CENTER FOR DRUG EVALUATION AND RESEARCH

APPLICATION NUMBER: NDA 50739

MICROBIOLOGY REVIEW(S




—~ A UM a1 L s

S 573 NOV 13 jog7

- Division of Anti-Infective Drug Products
| Clinical Microbiological Review
NDA #: REVIEW DATE: SUBMISSION/TYPE
50-739(capsules) . 6-11-97 : Original NDA
50-749(suspension) 7 N
9-3-96 - 9-6-96 - 9-11-96

NAME_&ADDBESS_QEAPBLICAEL Park-Davis Pharmaceuticals Research
Division of Wamer-Lambert Oompany
. 2800 Plymouth Road .
P.0. Box 1047 :
Ann Arbor, MI 48106-1047

CONTACT PERSON: ' . DrusillaL. SCOtt,Ph-D
Director, FDA Liaison
Worldwide Regulatory Affairs
Phone Number: (313) 996-1819
Fax: (313) 998-3283 = .

e " Proprietary. Omnicef™ Capsules and Suspension
Nonproprietary/TISAN: Cefdinir capsules and suspension
. Code Names/#'s: - CI-983, PD 134393, FK 482,
: BMY 28488, CAS-91832-40-5
PHARMACOLOGICAL CATEGORY:

Cephalosporin, for treatment of mild to moderate bacterial infections in an outpatient setting.
DOSAGEFORM: = Capsules and Suspension

STRENGTHS: 300 mg/capsule
- R - - 125 mg/5 mL suspension




-~ NDA 50-739 and 50-749 , ' Page 2 of 134
(| Pari-Davis Pharmaceutical Research
Cefdinir capsules (300 mg) and suspension (125 mg/5 mL) =

REMARKS/COMMENTS: -

This application provides a proposal for the markeung ofa sennsyntheuc cephalosporin, Cefdinir,
for the treatment of patients with community acquired pneumonia, acute exacerbations of chronic
bronchitis, | - _ acute otitis media, acute maxillary
sinusitis, pharyngitis/tonsillitis, and uncomplicated skin and skm 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 nouﬁcanon to the sponsor at
the end of this review on pages 127 to 134. ‘

i

APPEARS THIS WAY
ON ORIGINAL | -
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L mTRODUCl'ION

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 respiratory 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. pneumoniae, 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.
B-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 synthwwed cell
wall, external to the cell membrane

Cephalosporins inhibit the transpeptidase enzyme mponsible for cross-linking nascent
peptidoglycan. The cephalosporin f-lactam ring sterically mimics the D-ala-D-ala amino acid
sequence of the pentapeptide 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 2 study by Yasuhiro Mine et al.? relative PBPs affinities of cefdinir in S. aqureus 209P JC-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 S. 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. aureus and
PBPs 5 and 6 of E. coli. Aguinst 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 S.
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TABLE1l. Affinity of Cefdinir and Reference Antibiotics for Penicillin-Binding Proteins
(PBPs) .
IC," .
PBPs = '
Cefdinir | Cefixime | Cefaclor | Cephalexin
Staphylococcus aureus 1 0.58 29 0.2 02
209P JC-1 2 0.17 <02 125 1.7
3 0.12 6.2 <0.2 02
4 28 25 >125 24
MIC (ug/mL) 0.20 25 0.78 1.56
Enterococcus faecalis 1 7.9 ' 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) 02 _02 3.13 - 12.5

* Inhibitory conoentrations (ug/mL) of drug required to reduce [“CJbenzylpenicillin 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 S. aureus 209P, PBP 1bs, 2, 3, and 4 of E.
coli NIHJ JC-2, and all fractions except PBP 2B of S. pneumoniae 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 §. 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 pg/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
0.05.2g/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, 0.012ug/mL of cefdinir induced swollen and incomplete cross walls,
as well as lysis in a large cell population; and at 0.048 ug/mlL, 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 controlled 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 after
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 follows:
Susceptible, MIC<1.0ug/mL; Intermediate, MIC = 2 ug/mL; and Resistant, MIC 24 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 | 3
morbillorum, methicillin/oxacillin-susceptible isolates of Staphylococcus aureus, S. epidermidis, i
S. haemolyticus, S. saprophyticus, 8. xylosus, and coagulase-negative Staphylococci; S. capitis;

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

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

pneumoniae, S. salivarius, and S. 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. typhi, and Yersinia enterocolitica.
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Susceptible strictly anaerobic species are Clostridium perfringens; 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 B-lactamases, cefdinir has been evaluated in clinical trials as an oral
cephalosporin for the treatment of the following community-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, Streptococcus pneumoniae, Staphylococcus aureus,
Moraxella catarrhalis, Escherichia coli, and Klebsiella pneumoniae.

...r

\_

Upper Respiratory Tract Infections:
i
A

* Acute maxxllaxy 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 eaused by susceptible strains of Staphylococcus
aureus, Streptococcus pyogenes, Streptococcus agalactiae, and Klebsiella pneumoniae.

An analyms of the activity of cefdinir against the most ﬁ‘equently 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, ic., methicillin/oxacillin-susceptible Staphylococcus aureus, Streptococcus
pyogenes;, penicillin-susceptible Streptococcus pneumoniae; Haemophilus influenzae, Moraxella
catarrhalis, Escherichia coli, and Klebsiella pneumoniae. Cefdinir is almost 10-fold more active
against 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 Strepfococcus 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. o '

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,!

