17 0.03.0.4 1,14
methicillin/oxacilin-susceptible o0l o 17 0.03.0.1 20, 54

S soprophyticus® 2 0.25-4 267 00023128  1,14,17,30,41, 33, 36
tethicillin/oxacillin-resistent 6 . 2-16 1]
methicillin‘oxacillinnmceptible 0.3 0.254 209 0.1:>16 20,34, 56

S simulons 0.1 0.1 n £0.025-2  8,14,%
methicillin/oxacil ineasceptible 1 1 2 0.t-2 20, 6

5, warneri 4 003006 14

& xyloms ‘ ’
methicillin/oxaciilin-sesceptible 0.9 0.5 15 0.03.2 54

Staphylococeus spp* 1 164 (3] 0.06->128 121, 41,36, 57
methiciltin/oxacillin-résirtant [] 2-16 56
methicillin/oxmcillin-smceptible 2 2. 3 0.03-16 L1+

Streptococeus anginoms 0.1 0.05-0.2% L) ] 002025 8,14

& bovis 1 £0.03 7

S constellates 0.1 0.1 28 £0.02501 8

S equimu 2 0.2 ]

8. Group A (pyogenes) £0.03 0.002-0.1 1204 £0,002.6 ;Lzég 9-18, 20, 23, 24, 27.29, 31.33, 37, 4246, 48-5), sr?.

8 Grovp B (ogalactias) £0.03 £0.015-0.28 . 402 £0.008-0.5 7,9, 14.17,20, 21, 24, 17-29, 93,35, 39, 40, 43

S Growp © 10 £0.016-003 14,43

8. Group @ 0.016 0.016-20.03 "R 0.008.001 14,43

s Qroups G, F, O 0.03 0.03-0.% 43 £0.010.3  7,15,24

' memhuupubﬂ tmepecified
nmnia!!*;,onpngui-is Inwhma 47 of the submitted NDA 50-739.

*  References are listed
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TABLE 2. Summary of In Vitro Antibacterial Activity of Cefdinir
(Page 3 of 7)
Organism ':a"é:' :t‘nlnci N MIC Renge References
Gram-Pesitive {cont)
S intermediny . 0.08 0.0% 28 £0.023-0.2 ]
S mitty 0.4 0.4.3.1 27 0.016-6.25 814
8. presmonios® 0.1 0.03-3 T44 £0.002-8 1,2,9-13,17, 18, 23, 24, 17.31, 33, 33, 37, 42.51, 5281
penicillin-sdwceptible 0.12% £0.06-0.1 t 11 0.008-1 7, 14-16, 20, 32, 34, 33, 35, 6266
peniciltin-intetrediste 4 14 1 0.015-16 16,10, 53,55,62,63,65,66 .
penicillin-resistent | 216 404 £0.03.>16 7. 14-16, 20, 5%, 6266 i
L salivariny £0.025 £0.028 10 £0.025 |
S songuts 0.03 0,05 k1 | £0.02502 8
Streptococens spp 1 0.25-8 170 0,008->100 15,19,27,38, %7
Viridans group streptococct! 4 0.06-16 172 £0.008-64 1,7,16,24,33,38
Gram-Negnttve (Nonenterebacieriacens)
Achromobacter xylosoxidam 2 s18 i
Actnetobacter calcoocetions
A. bowmeannit! complex 4 'R | 41 0.25-16 14
A fohmsontt 4 4 12 0.8 14
A woft ] 2 20 0.54 4
A, rodioresittans 8 0.23:2 14
Acinetobacter wp t 1>128 ans 0.03->>1218 2,7, 12.14, 16, 17, 14, 12, 30, 3336
: Aaromonias hydrophila 0.5 0.5 mn £0.03>16 7,24, 36, 52
Aeromonas wp 03 0.5 2 0105 M i
Bordetella pertussis SEETY 12.9-100 - 45100 1,10,14
Brucella spp "3 0.13-028 14

é {ﬂi“,mm lo ko -resistant stros

References are listed rumericalty on peges 226 lnvohnnﬂofﬁunhrﬂﬂedNDA!O-‘B’
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Summary of In Vitro Antibacterial Activity of Cefdinir

TABLE 2.
(Page 4 of 7)
Median MIC,
Organism MIC, Rango N MIC Range Refivences
Gram-Negative (Nonenterobacteriscene) (comt)
Burtholderta cepacia 2 12,8100 ]| 0145100  2,7,14,23,24, 44
Chilcmydia preumonios 3 >$0->100 67
Etemella corrodens 1 ot ] . :
Flavobacterium wp 2 >16 7
Hoemophilns infleenzos oS 0.1-12.8 2038 £0.013.25  1,2,7,10-13, 17, 18, 20, 23, 24, 2731, 33, 34, 37, 4251,
53, 88, 8761, 64, 6271
H. paratniuenzoe 0.03 0,251 62 0.03-1 14,1531,
Heltcobocter pylort ' 1 2 16 0.5-2 14
‘ |
Lagioneila swop 4 4>8 n 0.1>8 20,M
. Moraxelta catorthalts 028 £0.06-16 1088 f 00132  1,7,8 11-:13. 23, 24, 27:34,37, 4244, 4549, 81, 33, 83,
Neisseria gonorrhosas £0.028 £0.008-0.23 03 Gy 0.001.1 1,7, 10, 14, 13, 17,20, 24, 28, 30,34,37,70, 74
N. meningitidis 0.016 0.015.0.028 aa 0.0040.5  1,15,16,30
Pasteurella mubtocida 9 00080125 18
Prendomonar oereginose >100 45286 1202 0255256 ;.32. 7,10,11,13, 14, 1618, 3134, 26,27, 36, 39, 44, 2,
P. fleorescem 64 >64 7 S16564 7,14 |
P.putida >64 >64 n >16564 7,14 i
P. stutzert , s 4564 14 f
Prewdomonar spp >100 >4.>128 102 0035128 21,2%,30,33,38
Stenotrophomonas maltophtlia - 332 S4.>128 " 11 0.15128 2,7, 14,16, 21, 24,33, 36

: Number of strains

R‘ﬁ:uul are listed numerically on pages 2-26 In volume 47 of the submitted NDA 30739,
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TABLE 2. Summary of In Vitro Antibacterial Activity of Cefdinir

(Page 5 of 7)
‘ Median MICy
Organism MIC, Rangs. N MIC Renge Refurences
Enierobacteriacess
Citrobacter amalonaticss 2 1-16 1
C. diversus : 0.23 0.254 141 £0.015-64 7,21,22,24,20, 2
C. freundtt >100 4>128 T26 €0.03-5128 1,27, 11,13, 14,16, 17,21-24, 26, 28, 29, 33, 36, 44
Citrobacter spp ‘ 64 >16->128 13 0.1->128 19, 15,27, 30,3335, 52
Entsrobacter aerogenes >64 4>128 413 0.06->128 1,7, 12-14, 16,17, 21, 2328, 28, 3¢ #
Pantoea agglomerans 03 0.3.>4 k]| £0.0354 7,2t
E. cloacos >100 >4>128 1029 0.06->400 1,2,7, 1014, 16,17, 21, 1316, 28, 29, 36, 43, 44, 49
E salnrakit 028 0.3 13 0.06-2 7,14
K. taplorae 2 16>16 7
Enterobacter wpp >16 1>12¢ u? 0.06>12% 16,19,21,22,27,30,32.35,37,38, 51, 53
Ercherichia coli ' 03 0.23-64 3248 0.008-128 1, 2,7, 10-14, 1637, 39, 40, 42.30, 32, 53, 60, &8
Hafhia alvel 4 431 3® 0.25.64 7,014,331, 8
Klabsiella cxytoca 0.25 0.03>100 ’ 159 £0.008-128 1, 8,10, 11,14, 16-18, 20.24, 29, 32, 96,34, 12
K ozoence 5 0.06->16 7.5
K prevmonioe 0.4 . 0.14.1 1591 £0.01->128% 1,2, 10-14, 1618, 20-26, 29, 32, 36, 39, 4, 44, 4, 49, 30,
52, 53,55,60,68
Klabsislla spp 0.3 0.25.128% 12 0.008->128 7, 19,27, 318, 10,33.35, 37,30
Morganslla morganit 7 2.>11¢ 650 0.004->128 1,2,7, 10-14, 16, 17, 2024, 26, 29, 30, 32, 36, 51.53
Proteus mirabilis 0.1 0.05-23 1124 <0.01-100 1, 2,7, 10-14, 16-18, 20.30, 32, 36, 43,49, 53, 63
P. perneri 3 0.06-2 14,16
Protess wp 0.23 0.12%.100 9 . £0.01>100 19,34,37. 44
P, wilgarts 12.3 2->128 194 £0,03>128 1,2, 7, 10-14, 16.18, 20.16, 28-30, 32, 43, 2
Providencia alcalifaciens o | 0.002 20
P. retigert At 0.5.50 33 £0.006>128  1,2,7,10-14,17,20-24, 29 .
Providencia spp 1 0.25-16 122 €0.01>128  16,23,28,30,3), 52, 53 i
P, stuaytl 31 2-64 » 144 £0.015-64 1,7, 10, 14,17, 20, 24, 29
¢ Number of strains

*  Refetences are lizted rumerically on pages 2.26 In volome 47 of the submitted NDA 50.739,
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TABLE 2. Summary of In Vitro Antibacterial Activity of Cefdinir
(Page 6 of 7)
Median MIC,, N
Organism MICy Range_ MIC Range References
Enterobacteriacene (comt)
Salmonella enteritichis 0.1 0.1.0.25 20 0.06-0. 7,63
S, oM 2 00601 7
Salmonells spp 03 0.2-1 444 £0.01-16 14, 16, 24,28.30, 32,3437, 39, 91
Serratia liguefociens &4 64564 29 0.5>128 1,14,12 ‘
S. marcescens 100 1.9>128 13 0.1->123 1,2,7,8,10.14, 16, 17,21.26,28, 29,38, 35,39, 44, 33
Serratia spp >16 A>128 152 0033128 16, 19,121,130, 32,93, 52
Shigella wpp 0428 0.1-1 243 £0.01-8 7,14, 16,24, 2890, 31, 34, 35,37, 19, 52
Yerzinia enterocolitica o 0.4.16 o4 0.06.32 7,14, 16,24, 28,29, 68
Anserobes A
Bactercides capilioms 2 0.2-1.6 3 ‘ :
8. fragilts grovp >100 >16->200 220 £0.055200  1,2,7,10,1%, 17,13, 24,27,30, 44,78
B. thetaiotoomicron 200 200 11 25.>200 73
2. eniformis 200 200 13 16520 18
Boctercides wpp a 1->64 5% £0.025564 14,13,24, 78
Clostridiem ditcile >64 >64-100 3t 28100 14,73 .
C. perftingens 0 0.5-2 67 .18 L1S17,2417
Clostridum spp 1 n n 0.125.32 14,15,30
Bubactertum limomm 1 £0.028 s
Fusobactertum muclaotum 1.6 1.6 1 0.00%-3.1 1,815, 24
Peptococcus sop t 1 10 0064 24 - {

*  Number of siraine

*  References are Hsted memerically on peges 2-26 in volame 47 of the submitted NDA 50-739,
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TABLE 2. Summary of In Vitro Antibacterial Activity of Cefdinir
(Page 7 of 7)

Organism l:'?g.:' RM‘I“CE.L N MIC Range References
Anserebes (comt)
Paptortreptococens enaerobig ot ot b1 £0.025-125  3,40,73
P. asoccharolytions 01 02 39 £0.025.0.4 L7
P. magmus 0.4 04 b1 £0.025-16 e, 14,40,75
P. micros £0.029 £0.025 18 £0.025.0.1 ]
P. prevott] _ 6 £0.025.0.1 ~ ¢
Feptostreptococews wpp 1 i | 1t 0.0l68 8,18
Porphyromonas gingivalis 2 0204 |
Pravoetla bivia 123 128 " £0.25-28 40,78
P, intermedia t 0.208 ]
P, oralls 1 04 ]
Propionibacterhcm acnes s 0.013-1 4
LPropionibocterium wp 3 0.008-0025 13

: Number of straine

References are listed rumerically ont pages 2-26 in volume 47 of the subemitted NDA 50-739.

Page 17 of 134




TABLE 3, In Vitro Antibacterial Actmty of Cefdinir Compared to Amoxicillin, Augmentin, Cefaclor, and
Cefpodoxime A amst anisms Commonly Associated With Respiratory Tract and Skin Infections

Minimal Inhibitory Concentration (MIC) (ug/mL)
Organism Cefdinie Amoxicillin _Auvgmentin Cefaclor M
MIC, MICo _ MIC, MG, M, ~MIC, _  Mic, MG, _Mic,  micy
Staphylococews aurems '

Methiclllin‘oxseillin-susceptible 0.2% 0.3 0.8 1.6 0.4 1 2 (& 1] 2 4
Streptococous pyogener £0.028  <0.03 £0.028  <0.025 £0.02% 0.03 0.128 023 20,623 0.03
£ prewmonice . '

Penicillin-susceptible 0.06 o 0.128 0.013 0.03 0.3 0.3 0.03 0.06
Haemophilur infleemoe 0.28 0.5 0.4 1 0253 0.5 4 t 0.06 0.1
Moraxella cotorrhalts . 0.13 023 16 4 0.1 0.28 1| 2 0.235 0.5
Ercherichia colt 0.23 0.8 6.23 >100 4 16 2 618 o4 0.5
Klabsiella prawmoniae 0.1 0.4 100 >100 2 8 1 6.28 02 " 08

Data is genersied from references 1, 2, 3, 7-73 list of which is depicted on pages 226 in volume 47 of the submitted NDA 50739,
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The labeling submitted by the sponsor includes the following organisms in__ge efficacy list:

Each of the microorganisms in the in vitro activity list will be discussed below along with the
reason for including it or excluding it from the label.
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In the label the list of in vitro organisms with MIC,, values of <1 ug/mL should, therefore, read
as follows: N

A
C. Effects of Miscellaneous Factors on Activity

1. Effect of Inoculum Size

Several investigators have studied the effect of inoculum size on the activity of cefdinir. The
results vary with the nature of the strains tested; especidlly with regard to the potency and
spectrum of the f-lactamase produced by the test microorganisms

In one.study by Neu, H.C. et al, cefdinir MICs increased with larger bacterial inocula (10° vs 107
CFU/mL) for both gram-positive and gram-negative species. The average increase was 2- to
4-fold (1-2 tube dilutions) for E. coli and S. aureus; 5- to 8-fold for K. pneumoniae, C. freundii,
and E faecalis, and 32-fold for E. cloacae (Table 4). ' . -

In another study by Fernandez-Roblas,R. et al.,-cefdinir MICs ’did*notaﬁnge at higher inocula
(10° vs 107 CFU/mL) for 2 spocies « H. Influensas and §. aureus; ineroased only 2. to 4-fold for
E coli, Y. enterocolitica, 8. enteritidis, and higher increases were observed at 8-fold for K.
pneumoniae and 64-fold for P. mirabilis (Table 5). .
In an agar dilution study by Briggs, B.M et al, the effect of inoculum size (10 vs 10° CFU/spot)
was determined against -lactamase-producing bacteria (Table 6). Again, the degree of
diminished activity was associated with the strain of microorganism, and more specifically, with
the pature of the §-lactamase nroduced. Among these isolates E ooli and S, qureys were the
least affected by 100-fold increases in the inoculum size per spot.

The lack of inoculum effect with S. aureus is further exemplified by the data from Cohen, MLA. et
al. shown in Table 7. Regardless of the B-lactamase type produced by the microorganism, the
activity of cefdinir was virtually undimini

Similarly, in a study By Martin, R sd [ifares, 7 thire was o significant inoculum effoct
evidenced in Streprococcus pneumoniae strains (Table 8).
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TABLE 4. Effect of Inoculum Size _

Geometric Mean Cefidinir MIC (ughnl)
Organism . No. {Range)

- = 10 CFU/mL 10" CFU/ml.
Escherickia coli 5 025 (0.120.5) 084 (025-2)
Kiebsiella pnevmoniae 5 0.16 (0.03-2) 114 (00632 .
Enterobacter cloacae 5 3.03 (1-16) 97  (16>128)
Citrobacter freundil 5 4 (02568 242  (8-64)
Staphylococeus aureus 5 0.44 (0.250.5) 076 (0.25-1)
Enterococcus faecalis 5 348 (24) 184 (8-32)

TABLES. Effect of Inoculum Size on the In Vitro Activity of Cefdinir

Against Different Clinical Isolates

. MIC,p (ug/ml)
Organism N 10° CFUAL 10’ CFUAL
Escherichia coli . 10 : 05 1
Protexs mirabilis 10 0.06 4
JYersinia enterocolitica 10 05 2
Salmonella enteritidis 10 025 05
Klebsiella pneumoniae 10 012 1
Haemophilus influenzae 10 025 0.25
Staphylococcus aurews MRSA s 1024 1024

S. qureus MSSA 5 05 . 05
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TABLE 6. Effect of Inoculum Size on Cefdinir MICs Against B-Lactamase-Producing

Bacteria

—= -Agar Dilution MICs (ugfml )

10* CFU/Spot 10° CFU/Spot
Acinetobacter anitratus 2 16
Enterobacter acrogenes, Type 1* - 8 >16 *
Enterobacier cloacae, Type 1a (P99) >16 >16
Hafnia alvei, Type 1 16 >16
Morganella morganii, Type 1 4 >16
Providencia stucrtli, Type 1 1 >16
Serratia liguefaciens, Type 1 05 2
Servatia marcescens, Type 1 >16 >16
Escherichia coli, TEM-1 0.12 0.12
E coli, TEM-2 0.12 0.12
E coli, HMS-1 025 025
E. coli, OXA-1 025 05
E coli, OXA-2 025 025
E coli, OXA-3 0.12 025
E coli, SHV-1 0.12 0.12
E coli, ATCC 25922 025 025
Klebsiella oxytoca, Type IVe (K1) 2 >16
K oxytoca, Type IVc (K14) 2 >16
Kiebsiella pneumoniae, wild type 0.12 0.12
K pneumoniae, ExSpBL* 4 >16
K. pneumoniae, ExSpBRLY 1 >16
Staphylococcus aureus, Penase 05 05
S. aureus, ATCC 29213 0.5 0.5

¢ P-Lactamaes type
' Extended-spectrum B-lactamase
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TABLE 7. Cefdinir Activity Against Standard and Heavy Inacula with
B-Lactamase-Producing Staphylococcus aureus Strains

_ j MIC pg/ml of Cefdinir
S aureus Strain B-Lactzmase Type 10° 10’
CFU/mL CFU/mL
PC-1 A : 0.25 05 °
NCTC 9789 A 025 - 0.5
VU A 025 025
22260 ceee B - 025 - 025 -
ST 797141 B 05 05
V137 C 05 05
FAR 8 D 0.25 0.25
FAR 10 D 025 025
SA-1 P-Lactamase negative 0.25 0.5
TABLE 8. Cefdinir Antibacterial Activity at Standard and
* High Inoculum Sizes Against Strepfococcus
pneurnoniae )
Penicillin-Susceptibility MIC,, of Cefdinir (ug/mL)
(No. of isolates) 10* CFU/mL 10’ CFU/mL
Susceptible (30) £0.06 0.12
Intermediate (40) 4 4
Resistant (30) 8 16

:_L Effect of Medium, pH, Horse and Human Serum, Urine, Sheep Red Blood Cel!s, 5%
CO, Atmosphere, and Mg™ on Antibacterial Activity

Swadinvwﬁguomm:diedmee&mofwmmmedhmpﬁ,ﬁomemdhmnmminq
sheep red blood cells, 5% CO,, and Mg*™* on in vitro results obtained with cefdinir,

In a study by Neu, H.C. et al., cefdinir was tested for MIC variance on different media
(Mueller-Hinton broth vs agar; Mueller-Hinton, brain-heart infusion, and mutrient AZArs), aCToss &
+ pHrange of 6 to 7.5. MICs were within a 2-fold range for all tests versus 5 strains each of S
aureus, E. coli, Kpneumamae E. cloacae, and C. freundii. Serum and urine did not alter the
MICs or MBCs for S, aureus, E. coh or K. pnewmoniae (five isolates of each).
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A second study by Mine, Y. et al, noted a 2- to 8-fold increase in MICs for E. faecalis due to
medium effects (based on results obtained with sensitivity test agar versus heart infusion agar
vemstHA)i L

In a study by Fernandez-Roblas, R Et al., vananonsmaﬂun'emediumhadno effect on cefdinir
MICs against 10 isolates each of P. mirabilis and K. pneumoniae. .Sust.‘&pﬁbihues were compared
in Diagnostic Sensitivity Test Agar (DST) and MHA at pH 7.4. RspecuveMICmvalues and
ranges for cefdinir were 0.12 pg/ml and 0.06t0 0.12 up/mil-for P. mirabills in both media.
Similarly identical in both media were the MIC,o, and ranges for K. preumoniae which were 0.5
pg/mL and 0.06 to 0.5 ug/mL, respectively. Another study by Nishino, T. Et al, compared heart
infusion agar, nutrient agar, trypticase soy agar, and MHA with a similar outcome. MIC ranges
(in ug/mL) for S, aureus209P-JC, E.coli KCA14, K preumoniae KC-, P vulgaris 0X-19, and
S. marcescensT-SSwereasfollows 0.05t00.2, 0. lt002,005t002,0.2t0039 and 1.56 to

1.56, mpecﬂvely ' e

Bacterial responsés to maaw“ variations in prL In & stidy by Fernandez-
Roblas, R. Et al, changing the pH from 7.4 to 8.5 hadgggﬁ‘gc_tﬂggﬂthq_a_qgmyofccfdxmrvm
10 strains of P. mirabilis and K. pneumoniae in either DST or MHA. (The MIC,,, values and
ranges obtained at pH 8.5 were virtually identical to those indicated above.). When compared in
MHA, similar MICs were found for cefdinir at pH 5.4, 64, 7.4, and 84 (Mine, Y., et al). MIC
ranges (in p2g/mL) were 0.025 to 0.05 for S aureus 209p JC-1, 0.5 t0 0.1 for E. coli NIED JC-2,
and 0.05 to 0.1 for K. pnewmoniae NCTC 418. In a study by Marchese, A Et al , utilizing 14
staphylococcal isolates, no major MIC shifts occurred when the pH-of Mueller-Hinton broth was
varied between 5.5, 7.0, or 8.0. Howevqﬁ:saepmtmﬂtsmreponedmanothusmdyby
Nishino, T. et al. When tested in heart mﬁm&ﬁgar at pH s. _Smt_heMCfor 8. marcescens T-55
was 6.25 ug/ml, contrasted with MICs of 0.78 and 0.39 ug/mL at pH 7.0 and 8.5. The MIC .
ranges (in ug/mL) for S..aureus 209-P JC, E. coli KC-14, K. pneumoriae XC-1, and P. mirabilis
OX-19 were as follows: 0.02510 0.2, 0210039, 0.1%00.39, and 03915 0.78.

o mma o .

