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EXECUTIVE SUMMARY

This Briefing Document presents evidence to support the clinical efficacy and safety
of a total 30 mg/kg dose of azithromycin given over three days or as a single dose
for treatment of children with acute otitis media.

Acute otitis media is a major source of childhood morbidity, with a peak incidence

in children < 2 years of age. Physicians frequently prescribe antibiotics to more
rapidly improve the acute suppurative iliness, reduce serious complications and
reduce hearing loss associated with effusidfiowever, most antibacterial

medications currently available require dosing 2-3 times daily for 7-10 days, a
dosing schedule which results in the possibility of missed doses and unfinished
courses of therapy.Noncompliance with treatment regimens that exceed the period
of symptom resolution (typically 2-5 days) may be more likely to result in treatment
failure and re-treatment; this, in turn, increases the use of antibiotics in the
community> * As a consequence, a short and convenient means of treating children
with acute otitis media is desirable to improve compliance, improve patient and
parental satisfaction, and minimize potential for development of resistant organisms.

Azithromycin is the first of a class of antibiotics designated chemically as
“azalides”. Its mechanism of action is inhibition of protein synthesis. Azithromycin
has unique features that make it an excellent candidate for shortened course therapy
of acute otitis media. Among these features are activitywitro and inin vivo

against the pathogens commonly associated with acute otitis media, including
S.pneumoniae, Mcatarrhalis,andH. influenzaeas well as high concentrations in
phagocytes and tissues relative to serum, resulting in prolonged tissue and serum
half-lives. Studies in mice and gerbils showed that phagocytes deliver azithromycin
directly to the infection site, and in the gerbil model, azithromycin concentrations in
bulla increased and persisted over the same time period that serum concentrations
decreased.

Pharmacokinetic data from clinical studies further show that an azithromycin
regimen given over three days or as a single dose provides at least equivalent drug
exposure to the currently approved 5-day regimen, and that azithromycin is present
in middle ear fluid (MEF) at levels necessary for bacterial killing.
Pharmacodynamic data also provide evidence that AUC/MIC (and peZhzgo$

are the important pharmacokinetic parameters in the microbiologic efficacy of
azithromycin.

In 1995, the FDA approved azithromycin oral suspension for treatment of children
with acute otitis media based on a total 30 mg/kg dose administered over five days
(10 mg/kg on day 1, 5 mg/kg/day on days 2-5). Based on pharmacokinetic data, a
3-day regimen providing the same total dose was approved in Europe and elsewhere
in the world. Subsequently, studies were performed in the United States with the
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3-day regimen and, in addition, a single-dose regimen, as outlined in the table
below.

Study Treatment Total Daily Dose Duration Design

Pivotal Studies

A0661014 Az 3-day 10 mg/kg 3 days Double-blind
Augmentiri] 45 mg/kg (dosed b.i.d.) 10 days

A0661015 Az SD 30 mg/kg 1 day Noncomparative

R-0581 Az SD 30 mg/kg 1 day Double-blind
Augmentiri] 45 mg/kg (dosed b.i.d.) 10 days

Supportive Study

AZM-NY-95-001 Az 3-day 10 mg/kg 3 days Single-blind
Az SD 30 mg/kg 1 day (between Az
Ceftriaxone IM | 50 mg/kg 1 day groups)

Az = Azithromycin; SD = Single Dose; IM = Intramuscular; b.i.d. = twice daily

The following table summarizes clinical efficacy results. Clinical cure at the Test of
Cure (TOC) visit (day 28) was the primary endpoint for analysis, as recommended
in the 1998 FDA Draft Guidance. The analysis of these data was performed on a
modified intent-to-treat (MITT) basis.

Clinical Cure at Test of Cure (Day 28) Visit
Study Az 3-day Az SD Comparator 95% CI*
A0661014 74% -- 69%

Az- Augmentiri] -5, 15%
AZM-NY-95-001 77% 86% 77%

Az 3-day — Ceftriaxone -15, 17%

Az SD - Ceftriaxone -5, 25%
R-0581 -- 74% 70%

Az SD - Augmentifi -7, 15%
A0661015 -- 85% -- --
Overall (all studies) 75% 82% 71%

Az 3-day — Ceftriaxone -3,11%

Az SD - Ceftriaxone 5, 17%

Az=Azithromycin; SD = Single Dose;* Confidence Interval on difference between treatment groups.