, . 1acute maxillary sinusitis, pharyngitis/tonsillitis, and
uncomplicated skin and skin structure infections, only potential pathogenic microorganisms
usually found at these sites will be included in the second list of the label
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TABLE 2. Summary of In Vitro Antibacterial Activity of Cefdinir

(Page 4 of 7)
, Moedian MIC,,

Organism MIC, Range N MIC Range References

Gram-Negative (Nonenterobacteriseeae) (cont)

Burkholderia cepacia p i) 12.5>100 121 0.1>100 2,7,14,23,24, 44

Chlamydia pnexmoniae 3 >80->100 6?7

Etkenella corrodens _ 1 ; 0.1 8

Flavobacterium spp . 2 >16 7

. Haemophilus influenzoe 0s 0.1-12.8 2038 001528 1,2,7, 10-15, 17, 18, 20, 23, 24, 2731, 33, 34, 37, 42.81,
' ; - 33, 35, 5761, 64, 63-71
H. parainfiuenzae 0.08 0.25-1 62 0.03-1 14,15,31, 7
Heltcobacter pylort a 2 16 032 TH
| ,
Legionefla spp 4 . 4>t n | ol 20,72
. Moraxella catarrhalis 0.23 £0.06-16 1088 . £0.01.32 “.-w _n.a_o:.h. n, ».a. 27-34,37, 4244, 46-49, 81, 33, 38,
. ’ » .

Neizseria gonorrhoeas £0.028 £0.008-0.23 50 mw ! 0.001-1 1,7, 10, 14, 15, 17, 20, 24, 28, 30, 34, 37,70, 74

N. meningitidis 0.016 0.015-£0.028 48 - 0.004-0.3 1,15,16,30 R

Postesrella mubocida 9  ooosoras 13 |

Pseudomonas oeruginose >100 >4->256 1282 0.28->236 ”w». 7,10, 11, 13, 14, 16-18, 2124, 26, 27, 36, 39, 44, 52,
P. flucrescens ’ >84 >4 22 >16->64 7,14 v _
P.putida - >64 >64 n >16564 7,14 ,
P. stutreri . 8 4564 14 f
Pseudomonas spp >100 >4.>128 102 £0.03>128  21,25,30,33,38
Stenotrophomonas maltophilia - >32 >4.>128 " 1 0.1->128 2,7, 14,16, 21, 24, 33, 36

*  Number of strains : ,
. witnuns_mn&aﬂn._ﬂ__w!?uﬂ»ba__.1583%?8__:50._20)839 ’
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TABLE 2. Summary of In Vitro Antibacterial Activity of Cefdinir

(Page 5 of 7)
, Medisn MIC,
Orgenism MIC, Rangs N MIC Rangs References
Enterobacteriacese
Citrobacter amalonations 2 1-16 7
C. diversus 0.28 0.254 141 £0.015-64 7,21,22,24,28, 29
C. freundt >100 4>128 726 0.03>128  1,2,7, 11,13, 14, 16, 17, 2124, 26, 28, 29, 33, 36, 44
Citrobacter spp , 64 >16->128 133 0.1>128 19, 28, 27, 30, 33-38, 82
Enterobacter asrogenes >64 4>128 413 0.06>128 1,7, 12-14, 16,17, 21, 23-25, 28, 3¢
Pantoea agglomerans 0s 0.5>4 | £0.03->4 721
£ cloacoe >100 >4>128 1029 0.06->400 1,2,7,10-14, 16, 17, 21, 23-26, 28, 29, 36, 43, 44, 49
E sakarakil 0.25 0.2s 13 0.06-2 7,14
E. taylorae 2 16>16 7
Enterobacter spp >16 2>128 3 0.06->128 16, 19, 21, 22, 27, 30, 32-35, 37, 38, 52, 53
Escherichia coll , 0.3 0.25-64 3248 0.008-128 1,2, 7, 10-14, 16-37, 39, 40, 42-30, 52, 33, 60, 68
Hafnia alvel ) 4 432 39 02564  7,14,33, %2
Klabsiella oxytoca 0.28 0.03->100 339 £0.008-128 1,8, 10, 11, 14, 16-18, 20-24, 29, 32, 36, .84, 52
K ozaenae 3 0.06->16 7,52
K pneumoniae 04 . 0.1.3.1 1591 £0.01>128 1,2, 10-14, 16-18, 20-26, 29, 32, 36, 39, 43, 44, 46, 49, 50,
32, 53, 35, 60,68
Klabstella spp 0.3 0.25.128 k7 7] 0.008->128 7, 19,27, 28, 30, 33-35,37,38
Morganella morgani! k] 25128 690 0.004>128 1,2,7, 10-14, 16, 17, 20-24, 26, 29, 30, 32, 36, 3133
Proteus mirabilis 0.1 0.06-23 1224 £0.01-100 1,2,7, 10-14, 1618, 20-30, 32, 36, 43,49, 53, 68
P. pennert s 0.06-2 14,16
Proteus spp 025 0.125-100 % £0.01>100  19,34,37, 44
P. vulgaris 12.3 2>128 394 £0.03.>128 1,2,7, 10-14, 16-18, 20.26, 28-30, 32, 43, 52
Providencia alcalifociens 1 0.008 20
P. rettgeri it 0.5-50 s £0.006>128  1,2,7, 10-14, 17, 2024, 29 _
Providencia spp 1 025.16 12 0015128 16,22, 28,30,3, 52, 33 f
P. stuartil 3.1 2-64 . 144 £0.013-64 1,7, 10, 14, 17, 20, 24, 29