InasmdybyNishmo T etal, noeﬁ‘ectswaedemonsuuedwhencefdlmwaswstedmhwt
infusion agar to which 0%, 10%, 25%, and 50% horse serum had been added: MIC ranges (in -
pg/mL) were determined to be 0.1 10 0.2 for S. aureus 209-P JC, 1.56 to 3.13 for E. coli KC-14,
0.2 for K. pnevmoniae KC-1, 0.39 to 0.78 for P. vulgaris OX-19, and 1.56 to 3.13 for S.
marcescens T-55. Inanothersmes ‘of experiments, the presence of 50% human seninrhad little
eﬁ‘ectonthewuv:tyofoefdmnragunstzs clinical isolates consisting of 5 strains each of S.
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aureus, S. pneumoniae, S. pyogenes, H. influenzae, and M. catarrhalis, producing at most a
2-fold increased MIC (Garcia-Rodriguez, J.A., et al). When the susceptibility of 14
staphylococcal isolates was tested in 50% human serum or human urine, MIC values generally
ganged by 2-fold (Marchese, A. et at.),

Buschelman, B.J., et al., demonstrated that the incorporation of 5% sheep blood in MHA
produced a significant enhancement of the activity of cefdinir against Enferococcus faecalis. The
mean zone diameter produced by 5-ug cefdinir disks ageinst 30 E. faecalis isolates was 13.6 mm
on MHA contsining 5% sheep blood, but was 9.2 mm on unsupplemented MHA; only 2 isolates
showed no increased zone diameters, Agar dilution MICs against 10 isolates were 0.5 to 2

sg/mL in MHA with 5% sheep blood (median 1 szg/mL), whereas all 10 had MICs of 2 ug/mL in
MHA.

The following parameters had no significant effect on the antibacterial activity of cefdinir on
MHA: 5% sheep red blood cells, 5% CO,, and a Mg*™* content tenfold greatet than that found in
normal agar (Briggs, B.M,, et al.). These results are shown in Table 9. -

TABLEY, Cefdinir Activity in 5% Sheep Red Blood Cells
(SBC), 5% CO, Atmosphere, and High Mg"
Content (10x Greater Than Normal Agar)

Organism MIC ug/mL of Cefdinir
_ (Number of Strains) None 5% SBC 5% CO, Mg*™
A anitratus 2 8 4 4

M. morganii 4 4 4 4 .
P. stuartii 1 2 4 2

S. liquefaciens 0.5 0.5 2 0.5

E. coli (3) 0.25 0.25 025 025
K oxytoca (2) 2 2 4 2

K. pneymoniae 0.12 0.12 012 012
K. pneumoniae 4 8 8 4

K pneumoriae 1 1 2 1

S aureus (2) 0.5 05 025 0.5

In summary, modifications in susceptibility test conditions are generally not expected to have any
significant effects on in vitro results obtained with cefdinir. These include culture medium, pH,
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horse and human serum, urine, sheep red blood cells, 5% CO,, and Mg*. However, the ﬁclusion
of 5% sheep blood in Mueller-Hinton Agar (MHA) appeared to enhance the activity of cefdinir
against isolates of Enferacoccus faecalis.

D.  Bactericidal Activity
The bactericidal activity of cefdinir has been demonstrated by several investigators.

In a study by Mine, Y. et al. the mean MIC and MBC of cefdinir against £ qureus 2558 were
0.39 (range = 0.1-1.56) and 17.7 (range = 12.5-25) ug/mL and against E. coli 3147 the mean
MIC and MBC were 0.33 (range = 0.2-0.78) and 0.66 (range = 0.2-3.13) ug/mL respectively.
The bactericidal concentrations were 4x MIC for S. aureus and 1x MIC for E. coli. A greater
than 3 log decrease in CFU/mL (colony forming units) was seen (Figures 1 and 2) between 6 and
24 hours for S. aureus 2558 and E. coli 3147. No regrowth was seen up to 24 hours of
incubation. In other studies, similar kill curves have been obtained with S. preumonige, .
aureus, H, influenzae, M. catarrhalis, E. coli, and S. pyogenes (see references 4, 47, 63, 69, 74,
and 76 listed on pages 2-26 in volume 47 of the submitted NDA 50-739).

Cefdinir was generally bactericidal against S. pneumoniae, S. aureus, S. epidermidis, S. hominis,
S. xylosus, S. haemolyticus, S. saprophyticus, §. capitis, H. influenzae, M. catarrhalis, and E.
coli (Table 10) and bacteriostatic against P. mirabilis, E. cloacae, and C. freundii. Cefdinir was
bactericidal against S. aureusin 3 of 4 studies and bactericidal against K pneumoniae in 1 of 2
studies. These discrepancies may represent either a methodological variation or a strain
dependency.

In a study by Briggs, BM. et al., the production of f-lactamase did not influence the degroe of
bactericidal action of cefdinir against E coli, X enytoca, and K. pneumoniae (Table 11).
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) — Control, O 144 MIC, O 1 MIC, ® 4 MIC | -
FIGURE 1. Bactericidal Activity of Cefdinir Against Staphylococcus aureus 2558,

log cfu/mi

Time (hours)

~— Coatrol, O 1/4 MIC, O 1 MIC, @ 4 MIC
FIGURE 2. Bactericidal Activity of Cefdinir Against Escherichia coli 3147. o
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TABLE 10. Comparison of MIC and MBC for Cefdinir
] MIC ughal._ MBC pg’mL
»
K preumoniac 47 s 0.06-0.12 0.09 0 12-0.25 0.16
H. influerzae 4 s o051 0.57 052 1.
% 4 05-1 084 0.5-1 034
70 100 0061 o5 0.06-4 r
M. catarvhalis 1 5 00605 025 0.06-1 043
S aureus 47 5 0122 038 0254 0.57
1 8 0115 039 12.5-25 177
64 4 1 1 1-8 24
54 3 0251 05 0.5-1 0.79
S epidermidis 54 4 00305 0.18 0.06-0.5 029
S. hominis S4 2 02505 035 05 05 -
S. xylosus s4 1 0.125 0.125 025 025
S haemobticus  S4 1 1 1 2 2
& saprophyticus 54 2 14 2 2-8 4
S capitis s4 1 0.125 0.125 0.125 0.125
E coli 47 5 012025 022 0.1205 038
1 8 02078 033 02-3.13 0.66'
24 4 01205 025 02-1 035
K preumoniae 1 6 02078 035* 625-125 8.85¢
24 5 0031 022 0062 - 025
P. mirabilis — -——3 $— 02039 023% ...  _313-125 __ 71¢
E cloacae U S 0532 459 264 211
C. freumdil 24 3 0252 0.63 18 3.7

MIC = Minimum Inhibitory Concentration.
MEC = Minimnm Bactericidal Concentration.
* References are listed numerically on pages 3-26 in volume 47 of the submitied NDA $0-739.

¥ Number of streins

* Mmacprcssedlsmc,

¢ Aritbmetic mean
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TABLE 11. Comparison of MIC and MBC of Cefiinir Against
B-Lactamase-producing Strains of E coli, K. axytoca, and K .

pneumoniae

Orgsnism Resistance Mechanism MIC pghl MBC g/l

E eoli Type I (HMS-1) 025 0.5
(OXA-1) 0.5 1
(OXA-D) 025 025
(OXA-3) 0.12 025
(SHV-1) 025 025
{TEM-1) 05 0S5
(TEM-2) 0.12 0.12

K oxytoca TypelV (KD 4 4
X14) 4 4

K pnewmonice Typell  (ExSpEL) 4 4
(ExSpBL) 4 4

ExSpBL = Extended spectrum B-lactamase.

E. Postantibiotic Effect

Postantibiotic effect (PAE) refers to the recovery period or persistent suppression of bacterial
growth after short antimicrobial exposure. It is generally accepted that a prolonged PAE will
extend the chemotherapeutic action of an antimicrobial drug beyond the time that the agent is
availble in inhibitory concentrations at the site of infection in the host. The results of three
studies by Blandino, G., Marchese, A., Howard, BM.A. and their coworkers are summarized in
Table 12. Cefdinir PAEs for species of staphylococci were generally in the 1- to 2-hour range,
although in a few cases they were as low as 0.2 to 0.7 hours or as high as 3 to 4.3 hours. Species
included 8. aureus, 8. epidermidis, S. hominis, S. xylosus, 8. haemolyticus, S. saprophyticus, and
S. capitis. Demonstrating similar PAEs were Strepfococcus pneumoniae and S, pyogenes., The
gram-negetive respiratory tract pathogens Haemophilus influenzae and Moraxella catarrhalis
also demonstrate PAEs, but to a lesser extent (0.4-0.9 hours). PAEs obtained with the enteric
gram-negative rods Escherichia-coli-and Klebsiella pnevanoniae-were unpredictable. -
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TABLE 12. Cefdinir Postantibiotic Effect (PAE)

Organism Noof | Foamics E"*’E“’“ PARRE® | Reference

Svaphylococeus aureus 5 2 2 0.8-1.5 47
5 4 2 1.1-14 47

3 4 1 0.8-1 -« 54

1 | 1 2.1 78

1 | 3 2.5 - 78

.1 4 1 0.4 78
1 4 3 >4.3 78

S. epidermidis 3 4 1 02-1.8 54
S. hominis 2 -4 -1 1.7-2 54
S. xylosus 3 4 1 0.4-2 54
S. haemolyticus 3 4 1 24.1 54
S. saprophyticus 2 4 1 0.7-13 54
S. capitis 3 4 1 1.5-3 54
Streptococcus presmoniae -] 2 2 0.5-1 47
’ 5 4 2 0.9-1.1 47
S. pyogenes 1 1 1 0.4 78
1 1 3 3R 78

- 1 4 1 0.6 78
- 1 4 3 38 78
i aemophilus influenzae 5 2 2 0.4-0.7 47
' 5 4 2 0.4-0.8 47
\Moraxella catarrhalis 5 2 2 0.50.7 47
S 4 2 0.6-0.9 47

 Escherichia coli 5 2 2 0.3-0.6 47
S 4 2 0.5-0.7 47

1 1 1 0.4 78

1 1 3 -1.6 - 78

1 4 1 0.1 78

1 4 3 «1 78

Klebsiella pneumonioe 1 1 1 -1.4 78
1 1 3 0.6 78

1 4 1 -1.3 - 78

1 4 3 0.7 78

* References are listed mumerically on pages 2-26 in volume 47 of the submitiod NDA. 50-739.

F.  Antibacterisl Interaction Studies In Vitro

Combination activities of cefdinir with other antibacterial drugs were assessed by standard
. checkerboard titration and time-kill curves in & study by Marches, A_ et al. A total of 18 strains of
- the following species were tested: S. aureus, S. epidermidis, §. hyticus, S. haemolyticus,
S. hominis, and . xylosus. Penicillin-resistant isolates were included. The other antibiotics were
ciprofloxacin, netilmicin, fosfomycin, rifampicin, teichoplanin, vancomycin, and clarithromycin.
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' Based on the standard fractional inhibitory concentration (FIC) index of data derived from
checkerboard combination MICs, the most common outcome was indifference. Synergism was
detected in 11 of 175 drug cefdinir combinations with other antibiotics, and antagonism was not

found.

A similar outcome was evident when the interaction of cefdinir with the same antibiotics was
evaluated employing the time-kill system. Indifference occurred in the majority of the.
combinations tested. Synergy was observed more frequently with the time-kill method in 25 of
126 combinations of drugs studied. -Synergy was more common with cefdinir and teicoplanin (8
of 18 strains studied). Synergy was also produced with rifampicin (4) and vancomycin (4),
fosfomycin (3) and 2 each by the remaining 3 antibiotics. Again, antagonism was not found.

These in vitro data indicate that no deleterious effects on the antibacterial activity of cefdinir
should be anticipated when it is used in conjunction with other antibiotics.

G. Enzyme Hydrqu:is Rates

A major component of the lack of msoepﬁbilnyof bacteria to cephaloépoﬁns is associated with

the B-lactamases produced by these microor,

ganisms. Cefdinir and other cephalosporins have
been developed which are stable to attack by p-lactamase.

Cefdinir has been shown to be stable to the hydrolytic activity of a variety of $-lactamases of
plasmid or chromosomal origin including the following types (Richmond-Sykes in

sl S
BIL-1 TEM-1 (1Ia)
‘CAZ-2 TEM-2 (IIla)
K-1Qv) _ "~ TEM4 -
MEN-1 : TEM-6 .
0XA-2 (V) TEM-7 _
OXA-4 TEM-9

' TEM-10
P99 () :
PC-1 TEM-E1
PSEI(V) . = TEME2
PSE3(V) ~ T TEME3
PSE-4 (V) ’ - TEM-B4

(including cefotaximases, ceftazidimases, and
lactamases:

SHV-1 ()
SHV-2

SHV-3

SHV-5/CAZ-4

Sabath-Abraham (Id)

These enzymes have been detected in a variety of species including S. aureus, H. influenzae, M.
catarrhalis, N. gonorrhoeae, C. freundii, E. cloacae, E. coli, K. oxytoca, K. pneumoniae, M.
morgarii, P. mirabilis, P. vulgaris, S. marcescens, P. aeruginosa, P. cepacia, S. maliophilia, and
B. fragilis. Supporting data are contained in Tables 13 through 19.

The study of Neu, FLC. et al. is summarized in Table 13: cefdinir was stable to 8 number of
isolated gram-negative f-lactamases including TEM-1 and -2 (the most common plasmid
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f-lactamases), Enterobacter cloacae chromosomal P99 (Richmond-Sykes.In), Klebsiella oaytoaa
K1 (Richmond-Sykes IV), and Moraxella catarrhalis (. Cefdinir was also stable to hydrolysis by
the PC-1 B-lactamase from S. qureus. TEM-3 B-lactamase hydrolyzed cefdinir as did both PSE-2
and OXA-2. 8. malophilia B-lactamase also hydrolyzed cefdinir as did P. vuigaris enzyme.

Cefdinir was more stable to penicillinases than cefaclor... Mine, Y. et al. demonstrated that the
stability of cefdinir to cephalosporinases was dependent on the type, being relatively stable to
Types Ia and Ib while less stable to Types Ic and Id and a cefuroximase (Table 14). Tomatsu, K.
And coworkers demonstrated that cefdinir showed sensitivity to hydrolysis by the .
oxyiminocephalosporinases (Table 15).

Cefdinir has a B-lactamase stability profile generally better than that of cefaclor and cefuroxime
(Tebles 14-19). When compared to cefixime, cefdinir shows greater sensitivity to some gram-
negative cephalosporinases (Table 18). I, _

Unlike cefaclor, cefdinir is generally stable to several of the new extended-spectrum P-lactamases
of the following classes: cefotaximase, ceftazidimase, and oephalosponnase (Table 19).

TABLE 13. B-Lactamase Stability of Cefdinir

Richmaond- Relative Rate®
Source Type Clasioaton of Hydrolysis
Escherichia coli TEM-1 Ils 0.1
Escherichla coli TEM-2 IIia <0.1
Klebsiella pnevmonioe SHV-1 Il 3
Enterobacter cloacoe P9e Ia «0.1
Morganella morganii Ia <0.1
Proteus vulgaris Ic 87
FPseudomonas aeruginose  Sabath-Abraham Id 23
Klebsiella axytoca K1 v - 03
Preudomonas aeruginosa = PSE-] v 18 -
Paseudomonas aeruginosa PSE-2 v 413
Preudomonas aeruginosa PSE-3 v 0.1
Pseudomonas ceruginosa  PSB4 v Q.1
Pseudomonas oeruginosa - - OXA-2 S . 204
Scapiplococcus aureus PC-] <0.i
& malophilia 6.1
Escherichia coli . TEMS3 155
Enterobacter aerogenes 14
Servatia marcescens 176
Klebsielia ppeumoniae 10.9
Moraxella catarrhalis <01

* Relative to cephaloridine as 100%
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TABLE 14. Stability of Cefdinir, Cefixime, and Cefaclor to §-Lactamases

Relative Rate of Hydrotysis®
Source , Type Ceffinir  Cefixime  Cefaclor
Serratia marcescens FP1184 CSase In(l) 32 44 140
Enterobacter cloacae FP1185 CSase Ia(2) 05 03 45
Escherichia coli FP1186 CSase b 3s 1.0 102
Proteus wilgaris FP1187 CSae k 265 26 292
Pseudomonas ceruginosa FP1380  CSese I 178 09 31
Bacteroides fragilis FPT86 CXase - 3196 12.0 46
Proscus mirabilis FP240 PCex T 0.1 .1 0.1
Escherichia coll FP1189 PCase IN 0.1 0.4 27
Klebsiella pneumoniae FP239 PCase 1V 0.1 <0} 32
Pseudomonas aeruginosa¥P1190 PCase V 10 0.1 03
Staphylococcus aureus FP1191 <1.0 <1.0 22

*  Percent of hydrolysis of cephaloridine for oephalosporinase; smpicillin for penicillinase
* CSase=cephalosporinase; PCase = penicillinase; CXase = cefiraximase.

TABLE 15. Stability of Cefdinir and Cefuroxime to p-Lactamases Produced

by Gram-Negative Bacteria
‘ Relative Bydrolysis Rate"

Soorce

Typd Cefdinir  Cefuroxime
Escherichia coliML1410 Rms 212 PCase <1 T«
Citrobacter freundii GNT391 CSase <1 <l
Enterobacter cloacae GN7471 CSase <] <]
Morganella morganii 1510 CSase 12 3
Bacteroides frogilis 308 OCexe - - - 13 - 82
& maltophilia GN12873 OCas 18 _ 43
Proteus vulgaris GNT919 OCase 10 - 152
Preudomonas eepacia GN11164 OCase 22 99

* Relative to cephaloridine as 100%. _
‘ Pcm-pmcﬂ!muc' th-cephﬂospmm-mqmmowphhspainm
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TABLE 16. _Stability of Cefdinir, Cefixime, and Cefuroxime to f-Lactamases

Relative Efficiency of Hydrolysis®

P-Lactamase Type Cetdi: i r—
TEM-1 - <1 @l - <0.1
TEM3 = © T o189 T L 108 82.7
TEM-S 11 04 19-
TEM-9 37 - 77 5.1
SHV-1 <0.1 <0} <0.1
SHV-2 13 12 92
K-1* 02 007 103
* Vmxx

*  B-Lactsmase derived from K pneumoniae, all others derived from E. eoli

TABLE 17, Stability of Cefdinir, Cephalexin, Cefuroxime, and Cefixime to

_Extended-Spectrum f-Lactamases
Extended-Spectrum Relative Rate of Hydrolysis*
P-Lactamase Cefdinir Cephalexin Cefuroxdme Cefixime
BIL-1 NM 100 NM NM
SHV-2 063 1 54 18
SHV-3 05 112 S6 <21
SHV-S 11 25 38 39
TEM-1* WM 0.72 W NM
TEM-3 21 151 95 284
TEM-4 88 ' 83 19 2
TEM-5 ' 96 37 102 124
TEM-6 18 19 77 95
TEM-7 044 15 . 07 08
TEM-10 LS 30 20 12
TEM-E1 53 26 54 12 -
TEM-E2 023 3.19 M 13
TEM-E3 24 53 95 28
TEM-B4 42 12.5 13 0.37

*  Relative Vmax value compared to ampicillin st 100
*  Control nerrow range of f-lactamase
* Rate of hydrolysis not measurable



NDA 50-739 and 50-749 Page 41 of 134
Park-Davis Pharmaceutical Research
Cefdinir tablets (300 mg) and suspension (125 mg/5 mL)

TABLE 18. Stability of Cefdinir, Cefaclor, Cephalexin, Cefuroxime, and Cefixime to

Hydrolysis by f-Lactamases
Source af f-Lactamase - Rate of Hydrolysis*
(ype) ~ Cefdinir  Cefaclor halexin ~ Cefaroxime  Cefixime
A catarrhalis M184 3 27 -3 1 1
& aureus B25 10 1511 92 7 6
N. gonorrhoear 250 6 43 5 2 1
H. influerzae 49 3 39 7 2 2
E coll (TEM-1) 1 52 1 - 0.02
E. coli (TEM-2) 4 188 1 1 2
E. coli (TEM-T) 3 4“4 1 1 3
E ooli (TEM-10) 6 26 4 3 8
E coli (SBV-1) 3 120 14 3 |
E coli (SHV-2) 6 11 17 7 4
E. coli (SHV-5) 2 240 35 11 2
E coli (CAZ-2) 9 26 5 4 18
E. coli (OXA-2) 1 9 - 1
E. coli (OXA-4) 1 3 - - 02
E. coli (PSE-1) 2 29 3 - 2
E. cloacae 55M (Ia) 14 9167 2817 1 10
P. aeruginosa 16404 (id) 12 506 190 1 3
X oxytoca M229 (V) 20 868 148 161 - * 3
* N moles substrate hydrolyzed per minute per milligram
*  Hydrolysis <0.01
TABLE 19. Stability of Cefdinir, Cefixime, and Cefaclor to Extended-
Spectrum B-Lactamases -
Extended Spectrum Typeor Relative Rate of Hydrolysis*
f-Lactamase Class Source Cefdimr Cefixime Cefaclor
Cefotximase SHV-2 : 12 20 19
TEM-3 25 25 140
T S D i A ' 230
Ceftazidimane SHV4 10 39 18
SHV.5 as 41 20
Cephalosporinase E coli  lw - low 134 -
A, morganil low low 103
P. wulgaris low Tow 17,500

¢ Vmax
* Rate of hydrolysis too low to determine
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H Assessment of Resistance
L Mechanisms of Resistance

Resistance to f-lactam antibiotics is primarily due to the production of inactivating enzymes
(B-lactamases) by both gram-positive and gram-negative bacteria . Two less common types of
P-lactam resistance are reduced ormhibneduptnkeofthcmoleaﬂe, or alteration of the target
PBPs by mutation.

Due to its chemical structure, cefdinir is sble to resist enzymatic hydrolysis by the most commonly
found p-lactamases (see Section G, Enzyme Hydrolysis Rates). Cefdinir also functions as an
inhibitor of these enzymes, as shown by Neu, HLC. et al (Table 20). However, Jacoby, G.A_ and
coworkers have revealed that the activity of cefdinir and other cephalosporins can be decreased by
coupling diminished uptake in specifically constructed porin-deficient mutants which have an
enhanced expression of 8-lactamase production.

APPEARS THIS WAY
I .O_N_OBLG.N_A_L st
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TABLE 20. Inhibition of B-Lactamases by Cefdinir

. ] % Inhibition of
- ] Richmond-Sykes
f-Lactames: Source Organism e P-Lactamase
: Classification Hydrolysis®

TEM-1 Escherichia coli s 41 -
P99 Enterobacter cloacoe In 922

‘ AMMorganella morgant! In 100
Sabath-Abrzhem Psreudomonas aeruginosa B | 100
Kl Kiebsiella oxytoce v 985
PSE-2 FPseudomonas aeruginosa v 233
OXA-2 ' Pseudomonas aeruginosa v 16.6
PC-1 Staphylococeus awreus 16.6

- * Far PSE-2, OXA-2, and PC-1, 100 uM cephalaridine was used as the substrate: for the other
"+ P-lactamases, 100 1M nitrocefin wes used as the substrate.