These data demonstrate that azithromycin provides clinical efficacy equivalent to
the comparative agents (Augmentjrceftriaxone IM) approved for this indication.

Two of these studies (A0661015, AZM-NY-95-001) provided for culture of
baseline pathogens from middle ear fluid, allowing assessment of clinical cure by
infecting pathogen.
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Clinical Cure by Baseline Pathogen at Test-of-Cure (Day 28) Visit —
Studies A0661015 and AZM-NY-95-001

Baseline Pathogen Az 3-day Az SD Ceftriaxone 95% CI*
S. pneumoniae 16/17 (94%) | 84/96 (88%) 19/23 (83%)

Az 3-day — Ceftriaxone -13, 36%

Az SD - Ceftriaxone -15, 25%
H. influenzae 9/13 (69%) 35/52 (67% 8/9 (89%) -
M. catarrhalis 2/2 10/10 - -

Az=Azithromycin; SD = Single Dose;* Confidence Interval on difference between treatment groups.

The results provide evidence for equivalent treatment effects in treatment of otitis
media due t&. pneumoniaeThe limited number dfl. influenzaeand

M. catarrhalisisolates prohibited statistical comparisons, but the azithromycin
efficacy rates are similar to those seen previously with azithromycin 5-day and to
those presented in the labeling for other antibiotics approved for treatment of otitis
media. Historically, otitis media caused by susceptblafluenzaanfection has

been difficult to treat.

Safety data confirm that azithromycin is among the better tolerated antimicrobial
agents available. As reflected in the incidence of treatment-related adverse events,
the safety profile of azithromycin 30 mg/kg total dose was similar whether given
over 3 days (9%) or 5 days (6%). When given as a single dose, the incidence of
adverse events (14%) was slightly higher. The incidence of vomiting was 5%, 2%,
1% on the single, three and five day dosing regimens, respectively. Analysis of the
clinical outcome of children who vomited showed they were no more likely to fail
therapy than children who did not vomit. With all three regimens, no new side
effects were observed and the severity distribution of the known side effects was
similar.

Lastly, an analysis of compliance data from studies A0661014 and R-0581
comparing azithromycin to Augmentinshowed that patients were more likely to
adhere to a regimen of azithromycin of three days or a single dose. While other
variables, such as side effects and taste, may influence compliance, it is likely that a
shorter treatment regimen plays a significant role.

In summary, a 30 mg/kg total dose of azithromycin is clinically effective and safe
whether administered over 1, 3 or 5 days. Shorter course therapy offers benefits
related to compliance and patient/parental satisfaction in a treatment regimen that is
safe and effective.
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GLOSSARY*

Abbreviation
AOM

AUC

CFU

Cl

Cmax

EDso

EOT

FDA

Hib

H. influenzae
IL-1 beta
IM

INOS

Ib

LOCF

MEF

MIC

MITT

MNL

M. catarrhalis
NCCLS
NDA

PD50

PP

PCR

PMNL
glzh

rRNA
sNDA

S. pneumoniae

S. pyogenes
TNF

™

Tmax

TOC

U.S.

Definition

Acute Otitis Media

Area Under the Concentration vs. Time Curve
Colony Forming Units

Confidence Interval

Maximum Concentration

Median Effective Dose

End of Therapy

Food and Drug Administration
Haemophilus influenzagpe b
Haemophilus influenzae
Interleukin-1 beta

Intramuscular

Inducible Nitric Oxide Synthase
Pound

Last Observation Carried Forward
Middle Ear Fluid

Minimal Inhibitory Concentration

Modified Intent-to-Treat

Mononuclear

Moraxella catarrhalis

National Committee on Clinical Laboratory Standards

New Drug Application

Dose that protects 50% of animals
Per Protocol

Polymerase Chain Reaction

Polymorphonuclear

Every 12 hours

Ribosomal RNA

Supplemental NDA

Streptococcus pneumoniae
Streptococcus pyogenes

Tumor Necrosis Factor

Tympanic Membrane

Time to Maximum Concentration
Test of Cure

United States

* Glossary applies to main text and appendices.