*  Number of strains
¢ References sre listed mumerically 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 6 of 7)

Median MIC,,
Organism MICy Rangs _ N MIC Range Referonces
Enterobacteriacese (cont)
Salmonella enteritidis 0.1 0.1-0.28 20 0.06-0.5 7,68
S. typht 2 00601 7
Salmonella spp 0.3 0.2-1 444 £0.01.16 14, 16, 24, 28-30, 32, 34-37, 39, 52
Serratia Uiquefaciens (7] 64564 29 05>128  7,14,22
S marcescens >100 1.9>128 913 0.1->128 1,2,7,8 10-14, 16, 17, 21.26, 28, 29, 38, 36, 39, 44, 33
Serratia spp >16 4>128 152 0.03>128 16, 19, 21, 30, 32, 33, 52
Shigella spp 0.28 0.1-1 243 <0018 7,14, 16,24, 2830, 32, 34, 36, 37,9, %2
Yersinia enterocolitica 0.5 0.5-16 94 0.06-32 7,14, 16,24, 28,29, 68 .
Anserobes ,
Bacteroides capillosms 2 0.2-1.6 ] . '
B. frogilis group 3100 516200 320 £0.055200  1,2,7,10,18, 17,23, 24,27, 30, 44, 78
B. thetatotaomicron 200 200 11 25>200 7
B. uniformis 200 200 , 13 1.6>200 73
Bacteroides spp i 1->64 36 £0.025>64  14,15,24,78
Clostridvum dificils 564 64-100 " 25100 14,78
C. perfringens 0s 0.5-2 67 0.1-8 1,15,17,24,27
Clostridium spp 1 k7] n 0.125.32 14,14,30
Eubacterfum limosum 1 £0.028 8
Fusobactertum nucleatum 16 1.6 32 0.008-3.1 1,8,15,24
Paptococcus spp 1 1 10 0.06-4 p1] f

*  Number of straine
. wogs_iiﬂasgu.na?%aq&.?%zu>u?ﬂ..
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TABLE 2. Summary of In Vitro Antibacterial Activity of Cefdinir

(Page 7 of 7)
Medisn MIC,,
Organism MiCy Range _ N MIC Range References
Anserobes (cont)
Peptortreptococeus anaerobius 0.8 os 28 £0.023-12.5  8,40,78
P. asoccharolyticns 02 0.2 39 002504 8,78
P. magnus 04 04 st £0.025-16 8,14,40,7%
P. micros £0.028 £0.023 16 £0.025-0.1 8
P. prevotil 6 £0.025-0.1 8
Peptostreptococens spp B | i | 18 0.016-8 813
Porphyromonas gingivalis 2 0204 ]
‘. Prevotefla bivia 128 12.8 n £0.25-28 40,78
P. intermedia 8 0.2.0.8 ]
P. oralis . 1 04 ]
Proplonibactertum acnes 8 0.015-1 U
_ Propiontbacterinm spp 3 0.008-0.028 13

¢ Number of strains
¢ References are listed numerically on pages 2-26 in volume 47 of the submitted NDA 50-739,
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TABLE 3. In Vitro Antibacterial Activity of Cefdinir Compared to Amoxicillin, >:w=§=5. Cefaclor, and
Cefpodoxime Against Organisms Commonly Associated With Respiratory Tract and Skin Infections
Minimal Inhibitory Concentration (MIC) (ug/mL)

Organism Cefdinir Amoxieillin Augmentin Cefaclor Cefpodoxime
MICy MGy MICy, _ MIC, MIC,  MIC, MICy __MIC, Mic,  MiC,

Staphylococcws aurens

Z&%Egr 023 0.5 08 1.6 04 1 2 623 2 4
Streptococcus pyogenes £0.028  <0.03 0023  <0.023 £0.028 0.03 0.128 023 £0.028 0.03
S pneumontas _ , '

Penicillin-susceptible 0.06 o 0.128 0.018 0.03 0.8 0.8 0.03 0.06
Haemophilus influentoe 023 0.5 0.8 1 0.23 0.5 4 8 0.06 o1
Moraxella catarrhalts . 0.13 0.23 16 4 0.1 0.28 t 2 0.23 0.
Escherichia colt 0.28 0.3 6.25 >100 -4 16 2 623 04 0.8
Klebstella preumonios 0.1 04 100 >100 2 g 1 6.28 02 03