* Data regarding the frequency of resistant mutants among susceptible populations and patterns of
multistep development of resistance have been reported by Marchese, A. and Mine, Y. and their
coworkers, respectively. The rate of development of spontaneous resistant mutants was

. determined with several species of Staphylococcus: S, aureus, S, epidermidis, S. xylosus, S.
saprophticus, S. haemolyticus, and S. hominis. The frequency of isolation of resistant clones -
was eveluated by seeding agar plates containing concentrations of cefdinir equivalent to 2x, 5x,
and 10x MICs with very heavy bacterial inocula (10* to 10" celis per mL). The plates were
incubated for 48 hours at 37°C to permit the growth of singie mutant cells into visible colonies.
In general, the development of resistant strains was rare with all cefdinir concentrations used. At
5x MIC, the range of resistance frequencies was 2 x 10° downto 1 x 10" and the range for 10x
MIC was 6 x 10 t0 2 x 107,

As is characteristic of cepha.losporms, cefdinir resistance development was slow and stepwise,
After 14 msfmthmughmamgconmmons of cefdinir, ‘the MIC against §. aureus 209P
JC-1 was incressed from 0.05 to 0.78 ¢ ug/mL. For E, coli 3147 the MIC was elevated froma
baseline of 0.2 2g/ml. to 2 14-transfer value of 6.25 pg/mL. In contrast, S. aureus developed
resistance more rapidly to cephalexin and cefaclor: pre- and posttransfer values were 1.6 and 100
ug/mL for the former, and 0.78 and 100 ug/mL for the latter. The 3 agents were similar against

the E. coli strain, although cephalexin and cefaclor had higher initiaf and posttransfer MICs than
did cefdinir.

In the study performed by Mine, Y. et al, in which an ampicillin-resistant plasmid was introduced
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into E. coli CSH2, no change in the MICs of cefdinir was observed; however, a >4-fold increase
in MICs was observed for cefaclor and amoxicillin.

2. Cefdinir Activity In Vitro Against B-Lactam-Resistant Bacteria

Cohen, M.A. and his coworkers demonstrated that one of the properties of cefdinir which
differentiates it from other oral cephalosporins is its enhanced activity against S, aurexs. In this
study the MIC of cefdinir was 0.25 to 0.5ug/mL against strains of S. aureus producing each of
the 4 recognized staphylococcal B-lactamases A, B, C, and D, as well as a
p-lactamase-nonproducing control strain as shown in Table 21. Further, the MIC of cefdinir was
not altered when the inoculum was increased from 5 x 10° to 5 x 10" CFU/mL. For other oral
cephalosporins, these strains were less susceptible, and in some cases the susceptibility was
further diminished by increasing the inocula.

TABLE 21. _Cefdinir Activity Azainst B-Lactamase-Producing §, aureus Strai

P-Lacamase Type/ .

Inoculven Size MIC Raage jagfml

(CFUfml) ] S ] ) ... Amoxillin/ .
P, Ceffinir Cefackr Cefixime Ccfpodaxime Cephalexin Amaxicifin iy el
TS 025 816 &16 2 s 25128 438 051
MO 02505 128 316 2 16 >128 64128 14
BAC° 02505 4 1632 2 4 216 « 0.5-1
BAO' 02505 1632 1632 24 3 6>128 2128 12
e’ 02505 43 432 14 z 8128 416 0s
cno’ 02505 1664 I 24 s >128 16128 12
Do* 025 2 P 12 2. . 12 . 051 0125025
Do : 025 s 16 12 @ o1 s 0s
Nooe'10* 025 4 16 2 2 025 025 02s
Noae/10" 05 4 16 2 2 025 0s 0s

* " There wers 2 strains producing Type A f-lactamase, 2 each produciag Typos B, C, and D, and 2 coprodacer,

Several reports have documented the activity of cefdinir against B-lactamase-producing bacteria
which are frequently found in community-acquired infections: H. influenzae, M. catarrhalis, N,
gonorrhoeae, and S. aureus.%"**™ The data are summarized in Table 22. In these species,
cefdinir susceptibility was not diminished by the production of p-lactamase.
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TABLE 22, Cefdinir Activity Against -Lactamase-Producing Isolates of H,
influenzae, M. catarrhalis, N. gonorrhoeae, S. aureus, 8. epidermidis, S.
s@rophyncus E. coli, and P. mirabilis

, Activity vs Producers of Activity vs Nooproducers
Bacterial Species Reference? B-Lactamase* - of B—L-ctmm
No. MIC, .MIC, No. MC, "MC,
H. influenzae 17 16 006 025 16 006 025
7 21 0.12 025 21' 012 025
70 10 O©5 05 . 100 0S5 05
20 2% 025 1 20 025 05
M. catarrhalis 17 2 013 025 S 0063
7 33 006  0.12 12 003 0.06
20 20 025 025 9 0125
N. gonorrhoeae 17 10 <0008 0016 17 <0008 <0008
7 14 <003 <003 20 <003 <003
. 20 18 0008 0008 14 0004 0015
S. aureus* 17 31 05 05 29 025 05
20 sl 025 05 4 025
S epidermidis* 20 23 0125 0125 9 0125
S. saprophyticus” 20 12 025 05 10 025 025
E coly : 20 28 025 025 2 006
P. mirabilis 20 10 0125 0125 24 006 0.125

¢ Activity expressed in ug/ml

Excludes non-f-lactamase producers with intrinsic resistance to ampicillin (BLNAR)

L
* Exclud thicilli . t isol.
4

References are Jisted numerically on pages 326 in ol 47 of the submitiod NDA 50-739.

In a study by Mine, Y. and colleagues, the activities of cefdinir and other B-lactams against a
variety of P-lactam-resistant strains were investigated. Thesumnmryofthedmappmm'l‘able
23. Cefdmwasaﬂ:veagamstmostampm]]m-ms&ﬂmomuoonomauomsl ug/mL,
These included ampicillin-resistant E. coli, as well as most isolates of K pneumoniae, S. aureus,
P. mirabilis, H. irﬂaenzae,‘M catarrhalis, and N. gonorrhoeae. In several cases, cefdinir was
markedly more potent than the cephalosporins cefaclor and cephalexin. None of the compounds
‘was highly active against several of the cephalosporin-resistant E. coli strains or the methicillin-

resistant S. qureus. The mechanisms by which the former resisted the activity of the

cephalosporins were not elucidated in this study. The latter greatly owe their cephalosporin-
resistance to & modified PBP and are generally not susceptible to any p-lactam antibiotic.
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TABLE 23. Antibacterial Activity of Cefdinir, Cefixime, Cefaclor, Cephalexin, and
Ampicillin Against f-Lactam-Resistant Strains

Organism Mean MIC (ughnl)
(Number of Strains) Cefdinir  Cefixime Cefacior Cephalexin Ampicillin
Methicillin-Resistant h
S aureus (24) 7.3 >100 .>100 >100 386
Cefacior-Resistant
E coli(T) 138 186 822 100 - >100
K pneumonioe (5) 04 02 72 125 >100
Cephalexin-Resistant
E coli (10) 47 6.7 380 515 >100
K. pneumoniae (9) 05 02 37 158 >100
Ampicillin-Resistant
8. aureus (40) 03 ND* a3 ND* 233
E coli (14) 02 03 18 66 >100
P.mirabilis (5) . 0.1 <0.025 36 16.5 >100
H. influerzae (20) 0.7 0.06 5.1 , - 308 98
AL catarrhalis (30) 03 03 18 38 27
b N. gonorrhoeae (3) <0.025 <0.025 05 : 79 - ¢ 63
* ND =Not done.

In e 1989 study by Tomatsu, K_ et al,, cefdinir demonstrated activity sgainst Gram-negative

~ bacteria producing cefuroxime-inactivating peniciliinases. These results are shown on Table 24.
However, Gram-negative bacteria producing cefuroxime-inactivating cephalosporinases and
oxyiminocephalosporinases are also resistant to cefdinir,

e
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TABLE 24. In Vitro Antibacterial Activity of Cefdinir and-
Cefuroxime Against -Lactamase-Producing Strains
. MIC (u:g/ml)
Penicillinase-Producing
Escherichia coli ML1410 RGN 823 Ny 04 63 °
E. coli ML1410 Rms 212 08 125
E coliMLI4IORGN14 o 04 63
E col MLMIORGN238  ~ 04 125
Klebsiella pneumonioe GNG69 02 31
K pnevmonice GN118 - 02 a1
Proteus mirabilis N-29 S 0.2 16
P. mirabilis N-2912 e 1 16
Cephalosporinase-Producing
Escherichia coli GN5482 25 25
E coli 255 50 >100
E. coli GN206 25 25
Citrobacter freundii GN7391 >100 >100
C. freundil GN346- ' >100 100
C. freundii GN346/16-10 : S0 25 .
Enterobacter cloacae GN7471 >100 >100
E cloacoe 363 >100 >100
E eloacae 363/1-3 >100 >100
Morganella morganii 1510 . 50
M morganil 15103 31 63
Serratia marcescens GN10857 >100 >100
Oxyiminocephalosporinase-Producing :
Proteus vulgaris GN7919 25 >100
P, vulgaris GN76/C-1 ' 125 >100 - ]
P. vulgaris GNT6/C-1N 63 >100
P. vulgaris GN76/C-113 1.6 25

In a study by Sanders, C.C. et al, a total of 65 hospital isolates of nonfastidious gram-negative
bacilli resistant to various B-lactam antibiotics were tested by agar dilution for susceptibility to
cefdinir, These included strains possessing well-characterized plasmid- and chromosomally-
mediated B-lactamases as well as permeability mutants. Many have been recovered from patients
treated unsuccessfully with B-lactam antibiotics. For comparative purposes cefaclor, cefuroxime,
cephalexin, cefixime, and amoxiéillin/clavulanate were examined in simultaneous tests. As shown
in Table 25, cefdinir inhibited 72% of the study strains at concentrations of 1 pg/mL. Only
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cefixime showed potency similar to cefdinir by inhibiting 78% of the study strains at
concentrations of 1 pg/mL. Strains with cefdinir MICs 24 ug/mL were isolates expressing &
Class I-cephalosporinase.” Table 26 lists these cefdinir resistant isolates.

TABLE 25, Comparative Activity of Cefifinir and Other Oral -
f-Lactam Antibiotics Against 65 B-Lactam-
Resistant Clinical Isolates of Emterobacteriaceas

and Pseudomonas aeruginosa
B-Lactam MIC, ~ MIG, % Inkibited at
pg/ml.  up/ml.  Breakpoint'

Cefdinir 0.25 64 72%
Cefixime - 0.25 128 78%
Cefuroxime 8 128 48%
Cefaclor 8 >128 57%
Cephalexin . 16 >128 . . 49%
Amoxicillin/Clavulanate 16. - 64 43%

*  Breakpoints used were 1 ug/mL for cefdinir and oefixime, 4 zg/mL for
cefimudme, and 8 pp/ml for the remaindes.

In a study by Labia, R. et al. Cefdinir was active against the narrow-spectrum, Ambler’s class A
plasmid-mediated, B-lactamases TEM-1, TEM-2, and SHV-1, as were cefotaxime, ceftazidime,
cefixime and cefuroxime. Cefdinir, as other third-generation cephalosporins, showed some
hydrolysis by the novel extended-spectrum B-lactamases (ESBL): TEM-3, TEM-5, SHV-2,
MEN:-1 and other ESBL. The relationship between the activity of cefdinir against |
Enterobacteriaceae and the type and quantity of B-lactamase produced was thoroughly delineated
in another report by Martinez-Beltran, J. et al. It was demonstrated that TEM-3,4,5, 6,7, and
SHV-2,3, 4, 5, f-lactamases increased cefdinir MICs (0.5-16 pg/mL). Hiperproducing
constitutive and inducible chromosomal B-lactamase Enterobacteriaceae strains showed higher
MICs to all B-lactamas (cefdinir, cefixime, cefiroxime, cefaclor, and cefotaxime) investigated. -

Briggs, BM. et al. confirmed the specificity of action of P-lactamases in resistance to cefdinir:
Bacteria producing the plasmid-mediated B-lactamases TEM-1, TEM-2, HMS-1, OXA-1,
OXA-2, OXA-3, and SHV-1 were all susceptible to cefdinir. Klebsiella isolates producing Type
IIT and IV extended-spectrum fB-lactamases were less susceptible (MIC = 4 ug/mL), and
Pseudomonas sp producing Type V CARB-1 were highly resistant (MIC = 16 pg/mL).

I
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As pointed out above, none oftheeephalospoﬁnsaresi@iﬁganﬂyacﬁve@nstbwuiawhich
express intrinsic, non-B-lactamase-, PBP-mediated, resistance. Data obtained with such bacterial
isolates are shown in Tnb__!e 27.

TABLE 26. Organisms with plasmid and chromosomally-mediated p-lacta.mass as well as
permeability mutants resistant to cefdinir.

Isolates (Enzyme?) — Cefdinir MIC (ug/ml)
Serratia marcescens3 (L) a 32

S. liquefaciens 39 (I, I) 8

Serratia spp TIM24 (I, 1, TID* 16

Morganella morganii 95 (1, I) 8

Pseudomonas aeruginosa PA038 (I, T) . >128
Enterobacter cloacae VA9 (J, c) 64
Enterobacter cloacae VA10 (], ¢, p) >128
Citrobacter freundii TIM43 (1, c) 128

Citrobacter freundii TIM23 (L, ¢) 128

Citrobacter freundii TIM13 (I, c) 128

Citrobacter freundii TIM28 (L, c) 64

Citrobacter freundii TIM27 (], c) 64

E. ColiM289 (SHV-S) 4 )
E Coli M233 (SHV-5) 4

mmmwﬂmml-mmc-mp-mm
* Contsined two enzymes, inducible Class I and TEM-1.
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TABLE 27. Activity of Cefdinir Against Bacteria Expressing Intrinsic Resistance to

B-Lactams

Bacicial Spocies/ MICy, (g/ml)
Resi Cetlin:  Cefiuron Ceton Cetack - o Reh n
& aurens / MRSA 64 R - = 24

>128 >128 >123 . - 17

>16 >32 >4 > h

>128 >128  >128 >128 >128 20
Staphyloocood 128 24
Coagulasc-Negative >128 >128 >128 17
Mcthiciliin-Resistant >128 >128 64 >128 64 20
H. influenzac 2 1 7
Ampicillin-Resistent T
S. pnevmonioe 2 2 ) 7
Penicillin-Resistant 8 4 >16  >8 T4 66

] 64 64 20

* Relerences are listed sumerically on pages 2-26 in volume 47 of the submitiod NDA 50-735.
3. Resistance Development Durmg Chmcal 'lhnls
The development of resistance during cefdinir clinical studies was evaluated by comparing the
disk diffusion and MIC susceptibility results for baseline cultures at study admission with those
from subsequent cultures taken either during therapy or post-therapy. Pathogens in this analysis
included all those from evaluable patients whose interpretive criteria, using either disk diffusion or
MIC methodologies, changed from susceptible or intermediate at study admission to resistant on
subsequent culture,
Susceptibility data for the 10 isolates that developed resistance is shown in Table 28. In 2 cases,
2 colony types of the same species were isolated from a single patient, and both colony types
developed resistance. Discrepancies between MIC and disk diffusion susceptibility results were
seen for 5 pathogens that developed resistance during or after treatment. In 4 cases, the pathogen
was resistant by MIC testing, but the disk diffusion interpretation was susceptible. Three of these
isolates were from 1 clinical study site. In 1 case, the zone interpretation was resistant, but the
- MIC interpretation was mscepﬁble Pathogens were not available for repeat wsceptibdxty testing
to confimtheseresults.. . - .. .

R g - - -

Cefdinir MIC susceptibility data were available for admission and follow-up cultures for 3309
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patients, and disk diffusion susceptibility data were available for 3447 patients. Overall resistance
development during adult capsule clinical studies was extremely low at 0.2% (7/3309 for MIC
data, 6/3447 for disk diffusion data). Six isolates (from 4 patients) were from AECB, 1 was from
bronchitis, and 3 (from 2 patients) were from the adult skin structure infection study. No
resistance development was seen in pediatric suspension studies. .
The organism that most frequently developed resistance was H. influerzae, with 4 isolates (from
3 patients). The rate of resistance development for this organism is still low at 0.7% (4/600
isolates). Resistance also developed in 1 strain each of Serratia proteamaculans, K. axytoca, K.
pneumoniae, and 3 strains of S. aureus (from 2 patients).

APPEARS THIS WAY
ON ORIGINAL



TABLE 31. Development of Resisuance During Cefdinir Clinical Studies

Susceptibility Data
" Protocol/Site/ . Initial [solate Resistant Isolate
Indicstion PationtNo, ~ NEMel Pethogen Sudy MIC  Zone Stady MIC  Zome
Day _ (ug/ml)  (mm) Dsy  (up/ml) (mm)
AECB 005-001-026  300mgBID Haemophilus influenzae 1 05() 21(9) 18 05(5 10
| (B-lactamase pos)
005014003  600mgQD H. Influenzae 1 ND 5209 i ND O@®
o (P-lactamase neg) ' ¥
005.011-054  300mgBID H. iyfluensae, Str 1 l ND U@ 2 AR 2
) (P-lactamase nep) ' . ‘
= H. influenzae, 82 | 'ND 24 () 36 S8R 2@
(P-lactemase neg) I
oo.{-m'l-om 300mgBID  Serratla proteamoculans 1 1 29 8 SR 25(8
S | o |
016-017-008  600mg QD RKlebstellaomtoca _|i 1 0.125(S) _28(S) 3 AR 30(S)
Bronchitis _ 016-023-010 _ 600mg QD _ X. preumoniae i1 0.06(5) _27(5). 15 ND U®
Uncomplicated S3SIs  008-019-003  300mgBID Staphylococcus aureus, | 025(3) 27(8) 15 16® 70
‘ Str 1 (0X ) } ‘
" Saowrens,Sr2(0X8) 1 - 025¢(9) 27(9) u s® 1M
. 008-022.033 _ 300mgBID_S. aureus (OXS) 1 025(3)  30() 16 16® 1®)
§ = Susceptible; R = Resistant; ND = Not done. :3 {
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IIL PRECLINICAL EFFICACY (INVIVO)

A, Pharmacokinetics and Bioavailability
The information in this section is taken from the NDA studies submitted by the sponsor and have
not been reviewed by a Biopharmaceutical Reviewer. -

Cefdinir is intended to be used orally in adults and in children for community-acquired lower and
upper respiratory tract infections, and for uncomplicated skin and skin structure infections. The
targeted lower respiratory diseases include: community-acquired pneumonia, acute exacerbations
of chronic bronchitis, and secondary bacterial infections of acute bronchitis. The targeted upper
respiratory diseases are acute suppurative ofitis media, acute maxillary sinusitis, and pharyngitis/
tonsillitis. This pharmacokinetic overview will focus on the concentrations of cefdinir found in
the plasma and the targeted infection sites after oral administration of capsules to adults and oral
suspension to children.

Based on pilot plasma concentration studies performed in humans; the recominiended cefdinir

-~ regimen for the treatment of infections in adults, using a capsule formulation, is either 300 mg

oY

twice a day or 600 mg once daily. The equivalent oral doses of suspension in children, ranging in
age from 6 months to 12 years, are 7 mg/kg twice a day or 14 mg/kg once daily. ‘

L Assay Methods-

2.  Cefdinir Pharmacokinetics

The recommended cefdinir regimen (capsulés) for the treatment of infection in adults and
adolescents is 300 mg (173 mg/m?) BID or 600 mg (347 mg/m?) QD. To define the dose for
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Phase 3 pediatric studies that would produce plasma cefdinir concentratians comparable to those
observed following 300- and 600-mg capsule doses in adults, adult doses were extrapolated to
pediatric doses on a mg/m” basis. These doses were then divided by 1.2 to adjust for the higher
bioavailability of the suspension. Based upon pharmacokinetic considerations, pediatric doses of
7 to 14 mg/kg cefdinir suspension were recommended to correspond to adult capsule doses of
300 and 600 mg, respectively. The ability of these recommended doses to produce concentrations
consistent with 300- and 600-mgdossmad1ﬂtswasconﬁxmedmapharmcohneucsmdym
pediatric subjects.

a Capsules

The pharmacokinetics and dose proportionality of cefdinir after administration of single oral doses
of 200, 300, 400, and 600 mg were evaluated. Plasma cefdinir concentrations increased with dose
over the 200- to 600-mg dose range (Figure 3). However, plasma concentrations at 600 mg
increased less than predicted by a dose-proportional model. Mean maximum cefdinir
concentrations were observed approximately 3 hours following all doses and then declined
monoexponentially. Mean elimination t% values of approximately 1.5 hours for all doses
indicated cefdinir elimination was not dose dependent (Table 32). Percent of dose recovered in
urine as unchanged cefdinir in 24 hours (Ae%) ranged from 12% to 19%, with the lowest
recovery following administration of 600 mg. Renal clearance was constant across doses; mean
values ranged from 113 to 127 mL/min. The lack of a doso-depmdmt change in cefdinir
elimination suggested that the less than dose-proporuonal increase in Cmax and AUC values, and
reduced Ae% observed at 600 mg were the result of reduced drug absorption.
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3.0 o

Cefdinir Concentration (ug/mL)

FIGURE 3. Study 983-35: Mean Plasma Cefdinir Concentration-Time Profiles Following
Administration of Single 200- (o), 300- (0), 400- (), and 600-mg (=) Cefdinir
Capsule Doses
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TABLE 32. Study 983-35: Mean (%RSD) Plasma Cefdinir Pharmacokinetic
Parameters Following Administration of Singie 200-, 300-, 400-,
and 600-mg Cefdinir Capsule Doses (N = 20)

Parameter 200mg - 300mg 400 mg 600mg
Caax, pgiml 1.29 (33.8) 1.60 (34.9) 216 075) 287 (353)
NCmax, ug/mL 00065 (33.8) 0.0053 (34.5) 0.0054 (37.5) 0.0048 (353)
tma, hr 3.1 G30.0) 2.9 (30.5) 3.0 (19.5) 30 Q1Y)
¢4, hr 15 (16.2) 15 Q14) 14 (173) 1.5 (24.6)
Az, hr? 0488 (173) 0475 (206) 0496 (173) 04388 (21.7)
AUC(0=), ug-ho/ml 555 B312) 7.05 (30.8) 9.01 (34.9) 1L} (34.9)
NAUC(0-=), ughrml. 00278 312) 0.0235 (30.8) 0.0225 34.9) 0.0185 (34.9)
CLr, ml/min 120 (363) 114 (47.8) 127 (46.0) 113 (41.4)
Ac% 18.7 (482) 14.7 (50.2) 15.7 (47.7) 11.5 (44.8)
%RSD = Relative standard devistion (%4).