10000001352465\3.6\Approved\07-Oct-2001 14:45

ZITHROMAX 0O ACCELERATED DOSING —
TREATMENT OF ACUTE OTITIS MEDIA
FDA ADVISORY COMMITTEE BRIEFING DOCUMENT

1 INTRODUCTION

Azithromycin was approved in the United States in 1995 for the treatment of acute
otitis media using a total dose of 30 mg/kg given over 5 days. This briefing

document will provide an overview of tie vitro, pharmacokinetic, and clinical

trial data supporting supporting the use of Zithromax given orally for the treatment

of acute otitis media using a 1- or 3-day dosing regimen. These data demonstrate
that the same 30 mg/kg total dose, given as a single dose or over three days, delivers
clinical efficacy equivalent to presently available therapy while maintaining a
favorable safety profile, improving patient compliance and easing the burden of
medication delivery on the caregiver.

Approximately three-fourths of all outpatient antibiotics in the Untied States are
prescribed for acute respiratory infectién§he majority of these antibiotics are

given to children diagnosed with otitis medias reviewed by Pichichero and

Cohen (1997) poor compliance is the primary reason for treatment failure in these
children. Poor compliance is related to the number of daily doses as well as the
duration of therapy, among other factdf§. Because parents tend to discontinue

their child’s antimicrobial therapy when the symptoms of otitis media have resolved
(typically within 2-5 days), longer treatment courses are more likely to result in poor
compliance and treatment failure. Therefore, an argument can be made that among
equally effective antibiotic regimens, there are advantages to prescribing the
shortest and most convenient therapy. Other possible benefits of short course
therapy include fewer side effects, improved patient (and parental) satisfaction and,
because of improved compliance, a potential attenuation of the selective pressure on
the microbial flora by minimizing the need for a second course of antibiotics.

As Zithromax is already approved for the treatment of acute otitis media, the data in
this submission is provided in order to justify an amendment to the label to allow a
30 mg/kg total dose of azithromycin to be administered over 1, 3, or 5 days.

2 BACKGROUND

An estimated 25 million cases of acute otitis media occur in U.S. children each
year!' By age 3, more than half of all children have experienced one or more
episodes of acute otitis media; by age 7, this percentage rises to 65-85%.

S. pneumoniae, Matarrhalis,andH. influenzaeaccount for most cases of acute

otitis media of bacterial etiology. Otitis media is a major source of childhood
morbidity, with a peak incidence in < 2 year-olds. Antibiotic treatment is required

to more rapidly improve the acute suppurative illness, reduce serious complications,
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such as mastoiditis and reduce hearing loss associated with effusibite a 10-
day course of amoxicillin is frequently recommended as the first-line course of
antibiotic therapy, recent trends in the susceptibility profild.offluenzaeand

M. catarrhalisindicate an increasing prevalence of beta-lactamase-prodtittion.

Streptococcus pneumoniaealso becoming less sensitive to antibiotic treatment
with beta-lactam antibiotics. Mean inhibitory concentrations to amoxicillin have
increased in recent years, resulting in recommendations to double the amount of
amoxicillin needed to treat otitis med:®

Other treatment options for otitis media include amoxicillin-clavulanate
(Augmentin®), intramuscular ceftriaxone, and oral third generation cephalosporins
(cefixime, others). These therapies provide coverage of the offending pathogens,
but they do so with higher side effect rates, the requirement for injectable
administration, or the need for multiple daily administrations over extended periods
of time. These therapies all rely on a similar mechanism of action, namely
attachment to penicillin binding proteins and disruption of the bacterial cell wall.
The overlapping approach to bacterial killing inherent in these drugs means that the
use of each contributes to the potential for resistance to the others.