Data is generated from references 1, 2, 3, qﬁ:—.&.ﬂiﬁ.?aﬁﬁ&o—. pages 2-26 in volume 47 of the submitied NDA 50-739.
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o TABLE 31. Development of Resisuince During Cefdinir Clinical Studies _
Susceptibility Data
. Protocol/Site/ . Initial Isolate Resistant Isolate
Indication PatientNo, o8 Pathogen Swdy  MIC  Zone Smdy MIC Zone
Day  (ug/mL) _ (mm) Dey . (ug/ml) (mm)
AECB 005-001-026 300mgBID Haemophilus influenzae 1 05()  21(5) 18 05(5) 10QR
- (B-lactamase pos)
005-014-003 600mgQD H. influenzae 1 ND  S29) 1 N o0®
Cod (B-lectamase neg) , i
005011054  300mgBID H. influenzae, Str 1 ND U@ 2 4@ 2E)
o (B-lactamase neg) ., g M
H.influenzae,8r2 - | 'ND 24 (8) 36 8RR 24
(B-lactamase neg) S .
Su,.s__ba 300mgBID Serratia proteamaculans 1 1 ® 6O 8 s® 5@
S . ' ~ . .
016-017-008  600mg QD _ Klebsiellaoxytoca (| 1 0.125(S) 28(S) 3 4R 30(9)
Bronchitis . _ 016-023-010 600 mg QD _X. pneumoniae_ i 0.06(S)  27(S). 5. ND NE®
Uncomplicated SSSIs ~ 008-019-003  300mgBID Staphylococcus aureus, | 025(8) 27(8) 15 16® 7R
‘ Str 1 (0X S) A, |
" S aureus,Sr2(0X8) 1 025(8) 27(S) U sS® M
. 008.022.033 300 mg BID _S. aureus (OX S) 1 0.25.(8)  30(S) 16 16@®) 11IE®)
$ = Susoeptible; R = Resistant, ND = Not done. /
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TABLE 36. Organisms Causing Interpretive Errors
- (Pathogens Other Than Haemophilus spp. and Streptococcus spp.)

Pathogen - No.Tested  No. Very Major  No. Major No. Minor
Errors A Errors Errors
Acinetobacter anitratus 33 : 11
A. woffii 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 S 1
Klebsiella pneurnoniae 103 1
Pantoea agglomerans 33 _ 1
Serratia marcescens 14 1 4
Staphylococcus aureus 896 2
S. simulans : 1 1
Vibrio parahaemolyticus 1 1
Other Pathogens 385
Total ' 1640 9 1 78

e o e

Similar tests, performed with &stndlous bacterial species, have led to the proposed disk diffusion
susceptibility guidelines shown in Table 3702850

TABLE 37. Proposed Interpretive Criteria for Fastidious Organisms

Species Susceptible Intermediate Resistant
H. influenzae 220* (s1)* - 17-19Q2) <16 (24)
N. gonorrhoeae 231 (<0.25) : Nooe None

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

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

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 susceptibihty tests employmg Haemoph:lus test
medium. ®® Among the 100 isolates were 26 p-lactamase producmg strains, 16 B-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 above guidelines, there were 1% very
major and 6% minor interpretive errors. There were no major errors. All errors were attributed
to P-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. influenzae. 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 5-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
challenge set of 350 clinical isolates.®® These included 199 penicillin-susceptible isolates
(penicillin MIC <0.06 ug/mL), 87 with intermediate susceptibility to penicillin (MIC 0.125 to 1.0
ug/mL), and 64 penicillin-resistant strains (MIC 22 ug/mL). For definition of disk diffusion
breakpoints, MIC breakpoints of <0.5 ug/mL for susceptible, 1.0 ug/mL for intermediate, and 22
ug/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 of 0.6% or 2.6% of the 78 resistant strains), no major
errors (false resistant disk tests), and 10 minor errors.
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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-snsbeptible and
-resistant), K. axytoca, K. pneumoniae, 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. pneumonige.

A study was conducted by Barry, A. et al. to assess the cross-resistance of cefdinir and penicillin

when testing Streptococcus spp. other than S. pneumoniae. Four laboratories participated in

testing 484 well characterized stock cultures of streptococci, each testing a different group of 121

species. Data from the four centers were combined for analysis but data with S. pneumoniae,

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-pug cefdinir disks when testing pneumococci. For beta haemolytic

streptococdi, 8 5-ug cefdinir disk is preferred over a penicillin disk. For viridans streptococci, a

dilution test is prefered over either disk.




NDA 50-739 and 50-749 Page 73 of 134
Park-Davis Pharmaceutical Research
Cefdinir tablets (300 mg) and suspension (125 mg/5 mL)

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, a 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 a general
agreement of resistance, but a class disk cannot be used to determine the susceptibility to cefdinir.
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6. Quality Control Studies
a Quality Control Ranges for Dilution Snsceptibility 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 Ranges for Dilution Tests (NCCLS-

Approved)
E. coli ATCC 25922 0.12t0 0.5
S aureus ATCC 29213 - I 7 0.1200.5
H. influenzae ATCC 49766 0.121t0 0.5
S. pneumoniae ATCC 49619 0.03 to 0.25

Microbroth dilution MIC quahty control rangs 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
above 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. tesnng In addxuon, 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 ontherwults shown in Table

40, a range of 0. 12toOSug/mLIsbemgproposedbythesponsor

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 different manufacturers. The common-lot results revealed a technical variation by 1
participating laboratory;-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 xg/mL when cefdinir is tested
against this organism in agar dilution susceptibility tests.