Cmax = Muxximum cbserved concentration (ug/mL).

NCmax = Maximum observed concentration (ug/mL), normalized to a 200-mg dose.

tmex = Timeof Cmax(lr).

th = Elimmation half-life (kr). _

Az = Apparent elimination-rate constant (he*).

AUC(0w) = Arcaunder the plasma concentration versus time curve from Gme zero to infinity

(ughrhmL). .
NAUC(0-=) = Normalized area under the plasma concentration versas time curve from time zero
W infinity (ug-ho'ml), normalized to 8 200-mg dose.
Clr = Renal clearance (mL/min).
Ac% = Percent (%) of dose excreted unchanged i wrine in 24 hoars.

- InaPhase 1 safety, tolerance, and pharmacokinetic study, subjects received cefdinir as single
doses followed by 2 weeks of twice-daily doses up to 600 mg (1200 mg/day). Disposition of
cefdinir was similar on Days 1 and 17 at all doses; thus, cefdinir does not accumulate with
multiple dosing.

b.  Suspeasion -
The pharmacokinetics of cefdinir following administration of single 7- and 14-mg/kg suspension
doses were evaluated in children aged 6 months to 2 years (younger) and from 2 to 12 years

~ (older) (Study 983-23). Plasma cefdinir concentrations increased with increasing dose in both age
groups (Figure 4). The overall average tmax value was 2.0 hours (Table 33) and mean Cmax and
AUC values were similar for both age groups. Plasma cefdinir concentrations generally decreased
monoexponentially following attainment of Cmax. Mean plasma elimination t% values following
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administration of both doses were slightly shorter in younger children (1.3 hr) than older children

(1.6 hr). Urinary pharmacokinetic values were extremely variable, probably due to incomplete
urine collection.
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Following similar doses (based on mg/m? and accounting for the 120% bioavailability of the
pediatric suspension), Cmax and AUC(0-) values in children were similar-to adults.

FIGURE 4. Study 983-23: Mean Plasma Cefdinir Concentration-Time Profiles After

Administration of Single Suspension Doses of 7 or 14 mg/kg Cefdinir to-Subjects
Aged 2 to 12 Years and 6 Months to 2 Years




iy

NDA 50-739 and 50-749 : Page 58 of 134
Park-Davis Pharmaceutical Research
Cefdinir tablets (300 mg) and suspeasion (125 mg/5 mlL)

TABLE 33. Study 983-23: Mean (%RSD) Cefdinir Pharmacokinetic Parameter
Values After Administration of Single 7- or 14-mg/kg Pediatric
Sus_pension Doses (N = 6)

Age 2to 12 yeers . 6 months to 2 yesrs

Dose, mg/kg 7 14 7 14

Parameter - j

Cmax, ug/mL - 256 (25.8) 3.60 (6.4) 204 (31.4) 4.11 (20.9)

tmax, hr 23 (34.8) 1.7 294) 20 (0.0) 20 (0.0)

Az bt 0445 (16.9) 0458 (17.7) 0514 (14.8) 0.584 (274)

5, hr 16 (125) _ 1.6 (188) 13 (154) 13 (23.1)

AUC(0-8dc), ug he/ml, 9.16 (23.4) 129 (12.4) 6.14 (362) 123 (26.0)

AUC(0-), ug- br/ml, 9.83 22.6) 13.7 (139 6.79 312) 130 27.7)

CLr, mL/mm 4714 (53.0) 232 (44.0) 333 Qo9 22.6 (NA)

AV, %% 12.7 (33.1) 4.1 (54.2) 2.7 (963)¢ 8.7 (NAY

%RSD = Relstive standerd deviation (%).

Cmsxx = Maxximum observed concentration (ug/mL).

NCmax = Maximum observed concentration (ug/mlL), normatized to a 200-mg dose.

tmax = Time of Cmax (hr).

Az = Apperent elimination-rate constant (hr'*).

% = Elimination half-life (hr).

AUC(0-1ldc) = Area under the plasma concentration versus time curve from time zego to last
detectable conoentration (ug-hr/AmL).

AUC(0-=) = Ares under the plasma concentration versus time curve from time zero to infinity
(ughr/mL).

CLr = Renal clesrance (mL/min). .

AcH = Percent (%) of dose excreted unchenged in urine in 24 bours.

* N=3

¥ N=1

3.  Inter- and Intrasubject Variability : i

There was notable variation in pharmacokinetic parameter values as %RSD values associated with
most mean pharmacokinetic parameter valzes ranged from 30% to 50%. Intrasubject variation of
Cmax and AUC(0-) values was 27%.

4. Volume of Distribution, Protein Binding, and Tissue Penetration

The volume ofdlsu'ibuuon(Vd__) of cefdinir was estimated to be 0. SSIJkg Thxsvaiuelsabout
50% greaterthan extracellular fluid volume.
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Cefdhﬁrisappmximatelyﬁo%to‘m% bomdinsaumandphmna;'pmtd_nﬁbindingisndthaage-
nor concentration-dependent.

Partitioning of radioactivity i mto a'ythrocyws is minimal; mean aythrocyte—to—plasma ratios range
from 0.17 to 0.23.

The penetration of cefdinir into suction-induced skin blisters was characterized in healthy adult
subjects who received single, oral capsule doses of 200, 300, 400, and 600 mg. The results are
given in Table 34. Mean blister fluid concentrations increased proportionately to increases in
plasma cefdinir concentrations. Overall mean blister fluid Cmax value was 48% and AUC(0-)
was 91% of plasma values.

TABLE 34. Study 983-25: Mean (%RSD) Plasma and Blister Fluid Cefdinir
Pharmacokinetic Parameters Following Administration of Smgle 200-,
300-, 400-, and 600-mg Cefdinir Capsule Doses (N = 16)

Parsmeter - 200 mg 300 mg 400 mg 600mg
~ Plasma Parameter Values .
Cmax, ughnl 1.00 (25.4) 155 (31.9) 2.15 (52.9) 236 (284)
tmaox, br . 33 (19.0) 32 (189) 30 (21.1) 33 (32)
AUC(0—=), ughrfml 415 Q19 661 (416) 895 (523) 999 (343)
i, hr 171 (173) 164 (0.1) 1.66 (193) 1738 3.7
Blister Fluid Parameter Values N
Cmax, ug/ml 0.558 (27.5) 0.674 (31.7) 0.890 (40.4) 1.091 (34.5)
tmax, hr ‘ 48 (21.8) 49 (182) 48 204) 4.7 24.3)
AUC(0-»), ughriml, 436 (25.0) 551 (41.1) 724 (45.2) 899 (34.8)
S hr 326 (21.1) 3.69 21.0) 37 (23.) 372 (19.6)
‘Blister Fluid to Plasma Ratio B o o
Cmax 0.565 (205) 0.448 (27.5) 0.442 (263) 0473 28.7)
AUC(0-) 1.06 (15.3) 0.849 (16.3) 0.829 (13.3) 0.913 (21.9)

%URSD - -= Relative standard devistion (%).

Cmax = Muodmum observed concentration (ug/mL).

tmax = Timeof Cnmx(br). - -

AUC(Oww) = Ares under the plasia concentration versas time curve from time zero to infinity (ug-hrinl).
4 = Eliminstion half-life (kr).
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Cefdinir concentrations were measured in tonsil tissue, sinus tissue, bronchial mucoss, epithelial

lining fluid, and middle ear fiuid. These determinations

TABLE 35,

are summarized in Table 35.

Mean (Range) Plasma and Fluid/Tissue Cefdinir Concentrations and

Fluid/Tissue to Plasma Ratios Following Administration of Single

Cefdinir Doses
Time of
Plasma Fluid/Tissue .
(mg) Collection c"‘“"""')“ cwﬂ"‘; o Plastma Ratio
(hr postdosc)
Tonsl 300 6 4 113 0620) 028 (0.22046) 027 (0.16043)
600 6 4 217 (1134) . 044 (0220.80) - 021 (0.14-029)
Sinus 300 6 4 097 (0.7-14)  O.I2 (0.0-046) 0.2 (0.00.42)
600 -6 4 227 0835) 046 (00200 020 (0.005T
Bronchial Mucoss 300 ] 4 279 (140-800) 0.77 (®-133) 037 (0-067)
600 8 4 446 305640) 108 (0-152) 025 (0-035)
Epithelial Lining Fluid 300 g 4 279 (140-8.00) 097 (0-4.73) 0.65 (0-3.26)
600 ] 4 446 (305640) 038 (V059)  0.09 (0-0.14)
Middle Ear Effision Tmghkg 6 3 196 (0.80322) 023 (V.0-054) 0.10 (0.0-0.40)
Mmgke 8 3 337 (089-5.54) 0.63 (0.0-142) 020 (0.0-035)

* 11 ssmples from & subjects
* 10 sumples from € subjects

Penetration of cefdinir into tonsil tissue was investigated in adults undergoing elective
tonsillectomy. Mean tonsil tissue concentrations 4 hours sfter administration of single 300- and
600-mg doses were 0.28 (+0.09) and 0.44 (+0.24) ug/g, respectively. Mean tonsil tissue
concentrations were 24% (18) of corresponding plasma concentrations.

Penetration of cefdinir into sinus tissue was investigated in adults undergoing elective surgery on
the maxillary and ethmoid tissues. Mean sinus tissue cefdinir concentrations 4 hours after -
administration of single 300- and 600-mg doses were 0.12 (£0.18) and 0.46 (20.66) ug/g,
respectively. Mean sinus tissue concentrations were 16% (£20) of corresponding plasma

concentrations.

Penetration of cefdinir into bronchial mucosa and epithelial lining fiuid was evaluated in adults
undergoing diagnostic fiberoptic bronchoscopy. Mean bronchial mucosa cefdinir concentrations 4
- hours after administration of single 300- and 600-mg doses were 0.77 (:0.39) and 1.08 (+0.63)
pg/mL, respectively. Mean lung tissue concentrations were 31% (£18) of corresponding plasma
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Interactions between cefdinir and several drugs were observed. As with other f-factam
antibiotics, probenecid inhibited renal tubular secretion of cefdinir, reducing cefdinir clearance and
prolonging its t%. )
Cefdinir Cmax was reduced 38% and AUC(0-w) was reduced 44% when coadministered with
Maalox TC®. There was no significant effect on cefdinir pharmacokinetics if administered 2
hours before or after the antacid.

Concomitant administration of cefdinir with iron reduced cefdinir bicavailability. The extent of
the reduction was dependent on the dose of coadministered iron, being greatest (80%) in the
presence of a therapeutic iron supplement (60 mg elemental iron). The effect was reduced when
cefdinir and iron doses were separated by 2 hours. Therefore, it is recommended that if iron
supplements are required during cefdinir therapy, cefdinir should be taken at least 2 hours after

the iron supplement. The exception is iron-fortified infant formula, which did not have a clinically
significant impact on oefd:mr bioavailability.

7. Special Populations

Because cefdinir elimination is mediated predominantly by renal excretion, reduced renal function
alters cefdinir pharmacokinetics. When cefdinir was administered to subjects with impaired renal
function, cefdinir Cmax, AUC, and t' were all elevated. It is recommended that cefdinir dosage
be adjusted only in patients with intrinsic renal dysfunction (creatinine clearance values <30
mL/min), who should receive & 300-mg cefdinir dose once daily. Cefdinir is effectively removed
from the body by dialysis, necessitating a further dosage adjustment. In patients on chronic
hemodialysis treatment, the recommended initial cefdinir regimen is 300 mg every other day; at

the conclusion of each hemodialysis session patients should receive 300-mg dose of cefdinir.
Subsequent doses should be administered every other day. :

Because cefdinir is not appreciably metabolized, studies were not performed in subjects with
hepatic impairment.

Cefdinir Cmax, AUC, and t'; were elevated in subjects 65 years or older compared to subjects 18
to 30 years of age. This was attributable to an age-related decline in renal function. Thus, a

‘dosage adjustment in elderly patients is not required unless they have intrinsic renal dysfunction.
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Gender and race had no significant impact on cefdinir pharmacokinetics.

8. Pharmacokinetics in Patients

Cefdinir pharmacokinetics in patients were similar to those in healthy subjects;according to meta-
analysis of 4-hour cefdinir concentration data derived from 158 patients from clinical trials with
the following infections: pneumonia, acute maxillary sinusitis, pharyngitisitonsillitis, skin and skin .-
structure infections, or secondary infections of acute bronchitis. Statistical comparisons were
made with data from 154 heslthy subjects, These results are displayed in Figure 5.
Pharmacokinetic profiles from a study in patients with lower respiratory tract infections were
similar to those in healthy subjects.

Cone. (ug/mL)

1] 50 100 150 200 250 300 -
Creotinine Cleoronce (mL/min)

FIGURE 5. Plasma Cefdinir Concentration 1 aM Hours Postdose Versus Creatinine Clearance
Values Following Administration of Cefdinir to Adult Patients and Subjects
Circles represent patients, squares represent healthy subjects; open symbols
reprm 300-mg doses, ﬁlled symbols repmeut 600-mg dom.

"B. Influence of Cefdlmr on the. Intestinal Bacterial Flora in Humans After Oral Dosing

The data obtained in a clinical study in 7 children indicate that cefdinir has a relatively small

=l
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influence on the intestinal bacterial flora.® In this pediatric study, 7 children with infections (3
boys and 4 giris) were treated orally with 3.0 to 3.7 mg/kg per day of cefdiiir fine granules 3
times a day for 4 to 14 days. The ages of the children ranged from 6 months through 12 years 7
months, and their weight distribution was 5.5 to 29.2 kg. During drug administration, some
changes were observed in the pattern of the fecal bacterial flora between subjects. Although
Enterobacteriaceae and total anaerobes were markedly decreased in 2 cases, total counts of
acrobes were unchanged in these individuals. In other cases, predominant aerobes excepting
enterococci and anaerobes hardly varied. There was no case in which glucose nonfermenting
gram-negative rods or fungi became predominant species for any length of time. Although C.
difficile and C. difficile D-1 antigens were detected in 1 and 4 cases, respectively, no relationships
were found between the number of C. difficile and the characteristics of the feces.

IV. CLINICAL EFFICACY (CLINICAL MICROBIOLOGY)
A, Clinical Laboratory Susceptibility Test Methods

The information summarized in this section is to define the standardized methods to be used by
clinical microbiology laboratories to determine the susceptibility of clinical isolates to cefdinir.

5 Susceptibility Interpretive Breakpoints in Dilution Tests

A mean peak plasma concentration (Cmax) of 2.87 ug/mlL was obtained from 20 healthy, fasted
subjects givea a single 600-mg oral dose of cefdinir.® A dose of 300 mg provided a mean Cmax
of 1.6 ug/mL. The plasma half-life-was 1.5 hours for both the 300- and 600-mg doses.

Based on these human pharmacokinetic data, and the use of & 300-mg twice daily dose or a
600-mg once daily dose of cefdinir being used in clinical evaluations, Jones and colleagues
suggested that the following tentative susceptibility criteria be applied in the clinical trials@%",

For nonfastidious bacteria (on cation-adjusted Mueller-Hinton) and H. influenzae (on
Haemophilus Test Medium):
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Susceptible S MIC <1 ug/mL

Intermediate MIC=2 ug/mL -
Resistant MIC >4 ug/mL
For N. gonorrhoeae on GC agar medium: . -

Susceptible MIC <025 ug/mL
This is the same breakpoint applied to cefixime, a structurally similar compound. Because all 100

strains tested were susceptible to 0.015 ug/ml of cefdinir, more definitive breakpoints must await
the emergence of cefdinir-resistant isolates.

.

For §. pneumoniae:
Susceptible MIC <0.5 pg/ml
Intermediate MIC 1.0 ug/mL
Resistant MIC 22 ug/ml.

These breakpoints were guided by data from extensive tests utilizing isolates with varying
susceptibilities to penicillin“® The selected breakpoints separated 2 populations of pneumococci
on the basis of penicillin resistance. With these breakpoints, all 64 penicillin-resistant strains
tested were resistant to cefdinir and all penicillin-susceptible strains were susceptible to cefdinir,
Of the 87 strains with intermediate susceptibility to penicillin, 68 (78%) were susceptible to
cefdinir, 5 (6%) were intermediate, and 14 (16%) were resistant to cefdinir.

2. Susceptibility Interpretive Criteris in Disk Diffusion Tests

Disk mass ranging studies with cefdinir 5-, 10-, 20-, 30-, and 50-ug disks showed that a 5- or
10-ug disk zone would be the best to correlate with projected MIC susceptible breakpoints of <1
or <2 ug/mL.®*? These preliminary tests revealed no very major errors (false susceptible zone
diameter) and only 1 major error (false resistant zone diameter) when 5-ug disks were applied to
the evaluation of 20 strains of enteric bacteria (14 species), 9 nonenteric gram-negative bacilh ¢
species), and 20 strains of gram-positive cocci (4 species).

To define tentative disk susceptibility guidelines for clinical trials, Jones utilized 100 bacterial
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isolates to investigate the correlation of MIC and disk zone diameters.®? Microorganisms
investigated included 19 strains of E. coli, 9 strains of C. diversus, 10 strainis of Y. enterocolitica,
20 strains of X pneumoniae, 19 strains of C. freundii, and 19 strains of S. aureus. Based on
regression and error rate bounded analyses of the scattergrams obtained by plotting MIC and
inhibition zone diameters obtained with 5-ug disks, the follomng interpretive criteria were
recommended for nonfastidious bacteria:

Susceptible 220 mm (MIC equivalent <1 ug/mL)
Intermediate 17 to 19 mm (MIC equivalent = 2 ug/mlL)
Resistant £16 mm (MIC equivalent >4 pg/mL)

Jones stated that, application of these criteria would produce no more than 1% very major (false-
susceptible) errors if methicillin-resistant staphylococci are considered resistant to cefdinir, The
major and minor combined errors should be no greater than 5%.

Disk diffusion breakpoints for these rapidly growing bacteria were confirmed by Jones, R N. et al.
in a more extensive analysis.®*? MICs and zones were obtained with 403 isolates divided into the
following categories: 239 strains of the family Enterobacteriaceae (23 speem) 77 strains of
staphylococc (25 oxacillin-resistant), 45 strains of other gram-positive species, 22 strains of P.-
aeruginosa, 10 strains of S. maltophilia, and 10 strains of Acinetobacter spp. The scattergram
derived from these comparisons were subjected to regression and error rate bounded analyses.
The investigators concluded that the preferred and proposed interpretive criteria were zone
diameters of >20 mm for susceptible and <16 mm for resistant, values identical to the preliminary
parameters listed above. Using these breakpoints, there were 0.6% very major errors (false-
susceptible), 0.6% major errors (false-resistant), and 6.4% minor errors. However, to achieve this
correlation required the exclusion of data obtained with 43 Enterobacter isolates. This species
'was responsible for 7 of the 9 false-susceptible breakpoints associated with enteric species
producing Type I (Richmond-Sykes) cephalosporinase. The authors cautioned that the use of
these criteria will miscategorise 20-30% of cefdinir-resistant Enterobacter spp. as minimally
susceptible. Similar problems have been observed with other oral cephalosporins such as
loracarbef and cefetamet with disk tests indicating false susceptibility to several enteric bacilli such
as M. morganii, Enterobacter spp., and P. stuartii, as well as oxacillin-resistant staphylococci.

An additional study by Biedenbach, D.J. and Jones, RN, revealed an unacceptably high very
major and minor error rates when cefdinir disks were tested against 100 strains of Profeus
vulgaris and Providencia species.®™ The results indicated that the suggested disk diffusion
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breakpoints for cefdinir exceeded acceptable interpretive error rates, with very major (false-
susceptible) error of 5% and a minor error of 15%. The authors suggested to have a warning
similar to that for loracarbef in the NCCLS table footnotes addressing this problem (footnotes j.
and m. in table 2 of M2-A6). ,_

In a study by Biedenbach. D.J., et al™, analysis relating zone diameters to MICs against
Morganella morganii revealed no major error and & 1% minor error.

A scattergram using all US pathogens (other than Haemophilus spp. or Streptococcus spp.) tested
by central laboratories during cefdinir clinical trials is shown in Figure 6. These results confirm the
disk diffusion breakpoints proposed by Jones. Very major, major, and minor error rates are 0.5,
0.06 and 4.8% respectively. All organisms with interpretive errors are listed in Table 36. The
majority of errors were caused by Enterobacter spp. and Enterococcus spp. When these
organisms are eliminated, very major, major, and minor error rates are 0.06, 0.06, and 1.7%.
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TABLE 36. Organisms Causing Interpretive Errors
- (Pathogéns Other Than Haemophilus spp. and Streptococcus spp.)

“
Pathogen : No.Tested  No. Very Major No. Major No. Minor
Errors Errors Errors
Acinetobacter anitratus 33 11
A, dwoffii 24 1 6
Enterobacter aerogenes 31 1 9
E cloacae 48 4 ' 13
E. intermedius 1 1
Enterococcus durans 2 1
E. faecalis 63 3 26
E. faecium 5 1
Klebsiella pneumoniae 103 1
Pantoea agglomerans 33 _ 1
Serratia marcescens 14 1 4
- Staphylococcus aureus 896 2
" 8. simulans 1 1
Vibrio parahaemolyticus 1 1
Other Pathogens 385 :
Total 1640 9 1 78

Similar tests, performed with fgstidions bacterial species, have led to the proposed disk diffusion
susceptibility guidelines shown in Table 37:¢%+7

TABLE 37. Proposed Interpretive Criteria for Fastidious Organisms

Species Susceptible Intermediate Resistant
H. influerzae 220t (1) - 17-192) <16 (24)
N. gonorrhoeae 231 (<0.25) : Nooe Nooe

S. pneumoniae 223 (<0.5) 20-22.(1) £19 (22)

* Zone diameter in mm
¢ Equivalent dilution breakpoint in ug/mlL

Disk diffusion susceptibility guidelines for H. influenzae were obtained by the investigation of 100
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clinical strains in MIC and zone diameter susceptibility tests employmg Haemophilus test
medium.®® Among the 100 isolates were 26 B-lactamase producing strains, 16 p-lactamase-
negative ampicillin-resistant strains (BLNAR), and 58 ampicillin-susceptible strains. These
investigators concluded that the proposed breakpoints that have been applied to rapidly growing
bacteria were also applicable to H. influenzae. Using the sbove guidelines, there were 1% very
major and 6% minor interpretive errors. There were no major errors. All errors were attributed
to [-lactamase-negative ampicillin-resistant (BLNAR) strains.

These proposed breakpoints were confirmed by clinical trial data. The scattergram generated

- from all Haemophilus spp. from clinical trials is shown in Figure 7. The very major, major and
minor error rates for all Haemophilus spp. combined were 0, 0, and 1.5% (12/819), and were 0,
0, and 1.7% (6/356) when considering only H. influenizae. None of the 6 minor errors were
caused by BLNAR strains.