Alternative antibiotic therapies that are easier to administer, that can be used in
patients allergic to other classes, such as beta-lactams, and that rely on alternative
mechanisms of bacterial killing that are stable in the presence of beta-lactamases,
without compromising safety or efficacy, would be desirable.

Azithromycin is a well established antibacterial agent and is the first of a class of
antibiotics designated chemically as “azalides", which are closely related to
macrolides. Attributes of azithromycin include: a) prolonged seruntissuke half-

lives, b) higher concentrations in phagocytes and tissues, and c) increased potency
against Gram-negative organisms relative to other macrolides. It is therefore an
excellent candidate for shortened course therapy for common outpatient infections.

Azithromycin is activan vitro against the pathogens responsible for otitis media,
includingS. pneumoniae, H. influenzaedM. catarrhalis. Animal model data

were provided in support of the original NDA for five-day dosihg®!92°-%

Efficacy was predicted in clinical settings fromvivo experiments that correlated
efficacy with total dose deliveréd. Clinical studies were performed which led to

its approval in the United States for a 5-day treatment regimen for otitis media using
a total dose of 30 mg/kg: 10 mg/kg given on Day 1, followed by 5 mg/kg/day on
Days 2-5. It has since been approved for the same total dose (e.g. 30 mg/kg) using a
3-day regimen, based on pharmacokinetic data, in Europe and elsewhere in the
world. Clinical studies were recently performed with the same regimen in the
United States.
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The pharmacokinetic data for azithromycin suggest that it would be possible to
deliver the entire treatment regimen in a single dose and still expect good clinical
activity. Based on this assumption, a clinical program employing single dose
therapy was also initiated.

3 GENERAL IN VITRO PRE-CLINICAL INFORMATION
3.1 Mechanism of Action

The mechanism of action of azithromycin is by inhibition of protein synthesis.
Azithromycin binds primarily to residues A2058 and A2059 in the peptidyl
transferase domain of 23S rRNA, thereby blocking nascent polypeptide synthesis in
the channel as well as inhibiting the assembly of newly-forming 50S

subunits?® 2> 2% 2> Nucleic acid synthesis is not affected.

3.2 Antimicrobial Spectrum of Activity
Azithromycin has been showm, vitro, to be active against a wide variety of
pathogens, including the main organisms causing acute otitis n&tgatococcus

pneumoniae, Haemophilus influenzaadMoraxella catarrhalis as seen in the
table below?®27:28:29:30

Azithromycin: In Vitro Activity

Organism N MICs, MICqy,
S. pneumoniae? 4193 <0.12 2
mef(A)P 70 4 8
erm(B)° 65 >128 >128
pen S¢ 1212 <0.25 <0.25
pen [d 250 (15%)  <0.25 16
pen RY 203 (12%) 1 >32
Haemophilus influenzae? 3116 1 2
Moraxella catarrhalis® 1411 <0.12 <0.12

A =Hoban, CID 2001;32 *Suppl 2): S81-S93

B= Shortridge, CID 1999;29:1186-1188

C= Montanari, J Clin Microbiol. 2001;39:1311-1315

D= Jones, Diagn Microbiol Infec Dis 2000;37: 93-98 (N=1665 total isolates)
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In addition, bactericidal activity has been demonstrated ad4instluenzaeandsS.
pneumoniagas seen in the figures beld??

1.0x10

1.0x10

1.0x10

1.0x10

1.0x10

VIABLE CTS (CFU/ml)

1.0x10

1.0x10

1.0x10

1.0x10

1.0x10

Azithromycin Time-kill Curve:

Activity vs S. pneumoniae

0231004
1/28/98
Macrolide susceptible, MIC = 0.06.
Pen susceptible MIC = 0.0125.

—&— CONTROL
2X AZI
—&— 8XAZI
2X PEN
—{— 8XPEN

0.0

T T T T
5.0 10.0 15.0 20.0 25.0
INCUBATION TIME (hrs)

Pfizer, data on file.