MIC quality control guidelines for Streptococcus pneumoniae ATCC 49619 were determined by
microbroth dilution 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
& ON ORIGINAL
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TABLE 40. Quality Control Results for Dilution Tests
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Organism

No. of Occurrences st MIC

(Proposed Range, ug/mL) TestMedium ~ MIC (uglml) = oLt Common Lot
E coli ATCC 25922 ~ CAMHB* 0.12 1 1
(0.12-0.5) 025 93 19
. 05 16 10
S. aureus ATCC 29213 CAMHB 0.06 1 2
(0.12-0.5) ' 0.12 30 3
025 58 17
os 3 8
H. influenzae ATCC 49766 HIM 0.06 NA* 1
(0.12:0.5) 012 156
025 551
0S5 12
N. gonorrhoeae ATCC 49226 GCAgar 0008 110 0
(0.008-0.03) 0.015 56 20
0.03 34 S
8. pneumoniae ATCC 49619 CAMHB +1HB 0.06 60 20
(0.03-025) ’ -~ 012 -7 60 30
025 5 0
E. faecalis ATCC 29212* CAMHB 1 45 10
2 44 19
4 18 1
>4 - 13 0
P. aeruginosa ATCC 27853* CAMHB >4 120 30
H. influerzae ATCC 49247 HIM 05 17 4
1 32 132
g 4 223
4 3 287
8 0 110
16 0 10
32 0 10
64 0 1

. blood

. gglpphcable smmmmgmhtyml%

Quality Control Ranges for Disk Diffusion Susceptibility Tests

CAMHB *= Cation-adjusted Mueller-Hinton broth, HTM = Haemophilus test medium; LHB = lysed horse

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 5
. Quality Control Ranges
Organism - (Zone Dismeter in mm)
S arenus ATCC 25923 _ . - 25032
E. coli ATCC 25922 ‘ 24 t0 28
H. influenzae ATCC 49766 241031
N. gonorrhoeae ATCC 49226 40049
S. pneumoniae ATCC 49619 26to 31

S. aureus and E. coli were tested on Mueller-Hinton agar. Six lots of disks and 6 lots of culture
media were obtained from several manufacturers, 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 an interval containing 95% of test values.
The zone diameters of the different lots of disks did not vary significantly, and the quality control
results with reference antimicrobials revealed that all lots of media were performing within
NCCLS prescribed limits.

In tests with E. coli, the median of 450 data points was 26 mm, with & 95% confidence limit range
of 24 to 23 mm encompassing 98.9% of the values.

In tests with S. 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 laboratories 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 5

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 lab'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 reflect results from media currently available, and rather clearly define a range
of 25-31 mm. The sponsor states that if, thisrangewasincreasedby 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. '

S. 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.
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TABLE 42. List of Pivotal and Supportive Clinical Studies

Study ‘ - ‘ Number of
Number Indication Location | Regimens Patients Enroled

9834 Community-Aoquired | US Cefdinir 300 mg BID x 10d 704
Pocumonia Cefaclor 500 mg TID x 10d

9836 Sinusitis Us : Cefdinir 600 mg QD = 10d 1229
Cefdinir 300 mg BID x 10d
Amox/Clav 500 mg TID x 10d

= 9837 Pharyngitis NA Cefdinir 600 mg QD x 10d 919
Cefdinir 300 mg BID x 10d
PenV 250 mg QID x 10

. 9838 Skin Infections | US Cefdinir 600 mg QD x 104 | 975
Cefdinir 300 mg BID x 104
Cephalexin 500 mg QID x 104

983-58 . Pharyngitis Us Cefdinir 300 mg BID x 5d 558
: PenV 250 mg QID x 104

983-5 AECB Non-US/US | Cefdinir 600 mg QD x 10d 1045

. Cefdinir 300 mg BID x 10d
( . Cefuroxime 250 mg BID x
104 '

983.26 Community-Acquired | Non-US Cefdinir 300 mg BID x 10d
Pneumonia Amox/Clav 500 mg TID x 10d

£

§

983-37 Sinusitis Noa-US Cefdinir 600 mg QD x 10d
Cefdinir 300 mg BID x 10d
Amox/Clav 500 mg TID x 10d

983-38 » Acute Bronchitis Us Cefdinir 600 mg QD x 10d 466
Cefdinir 300 mg BID x 10d

Other Supportive Studies

983-16 _ Lower Respinstory | Non-US/US | Cefdinir 400mg QD < 10d | 738
Tract Infection Cefdinir 600 mg QD x 10
Cefidinir 800 mg QD x 10d
Cefdinir 200 mg BID x 104
Cefdinir 300 mg BID x 10d
Cefdinir 400 mg BID x 10d

AECB = Acute exacerbations of chronic bronchitis, NA = North America; US = United States; TMP/SMX = trimethoprim/
. WW-WMM-W&WP&V-MV{
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TABLE 43. List of Pivotal and Supportive Chmcal Studies

Cefdinir Suspension (Children)
Study Indication Location | Regimens Number of Patients
Number . Enroled
983-10 Otitis Media uUs Cefdinir 14 mg/kg QD x 10d 852
Cefdinir 7 mg/kg BID x 10d
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 Commumity- Us Cefdinir 7 mg/kg BID x 10d 57
Acquired Pncumonia
983-51 Pharyngitis NA Cefdinir 14 mg/kg QD x 10d 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
PenV 10 mg/kg QID x 10d
983-11 Otitis Media Non-US Cefdinir 14 mg/kg QD x 10d 752
Cefdinir 7 mg/kg BID x 10d
- Amox/Clav 13.3 mg/kg TID x 10d

NA = North America; US = United States; amox/clav = amoxicillin/clavulanate; PenV = penicillin V-K.