In a study by Barrett and Jones ®” the susceptibility testing interpretive criteria for cefdinir against
100 N. gonorrhoeae isolates was investigated on GC agar medium. Because all strains were
susceptible to 0.015 ug/ml of cefdinir, the recommended susceptible interpretive criteria were as
follows: for a S-pg disk, 231 mm (MIC correlate, < 0.25 ug/mL). This is the same breakpoint
applied to cefixime, a structurally similar compound.

Disk diffusion breakpoints for Streptococcus pneumoniae were derived from studies involving a
chalienge set of 350 clinical isolates.®® These included 199 penicillin-susceptible isolates
(penicillin MIC <0.06 pg/mL), 87 with intermediate susceptibility to penicillin (MIC 0.125 to 1.0
ug/mL), and 64 penicillin-resistant strains (MIC >2 ug/mL). For definition of disk diffusion
breakpoints, MIC breakpoints of <0.5 ug/mL for susceptible, 1.0 ug/mL for intermediate, and >2
pg/mL for resistant were used. These breakpoints clearly separate 2 populations of pneumococci.
Furthermore, with these breakpoints all 64 penicillin-resistant strains were resistant to cefdinir,

- and all penicillin-susceptible strains were susceptible to cefdinir, Of the 87 strains with
intermediate susceptibility to penicillin, 68 (78%) were susceptible to cefdinir, 5 (6%) were
intermediate, and 14 (16%) were resistant to cefdinir. Using regression analysis, the susceptible
zone diameter breakpoint is calculated to be 23.2 mm, rounded off to 23 mm. With a resistant
breakpoint of <19 mm and an intermediate range of 20 to 22 mm; there were only 2 false-

susceptible disk tests (very major-error rate 0of 0.6% or 2.6% of the 78 resistant strains), no msajor
errors (false resistant disk tests), and 10 minor esrors.
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3. . Comparison of MIC Broth and MIC Agar Dilution Assay Methods

In a study by Garcia, F.S, cefdinir susceptibilities were determined by agar dilution and
microbroth dilution methods against 122 test strains of bacteria. The species tested were 4.
anitratus, E. aerogenes, E. coli, E. cloacae, E. faecalis, S. aureus (methicillin-susceptible and
~resistant), K. axyroca, K. pnevmoniae, M. catarrhalis, M. morganii, P. mirabilis, P. aeruginosa,
S. epidermidis (methicillin-susceptible), and S. marcescens. There was 90.9% agreement (+1
dilution in MIC) among the results from the 2 methods. In 78 of the cases, the MICs were
identical; the microbroth MIC was one-half the agar dilution MIC in 22 and twice as high in 11.
In only 2 cases were >4-fold shifts encountered. Discordant results were seen most often with E.

Jaecalis, with agar dilution MICs at least 4-fold higher than microbroth MICs for 5 of the 10
strains tested. :

4. Cross-Resistance With Penicillin for Streptococci

Cefdinir MICs for S. pneumoniae increase with increasing penicillin MICs. A study conducted at
Clinical Microbiology Institute used 350 strains of S. pneumoniae including 199 penicillin-
susceptible, 87 penicillin-intermediate and 64 penicillin-resistant strains to compare cefdinir and
penicillin MICs. In this study by Fuchs, et al., cefdinir clearly showed cross-resistance with
penicillin when testing S. pneumorniae.

A study was conducted by Barry, A_ et al. to assess the cross-resistance of cefdinir and peanicillin
when testing Streptococcus spp. other than S. pneumoniae. Four laboratories participated in
testing 484 well characterized stock cultures of streptococci, each testing & different group of 121
species. Data from the four centers were combined for analysis but data with S. pneumoriae,
viridans streptococci and beta haemolytic streptococci were analyzed separately to determine the
practical utility of cefdinir disk tests. The author conclueds that cefdinire disk tests are usually not
neede for testing streptococci since penicillin-susceptibility can be assumed to correlate with
cefdinir susceptibility. Disk diffusion tests with 10 unit penicillin disks appear to be somwhat
more reliable than those 5-pg cefdinir disks when testing pneumococci. For beta haemolytic
streptococc, & 5-pg cefdinir disk is preferred over a penicillin disk. For viridans streptococci, a
dilution test is prefered over either disk.
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S. Cross-Resistance With Other Cephalosporins

The total number of strains which tested intermediate or resistant to each of the oral
cephalosporins used in the >5000 isolate study are shown in Table 38(organisms that were not
speciated and Pseudomonas spp. and Enterococcus spp. were deleted due to space
considerations). Also, 8 cross-resistance plot of cefdinir vs. cephalexin from pathogens isolated
from clinical trials (adult and pediatric skin infections) is shown in Figure 8. There is & general
agreement of resistance, but a class disk cannot be used to determine the susceptibility to cefdinir,

APPEARS THIS WAY
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Y TABLE 38, Cross-Resistance of (- ir With Other Oral Cephalosporins

Number of Intermediate and Resistant Strains

W'sm No, Tested Cefdinir Cefaclor Cefuroxime Cefadroxil Cefixime
Gram-Negative Strains

Acinetobacter spp. 74 57 68 70 70 ]
A broffil 10 2 1 5 3 6
Citrobacter diversus ' : 46 6 1 14 13

C. freundit o8 5 89 39 88 62
Enterobacter aerogenes 161 87 151 84 148 74
E. agglomerans 18 4 3 3 4 2

E. cloacae 32 248 312 241 296 167
Escherichia colt 1029 3 82 109 226 |
Klebsiella oxytoca: 95 10 8 4 7 4
K. prexmoniae 391 8 8 55 20 8
Morganella morganii 69 64 62 4 of 16
Protexs mirabilts 194 6 10 10 132

P. vulgaris | 24 17 10 18 20 0
Providencia rettgert 13 3 12 4 13

Servatia marcescens 105 104 104 101 102 29
Total. Gram-Negative Strahns 2649 700 931 755 1253 405
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TABLE 38. (Continued)

Number of Intermediate and Resistant Strains

Orgenism No.Tested  Cefdinir _ Cefaclor Cefiroxime  Cefadroxil  Cefixime
Gram-Positive Strains® |

Staphylococcus aurens 794 95 135 7 103 788
8. epidermidis | . 87 3 36 2 “Mo 8
S. haemolyticus | 12 4 5 5 6 12
Staphylococcus spp. | 7| 1 2 1 1 20
Coag-negative Staphylococeus spp. 419 122 142 88 155 185
Streptococons, Gp.B____| 52 0 0. 0 0 2
Total - Gram-Posttive Strains 1388 255 3200 191 309 1293

o

"y
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FIGURE 8. Cross-Resistance of Cefdinir MIC vs. Cephalexin MIC
(Data from Cefdinir Skin Infections Clinical Trials)
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6. Quality Control Studies
a.  Quality Control Ranges for Dilution Susceptibility Tests
Based on the data discussed in this section, the ranges for the quality control organisms listed in

Table 39 are proposed for dilution susceptibility testing' with cefdinir.

TABLE 39. Quality Control Ra.nges for Dilution Tests (NCCLS-

Approved)
Orgenism (ughml)
E. coli ATCC 25922 0.12t00.5
S aureus ATCC 29213 - ) e 0.12w 0.5
H. influertzae ATCC 49766 0.12t00.5
S. pneumoniae ATCC 49619 0.03 t0 0.25

Microbroth dilution MIC quahty control rangw were determined for nonfastidious bacteria in
cation-adjusted Mueller-Hinton broth (CAMHB). The test organisms were: S. aureus ATCC
29213, E. coli ATCC 25922, E. faecalis ATCC 29212, and P. aeruginosa ATCC 27853. Unique
test lots of trays were prepared by each of the 6 participating medical centers, and a common lot
of trays was prepared for all by the coordinating laboratory as an interlaboratory control. Five
tests were run at each center with the common lot, and 20 tests were performed with each of the
6 unique lots. The results of these tests are summarized in Table 40. Based on these data, the
gbove MIC ranges, as presented in Table 39 are proposed for E. coli ATCC 25922 and S. aureus
ATCC 29213. Due to the high MICs obtained, E. faecalis ATCC 29212 and P. aeruginosa
27853 are not recommended for cefdinir quality control. testmg. In addnlon, cefdinir is not
intended to-treat infections caused by-these organisms. -

MIC quality control guidelines for Haemophilus influenzae ATCC 49766 were determined by

microbroth dilution in Haemophilus Test Medium (HTM). A common lot of trays utilizing 8

different lots of HTM broths were prepared and distributed to 6 different laboratories. One

hundred twenty MICs were generated at each laboratory. Based on the results shown in Table
40, a range 0of 0.12 to 0 5 ug/mL is being proposed by the sponsor.

Testing with H. influenzae ATCC 49247 was also conducted. As shown in Table 40, results with
this strain are not as reproducible when compared with results from H. influenzae ATCC 49766.
Variable results are also seen with several other cephalosporins with this strain. Therefore, H.
influenzae ATCC 49247 was not recommended by the sponsor for cefdinir quality control
testing.
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Agar dilution MICs were performed (Table 40) with cefdinir against N. gonorrhoeae ATCC
49226 in a standard multilaboratory study protocol to define quality control guidelines using GC
agar from 3 differeat manufacturers. The common-lot results revealed a technical variation by 1
participating Iaboratory;-that laboratory’s data were therefore excluded from unique-lot analysis.
The results support a quality control MIC range of 0.008 to 0.03 ug/mL when cefdinir is tested
against this organism in agar dilution susceptibility tests,

MIC quality control guidelines for Strepfococcus pneumoniae ATCC 49619 were determined by
microbroth ditution in CAMHB + LHB. All values fell into the MIC range of 0.06 to 0.25
pg/mL, with an apparent bimodal distribution between 0.06 and 0.12 ug/mL. Therefore, a
4-dilution range of 0.03 to 0.25 ug/mL is proposed by the sponsor.

PPEARS THIS WAY
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TABLE 40. Quality Control Results for Dilution Tests
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Organi . No. of Occurrences at MIC
(Proposed Range, ug/ml) TestMediom ~ MIC (ugfml) UniqueLot. Common Lot
E colil ATCC 25922 CAMHB* 0.12 n 1
(0.12-0.5) 025 93 19
. 05 16 10
& aureus ATCC 29213 CAMHB 0.06 1 2
(0.12-0.5) 0.12 30 3
025 58 17
o5 3 8
H. influenzae ATCC 49766 HIM 0.06 Na* 1
(0.12.0.5) - 012 156
025 551
05 12
N. gonorrhoeae ATCC 45226 GCAgar  ° 0008 10 0
(0.008-0.03) 0015 55 20
0.03 34 5
S pneumoniae ATCC 49619 CAMHB +1LHB 0.06 60 20
{0.03-025) . - 032 -7 60 30
025 . 5 0
E faecalis ATCC 29212* CAMHB 1 45 10
2 44 19
4 18 1
>4 13 '
P. aeruginosa ATCC 27853 CAMHB >4 120 30
H. influenzae ATCC 49247 HIM 05 17 4
1 32 o132
2 48 223
4 3 287
8 0 110
16 0 10
32 0 10
64 0 1

1]

Dot recormmended for
* N tpphcable Bemmonlocwuc

b. Quality Control Ranges for Disk Diffusion Susceptibility Tests

l:‘Clﬁu!'\#ll*lB Cation-edjustzd Mucller-Hinton broth; HTM = Haemophilus test medium; LHB = lysed horae

tyoouu'olnstmglm

Multilaboratory studies were performed to determine quality control guidelines for 5-ug cefdinir
disks for S. aureus ATCC 25923, E. coli ATCC 25922, H. influenzae ATCC 49766, H.
influenzae ATCC 24927, N. gonorrhoeae ATCC 49226, and S. pneumoniae ATCC 49619.
Based on the test results described below, the disk quality control ranges in Table 41 have been
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proposed for cefdinir.
TABLE 41. Quality Control Guidelines for Disk Diffusion
- Susceptibility Tests
. Quality Contro] Ranges
Organism N (Zone Diameter in mm)
X aureur ATCC 25923 . - 251032
E. coli ATCC 25922 241028
H. influenzae ATCC 49766 . 241031
N. gonorrhoeae ATCC 49226 40049 -
8. pneumoniae ATCC 49619 2610 31

S. aureus and E. coli were tested on Mueller-Hinton agar. Six lots of disks and 6 lots of culture
media were obteained from several manufscturers, and the results of these studies were generated
in 6 clinical microbiology laboratories. Each of the 6 participant laboratories performed 20
replicate tests with a unique lot of medium and 5 replicate tests with a lot of medium common to
all laboratories. Results with the common lot from each laboratory were compared for significant
variation. The statistic for determining zone diameter ranges is the overall median % one half of
the median of the individual laboratory ranges and/or &n interval containing 95% of test values.
The zone diameters of the different lots of disks did not vary significantly, and the quality contro!
results with reference antimicrobials revealed that all lots of media were performing within
NCCLS prescribed limits.

In tests with £ coli, the median of 450 data points was 26 mm,withiQS% confidence limit range
of 24 t0.23 mm encompassing 98.9% of the values.

In tests with 8. aureus, 375 test values contributed to the database because of the large variation
seen between laboratories, and because the quality control data generated at Park-Davis and
collected from central Iaboratories testing cefdinir clinical trial isolates differed from the results
from this study, a second multi-lab study was conducted in 1996 to confirm QC ranges for this
organism.

Six lots of MH agar from 4 manufacturers were tested. Two participants were assigned one of §
unique lots and a sixth lot was common to all ten laboratories. Two lots of cefdinir disks were
used and cefuroxime was used as a control. No differences were seen between cefdinir disk lots,
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and no lot-to-lot variability was seen between MH agars. A range of 25-31 mm was proposed by
the investigator and includes 97% of the data.

One central Iab's data agree with the results from the first multi-lab study, the cause of the
discrepancy between the first and second multi-lab studies is unclear. However, the results of the
recent ten-lab study refiect results from media currently available, and rather clearly define a range
of 25-31 mm. The sponsor states that if, ﬂﬁsm@emincreasedby 1 mm, the majority of the
“real world data” would be included. Therefore, the sponsor proposes an 8 mm range of 25-32
mm for quality control testing of S. aureus ATCC 25923 with cefdinir. This reviewer sees no
problem with accepting these limits. :

Ranges for H. influenzae ATCC 49766 were determined using 7 lots of HIM agar and 2 lots of
disks. Six different laboratories generated 280 zone diameters. All but 2 values were in the
selected range of 24 to 31 mm. The median was 27 mm, and 99.3% of the values were within the
proposed range.

Testing was also conducted with H. influenzae ATCC 49247. As with several other
cephalosporins, disk diffusion zones are not as reproducible with this strain, when compared to H.
influenzae ATCC 49766. Therefore, the sponsor does not recommend H. influenzae ATCC
49247 for cefdinir quality control testing.

A similar study design yielded 300 unique-lot zone diameters with N. gonorrhoeae ATCC 49226
on GC agar. One of the 6 laboratories was out of range with all test drugs with the common lot
of media. Results for this laboratory were not used for the final analysis. A range of 41 to 48 mm
covered 94.0% of the values, and was suggested by the study coordinator (Dr R. Jones) asa

possible range. However, the range of 40 to 49 mm was approved by the NCCLS in order to
included 99.7% of the data.

8. pneumoniae ATCC 49619 was tested on MHA supplemented with 5% defibrinated sheep
blood. There were 2 disk lots and 6 lots of Mueller-Hinton blood agar used to generate 350 zone
diameters. All but 2 were within the range of 26 to 31 mm. Thus, the selected range of 26 to 31
mm covered 99.7% of all data; the median was 28 mm.
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B. Bacteriological Efficacy

1. Summary of Clinical Trials

Sixteen clinical studies were conducted in order to determine the safety and efficacy of cefdinir in
treating the following infections:

. Pharyngitis/Tonsillitis

. Acute Suppurative Otitis Media
. Acute Maxillary Sinusitis

. Uncomplicated Skin and Skin Structure Infections
. Community-Acquired Pneumonia |

. Acute Exacerbations of Chronic Bronchitis

. Secondary Bacterial Infections of Acute Bronchitis

*

Capsule (adult) and suspension (pediatric) formulations were studied. In most protocols, dosages
included 600 mg QD and 300 mg BID for the capsule formulation, or 14 mg/kg QD and 7 mg/kg
BID for the suspension formulation. All studies tested a 10-day dosing schedule, except for
pharyngitis studies which used 10-day and 5-day dosing for cefdinir. A summary of all pivotal
and supportive clinical studies are shown in tables 42 and 43. A total of 11,163 patients were
enrolled in these studies.

APPEARS THIS WAY
ON ORIGINAL




NDA 50-739 and 50-749 Page 83 of 134
Park-Davis Pharmaceutical Research
Cefdinir tablets (300 mg) and suspension (125 mg/5 mL)
TABLE 42. List of Pivotal and Supportive Clinical Studies
Cefdinir Capsules (Adults)
Study - ‘ Number of
Number Indication Location | Regimens Patients Enroled
9834 Community-Acquired | US Cefdinir 300 mg BID = 104 704
Preumonia _ Cefaclor 500 mg TID = 104
9836 Sinuxitis us Cefdinir 600 mg QD x 10d 1229
Cefdinir 300 mg BID x 10d
Amox/Clav 500 mg TID x 104
983.7 Pharyngitia NA Cefdinir 600 mg QD = 104 915
Cefdinir 300 mg BID x 104
-‘ PenV 250 mg QID x 104
983.8 Skin Infections s Cefidinir 600 mg QD x 10d 975
Cefdinir 300 mg BID x 10
. Cephalexin 500 mg QID x 104
983-58 Pharyngitis Us Cefdinir 300 mg BID x 54 558
PenV 250 mg QID x 104
983-5 AECB Non-USUS | Cefdinir 600 mg QD = 10d 1045
Cefdinir 300 mg BID x 10d
Cefuroxime 250 mg BID x
104 '
983-26 Community-Acquired | Non-US Cefdinir 300 mgBID x 104 | 544
Pncumonia Amox/Clav 500 mg TID x 104
983-37 Sinusitis Non-US Cefdinir 600 mg QD = 10d 569
) Cefidinir 300 mg BID x 104
Amox/Clav 500 mg TID = 10d
983-38 Acuie Bronchitis Us Cefdinir 600 mg QD x 10d 466
: Cefdinir 300 mg BID x 104
Other Supportive Studics o
983-16 Lower Respirstory Non-US/US | Cefdinir 400 mg QD = 10d 738
Tract Infection Cefidinir 600 mg QD » 104
Cefidinir 800 mg QD 104
Cefdinir 200 mg HID = 10d
Cefdinir 300 mg BID x 10d
Cefdinir 400 mg BID x 104

AECB = Acute exacerbations of chronic bronchitie, NA = North America, US = United States, TMP/SMX = trimethoprim/
mm-m&mm-mw&mmv-mv;
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TABLE 43. List of Pivotal and Supportive Clinical Studies

Cefdinir Suspension (Children)
Study Indication Location | Regimens Number of Patients
Number . Enroled
983-10 Otitis Media us Cefdinir 14 mg/kg QD x 10d 852
Cefdinir 7 mg/kg BID x 104
Amox/Clav 13.3 mg/kg TID x 10d
983-13 Skin Infections Us Cefdinir 7 mg/kg BID x 10d 394
Cephalexin 10 mg/kg QID
983-19 Comrmumity- USs Cefdinir 7 mg/kg BID x 10d 57
Acquired Pnermonia
983-51 Pharyngitis NA Cefdimir 14 mg/kg QD = 104 869
Cefdinir 7 mg/kg BID x 10d
PenV 10 mg/kg QID x 10d
983-56 Pharyngitis US Cefdinir 7 mg/kg BID x 5d 482
PeaV 10 mg/kg QID x 10d
983-11 Otitis Media Noo-US Cefdinir 14 mg/hkg QD x 10d 752
Cefdinir 7 mg/kg BID x 104
- Amox/Clav 13.3 mg/kg TID x 10d

NA = North Americe; US = United States; amox/clav = asmoxicillin/cisvulanate; PenV = penicillin V-X.
2. Correlation of Interpretive Criteria With Therapeutic OQutcome

- Ifinterpretive breakpoints are accurate, susceptibility test results should predict the therapeutic efficacy
~ of an antibiotic. To validate proposed cefdinir interpretive breakpoints, bacteriologic eradication and
clinical cure rates obtained during clinical studies were examined for correlation with MIC and disk
diffusion results.

For the analyses in this section, the sponsor has included all clinically and microbiologically evalusble
cefdinir-treated patients plus patients that had a baseline isolate which was intermediate or resistant to
cefdinir or the comparative agent (ie, all "breakpoint evaluable® patients). Data from both monomicrobic
and polymicrobic infections were used. All adult studies were conducted using a capsule formulation,
and pediatric studies were conducted using a suspension formulation.

All susceptibility determinations were performed according to NCCLS methodologies. The majority of
susceptibility testing for cefdinir clinical studies was performed by central laboratories. MICs were
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determined by broth microdilution using dehydrated trays manufactured by Sensititre®, and 5-ug cefdinir
disks were used for disk diffusion testing. Interpretive breakpoints used for clinical trial entry and patient
evaluability for all pathogens isolated in US and International clinical studies are shown in Table 43.
These breakpoints are tised for all analyses (for fastidious and nonfastidious organisms) in this section.

TABLE 43. Interprétive Breakpoints

Susceptible Inteymedinte Resistant
MIC <] ug/ml 2 ug/ml 24 ug/ml
Disk Diffusion 220 mm 17-19 mm <16 mm

Barry and colleagues selected 8. pnevmoniae cefdinir MIC breakpoints different than those listed above
(See page 66 of this review). However, these studies were completed near the conclusion of clinical

trials. A complete discussion of interpretive criteria for S. pneumoniae can be found on page 114 of this
review. :

Tables 44 to 50 show overall trends in the data demonstrating that the above interpretive breakpoints
serve as good predictors of therapeutic outcome for all target species. There is a direct correlation
between a susceptible MIC or disk diffusion result and both bacterial eradication and clinical cure rates.
As seen in Table 44, when all organisms and both cefdinir formulations (capsule and suspension) are
considered, susceptible MIC and disk diffusion results correspond with 89.0% and 89.1% bacterial
eradication rates, respectively. Similarly, 86.2% and 85.9% clinical cure rates are seen with susceptible
MIC and disk diffusion results, respectively.