Bactericidal Activity of

Azithromycin Against H. influenzae

10 4

6 -
5 -
4-
3-
5 -
11

Log 10 cfu/ml

=—&— Control
Azithromycin
Amox/clav

9 -
8 1 __}//—__//*/’
7 N

1 2 3 4 5 6 7
Time (h)

* MIC = 1.0 pg/ml for each organism

« antibiotic at 2x MIC

Berry, V., AAC 1998; 42: 3193-3199.
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3.3 Resistance: Mechanisms

There are two widespread mechanisms of macrolide resistaBcpnaumoniae-

erm(B) andmefA).? 2% 2>333%erm(B) encodes a ribosomal methylase that adds

two methyl groups to A2058 in 23S rRNA, thereby reducing the binding affinity for
macrolides and two other structurally unrelated antibiotic classes, lincosamides and
streptogramin B.mefA) encodes an efflux pump specific for 14- and 15-membered
macrolides. As the table above illustrates, the §¢ifor S. pneumoniaare quite
different with regard to the mechanism of macrolide resistance, and they tend to
increase with the level of penicillin resistance.

3.4 Resistance: Epidemiology
3.4.1 S. pneumoniae

Surveillance data have demonstrated a rise in the prevalence of resistance of

S. pneumonia® macrolides in the United States (figure bel@W:*¢:37:3839

The current level of macrolide resistanc&irpneumoniaes approximately 20%-
25% according to multiple surveillance studie$*? Theme{A) gene accounts
for the majority of this resistance in the United Statés.

Surveillance Data From Multiple Studies:
Susceptibility of S. Pneumoniae to Macrolides in the U.S.

30 7
25 1

Re 20

sis ¢ | )

e
* ¢ ¢ o

* * *

0 T T T T 1
1980 1985 1990 1995 2000 2005
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A similar trend exists for the susceptibility 8f pneumoniat beta-lactams. These
surveillance data represent@eumoniaésolated from the respiratory tract as well

as invasive sites and/or normally sterile sites. There are relatively few surveillance
studies, however, that measure the susceptibility profi& pheumoniasolated

from the middle ear space. One surveillance study by Wal8*etfdloth invasive

site isolates and middle ear isolates collected at eight children’s hospitals in the U.S.
demonstrated wide chronologic and geographic variation in the prevalence of
resistance 0%. pneumonigéhowever, in every location, the middle ear isolates

were less likely to be susceptible to beta-lactams (penicillin and ceftriaxone) than
were systemic isolates, and the resistance rates were higher for younger children,
those who received antibiotics in the previous month, those attending daycare, and
those with a history of recurrent otitis media.

In short,S. pneumoniagesistance to macrolides, beta-lactams, and other antibiotics
continues to be on the rise. Among the variables which are potentially driving this
increase in resistance rates are the overuse of antimicrobials, social crowding and
increased daycare attendance, international travel, and shifts in the demographic
characteristics of the community, specifically its age distribution and level of
vaccination.

12
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4 PHARMACOKINETIC AND PHARMACODYNAMIC STUDIES
4.1 Animal Pharmacokinetic Studies

Pre-clinical investigations of the pharmacokinetics of azithromycuitro and in

rats and dogs have demonstrated several unique features, including a very high
affinity for tissues; a prolonged serum and tissue half-life after multiple dosing; and
uptake and concentration in phagocytic cells without impairing their function.

Pharmacokinetic studies with oral azithromycin in animals showed serum
concentrations to be proportional to dose. However, tissue concentrations up to
several hundred times those in serum were achieved, with a half-life that varied
from 26 to 160 hours after dosing from 1 to 10 days, respectively, in dogs.
Additionally, initial radiolabelled studies in rats and dogs recovered only 64% and
57% of the drug after 7 days collection. These findings are markedly different from
other antibiotics:*’