2. Correlation of Interpretive Criteria With Therapeutic Outcome

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 evaluable
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 accordmg 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 brea]q»bints are used for all analyses (for fastidious and nonfastidious organisms) in this section.

TABLE 43. Interpretive Breakpoints

. Susceptible Intermediate Resistant
MIC <1 pg/ml 2 ug/mL 24 ug/ml
Disk Diffusion 220 mm 17-19 mm <16 mm

Barry and colleagues selected S. pneumoniae 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

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 S. 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 S. 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 resuits (Tables 49 and 50). The majority of
Haemophilus spp isolates (96%) and S. pneumoniae isolates (86%) from pediatric suspension studies
were isolated from patients with otitis media. These results may reflect differences in pathophysiology
between otitis media and other indications, or it could reflect the formulation differences between the
suspension and the capsule, or it could be due to low concentrations of cefdinir in the middle ear fiuid, in
fact as it was stated in Table 35, the mean (range) concentration of cefdinir in the middle ear fluid was
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0.23 pg/mL (0.0-0
.0-0.94 pg/mL) fo |
14 mg/kg dose which is well :ell;:vh ;7 mg/kg dose and it was 0.63 pg/mL ( 0
be further addressed by the p} ¢ MICy, susceptble breakpoint of < (0.0-1.42 pg/mL) for the
rates also were seen for these u:'ologm and the medical officer. A < 1 ug/mL. This issue needs to
omondilen these organisms with the comparative oent us‘:"er eradication and clinical cure
in the otitis media
study
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NDA 50-739 and 50-749 Page 94 of 134
Park-Davis Pharmaceutical Research
Cefdinir tablets (300 mg) and suspension (125 mg/5 mL)

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 clinical 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, eradication and clinical cure rates for these organisms are equivalent to the
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 (1071147 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.
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3. Discussion of MIC Interpretive Breakpoints for Strepfococcus pneumoniae

Due to the emergence of penicillin-resistant strains of Streptococcus pnewmoniae, 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 24 pg/mL = Resistant) were
used as well for S. pneumoniae. _ ,

In 1994, Barry, et al, tested cefdinir against 350 strains of S. pneumoniae 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 S. pneumoniae cefdinir MIC data (0.5 ug/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%) tested intermediate, and 14 (16%) tested resistant to

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 55. Correlation Between Therapeutic Outcome and Different Interpretive
Criteria for Streptococcus pneumoniae Cefdinir Capsule- and

Suspension-Treated Patients
| . Pathogen Eradication Rate Clinical Cure Rate
ollm.n . No.of NO_. of %
Susocpibllty  Pathogens  pteaed Patients R
Streptococcus pneumoniae R (24 pg/ml) ¥/, ] 875 (43 750
_ - 1Qugml) 24 500 24 500
S (<1 ug/ml) 294/339 86.7 259322 804
S. pnevmoniae R (22 ug/ml) 912 750 2 66.7
: 1 (1 ug/ml) w 875 "m 815
S(<05 upml) 2877331 867 2557319 799

S = Susceptibic, I = Intermediate, R = Resistant.

Clinical trial data were also analyzed based on penicillin susceptibility of S. pneumoniae isolates.
Penicillin MICs for S. pneumoniae were not routinely determined 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
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MICs and therapeutic outcomes are shown in Table 56.
TABLE 56. Therapeutic Outcome of Cefdinir-Treated Patients With

Documented Penicillin-Intermediate and -Resistant Strains
o of Streptococcus pneumoniae All Cefdinir-Treated Patients

No. 983-* MIC Interpretation® - MIC Outcome Outcome
4-63-55 0.12 1 025 Cure Endication
4-11-25 025 1 0.12 Cure Endication
4.73-8 025 1 025 Cure Endication
4.5-58 05 I 025 Cure Emdication
4-16-16 05 1 05 Cure Ensdication
4-27.28 0S 1 05 Failure Endication
4-5-42 1 1 2 Cure Ensdication
4-14-19 2 R 8 Failure Eradication.
6-36-229 05 1 05 Cure Endication
6-41-213 05 - 1 0S5 Failure Enadication
6-36-234 2 R 2 Failure Persistence
6-42-210 0S 1 025 Failure Persistence
6-36-235 4 R 16 Cure Enradication
6-36-237 4 R 2 Cure Eradication
6-50-210 4 R 4 Cure Enadication
5-6-49 0.12 1 025 Cure Eradication
$-17-121 0.12 1 05 Cure Endicstion
5-24-13 4 R 1 Cure Eradication
5.24-15 1 | 0S5 Cure Ensdication
26-21-11 4 R 8 Cure Endicstion
37831 0.12 1 4 Cure Endicstion
37852 1 1 4 Cure Endication
37-14-15 0.12 ) § 0S Cure Eradication
37-17-15 0.12 1 0.12 Cure Ersdication