Correlation between susceptible results and positive therapeutic outcome was generally uniform between
cefdinir capsule and suspension studies (Tables 45-50). One exception is the lower eradication and _
clinical cure rates seen in pediatric studies for Haemophilus spp and §. pneumoniae as compared with
those seen in adult studies. For data from susceptible MICs, the eradication and clinical cure rates for
Haemophilus spp in pediatric (suspension) studies were 64.4% and 67.2% as compared to 84.6% and
78.2% in adult (capsule) studies. Similarly, the eradication and clinical cure rates for . pneumoniae in
pediatric studies were 60.3% and 61.3%, as compared to 93.4% and 85.0% in adult studies (Tables 46
and 47). Identical trends were seen with disk diffusion results (Tables 49 and 50). The majority of
Haemophilus spp isolates (96%) and S. preumoniae isolates (86%) from pediatric suspension studies
were isolated from patients with otitis media. These results may reflect differences in pathophysiology
between otitis media &nd other indications, or it could refiect the formulation differences between the
suspension and the capsule, or it could be due to low concentrations of cefdinir in the middle ear fluid, in
fact as it was stated in Table 35, the mean (range) concentration of cefdinir in the middle ear fiuid was
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0.23 pg/mL (0.0-0.94 ug/mL) for the 7 mg/kg dose and it was 0.63 pg/mL ( 0.0-1.42 pg/mL) for the
14 mg/kg dose which is well bellow the MIC,, susceptible breakpoint of < 1 pg/mL. This issue needs to
be further addressed by the pharmacologist and the medical officer. A lower eradication and clinical cure

rates also were seenfor_theseorganismswith the comparative agent used in the otitis media study
(amox/ciav). R

APPEARS THIS WAY
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TABLE 44. Overall Summary of Results Relation  Jetween Susceptibility to Cefdinir and Pathogen Eradicatic |

Clinical Cure Rates
All Organisms
. Pathogen Eradication Rate Clinical Cure Rate
Methodology Susceptibility No. of PN°-°" % No. of No. of %
Pathogens E:"“’m’l. | Ecadicated Patiests  PatientsCured  Cured
MIC R (24 ug/ml) 95 80 842 90 63 700
1 Q pghnl) 58 a7 81.0 57 u“ 772
__ S(sipgml) - 3800 1382 89.0 3623 3122 , 86.2
Disk Diffusion R (<16 mm) 89 75, 843 84 62 738
1(17-19 ) 97 81 83.5 92 7 783
| 8 (220 mm) 3912 3485 89.1 3716 3193 85.9
S = Susceptible; I = Intermedinte; R = Resistant. '
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TABLE 45. Relationship Between MIC and Pathc * lradication and Clinical Cure Rates Cefdinir Capsuleand *

Suspension-Treated Patients
Across Indications, Formulations, and Dosing Regimens
Pathogen Eradication Rate Clinical Cure Rste
Orgenism Group  Susceptibility No.of i % No. of No. of %
Pathogens B‘“’“ﬁ‘r t“’ed Bmdncated Patients  PatientsCured  Cured
Haemophilus spp R (24 ug/ml) 8 7 87.5 8 5 62.5
[Qugml) 19 15 789 19 14 nI
, ~ S{slughnl) 912 187 83.0 . 863 . 668 714
Streptococems pnewmonice R (24 ugiml) .8 7 - 875 ., 8 e . 750
IQugml) . 4 2 500 L 4 2 500
8 (1 ughnl) 339 294 867 322 . - 259 80.4
All Other Organisms RQ4ugml) ' 66 835 R 7 S 52 70.3
12 ug/mb) - 35 30 85.7 34 28 824
8 (1 ughnl) 2549 2334 914 __ 2438 2195 90.0
'8 = Susceptible; I = Intermediate; R = Résistant. .
P
f
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. " TABLE46. Relationship Between MIC and Path¢  Iradication and Clinical Cure Rates Cefdinir Capsule-Trea

Patients
Across Indications and Capsule Dosing Regimens .
Pathogen ErsdicationRate Clinical Cure Rate

Orgenism Grovp Susceptibility No. of PN°- of % No. of No.of %

: Pathogens M‘“‘Wm"" Ersdicated Patients Patients Cured Cured -
Haemophilus spp R (24 ug/mL) 7 6 85.7 7 4 51.1

12 ugfml) 16 14 87.5 16 13 81.3

S(slugml) = 839 710 84.6' 799 625 78.2
Streptococens pnewmoniae R (24 pg/mL) (3 6 100.0 6 5 83.3
. 1(2 pug/ml.) 4 2 50.0 4 2 50.0

8 (<1 ug/ml) 271 253 93.4 260 221 85.0
All Other Organisms R (24 ug/ml) 66 54 81.8 61 40 656

12 ug/mL) 28 .23 82.1 27 21 7.8

8 (<1 pg/mL) 1598 1451 90.8 1506 1313 87.2

§ = Susceptible; 1 = Intermediate; R = Resistant.
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TABLE 47, Relationship Between MIC and Path: - - 2radication and Clinical Cure Rates Cefdinir Suspension-1

Patients

Across Indications and Suspention Dosing Regimens

Pathogen Eradication Rate Clinical Cure Rate
Orgenism Group Susceptibility No. of P::‘h‘:;;; % No. of No.of %
Pathogens Bradicated Bradicated Patients Patients Cured Cured
Haemophilus spp R (24 pg/ml) 1 1 100.0 1 1 100.0
12 pg/ml,) 3 1 333 3 1 333
' : 8(<1 yg/ml) 73 47 64.4 64 43 67.2
Streptococcus pneumoniae R (24 pg/mL) 2 1 50.0 2 1 50.0
12 ug/ml) 0 Y
S(<1 ug/mlL) 68 41 60.3 62 38 61.3
All Other Organisms R (24 ug/ml) 13 12 92.3 13 12 9223
12 ug/mL) 7 7 100.0 7 7 100.0
8 (<1 up/ml) 951 880 92.5 932 882 94.6

S = Susceptible; I = Intermediate; R » Resistant.
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TABLE 48. Relationship Between Zone Dismeter '_ l:’atllogen Eradication and Clinical Cure Rates Cefdinir Cajf

and Suspension-Treated Patients
Across Indications, Formulations, and Dosing Regimens
. Pathogen Eradication Rate Clinical Cure Rate
Organism Group Susoceptibility No.of b0 % No. of No. of %
‘ Pathogens Bnd. wan B pradicated Patients Patients Cured Cured
Haemophilus spp ~ R(z16mm) 16 14 815 16 14 87.5
1(17-19mm) . 48 35 72.9 44 1 75.0
8 (220 mm) ‘ %61 809 84.2 208 705 ! 71.6
Streptococexs pnewmoniae R (<16 mm) 10 9 90.0 9 7 7.8
1(17-19 mm) 3 2 66.7 3 2 66.7
8 (220 mm) 351 306 87.2 338 268 80.0
All Other Organisms R (<16 mm) 63 52 82.5 59 41 69.5
- 1(17-19 mm) 46 44 95.7 45 37 82.2
8 (220 mm) 2600 2370 91.2 2473 2220 89.8

8 = Susceptible; I = Intermediate; R = Resistant.
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TABLE 49. Relationship Between Zone Diamete.
Treated Patients

Across Indications and Capsule Dosing Regimens

~ 2athogen Eradication and Clinical Cure Rates Cefdinir Ca

Pathogen Eradication Rete - Clinical Cure Rate

Orgenism Group Susoeptibility No. of .PN"' of % No. of No.of %
Pathogens M‘mi teq  Ertdicated Patients Patients Cured  Cured

Haemophilus spp R (<16 mm) 15 13 86.7 15 13 86.7
1(17-19 mm) 37 30 81.1 34 28 82.4

- ____8(x20mm) : 884 757 85.6 841 659 . 78.4
Streptococeus pnexmontae R (<16 mm) 6 6 100.0 6 5 83.3
1(17-19 mm) 2 1 50.0 2 | 50.0

8 (220 mm) 286 267 - 93.4 275 233 84.7

All Other Organisms R (<16 mm) 51 40 784 4 29 61.7
1(17-19 mm) 36 35 97.2 35 28 £0.0

8 (220 mm) 1637 1480 90.4 1530 1330 86.9

8 = Susceptible; | = Intermediate; R = Resistant.
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TABLE 50. Relationship Between Zone Diamete:  ?athogen Eradication and Clinical Cure Rates Cefdinir Su” on
: Treated Patients ‘
- Across Indications and Suspension Dosing Regimens
: . Pathogen Eradication Rate Clinical Cure Rate
Organism Group Susoeptibility No. of % No. of No. of %
| No. of Pathogens ;m_"“‘?cﬁ Bradicated Petients  PationtsCured  Cured
Haemophilus spp R (<16 mm) 1 1 100.0 1 1 100.0
1(17-19 mm) 11 5 455 10 S 500
3 (220 mm) 77 52 67.5 . 67 46 . 68.7
Streptococcus pnewmonioe R (<16 mm) 4 3 75.0 3 2 66.7
1(17-19 nm) 1 1 100.0 1 1 100.0
S (>20 mm) 65 39 60.0 60 35 58.3
All Other Orgenisms R (<16 mm) 12 12 100.0 12 12 1000
- 1(17-19 mm) 10 9 90.0 10 9 900
3 (220 mm) 963 890 924 943 890 944

S = Susceptible; 1 = Intermediste; R = Resistent
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Correlation between susceptible MIC and disk diffusion results and positive therapeutic outcome was
also consistent between QD and BID dosing regimens for both suspension and capsule formulations, and
between indications (with the exception of otitis media discussed previously).

Additionally, results were generally uniform among bacterial species. Therapeutic outcome, by
formulation and by individual MICs and zone diameters for key pathogens (defined as pathogens isolated
10 or more times during clinical studies and intended for inclusion in cefdinir labeling) can be found in
Tables 51 through 54. When compared with other organisms, susceptible determinations correspond to
lower eradication and clinicel cure rates for Haemophilus spp (in both capsule and suspension studies),
and S. pneumoniae (in suspension studies). However, the sponsor states that when numbers are sufficient

for statistical analysis, eradxcanonanddmxcalwrentesfortheseorgammsmeqmvalemmthe
comparative agent in all studies.

As seen in Table 44, there is an overall trend for lower eradication and cure rates with intermediate and
resistant isolates. Specifically there were 153/3953 (3.9%) isolates that had resistant or intermediately
resistant MICs to cefdinir (186/4098, 4.5% by disk diffusion). Among these isolates 127/153 (83%)
were eradicated as compare to an eradication rate of 89% for the isolates with susceptible MICs. The
cure rates were also lower for isolates with intermediate and resistant MICs (1071 147, 73%) as compared
to isolates with susceptible MICs with cure rate of 86%.

In summary, the data show that patients were effectively treated when pathogen isolates were determined
to be susceptible using the proposed MIC and disk diffusion breakpoints. When results from all isolates
are combined (Table 44), susceptible MICs and disk diffusion interpretations correlate with a 89%
bacterial eradication rate, and a 86% clinical cure rate. MIC and disk diffusion susceptibility tests for
cefdinir serve as good predictors of therapeutic efficacy.



TABLE 51.  Relationship Between MIC VersusPa - n Eradication and Clinical Cure Rates Cefdinir Capsule-T;

Patients
Key Pathogens
(Page 1 of 5)
Across Indications, Capsule
togen . MiC Pathogen Eradication Rate Clinical Cure Rate
No. of No. of Pathogens No. of Patients  No. of Patients
(ug/mL) Eeads % Eradiontsd Corod % Cored
Escherichia colt 0.06 1 ! 100.0 i 1 100.0
0128 19 14 n1 19 14 737
028 30 4 200 30 " 200
0.5 1" 9 s it 9 sta
1 2 2 100.0 2 2 1000
4 1 1 100.0 1 1 100.0
0 : ] 1 1 100.0 1 1 100.0
Unknown 2 2 100.0 2 2 100.0
Total 67 34 206 67 54 20.6
Haemophilus haemolyticus 0.06 2 2 1000 2 2 100.0
0.128 9 9 100.0 9 8 889
023 3 3 100.0 3 3 100.0
0.3 1 1 100.0 1 1 100.0
Unknown ] ] 100.0 ] ] *100.0
Totsl pX] px) 100.0 2 2 93.7
Hoemophifus trftwenzae (P-lactamase anknown) 0016 1 1 100.0 - t 1 100.0
0.03 2 2 100.0 2 2 100.0
' 0.06 0 0

0.125 1 ! 100.0 . 1 100.0
025 1 1 100.0 1 | 100.0
Unknown 1 1 100.0 ! 0 0.0
Total ¢ [ 100.0 6 ] 1.
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h Bradication and Clinical Cure Rates Cefdinir Capsule-Ti'

TABLE 51, Relationship Between MIC Versus Pa '
Patients
Key Pathogens
(Page 2 of 5)
Across Indications, Capsule
MIC . Pathogen Ersdication Rate Clinical Cure Rats
Pathogen * No.of No. of Pathogens . No. of Patients No. of Patients
(ug/mL) % Eradiosted W i % Cured
Hoemophiius irffwenzoe (P-lactamase-positive) 0.03 1 1 100.0 | 1 1000
. 0.06 1 1 100.0 (| 1 100.0
0.128 3 1 233 3 2 66.7
025 18 15 03 17 14 824
0.8 a“ 34 773 “ k1] sl
t 16 14 7.3 16 12 750
2 | 1 100.0 1 1 100.0
Unlmown 1 t 100.0 1 1 100.0
Total 88 6t 20.0 Y 69 2.1
Hoemophiles inffeencoe (P-lactamese-negstive) 0.016 4 4 100.0 4 4 100.0
0.03 4 4 100.0 4 1 250
0.06 6 4 667 6 4 66.7
0.128 9 7] 7.4 4 7] 72
025 123 104 . 813 124 o8 70
0.5 143 108 755 141 106 752
t 50 2 840 %0 37 0
2 (] 6 75,0 3 8 750
4 1 t 1000 1 1 100.0
s 2 t 50.0 2 1 0.0
16 2 2 100.0 2 1 50.0
Unknown 28 2 8.0 28 19 6.0
Total 416 331 79.6 407 308 157
Hoemophilus parohasmolyticns 0.008 7 ki 100.0 1 ki 100.0
0.016 12 12 100.0 12 9 1 130
0.03 ? 6 357 7 6 287
0.06 4 4 100.0 4 4 100.0
0.125 6 6 100.0 6 4 667
0.25 12 1 9.7 12 1 917
0.8 2 2 100.0 ) 1 50.0
Unknown 0 0
Total 50 48 96.0 50 42 24.0
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. """ TABLES1. Relationship Between MIC Versus Pt . n Eradication and Clinical Cure Rates Cefdinir Capsule-T |

Patients
Key Pathogens
(Page 3 ot 5)
Across Indications, Capsule
Pathogen Ensdication Rate Clinical Care Rats
Pathogen (‘,:‘[I,EL No. of No. of Pa s . No. of Patients No. of Patients
| ) Pathogens wggﬂ %Emdited 32,008 of Pat % Cured
Haemophiins parainflwenzoe 0.016 s 5 1000 s 3 60.0
0.0 2 2 1000 2 { 500
0.06 7 7 100.0 ? 4 1
0.128 n 64 90.1 n 49 9.0
023 163 150 20 162 134 027
0.5 40 3l X 40 7 £20.0
1 16 13 i3 15 18 100.0
2 7 ? 100.0 7 3 857
4 1 1 1000 ‘ I [ 100.0
] [ 1 100.0 1 0 00
Unknown 4 9 95.1 40 M 230
Total - 354 320 90.4 351 m 9.8
Klebsiella prevmonios 0.03 ! 1 100.0 1 0 00
' 0.06 18 18 B3 17 13 76.5
0.128 9 9 9.7 0 n 16.1
023 13 1] 733 15 9 60.0
03 2 2 1000 2 2 1000
1 1 0 00 1 0 0.0
2 1 1 100.0 1 1 100.0
4 2 2 100.0 2 1 500
] 0 0
16 1 0 00 1 [ 1000
Unknown 1 1 1000 1 1 100.0
___ Total LH 7 847 [T 61 Y
Mortrella catarrhalls ({Hactamase-positive) 0.03 1 1 100.0 1 1 100.0
0.0 14 13 929 14 1 1 16
0.128 “ 39 886 “ 33 79.5
025 51 46 902 49 It 878
03 ] 1000 ? 6 837
1 3 1 2133 : I 2 66.7
2 1 t 1000 1 t 1000
Unknown 2 1 50.0 2 0 0.0
Total 124 110 88.7 121 % 81.8
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" TABLE 51. Relationship Between MIC Versus Pt n Eradication and Clinical Cure Rates Cefdinir Capsule-T: i

i Patients '
i Key Pathogens
1 (%gell of 5)
i Across Indications, Capsule
| ' MIC Pathogen Eradication Rate Clinical Coro Rate
Puthogen No, " : 0. of Patients  No. of Patients
COnL)  pabonms | -Eueemed Eedised  Bilbicrm  Gyed ™ WO
Moraxella cotarrhalls (P-lactarnase-negative) 0.03 2 2 1000 2 2 100.0
0.06 '} 7 87 7 3 74
0.12 26 25 9.2 2 21 8.3
028 i 1 100.0 " 10 90.9
X 2 2 100.0 2 2 100.0
Unknown 1 1 100.0 2 L 0.0
“Total 50 a 96.0 120 9 818
Moraxella catorrhalls (P-lactamase unknown) 025 1 1 1000 1 1 100.0
Total 1 1 100.0 1 1 100.0
Staphylococcrs axreus (cxacillin-resistent) 0.125 1 1 100.0 1 1 100.0
025 1 1 100.0 1 | 1000
0.5 1 1 1000 1 t 100.0
1 0 0 :
2 0 .0
4 2 2 100.0 2 1 30,0
s 0 0 0 0.0
16 3 1 233 .3 .0 0.0
Total 8 ] 75.0 _ 8 4 50.0
Staphylococeus awreus (oxacillin-sonsitive) . 0.03 3 -3 100.0 BEE 2 66.7
0.06 1 1 100.0 ' 2 1 1000
0128 28 Y] 960 . 28 2t 84.0
025 2] 86 92.5 9 st 7.1
0.5 126 113 9.7 126 104 0.3
1 23 70 920 24 » 9.7
2 1 1 100.0 ! ] 100.0
Unknown 1 0 00 1 1 100.0
Total 215 256 93.1 274 233 85.0
Staphylococeus awrens (oxacillin nnknown) 0.06 4 4 100.0 4 4 100.0
0.125 12 12 100.0 12 " 917
025 M 31 912 u 3t 912
0.5 bz 18 73 2 s 733
1 9 7 T} 9 6 66.7
16 1 | 100.0 1 ! 100.0
Tot] &) 7 30.0 8 71 858
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TABLE 51. Relationship Between MIC Versus P

Patients

n Eradication and Clinical Cure Rates Cefdinir Capsule-T

Key Pathogens
(age 5 of 5)
Across Indications, Capsule :
Pathogen Eradication Rate Clinical Cure Rate
Pathogea (,,"".ﬁ,) Noof ~ Noof Pathogens ) No.of Paticnts  No, of Pationts
Strepfococeus agalactios 0.03 2 | 50.0 2 1 50.0
0.06 23 28 100.0 2$ 1" 68.0
0.12% 3 3 100.0 3 2 6.7
028 0 0
0.5 0 0 :
1.0 1 1 100.0 1 ' 0.0
Total. 31 30 9.8 3 20 64.5
Strepfocoiens pneswonios 0.008 2 2 1000 2 2 100.0
0016 14 14 100.0 13 12 9.3
0.03 33 3 97.0 3 30 90.9
0.06 - 100 94 040 o4 20 8.1
0.128 67 60 896 66 38 831
028 k] 3l 9.9 1 27 818
0.5 17 13 182 17 13 76.%
| s 5 100.0 s s 100.0
2 4 2 0.0 4 2 0.0
4 2 2 100.0 2 2 100.0
8 3 3 100.0 3 2 66.7
16 | 1 100.0 1 1 100.0
Unknown 14 14 100.0 " 12 837
Total 293 2718 932 4 240 $4.5
Streptococcus pyogemes 0.008 403 368 913 403 330 4.3
0.016 231 199 90.0 21 201 91.0
0.03 3 277 871 £} 26 19
0.06 13 4 9313 18 15 100.0
0.128 14 13 929 1] 13 929
025 4 ] 100.0 4 3 75.0
0.5 6 4 . 667 6 ] 833
1 2 2 100.0 2 2 100.0
Unknown 3 3 100.0 3 2 66.7
Total 699 634 90.7 699 647 2.6
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TABLE 52. Relahons g Between MIC Versus F _en Bradication and Clinical Cure Rates Cefdinir Suspensic

Key Pathogens
(&ge 10f3)
Across Indications, Suspension ,
4 Pathogen Eradication Rate _ . Clinical Cure Rate
Pathogen it No. of No. of No.of Paions o, of et o
Pathogens Wm % Eradicated With Pathogen o Cy
Escherichia coft 025 1 1 100.0 1 1 100.0
Total 1 1 100.0 1 1 100.0
_Hoemophilus hosmolyticus 0 0

. Hoemophilus inflwenzoe (D-lactamase unknown) 0.025 I 0 0.0 1 0 00
: I X 1 0 0.0 ] ) 0.0
1 t 1 100.0 [ 1 1000
Unknown 4 3 150 4 3 750
Total 7 4 7.1 $ 4 66.7
Haemophilus tyffwertoe (P-lactamase-positive) - 003 1 1 100.0 1 1 100.0
0.125 2 2 1000 2 2 100.0
025 12 6 500 10 s 500
03 9 7 778 L] ? 873
1 n 7 636 . it 7 636
Unknown ] L] 100.0 ¥ 4 100.0
, Total 40 28 70.0 33 23 N4
Hoemophilus tffwerzoe (P-lactamese-nogative) 0016 1 1 100.9 1 1 100.0
0.06 2 1 500 2 1 500

0.125 0 o -
025 16 10 625 18 9 60.0
03 9 s 836 ] ] 625
1 [ L 233 L] 4 200
2 3 1 333 3 1 333
4 1 ! 1000 ! 1 100.0
Unknown ] s 623 7 4 s
Total 46 29 63.0 40 26 650
Hoemophilns paratrfiwenzoe 0.8 1 1 100.0 1 1 1000
. Total _ 1 ) 100.0 1 1 100.0
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TABLE 52. Relationship Between MIC Versus} . en Eradication and Clinical Cure Rates Cefdinir Suspensic’