Azithromycin has been showm vitro andin vivoto concentrate in phagocytic cells,

a phenomenon possibly related to its amphiphilic cationic properties. This uptake
may be enhanced by as much as twofold when the temperature of the media is
increased from 3T to 40C.*° The uptake of azithromycin into macrophages,
without impairing their function, is of potential benefit leading to increased delivery
of the drug to infection sites and also possibly greatByity against pathogens
absorbed into macrophages but not killed, sucBtaghylococcus aured$. For
example, greatly increased concentrations of azithromycin in the peritoneal cavity
of mice receiving intraperitoneal injections of sodium caseinate (to induce an
inflammatory response) demonstrate the potential for azithromycin-laden
phagocytes to deliver the drug to sites of infection. Also, in the gerbil model of otitis
media, following a single azithromycin dose of 100mg/kg, azithromycin levels
within bulla were found to increase and persist at 48 hours post dose during which
time serum levels were decreasing. However, in the same study, bulla levels of
comparative agents (amoxicillin, clarithromycin, erythromycin, roxithromycin)
tended to decrease in parallel with serum elimination cdfves.

The antimicrobial activity of azithromycin appears to correlate with the ratio of
plasma AUC to MIC for certain key pathogens. In a recent series of studies
comparing azithromycin with other macrolides, Craigal’’ reported on the ability

of azithromycin to suppress pathogen growth at sub-minimal inhibitory
concentrations (the post antibiotic effect), and related this effect to the
pharmacokinetics of azithromydin vivo using a mouse model. They showed that
the bacteriostatic effect of azithromycin was independent of the dosing interval used
within a 24-hour period, and that the high levels of azithromycin found in the white
blood cell ccmpartment contribute significantly to the efficacy of this drug. Finally,
a strong, direct correlation was demonstrates. ipneumoniamfection between
azithromycin efficacy and the ratio of the area under the serum concentration-time

13
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curve (AUC) to the minimal inhibitory concentration (MIC), the AUC/MIC ratio.
Within a 100 fold range of AUC/MIC ratios tested (10 to 1,000), the greatest
efficacy was observed at the highest AUC/MIC ratio tested. In contrast, efficacy
with erythromycin and clarithromycin correlates best with the time that serum levels
exceed the MIC.

Another animal model assessed the comparable tissue penetration of similar total
doses of azithromycin administered by different dosing regiffefrsthis study,

rats had a paper disc impregnated V@taphylococcus aureus a sterile control

disc implanted in each thigh. Disc implantation marked day 1 of the study. The
inflammatory tissue fluid from each thigh was analyzed for antimicrobial
penetration after the administration of three different dosage regimens of
azithromycin. These three regimens were (1) 200mg/kg of azithromycin on day 2;
(2) 100mg/kg on days 2 and 3; and (3) 33 mg/kg bid on days 2, 3, and 4.
Inflammatory fluid was analyzed at 5, 24, 48, 96, 120 and 144 hours post dosing.
Azithromycin concentration in inflammatory fluid reached similar levels and
sustained those levels for each dosing regitiiefhese data demonstrate that the
final concentration of azithromycin in inflammatory tissue was independent of the
dosage regimen but dependent upon the total dose given. This was not seen with the
other antibiotics testef.

These animal models support the premise that the AUC/MIC ratio, and not time
over MIGCy is the pharmacodynamic parameter that best correlates with
azithromycin’s antimicrobial activity in the models used. For other macrolides,
such as clarithromycin and erythromycin, it was the time over the\h@t best
correlated with efficac§’ This pharmacodynamic attribute of azithromycin was
thought to be due to its post antibiotic effect and its pharmacokinetic profile,
especially its high concentration and persistence within neutrophils.

Cmax may also factor into the effectiveness of the regiffieim. vivo andin vitro

models ofS. pneumonianfection demonstrate that single dose azithromycin
therapy resulted in higher initial concentrations of antibiotic and significantly
increased survival rates, anedcwas most predictive of clinical efficaéy. These
findings have been extended to a gerbil model of middle ear infection challenged
with H. influenzae in which a similar total dose of azithromycin was more effective
in eradicatingH. influenzadrom the middle ear space, though more rapidly when
administered as a single dose.