*  Study number-site number-patient number .
*  §=Scnsitive (MIC £0.06 sg/mL); I = Intermediate MIC = 0.1-1 ug/mL}; R = Rosistant (MIC 22
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, pneumoniae 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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b TABLE §7.  Pathogen Eradication and Clinical Cure Rates of Penicillin-Intermediate
( ’ and -Resistant Strains of Streptococcus pneumoniaeAll Cefdinir-Treated
: " Patients -
i : __Pathogen Eradication Rato Clinical Cure Rats
1 . Penicillin No.of No. of :
Treatment Group . : % . %
Susceptibility Pathogens . Patients
Eradicated Eradicated Cured Cured
Cefdinir 600mgQD R (22 ug/ml) o1 0 on 0
7 1 (0.1-1 ugfml) s/ 100 s 80
S (<0.06 ug/mL) 44/49 90 38/47 - 81
Cefdinir 300 mgBID R (22 ugfml) 65 100 s/ 83
I 0.1-1 ug/mlL) 1012 83 1112 92
= 8 (50.06 pg/ml) 1017112 90 96111 86
Total Cefdinir R (22 pghal) &n 86 sn o
I (0.1-1 ug/ml) 1517 88 1517 88
S (50.06 ug/ml) 145/161 - 90 134/158 85

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

- According to the sponsor, although the clinical data show that cefdinir effectively eradicates penicillin-
C - 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 penicillin-susceptible be treated with cefdinir until additional data %

are svailable. ’ ' - '

C.  In Vitro Studies Conducted During Qlinical 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
24 ug/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
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values <1 ug/mL. Data for the most commonly encountered pathogens are summarized in

Table S8. |

Cefdinir was active against most gram-positive bacteria including S. aureus (MICy, = 0.5 ug/mL),
Streptococcus agalactiae (MICy, = 0.125 ug/mL), S. pneumoniae (MIC,, = 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 B-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 g/mL, and 90% of K. pneumoniae
and Klebsiella oxytoca isolates were susceptible at 0.25 ug/mL. Cefdinir showed poor activity against

Enterobacter spp. MICs for these isolates ranged from 2.0 ug/mL for E. agglomerans t0 16.0 ug/mL
for E. cloacae. Cefdinir was also inactive against the Serratia spp. (MIC,, = 16.0 g/mL).

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

P No. of Times MIC,, ‘ ‘yIC,. MIC Range
shogert oisted  Gugfnl)  (epinl)  (upml)
Enterococcus faecalis 65 40 8.0 0.5-16.0
Staphylococcus aureus 1108 . 0.016 0s 0.016-0.5
Staphylococcus epidermidis 14 0.125 16.0 0.03-16.0
Streptococeus agalactiae 109 © 006 0.125 0.016-2.0
Streptococcus anginosus 6 ND* ND 0.16-16.0
Streptococcus Group G 14 0.03 0.03 0.016-1.0
Streptococeus pneumoniae 701 0.06 05 0.008-16.0
Streptococcus pyogenes - 2750 0.008 0.016 0.008-2.0
Gram-Negative (Non-Enierobacteriaceac)
Acinetobacter anitratus 3 4.0 80 0.06-16.0
Acinetobacter twoffii 24 10 40 0.125-16.0
Haemophilus haemolyticus 23 0.125 025 0.03-0.5
Haemophilus influenzae 1139 05 10 0.008-16.0
Haemophilus parahaemolyticus 108 0.06 0.5 0.008-1.0
Haemophilus parainflu 661 0.25 0.5 0.008-8.0
Moraxella catarrhalis 375 025 05 0.008-16.0
Neisseria lactamica B e ND- e ND - 0.03-0.125
Neisseria meningitidis 12 0.008 0.016 0.008-0.25
Neisseria mucosa 10 0.125 05 0.016-0.5
Pasteurella multocida S ND ND 0.016-1.0
Pseudomonas aeruginosa 23 16.0 16.0 16.0-16.0
Xanthomonas maltophilia 5 ND ND 0.125-16.0
Enterobacteriaceae
Citrobacter diversus 21 0.125 025 0.125-0.5
Citrobacter freundii 27 05 160 0.125-16.0
Enterobacter aerogenes 43 10 40 0.25-16.0
Enterobacter agglomerans 43 025 20 0.008-16.0
Enterobacter cloacae 86 20 16.0 0.06-16.0
Escherichia coli 169 025 05 0.03-16.0
Escherichia hermanii 9 ~ ND ND 0.06-1.0
Klebsiella axytoca 54 0.125 025 0.03-0.25
Klebsiella pneumonioe 173 0.125 0.25 0.016-16.0
AMorganelia 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 16.0 0.008-16.0
Serratia proteamaculans 11 20 160 0.5-16.0
All Organisms v 8061 0.125 0.5 0.008-16.0

. Aﬂpaﬂxogm:isolﬂedScmeﬁmadmingcliniedsmdismliM
* MIC,, and MIC,, not determined for <10 isolates
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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 labeling 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 MICy, 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 number of S. epidermidis isolates in the clinical trial data was very low (N = 14). Whea all .
epidermidis isolates (N = 229) were included in the calculation, regardless of whether or not they were
considered pathogens, the MIC,, was 2.0 ug/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), Streptococcus agalactiae, S. pneumoniae (penicillin-susceptible strains), S. pyogenes,
Escherichia coli, Klebsiella pneumoniae, H. influenzae (including p-lactamase producing strains),