Treated Patients
K Pathogens
| (Page 2 of 3
Across Indications, Suspension
Ic Ersdication Rate Clinical Cure Rate
Pathogen : mi. No. of No. of " No.of No. of
(g/mL) Pathogens Endhmmﬂlea % Bradioated mmﬂg‘fnﬂ Patlents Cured % Cured
Klebsiella presmonios 0.06 1 1 1000 1 t 100.0
0.125 1 1 100.0 1 1 100.0
025 0 0
0.5 0 0 “
1 1 1 100.0 1 i 1000
Totsl 3 3 100.0 3 3 100.0
Moravella catarrhalis (P-iactamase-positive) 0.125 2 1 500 2 1 50.0
025 12 8 66.1 1 7 636
0.5 [; 3 600 [ 3 60.0
1 2 1 50.0 2 i 50.0
8 i | 100.0 1 1 100.0
Unknown 3 4 800 -] 3 60.0
Total 27 18 66.7 26 16 61.5
Movaxella catarrhalls (P-lactamase-negative) 025 1 1 100.0 1 1 100.0
Total 1 1 100.0 1 1 100.0
Movaxella catarrhalis (B-lactamase unknown) 4 1 0 00 1 0 0.0
Total 1 0 0.0 1 0 0.0
Staphylococcns awrens (oxacillin-sensitive) 0.125 1 1 100.0 1 1 100.0
025 13 84 98.8 84 L} 91.6
05 19 19 100.0 19 19 100.0
- Total 105 104 99.0 104 102 98.1
Staphylococexs awrens (oxacillin unknown) 0.03 1 1 100.0 1 { 100.0
‘ 0.06 0 0 f
0.125 (] 0
025 8 ] 100.0 8 (] 100.0
0.5 6 2 333 6 2 333
Unknown 1 ! 100.0 1 0 0.0
Total 16 12 150 16 1 68.8
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4" TABLES2. Relationship Between MIC VersusP . en Eradication and Clinical Cure Rates Cefdinir Suspensic

Treated Patients '
Key Pathogens
(?age 30f3)
Across Indications, Suspension
Emdication Rate Clinica] Cure Rato
MIC No. . .
Pathogen | (ug/mL) No.of E;du'on':éﬁ &% Eradicated No.of Puiats No.of Patfents o4 cored
Streptococcus apalactios . 0.016 | 1 100.0 1 i 100.0
0.0 1 1 100.0 1 1 100.0
0.06 2 2 100.0 2 2 100.0
0.125 - 1 100.0 t 1 100.0
Total 3 3 100.0 5 8 100.0
Streptococcus prsewmontos 0.008 | 0 0.0 1 0 0.0
0016 2 1 30.0 2 1 50.0
0.03 ] 6 750 s 6 75.0
0.06 b1 16 593 % 14 533
0.125 13 10 769 13 10 1769
025 9 4 7y ] 3 ns
05 s 2 400 L 2 400
1 3 2 66.7 3 2 66.7
2 0 0
4 t 0 0.0 I 0 0.0
] 1 ! 100.0 i 1 100.0
Unknown 10 ? 170.0 9 s 386
Total 20 49 613 73 “ 60.3
Strepfococens pyogenes 0.008 756 701 2.7 758 m 95.5
0016 ] t 100.0 t ] 1000 -
0.03 9 9 100.0 9 9 100.0
0.06 6 4 66.7 6 4 66.7
0.125 1 0 0.0 1 0 00
0.8 1 1 100.0 1 1 100.0
Unknown 4 4 100.0 4 4 100.0
Tota 788 m 926 784 27 o33

Page 102 of 134




TABLE 53.  Relationship Between Zone Diameter- . athogen Eradication and Clinical Cure Rates Cefdinir Cap

Treated Patients Kev Path
athogens
(gige 1 oFS)
Pathogen Eradication Rate Clinical Cure Rate
Zono Diameter No. of ! ;
Pathogen (mm) | PNO' of \ E:dm % Eradicated %‘:d: ofme No. oé'ﬁad % Cured
Escherichia colt 19 I 1 100.0 1 | 1000
21 4 3 750 4 3 750
2 4 2 50.0 4 2 300
px) ] 7 £13 ] 7 8.3
u ¢ 3 200 6 4 66.7
-2 12 o 813 12 3 66.7
26 12 1] 9.7 12 12 100.0
27 o 7 nse 9 7 718
23 4 3 750 4 3 750
29 | | 100.0 1 1 100.0
30 s s 1000 $ (] 100.0
Unkmnown t 1 100.0 1 1 100.0
' Total 67 34 80.6 67 M 80.6
Haoemophitus haemolyticus 13 1 t 100.0 1 1 100.0
‘ [} ] 2 2 100.0 2 2 100.0
19 1 | 100.0 1 | 100.0
20 1 | 100.0 1 i 100.0
A 1 1 100.0 | | 100.0
2 1 i 100.0 | 1 1000
24 3 3 100.0 3 3 100.0
28 ! 1 100.0 ! [ 100.0
26 2 2 100.0 2 2 100.0
n 2 3 1000 2 2 1000
23 3 3 100.0 3 3 1000
29 1 | 1000 | 1 100.0
30 1 1 100.0 | 1 100.0
3 1 1 1000 | 0 f 00
M 2 2 100.0 2 2 100.0
Total 23 23 2 9.7

100.0 23
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" TABLES3, Relationship Between Zone Diameter "athogen Eradication and Clinical Cure Rates Cefdinir Caj "

Treated Patients :
Key Pathopens
(gtge 20f8)
Eradication Rate Clinical Cure Rate
Zone Diameter No. of
Pathogen (mm) No. of E&m % Emndieated %qmdl;a m No. oofum! % Cured
Haemophilns inflwentoe {-lactamase anknown) 24 1 1 100.0 1 H 1000
26 ] | 100.0 1 ] 100.0
3 2 2 1000 2 1 500
3t ] 1 100.0 1 | 1000
k1 ] 1 1 100.0 1 i 1000
- - Total ] (] 100.0 [ 3: 833
Hoemophilus byfverzoe (P-lactamaso-positive) 16 1 1 100.0 1 1 1000
_ 18 2 2 1000 ) 2 100.0
20 100.0 7 6 857
21 6 . 833 é 4 66.7
n I 7 815 ] 100.0
px) ] s £33 L] | 833
24 4 4 100.0 4 4 1000
25 18 13 122 1§ ] 13 122
26 10 ] 20.0 10 ] 200
27 7 ] na i -] 13.7
28 4 3 750 4 3 750
29 2 1 $0.0 2 2 100.0
30 7 6 8s.7 . 7 7 100.0
” | 0 0.0 | 0 0.0
Unknown 1 0 0.0 | 0 0.0
Total 8 68 £0.0 B 6 0.1
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TABLE 53. Relationshi g Between Zone Diameter:  ’athogen Eradication and Clinical Cure Rates Cefdinir Caj

Treated Pa '
Key Pathogens
(gge 3 0ol 8)
Zone Di fion Eradication Rate Clinical Coro Rats
inmeter No. of :

Pathogon - (mm) No. of Eﬂm o, Eradicated Hwoﬂof Patients No. gﬂd & Cured
Haemophihis tnflventoe (f-lactamave-negative) 0 2 1 50.0 2 1 500
14 4 3 750 4 3 750

16 3 3 100.0 3 3 100.0

17 3 2 ! 66.7 3 2 66.1

it 12 0 - 23 12 10 03

19 6 3 50.0 6 5 13

20 2 7 213 28 20 80.0

21 26 18 692 2% 17, 654

2 % 31 . 798 ;| 1 615

B 53 4 C o BA9 st “ 863

4 37 28 . 187 37 b3 751

.28 ] M 29.5 1 30 19

26 41 33 854 41 3 156

7 Y] 19 792 % 21 873

28 34 27 794 M 2% 706

29 12 9 750 12 10 23

20 28 21 750 28 2t 750

31-52 b1 " ‘ 68.0 28 19 76.0

Unknown 3 2 667 3 1 333

. . Totad 416 331 79.6 407 308 751
Hoemophilus parohoemolyticus 21 1 1 100.0 1 1 100.0
7] 2 2 100.0 2 2 1000

24 3 3 100.0 3 2 667

28 1 1 100.0 1 i 100.0

2 1 1 100.0 1 0 00

27 2 2 100.0 2 2 100.0

28 3 3 100.0 3 3 i 1000

29 2 2 100.0 2 1 500

30 ' 6 100.0 6 $ 1000

3142 29 27 93.1 2 yY] 28

Total 50 43 96.0 50 2 B34.0
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TABLE 53, Relationship Between Zone Diameter | _

dathogen Eradication and Clinical Cure Rates Cefdinir Ca

A

Treated Patients
Key Pathogens
(gage 4 of 8)
- Psthogen Eradication Rate Clinical Curo Rate
Zone Diemeter No. of :
Haemophilus parairyiventae 11 [ 1 1000 1 i 100.0
13 1 | 100.0 1 1 100.0
7 3 3 100.0 3 1 13
13 5 L} 100.0 5 s 100.0
19 3 2 66.7 3 3 100.0
.20 15 14 93 14 n 786
21 10 F{1) 100.0 10 é 0.0
2 20 19 950 20 16 200
i} 10 10 1000 10 9 9.0
b’ ] n 23 852 n 20 4.1
25 41 »” 902 41 38 834
26 3 ]| 1ne kL 2 229
n 3 28 2713 32 u 750
p 4] as 30 857 35 26 743
29 n 19 126 n 17 e
30 44 42 9.5 i M 713
340 49 43 918 49 43 378
Total 354 320 90.4 351 14 1.5
Klebsiella ppevrmonios 13 1 1 1000 1 1 100.0
‘ : 18 i 1 100.0 | 0 0.0
20 1 1 100.0 1 1 1000
2 3 3 1000 3 2 66.7
p | 4 200 s 3 100.0
2 L] 5 100.0 s 4 £0.0
23 11 3 727 1 ] n1
26 13 12 %00 15 % 533
n 12 9 © 150 12 4 i 70
28 14 13 P 929 14 10 n4
29 L 4 200 5 5 100.0
30 3 7 1.5 ] 5 62.5
3136 4 4 1000 4 4 100.0
Total 85 72 84.7 8 61 72.6
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TABLE 53. Relationship Between Zone Diameter’.

‘sthogen Eradication and Clinical Cure Rates Cefdinir Cay”

N

Treated Patients K Path
athogens
(lc”a'ge 5 ofs)
Zono i Pathogen Eradication Rate Clinical Cure Rate
Diameter No. of . .
Prthogen (mm) Py ubosns  WEndiomd  NETTHER Mol wcwd
Moraxeila catarrhaolls (P-lactamase-positive) 17 1 1 1000 1 | 100.0
18 2 2 100.0 2 2. 100.0
20 2 0 0.0 2 2 100.0
21 4 3 750 4 3 750
n 1 10 90.9 i 3 n1
2 6 6 100.0 6 6 100.0
4 16 16 100.0 16 18 938
28 26 pX ] (1X] 2 20 169
26 20 16 80.0 20 14 70.0
n 14 14 100.0 14 ] 786
2 t 6 750 ] 7 7.5
29 4 4 100.0 4 3 750
30 3 3 100.0 3 3 100.0
3137 ? 6 137 7 [} 357
‘ Total 124 110 38.7 121 e 3.8
Moraxefla catarrbally ([-lactamase-negative) 20 1 1 1000 1 1 100.0
23 3 3 100.0 3 3 100.0
4 3 3 100.0 3 2 66.7
26 4 4 100.0 4 4 1000
27 1 , 0 0.0 [ 0 0.0
28 9 9 100.0 7 6 857
29 2 2 100.0 2 2 1000
30 9 9 100.0 9 9 100.0
3140 18 ‘ 17 044 1] 15 893
Total 30 N | 96.0 47 41 872
Morazella catorrhalts ([-lsctamase unknowa) 21 1 1 100.0 1 t 100.0
Total 1 I 1000 1 1 ! 1000
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TABLE 53. Relatuons etween Zone Diameter: . .. athogen Eradication and Clinical Cure Rates Cefdinir Cap’

Treated Patients
Key Pathogens
(?a' e 6 of 8)
. Pathogen Emdication Rato Clinicsl Care Rate
Pathogon Diameoter . No. of . ' .

(mm) po ok Pthogens %4 Eradicated ot e Oaed % Cured

Staphylococens awrens (oxaciliin-resistant) 7 3 1 333 3 0 0.0

13 1 1 100.0 1 i 100.0

14 1 | 100.0 1 0 09

28 1 H 100.0 1 1 100.0

22 | 1 1000 i 1 100.0

3l 1 1 1000 1 1, 1000

Total 3 6 75.0 S 4 30.0

Staphylococens awrens (oxacillin-sonsitive) 20 3 3 100.0 3 3 100.0

n 6 6 100.0 L L] 100.0

2 1 | 100.0 1 | 100.0

24 s 5 100.0 5 4 30.0

23 17 1 100.0 17 13 76.5

26 28 26 29 23 27 964

n » k1] 6 »” 12 863

28 42 41 9.6 42 k! 90.5

29 40 2 20.0 40 2 80.0

30 bt ] i 50 43 13 43 814

3138 43 40 23.0 43 3 84

Total 213 256 931 274 233 235

Staphylococens anrens (oxacillin nnknown) 12 1 1 1000 | | 1000
2 1 1 100.0 1 1 1000

n 1 1 100.0 1 1 100.0

% 1 1 100.0 : 1 0 0.0

28 10 ] 20.0 10 | 200

26 6 L] 2313 6 b | 813

n 14 14 100.0 14 14 100.0

28 10 3 200 10 (] I s0.0

29 8 ki 873 ] L3 750

30 16 13 813 16 12 750

31-38 15 14 933 1% 15 100.0

Total 23 73 880 83 i 85.%
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TABLE 53. Relationship Bstween Zone Diameter -

'athogen Eradication and Clinical Cure Rates Cefdinir Cay’

N\

Treated Patients j
Key Pathogens
(‘?a’ge 7 of 8)
Zona i Pathogen Eradication Rate Clinical Cure Rate
Pathogen (rm) pho.oL, P:t'l?é:e:g %Emdiownd ~ NoofPaients Mool % Cured
Streptococens agalactios 20 1 1 100.0 1 0 0.0
21 2 2 100.0 2 2 100.0
2 | 0 00 1 0 0.0
, 2 1 1 100.0 1 0 0.0
i 4 2 2 100.0 2 | 50.0
28 ? 7 100.0 ? $ N4
| 26 3 3 1000 3 2 66.7
! 7 é 6 100.0 6 s 833
! 28 3 ; 3 1000 3 2 66.7
, 29 2 ! 2 100.0 2 2 100.0
j 30 3 | 3 100.0 3 1 13
. Total 3l j 20 96.8 3l 20 64.5
Streptococcus presmonioe 6 1 : 1 1000 1 1 100.0
? t | 1 100.0 1 e 100.0
12 1 : 1 100.0 1 t 100.0
13 1 ! ! 100.0 1 o 0.0
13 2 : 2 100.0 2 2;r 100.0
17 1 5 1 1000 1 1 100.0
18 1 3 0 0.0 1 0 0.0
‘20 3 j 2 66.7 3 2, 66.7
21 4 ! 4 100.0 4 4 100.0
! 2 3 3 100.0 3 3 100.0
F 23 4 j 4 1000 4 4 100.0
' 4 14 on 929 14 t3i 929
3 23 13 12 23 13 9 692
! 2% 20 20 100.0 20 18 9.0
‘ 7 11 10 90.9 1 9 st
28 16 14 2.5 16 10 623
2% 17 17 100.0 17 14 824
30 30 29 96.7 0 27 90.0
31-51 151 139 92.1 149 - 129 866
Unknown 1 1 100.0 1 1 100.0
Total 298 275 932 284 240 84.9
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T TABLE 53. Relat:ons E Between Zone Diameter  'athogen Eradication and Clinical Cure Rates Cefdinir Ca

Key Patho ens
(Pe

pe 8 0
) 2ore D Pathogen Endmﬁoll Rate Clinical Cure Rate
Pathogen ; iameter No. of —
5 (mm) P Pathogons % Erndicated Bt ncared % Cured
Straptococcus pyogenes 13 1 1 100.0 1 1 100.0
| 21 2 1 50.0 2 2 1000
oy n 2 2 1000 2 2 1000
b 23 4 3 750 4 3 750
‘ P2} 6 6 100.0 6 4 66
: . . 28 10 9 90.0 10 .9 90.0
i 26 13 12 $0.0 13 12 £0.0
3 7 2 21 964 2 23 8093
3 28 51 46 902 51| a8 94.1
; 29 4l 39 95.1 4t 8 9227
A 30 1o 102 92.7 to . % 90.0
3150 a2 386 90.0 429 404 942
g Total 699 634 90.7 699 647 926
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. I TABLE 84. Relstionship Between Zone Diameter an(

ogen Eradication and Clinical Cure Rates Cefdinir

Suspension-Treated Patients :
Key Pathogens
(glge 1 of 4)
2one s Pathogen Ersdication Rate Clinical Cure Rats
Prchogen. (mr) Palans Paiors  MEmditsd  Petiots With et of 4 %Curd
Escherichia colt 26 1 1 100.0 i 1 100.0
Tots) 1 1 100.0 1 | 100.0
_Haemophifus tryffwenzoe (P-lactamase 16 1 1 100.0 1 1 100.0
unknown) I8 1 1 100.0 1 1 1000
20 2 2 100.0 2 2 1000
26 2 0 0.0 [ 0 i 00
, Uaknown ) 0 0.0 [ 0 00
. ; L Total ? 4 s7.1 6 4 66.
Hoemophihus infheencos ([-actamase-positive) 18 3 1 333 3 1 33
C ’ 19 3 0 00 2 0 00
Co ) 20 7 s N4 1 ] N4
' N | 1 100.0 1 1 100.0
o 3 4 80 ] 4 80.0
n 2 2 100.0 2 2 100.0
: % ] 7 87.$ 7 6 857
o 25 7 6 857 6 L] 23
! 26 1 0. 0.0 1 0 0.0
2 29 1 1 100.0 | 1 100.0
: 30 ! 0 00 1 .0 0.0
2 Unknown 1 | 100.0 1 1 100.0
R Total 40 28 70.0 33 2 714
Haemophiing irfluenzoe (D-lactxmase-negative) 18 4 3 750 4 3 750
20 7 3 429 s 3 50.0
2t 2 2 100.0 2 2 100.0
2 6 4 66.7 ] 4 66.7
p <] 4 4 1000 4 4 100.0
24 7 s 714 1 s 1
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" TABLE 54, Relationship Between Zone Diameter anc

ogen Eradication and Clinical Cure Rates Cefdinir

Suspension-Treated Patients :
Key Pathogens
(ﬂge 20l 4)
Zome Dies Pathogen Ersdication Rate Clinical Cure Rate

Pathogen D Mo.of No. of . No. of No,of
(mm) Pathogens %"_..a"‘”.«’z.‘;.’a % Eridicated Plhenhw;nh Cured W Cured
Hoemophilus igfluentoe (P-lactameseo-negative) 23 4 3 75.0 4 k) 750
{continued) 26 4 1 250 l ] k1 %}
7n 2 1 50.0 2 1 50.0
3 | 0 0.0 1 0 0.0
K 1] 1 0 00 1 0 0.0
43 1 0 0.0 1 0 , 00
Unknown 3 3 100.0 2 2 100.0
Total 46 29 63.0 40 26 65.0
Hoemophtius paratnfiwencoe 26 1 1 100.0 1 1 100.0
Total 1 1 100.0 1 t 100.0
Klebsiella pnewnonice n 1 1 1000 1 | 100.0
2 1 | 1000 i 1 100.0
10 | 1 100.0 1 1 100.0
Total 3 3 100.0 . 3 3 100.0
Morereella catarrhalis (P-lectamase 21 1 0 00 1 0 0.0
unknown) Total 1 0 . 0.0 1 0 0.0
Morcxella catorrialls (P-lactamase-positive) 13 1 1 100.0 1 | 1000
1t 2 1 50.0 2 t 50.0
20 1 0 00 1 .0 00
21 3 2 66.7 3 2 66.7
2 2 2 100.0 2 2 100.0
n 2 2 100.0 2 2 100.0
24 "3 2 66.7 3 1 333
25 4 4 100.0 4 4 100.0
26 2 1 50.0 2 1 50.0
27 2 1 50.0 2 0 0.0
28 3 2 657 3 2 6617
29 1 0 0.0 l 0 0.0
30 1 0 0.0 1 .0 0.0
Total n 18 66.7 26 16 61.5
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- TABLE 54. Relationship Between Zone Diameter an( . ogen Eradication and Clinical Cure Rates Cefdinir
Suspension-Treated Patients ‘

K(?r Pathogens
age 3 of 4)

Zome D Pathogen Eradication Rate Clinical Cure Rato
Pathogen Dametert  Noof  pNoof , No. of No. of
Moraxella cotarrhalls (-lactamase-negstive) 40 1 1 1000 | 1 1000
Total 1 1 100.0 | | 100.0
Staphylococens awrexs 24 1 0 00 1 0 0.0
(ofcillin nnknown) 26 1 | 100.0 1 1 100.0
B : 2 2 1 50.0 2 ! 0.0
29 2 2 100.0 2 2 i 1000
30 2 1 500 2 1 50.0
: ‘ 3139 8 7 378 1] 6 750
Total 16 12 75.0 16 11 688
J Wam awrens (oxacillin-sensitive) 26 2 2 100.0 2 2 100.0
i 7 9 9 100.0 8 (] 100.0
. 2 [ s 1000 [} 4 30.0
A 29 12 12 1000 12 12 100.0
0 28 28 100.0 2] 28 100.0
§ 3138 71 as 98,0 49 a8 93.0
' Total 108 104 99.0 104 102 98.1
[ Sheptococcs agolactios 26 1 1 1000 1 1 1000
: 7 1 1 100.0 1 1 100.0
i 3l 2 2 100.0 2 -2 100.0
p | M [ t 100.0 1 t - 100.0
L _Total 5 ] 100.0 s 3 100.0
* Streptococeus prewmorios 12 3 3 100.0 2 2 100.0
i 16 1 0 0.0 1 0 0.0
' 17 1 1 1000 1 t 100.0
‘ 20 | 1 100.0 | t 100.0
n 3 3 66.7 3 2 667
; n 2 0 0.0 2 0 0
| 28 L] 2 400 ] 2 400
' 26 4 3 75.0 4 3 75.0

Page 113 of 134




" TABLE 54. Relationship Between Zone Diameter anc
Suspension-Treated Patients

ogen Eradication and Clinical Cure Rates Cefdinit

L

f

Key Patho ens
(le’;ge 40
Zone i Moge_g_ﬁndmhun Rate Clinical Care Rato
Pathogen may Mool MO ypiend  pubmewih plo®y  HCwd
Eradicated Pathogons___Fuents Cn
Streptococeus presmonias (continted) n 2 1 500 2 1 50.0
28 7 3 29 7 "3 29
29 1 0 00 1 0 00
30 s s 03 6 3 50.0
3146 M 2 64.7 2 2 (1}
Unknowa 10 6 60.0 9 6 66.7
Total 80 49 613 7 “__ 603
Streptococeus pyogenes 20 1 1 100.0 | 1 100.0
n 1 1 100.0 1 1 100.0
)] 1 ¢ 0.0 [ 0 0.0
23 3 3 1000 3 3 100.0
.26 5 4 200 -8 L 1000 -
i 6 6 100.0 3 6 100.0
28 16 16 100.0 16 16 1000
i » n 2 95.7 < n 1000
3 30 129 19 92 129 124 9%.1
31.39 600 338 92.5 600 369 9438
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-~ 3, Discussion 6!' MIC Interpretive Breakpoints for Streptococcus pneumoniae

. Due to the emergence of peaicillin-resistant strains of Strepfococcus pnessnoniae, the NCCLS began
recommending in 1993 that separate interpretive breakpoints be determined for S. pneumoniae for all
relevant antibiotics by testing large numbers of strains with varying resistance to penicillin. Because these
recommendations did not exist when clinical trials with cefdinir began in 1990, the breakpoints used for

all other organisms (<1 pg/mL = Susceptible, 2 pg/mL =Intermediate, and >4 pg/ml = Resistant) were
used as well for S. pneumamae _ i _

In 1994, Barry, et al, tested cefdinir against 350 strains of S. pnewmoniae with varying penicillin
resistance levels (see discussion on page 69

of this review). Interpretive breakpoints 1 dilution lower than those recommended for all other
organisms were suggested for the interpretation of . pneumoniae cefdinir MIC data (<0.5 pg/mL =
Susceptible, 1 pg/mL = Intermediate, and 22 pg/mL = Resistant). According to the sponsor, when these
breakpoints were applied, all 199 penicillin-susceptible strains tested susceptible to cefdinir and all 64
penicillin-resistant strains tested resistant to cefdinir. Of the 87 strains with intermediate susceptibility to

penicillin, 68 (78%) tested susceptible, 5 (6%) twted intermediate, and 14 (16%) tested resistant to
cefdinir.