14
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log 10 cfu/mi

Figure 3. Eradication of H. influenzaeafter Therapy of 200 mg/kg
Azithromycin administered over one,two or three Days
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As seen above, the single dose treatment of otitis media appeared to result in faster
reduction of organisms from the middle ear space, although all three regimens were
active. This suggests that, in i@arnvivo setting, while the same total dose of
azithromycin is effective for eliminating haemophilus from the middle ear,
accelerating the dosing regimen—that is, giving the entire dose upfront--may reduce
the burden of organisms more quickly. More information on this and other animal
experiments is given in Appendix I.

In short, results from animal pharmacokinetic studies suggest that shorter treatment
regimens using the same total dose deliver the same amount of azithromycin overall
to infected sites, and that these shorter regimens are at least as effective as longer
regimens in the treatment of various infections.

4.2 Human Pharmacokinetic Studies

The original submission for azithromycin provided pharmacokinetic and clinical

trial data to support the use of a 5-day dosing regimen for the treatment of acute
otitis media. To provide additional support to clinical trial data, there are available a
series of pharmacokinetic studies which demonstrate that the total drug exposure
conferred by a 5-day dosing regimen will be similarly demonstrated by a 3-day or a
single-dose treatment regimen. In addition to offering supportive evidence for
bioequivalence of these regimens, there are data to support sufficient exposure of

15
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azithromycin in the middle ear at levels predictednbyitro testing to Kill
pathogens associated with acute otitis media. The section that follows provides the
following information:

3-day and 5-day dosing of 1.5 grams in adults is bioequivalent

1-day and 3-day dosing in adults provides similar PK exposure

3-day and 5-day regimens in children provide similar drug exposure

middle ear fluid levels from 3- and 5- day dosing regimens reach or exceed
MICs of offending pathogens

apop

4.2.1 Bioequivalence of the 3- and 5-day regimens in Adults

Clinical study 066-087 was a comparative cross-over design study in 12 healthy
adult volunteers. This study compared the pharmacokinetics of a total 1500-mg
dose of azithromycin administered orally over 3 days (500 mg/day for 3 days) and
over 5 days (500 mg on day 1 and 250 mg on days 2-5). Since leukocytes play an
important role in delivering azithromycin to sites of infection in the body, this study
also estimated azithromycin concentrations in leukocytes.

The ratio of serum AUE. (3-day)/AUG - (5-day) was 105% with 90% confidence
intervals (CI) of 93% and 120% (p=0.49). Thus, the 3-day and 5-day regimens were
bioequivalent with respect to serum concentrations of azithromycin. Two other
studies (AZM-F-93-004; AZM-NY-90-011) confirmed the similarity of systemic
exposure to azithromycin following the 3-day and 5-day dosing regimens in adults.

In mononuclear cells (MNL) the adjusted mean ratio of Akkg(3day)/ AUG . 2ss

(5day) was 123% with 90% CI of 69% and 218% (p=0.54) (study 066-087). In
polymorphonuclear cells (PMNL) the adjusted mean ratio of Add§X3day)/

AUC 255 (5day) was 167% with 90% CI of 109% and 254% (p=0.054). Thus, the 3-
day regimen produced concentrations in leukocytes at least as great as those
produced by the 5-day regimen.

These data show high concentrations of azithromycin in leukocytes following both
dose regimens, as well as relatively small differences in both serum exposure and
leukocyte concentration and exposure following the 3-day and 5-day dosing
regimens. These data support the observation that the pharmacodynamics of
azithromycin is a function of total exposure to drug (AUC); consequently, these
results suggest that these regimens should be equally effective in treating infections.

4.2.2 Bioequivalence of the single dose and 3-day regimens in Adults
A clinical study conducted by Amsden and Grgyrovide data supporting the
bioequivalence of the single-dose and 3-day regimens. This was an open label,

randomized, two-way cross-over study in 12 healthy adults to evaluate the serum
pharmacokinetics of 1.5 grams of azithromycin administered either as a single 1.5g
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dose or as 500 mg doses given daily for 3 days. This study also estimated WBC
exposure to azithromycin. The results are given in the table below.