H. parainfluenzae (including B-lactamase producing strains), and Moraxella catarrhalis ('xncludmg B-
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/merlws 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 §9. Comparison of Cefdinir MICs for Labeled Pathogens from Pre-clinical
( Studies and Clinical Trials ‘
(Page 1 of 2)
' ] Preclinical Studies Clinical Trial Results
Organiam N__Reve MC, N Renp M, .
, Pathogens on Indications and Usage List in Labeling
Staphylococcus owreus .
Methicillin/oxcacillin unspecified 1865 £0.002>128 08 1108 001605 0016 0S5
Methiciltin/oxacillin-resistant 925 02>128 >64 '
Methicillin/oxacillin-sosceptible 1609 0.008-25 0s
Streptococcus agalactiae 402 <0.00805 <003 109 0.16-2.0 006 0.12
Streptococcus pneumoniae
Penicillin susceptibility unspecified 44 000280 01 701 0.008-160 0.06 05
Penicillin-susoeptible 858 00081 012
= Penicillin-intermediate 319 001516 40
Penicillin-resistant 404 <003>16 80
Streptococcus pyogenes 1204 00026 <0.03 2750 0.00820 0.008 0016
Escherichia coli 3248 0008-128 0S5 169 003-160 025 05
Haemophilus influenzae 2035 <001525 0S5 1139 0008-160 05 10
Haemophilus parainfluenzae <62 0031 0.05 661 000880 025 0S5
Kiebsiella pneumoniae 1591 <001>128 040 173 0016160 012 025
Morazella catarrhalis 1088 00132 025 375 0008160 025 05
- Pathogens on In Vitro List in Labeling
( o Gram-Pasitive Aerobes :
~- Gemella morbillorsm 10 00504 04 4 00640 N> ND
Staphylococcus epidermidis ' .
Methicillin/oxacillin unspecified 526 50.025>128 4.0 14 003-160 012 160
Methicillin/oxacillin-resistant 29 003>128 >100 0
Methicillin/oxacillin-susceptiblc 118 00131 01 ()
Staphylococeus haemolyticus
Methicillin/oxacillin unspecified 208 <0.025>128 >64 0
Mcthicillin/oxacillin-resistant 7 16>128 > 0
Methicillin/oxacillin-susceptible 33 0.03>64 05 0
Staphylococeus hominis
Mdhleﬂhnlondllmunspeaﬁed 17 00304 0.1 1 025 ND ND
Methicillin/oxacillin-susceptible 12 003012 012 0
Streptococeus anginasus 52 0016025 0. 6 0.16-16.0 ND ND
Streptococcus constellatus 25 <00250.1 0.1 0
Streptococens Group C 10 £0016003 ND 3. 0016025 - ND ND
Streptococeus Group G 32 0008003 0.016 14 001610 003 003
Streptococcus intermedius 25 £002502 005 0
Streptococeus mitis 27 0016625 04 300610 N ND
Streptococcus sanguis 31 002502 0.5 0
* MIC,, and MIC,, not determined for <10 isolates

J

{
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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) =
. Preclinical Studics Clinical Trial Results

Organism N__ Renge MG, N Range  MIC, MIC,
Gram-Negative Aerobes »
Acromonas hydrophila 2 003>160 0S 2 02505 N> ND
Citrobacter diversus 141 £001564, 025 21 0.1205 012 025
Enterobacter sakazakii 13 00620 0325 20805 N ND
Escherichia hermanti : [ 9 00610 ND ND
Kiebsiella axytoco $59 <0.008-128 025 $4 003025 0125 025
Pantoea (Enterobacter) agglomerans 31 <003>40 0S 43 0008160 025 20
Pasteurella multocida 9 0008012 ND 5 001610 ND ND
Proteus mirabilis 124 <001-100 0.3 68 003160 0125 0S5
Anserobes .
Peptostreptococcus anaerobius 28 0025125 08 1 006 ND ND
Peptostreptococcus asaccharolyticus 39 002504 02 0
Peplastreptococcus magmnus 51 0025160 04 0
Peptostreplococeus micros 16 £0.025-0.1  <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/mL.

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

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 fluid, tonsil tissue, bronchial mucosa, and
epithelial 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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) gmmﬂylessthanmeMCsoftbeusualpathogensatthesemw Cefdinir is not detected in the milk

( v of nursing women. -

o Cefdinir shows exoellent B-lactamase stability to common gram-negative p-lactamases of the
penicillinase type. Against cephalosporinase-type B-lactamases, a varied response (moderate to good)
is observed and against oxyiminocephalosporinases, poor to fair stability is seen.

e  Cefdinir MICs are generally stable io 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.

= o 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 pg/mL, and 95% are susceptible at <1.0 pug/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.

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

( follows:

Susceptible Intermediate Resistant
MIC <1 pug/ml 2 pg/mlL A 24 ug/ml
Disk Diffusion 220 mm 17-19mm <16 mm

Using these propbsed susceptible interpretive breakpoints for cefdinir, MIC and disk diffusion results
correlate with positive therapeutic outcomes for both capsule and suspension 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 consisteat 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
Haemaphilus spp. which will have only susceptible breakpoint due to lack of >20 resistant isolates.

. Inweraadwahonanddmmlmmesmseenwnhmmmedmtemdmstathws However,
the majority of these isolates responded to cefdinir therapy regardless of these classifications.

Bl
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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 penicillin-susceptible strains be treated with
cefdinir until additional data are available. h

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 MCrmge (ugfml) Dt D e
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 0.12.0.5 ' ‘ 24-31

S. pneumoniae ATCC 49619 0.03-0.25 ‘ 26-31

NA = Not appliceble. --

*  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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