As seen in Table 55, because of the small number of relevant isolates in the resistant and intermediate

categories, this analysis is not significantly affected when the lower breakpoints suggested by Barry are
used.

TABLE 85, Correlation Between Therapeutic Outcome and Different Interpretive
Criteria for Streptococcus pneumoniae Cefdinir Capsule- and

Suspension-Treated Patients
) . Emdication Rate Clinical Cure Rate
m s tibili No.of NQ. of "%
m‘ athogens . ledmd Icmmm Cured
Streptococeus pneumoniae R (x4 pg/ml) m 875 &8 750
_ 1@ ug/ml) 24 500 24 - 500
8 (<1 pg/ml) 2947339 86.7 25932 804
S. pnewmoniae R (22 ug/mlL) 912 750 812 667
e 1 (1 ug/ml) w»m 875 m 875
ST 5(<0.5 pp/ml) 2877331 6.7 255319 799

S = Susceptibic, I= Inevmediaic, B = Resistant -

Clinical trial data were also analyzed based on penicillin susceptibility of S. pneumoniae isolates.
Penicillin MICs for S. pnewnoniae were not routinely detesmined during clinical trials, but all available
isolates (297) were tested after the conclusion of the studies. Of these 297, only 24 isolates from
cefdinir-treated patients were found to be penicillin-intermediate or -resistant. Penicillin MICs for all
cefdinir-treated patients with penicillin-intermediate and -resistant isolates and corresponding cefdinir

O
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MICs and therapeutic outcomes are shown in Table 56.
TABLE 56. Therapeutic Qutcome of Cefdinir-Treated Patients With

Documented Penicillin-Intermediate and -Resistant Strains
. of StrqptacomspnemaniaeAlLCefdini&l‘rmed Patients

Pabient r——— Peciclll Cetding —— Mcrobi
No. 983-* MIC Interpretation® .. MIC Outcome Outcome
4-63-55 012 1 025 Cure Endication
4-11-25 025 1 0.12 Cure Endication
4.73-8 025 1 025 Cure Ersdication
4-5-58 05 ) § a2s5 Cure Ensdication
4.16-16 05 I 05 Curc Endication
4.27-28 0.5 1 05 Failure Endication
4.5-42 1 1 2 Cure Endication
4-14-19 2 R 3 Failure Endicstion .
6-36-229 05 1 05 Cure Ersdicstion
6-41-213 0s - ) § 05 Failure Ensdication
6-36-234 2 R 2 Failure Porsistence
6-42-210 05 1 025 Failure Peristence
636235 4 R 16 Cure Endication
6-36-237 4 R 2 Cure Endication
6-50-210 4 R 4 Cure Endication
5-6-49 0.12 1 025 Curc Eradicetion
$-17.121 0.12 1 05 Curc Endicstion
5-24-13 4 R 1 Cure Endication
5-24-15 1 I 0s Cure Eradication
26-21-11 4 R 8 Cure Endicstion
37831 0.12 1 4 Cure Endication
37852 1 1 4 Cure Endicstion
37-14-15 0.12 ) | 05 Curc Erudication
371715 0.12 1 0.12 Curc Esadication

*  Study number-sitc number-paticnt number
v §= s@-mom :Onﬁ;dmL);l-lnﬁme&m(Lﬂc-Ol-l ;g'mL);R-B.mm(IﬂCﬂ
ug/ml).

In addition to the patients described above, 1 cefdinir-treated patient with otitis media (983-10-4-21) had
an oxacillin-resistant S. pneunovsiae isolated at baseline (zone diameter 13 mm). A penicillin MIC was
not determined. Follow-up tympanocentesis proved that this organism was eradicated.

A summary of the therapeutic outcome for all cefdinir-treated patients with penicillin-intermediate and -
resistant strains of S. pneumoniae is shown in Table 57. Response to cefdinir treatment for patients with
penicillin-intermediate isolates was good with 15 of 17 strains eradicated and 15 of 17 patients cured
clinically. Six of 7 penicillin-resistant strains were eradicated and 5 of the 7 patients were clinically cured.
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TABLES?. Pathogen Eradication and Clinical Cure Rates of Penicillin-Intermediate
and -Resistant Strains of Strepfococcus pnewmnoniae All Cefdinir-Treated

- Patients
o ' __Pathogon Eradication Rato Cliniocal Cure Rate
Penicillin No.of . No.of :
Treatment Group Susoeptibility Patl % Paii %
Eradicated E: Cured Cured
Cefdinir 600mg QD R (22 ug/ml) on 0 on 0
T (0.1-1 ughnl) 515 100 a5 80
S (£0.06 ug/mlL) , 44749 90 38/47 81
Cefdinir 300 mgBID R (22 pg/ml) 66 100 sk 83
1 ©.1-1 ug/ml) 1012 83 11712 . 92
S (£0.06 ug/ml) 101112 90 96/111 86
Total Cefdinir R (22 pghul) & 86 s11 7
I O.1-1 ug/ml) 1517 88 1517 88
S5(<0.06 pg'm].) 145/161 ~ 90 134/158 85

S = Susceptible; I = Intermediate; R = Resistant.

According to the sponsor, although the clinical data show that cefdinir effectively eradicates penicillin-
intermediate and -resistant strains of S. pneumoniae in many cases, the numbers are too small to make

any definitive conclusions regarding treatment of penicillin-intermediate and -resistant strains with

cefdinir, or to confirm either the S. pneumoniae interpretive breakpoints used during cefdinir clinical trials
or those suggested by Barry. Like all cephalosporins, cefdinir shows cross-resistance with penicillin To
avoid possible therapy failures due to penicillin-resistant strains, the most conservative approach would
be to suggest that only strains that are pemcillm-mscepﬁble be treated with cefdinir until additional data

are avzilable,

C.  In Vitro Studies Conducted During Clinical Trials

1. In Vitro Susceptibility Summary -

Based on achievable plasma concentrations, the following MIC interpretive breakpoints have been

proposed for cefdinir: Susceptible, MIC <1 ug/mL; Intermediate, MIC = 2 ug/mL; and Resistant, MIC
>4 pug/mL. Using the above interpretive criteria, cefdinir showed good in vitro activity against most of
the pathogens encountered during clinical studies. According to the sponsor, of the 8061 clinical trial
isolates for which a cefdinir MIC was determined at baseline, 95% were susceptible to cefdinir, with MIC




NDA 50-739 and 50-749 Page 118 of 134
Park-Davis Pharmaceutical Research
Cefdinir tablets (300 mg) and suspension {125 mg/5 mlL)

values <1 ug/ml. Data for the most commonly encountered pathogens are summarized in

Table 58.

Cefdinir was active against most gram-positive bacteria including S. aureus (MICy, = 0.5 ug/mL),
Streptococcus agalactiae (MICy, = 0.125 pg/mL), S. pneumoniae (MICy, = 0.5 ug/mL), and S. pyogenes
(MIC,, = 0.016 ug/mL)." In addition, fastidious gram-negative bacteria were susceptible with MIC,s for
H. influenzae of 1.0 ug/mL, and H. parainfluenzae and M. catarrhalis of 0.5 ug/mL. Included within
these fastidious organisms were many f3-lactamase-~producing organisms. Cefdinir showed poor activity
against E. faecalis and Pseudomonas aeruginosa clinical study isolates, corresponding with results
obtained in earlier preclinical in vitro studies.

Cefdinir was also active against some of the Enterobacteriaceae. Ninety percent of E. coli and Proteus
mirabilis isolates were susceptible to cefdinir at concentrations of 0.5 ug/mL, and 90% of K. pneumoniae
and Klebsiella oxytoca isolates were susceptible at 0.25 ug/ml. Cefdinir showed poor activity against
Enterobacter spp. MICys for these isolates ranged from 2.0 ug/mlL for E agglomerans to 16.0 ug/mL
for E. cloacae. Cefdinir was also inactive against the Serratia spp. (MIC,, = 16.0 ug/mL).

APPEARS THIS WAY
ON ORIGINAL
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TABLE 58. Cefdinir Activity Against Clinical Study Isolates

P No. of Times MIC,, MG, MIC Range
shogar Bolsted  (upnl)  Gaphml)  (upml)

Emterococcus faecalis 65 40 8.0 0.5-16.0
Staphylococcus avreus 1108 . 0.016 05 0.016-0.5
Staphylococcus epidermidis 14 0.125 16.0 0.03-16.0
Streptococeus agalactiae 109 0.06 0.125 0.016-2.0
Streptococcus anginozus 6 ND* ND 0.16-16.0
Streptococcus Group G 14 0.03 0.03 0.016-1.0
Streptococcus pneumonioe 701 0.06 0.5 0.008-16.0
Streptococcus pyogenes - - - 2750 0.008 0.016 0.008-2.0

Gram-Negative (Nov-Enicrobacieriacens) .
Acinetobacter anitratus 35 40 80 0.06-16.0
Acinetobacter hwoffii 24 10 40 0.125-16.0
Haemophilus haemolyticus 23 0.125 025 0.03-0.5
Haemophilus influenzae 1139 0.5 10 0.008-16.0
Haemophilus parahaemolyticus 108 0.06 05 0.008-1.0
Haemophilus parainfluenzae 661 025 0.5 0.008-8.0
Moraxella catarrhalis 375 025 0.5 0.008-16.0
Netsseria lactamica -~~~ B NP~ - TS ND -~ - 0.03-0.125
Neisseria meningitidis 12 0.008 0.016 0.008-0.25
Neizseria mucosa 10 0.125 05 001605
Pasteurella multocida 5 ND ND 0.016-1.0
Pseudomonas aeniginosa 23 16.0 16.0 16.0-16.0
Xanthomonas maltophilia 5 ND ND 0.125-16.0

Enterobacteriaceae
Citrobacter diversus 21 0.125 0.25 0.1250.5
Citrobacter freundil 27 05 16.0 0.125-16.0
Enterobacter acrogenes 43 10 40 025-16.0
Enterobacter agglomerans 43 025 20 0.008-16.0
Enterobacter cloacae 86 20 160 0.06-16.0
Escherichia coll 169 025 0.5 0.03-16.0
Escherichia hermanti 9 ND ND 0.06-1.0
Kiebsiella axytoca 54 0.125 025 0.03-0.25
Klebsiella pnexmoniae 173 0.125 025 0.016-16.0
Morganella morganii 6 ND ND 0.06-16.0
Proteus mirabilis 68 0.125 05 0.03-16.0
Proteus vulgaris 8 ND ND 0.125-8.0
Serratia marcescens 29 40 160 0.008-16.0
Servatia proteamaculans 11 20 16.0 0.5-16.0

Al Organisms - ‘ 8061 0.125 0.5 0.008-16.0

* Al pathogens isolated S or more times during clinical studies are listed.

¢ MIC,, and MIC,, not determined for <10 isolatas
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2. Comparison of In Vitro Preclinical and Clinical Trial Data for Pathogens Included in
Cefdinir Labeling

A comparison of cefdinir MIC results, for all organisms (that were included in cefdinir Iabeling by the
sponsor), from preclinical in vitro studies and from clinical trials are shown in Table 59. According to the
sponsor, only organisms that were considered pathogens for the disease state from which they were
isolated were included in the clinical trial data analysis.

Cefdinir MIC results were roughly similar from preclinical studies and clinical trials for the isolates for
which complete data was available. However, the MIC,, for Staphylococcus epidermidis was higher
from clinical trials when compared with that determined in preclinical studies (16 vs 4 ug/ml. for isolates
where methicillin susceptibility is unknown). According to the sponsor, because only organisms that
were considered pathogens for the disease state from which they were isolated were used in the analysis,
the mumber of S. epidermidis isolates in the clinical trial data was very low (N = 14). When all .
epidermidis isolates (N = 229) were included in the calculation, regardless of whether or not they were
considered pathogens, the MIC,, was 2.0 x2g/mL, and the MIC,, was 0.06 ug/mL. Also, the clinical trial
data included all isolates regardless of oxacillin susceptibility, which results in a higher MIC,, for this
organism.

From the microbiological perspective, the in vitro data shown in Table 59, and the pathogen eradication
and clinical cure rates seen in clinical trials, the following organisms are candidates for inclusion in the
"INDICATIONS AND USAGE" section of the cefdinir labeling: Staphylococcus aureus (methicillin-
susceptible strains), Strepfococcus agalactiae, S. pneumoniae (penicillin-susceptible strains), S. pyogenes,
Escherichia coli, Klebsiella pneumoniae, H. influenzae (including B-lactamase producing strains),

H. parainfluenzae (including B-lactamase producing strains), and Moraxella catarrhalis (including -
lactamase producing strains). ,

The safety and effectiveness of cefdinir has -been evaluated in clinical trials and is currently under review.
The results suggest that cefdinir exhibits in vitro MICs of 1 ug/mL or less against 290% of the strains of
the following organisms: methicillin-susceptible strains of Staphylococcus epidermidis, viridans group
streptococci, Citrobacter diversus, and Proteus mirabilis. These organisms should be included in the in
vitro section of the cefdinir labeling,
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TABLE 59. Comparison of Cefdinir MICs for Labeled Pathogens from Pre-clinical

Studies and Clinical Trials -
(Page 1 of 2)

Organism = N Range  MIC, N__Range MICy MG,
Pathogens on Indications and Usage List in Labeling -
Stapylococeus aureus .

Methicillin/oxacillin unspecified 1865 <0.002->128 0S8 1108 001605 0016 05

Methiciliin/axaciliin-resistant 925 02128 =64

Methicillin/cacilim-susceptible 1609  0.008-25 05
Strepiococcus agalactiae 402 <000805 <01 109 01620 0.06 0.12
Strepiococcus pnewmonias

Penicillin susceptibility unspecified 744 000280 0.1 701 0008160 006 05

Penicillin-susceptible B8 00081 012

Penicillin-sntermediate 319 001516 40

Penicillin-resistant 404 £0.03>16 80
Streptococeus pyogenes 1204 £00026 £003 2750 000820 0008 0016
Escherichia coli 3248 0.008-128 05 169 0.03-16.0 025 05
Hoemophilus influeraae 2035 001525 0S5 1139 0008160 0.5 10
Haemophiius parainfiuenzae - 62 0.03-1 0.05 661 0.008-8.0 025 05
Klebsiclla pnexmoniae 1591 <001>128 0AQ 173 0016160 012 025
Morazella catarrhalis 1088 £0.01-32 025 375 0008160 025 05
Pathogens on In Vitro List in Labeling
Gram-Positive Aerobes
Gemella morbillorsm 10 00504 04 4 00640 ND* ND
Staphylococeus epidermidis _

Methicillin/oxacillin unspecified 526 £0.025>128 40 14 0.03-16.0 612 160

Methicillin/oxacillin-resistant 2 003->128 >100 0

Methicillin/axacillin-susceptible 118 00131 0.1 0
Siaphylococcus haemolyticus

Methicillin/oxacillin-resistant 7 16128 N 0

 Methiciltin/oxacillin-susceptible 33 003>64 oS 0

Staphylococcus hominis

Methicillin/oxacillin unspecified 17 00304 0.1 1 025 ND ND

Methicillin/axacillin-susceptible 12 003012 0.12 4]
Streptococcus anginosus 52 0016025 01 6 016160 ND ND
Streplococcus constellatus 25 002501 01 0
Swrepiococens Group C 10 0016003 ND 3 0016025 - ND ND
Streptococeus Group G 32 0008003 0016 14 001610 0.03 0.03
Streptocoecus tnsermedius ‘ 25 002502 005 0
Streptococexs mitis 27 0016625 04 3 001610 ND ND
Streptococeus sanguls 31 002502 005 0

¢ MIC,, and MIC,, not determined for <10 isoletes
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V.

TABLE $9. Comparison of Cefdinir MICs for Labeled Pathogens from Pre-clinical

Studies and Clinical Trials
(Page 2 of 2) =

Orproie i N _Renge MC, N Rage MC, M,
Gram-Negutive Aerobes _
Aeromonas kydrophila 72 £003>160 05 2 0254058 ND* ND
Citrobacter diversus 141 <001564 025 21 01205 0.12 025
Enterobacter sakazokii 13 00620 025 2 0505 . MDD RD
Escherichia hermani 0 9 00610 ND ND
Kiebsiella axytoca 559 <0.008-128 025 54 003025 0125 025
Paniocea (Enterobacter) agglomerans 31 <003>40 0S5 43 0008160 025 20 -
Pasteurella multocida 9 0008012 ND 5 0.016-1.0 ND ND
Proteus mirabilis 14 001100 013 68 0.03-16.0 0125 05
Anserebes
Peplostreplococcus anaerobius 28 <0025-125 0S8 1 006 ND ND
Peptostreptococexs asaccharolyticus 39 002504 02 ]
Peptosirepilococens magnus 51 <0.025-160 04 0
Pepiostreptococess micros 16  £0.025-0.} <0.025 1 0.06 ND ND

* MIC,, and MIC,, not determined for <10 isolates

CONCLUSIONS

Cefdinir is a new cephalosporin with a good in vitro spectrum against gram-negative and -positive
bacteria. The MIC,, for common respiratory tract and skin and skin structure pathogens including
methicillin-susceptible staphylococci, streptococci, Moraxella, Haemophilus, Escherichia coli, and
Klebsiella pneumoniae is <1.0 ug/mlL.

Cefdinir is especially effective against methicillin-susceptible Staphylococcus aureus. This enhanced
activity is due to cefdinir’s relative stability to the f-lactamases produced by staphylococc

Cefdinir is rapidly absorbed, with maximal plasma concentrations occurring 2 to 4 hours postdose.
Plasma cefdinir concentrations increase with dose, but changes are less than dose-proportional. Mean
cefdinir C_, is 1.6 ug/mlL following a single 300-mg capsule dose and 2.9 ug/ml. following a single
600-mg capsule.

Cefdinir penetrates into suction-induced skin blister fiuid, tonsil tissue, bronchial mucoss, and
epithelia! lining fluid, in concentrations equal or greater than the MICs of the usual pathogens at these
sites. However, cefdinir penetrates into sinus tissue, and middle ear effusion in concentrations
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generally less than the MICs of the usual pathogens at these sites. Cefinir is not detected in the milk
of nursing women. -

Cefdinir shows excellent f-lactamase stability to common gram-negative p-lactamases of the
penicillinase type. Aguinst cephalosporinase-type B-lactamases, a varied response (moderate to good)
is observed and against oxyiminoccphalosporinasﬁ!_poor to fair stability is seen.

Cefdinir MICs are generally stable to medium and pH changes, serum and urine effects, and addition
of 5% CO, atmosphere. Activity against Enterococcus faecalis is enhanced in MHA with 5% sheep
blood.

Cefdinir shows good in vitro activity against the majority of gram-negative and gram-positive
organisms isolated during clinical trials, Ninety percent of the 8061 clinical trial isolates are
susceptible to cefdinir at concentrations of 0.5 ug/mL, and 95% are susceptible at <1.0 pg/mL.
Enterococcus spp, Enterobacter spp, and Pseudomonas aeruginosa clinical trial isolates are resistant
to cefdinir with MIC,s ranging from 2.0- 16 pg/mL.

Interpretive breakpoints proposed by the sponsor for nonfastidious and Haemophilus spp. are as
follows: :

Susceptible Intermediate Resistant
MIC <1 ug/ml 2 ug/ml : 24 pg/ml
DiskDiffusion 220 mm 17-19 mm <16 mm

Using these proposed susceptible interpretive breakpoints for cefdinir, MIC and disk diffusion results
correlate with positive therapeutic outcomes for both capsule and suspeasion cefdinir formulations.
When results for all isolates are combined, susceptible MIC and disk diffusion interpretations
correlate with an 89% bacterial eradication rate and an 86% clinical cure rate. In general, the
correlation between susceptible results and positive therapeutic outcome was consistent between the
capsule and suspension formulations, between QD versus BID dosing, and among bacterial species.
Thus the data show that patients were effectively treated when isolates were judged susceptible based
on the proposed breakpoints. The proposed breakpoints may stand as is with the exception of
Haemophilus spp. which will have only susceptible breakpoint due to lack of >20 resistant isolates.

Lower eradication and clinical curerates are seen with intermediate and resistant isolates. However,
the majority of these isolates responded to cefdinir therapy regardless of these classifications.
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- * Clinical data show that cefdinir eradicates penicillin-intermediate and -resistant strains of S,
pneumoniae in many cases, but the numbers of isolates from clinical trials are too small to confirm
interpretive breakpoints for this organism. Cefdinir shows cross-resistance with penicillin when
testing S. pneumoniae. To avoid possible therapy failures due to penicillin-resistant strains, the most
conservative approach would be to suggest that only pemcxllm-susceptible strains be treated with
cefdinir until additional data are available.

¢ No testing for Neisseria gonorrhoeae is needed since the sponsor is not seeking an indication for
treatment of this organism.

¢ . The quality control ranges shown in Table 60 have been developed under standardized conditions for

quality control of MIC and disk diffusion testing with cefdinir. These ranges may be used by the
clinical laboratories as they stand.

TABLE 60. Quality Control Ranges for Cefdinir

Organism MICrumge (uginl) ~ Doc Do R
R E. coli ATCC 25922 0.1205 24-28
: S aureus ATCC 29213 0.1205 NA
S. aureus ATCC 25923 NA 25-32
H. influenzae ATCC 49766 0.120.5 24-31
S. pneumoniae ATCC 49619 0.03-025 26-31
NA =Not spplicable. -

 The rate of resistance development to cefdinir during clinical trials was extremely low at 0.2%. The
organism that most frequently developed resistance was Haemophilus influenzae, with a resistance
development rate of 0.5%.
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