Serum & WBC Azithromycin Pharmacokinetics
1.5 Gram Total Dose

Parameter (units)* Single Dose Three Day Dosing
Serum

Cmax (mg/L) 1.46 (0.34-3.48) 0.54 (0.18-1.01)
AUC 0-infin (mg-h/L) 13.1 (3.02-20.6) 11.2 (2.98-24.5)
Granulocyte (PMN)

Cmax (mg/L) 41.1 (27.8-63.3) 31.3 (14.8-53.3)
AUC 240 (mg-h/L) 6447 (4077-10 830) 5128 (2526-9317)
Monocyte/Lymphocyte

Cmax (mg/L) 312.7 (32.9-709.0) 164.9 (38.9-563.0)
AUC 240 (mg-h/L) 20461 (4020-35 861) 15706 (4703-30 317)

*Mean (range)

Amsden & Gray, JAC, 2001.

The results of this study indicate that the single dose regimen and the 3-day dosing
regimen of 1.5 g of azithromycin provide similar total serum exposures (13.1 vs.
11.2pg.hr/ml) and similarly high and sustained leukocyte concentrations. The
extensive uptake by leukocytes indicates that sufficient drug is present for at least
10 days following the start of therapy. Since the pharmacodynamics of azithromycin
are a function of total exposure to drug (AUC), these results suggest that these
regimens should be equally effective in treating infections.

4.2.3 Similarity of the 3- and 5-day regimens in Children

The dose in children for the treatment of AOM is 30 mg/kg, compared to 60 mg/kg
for children with pharyngitis/tonsillitis. Clinical studies 066-683 and 066-095 were
conducted in a total of 65 pediatric pharyngitis/tonsillitis patients. These were non-
comparative, open label studies in children aged 3-16 years. Azithromycin pediatric
oral suspension (POS) was administered following a standard low-fat breakfast.
The objective of these studies was to assess the pharmacokinetics and safety of the
two different dosing regimens of azithromycin POS in the fed state. Azithromycin
was administered at 12 mg/kg/day for 5 days in Clinical Study 066-683 (31
patients), and at 20 mg/kg/day for 3 days in Clinical Study 066-095 (34 patients). In
each study, azithromycin serum concentrations were measured over the 24-hour
dosing interval following the last daily dose.
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The area under the serum concentration versus time curve,(AUkas calculated

from the azithromycin serum concentrations measured following the last daily dose
administered (on day 3, for Study 066-095 and on day 5 for Study 066-683). The
Cy4 is the azithromycin serum concentration 24 hours after the last daily dose (on
day 4, for Study 066-095 and on day 6 for Study 066-683).

Pharmacokinetic Parameter (Mea®D)

N Cmax Tmax AU C0—24 CZ4
(Hg/ml) (hr) (Mglr/ml) | (pg/mi)

Study 066-095

3-Day Dosing Regimen 11| 1.05+0.44 3£2.0 7.922.87 | 0.15+0.04
(20 mg/kg/day for 3 days) 0.975% 7.49°

Study 066-683

5-Day Dosing Regimen |17|0.534:0.361 | 2.2+ 0.8 | 3.94 1.90 | 0.09+ 0.05
(12 mg/kg/day for 5 days) 0.428° 3.51°

& geometric means.

Further analyses were conducted to compare overall azithromycin exposure over the
entire dosing period following the 3-day and 5-day dosing regimens. Overall
exposure for the 5-day (12 mg/kg/day for 5 days) dosing regimen was obtained by
multiplying the AUGp4after the fifth daily dose by 5. Likewise, total exposure for
the 3-day (20 mg/kg/day for 3 days) dosing regimen was estimated by multiplying
the AUG .o, after the third daily dose by 3. This was required because of the limited
number of serum samples that could be collected from this pediatric population.
These approximations may overestimate AUC values but provide a method for
comparing the overall AUC exposure following the two regimens. The results are
summarized below for all participating patients, as well as for the subset of patients
who received the scheduled dose.

AUCq.72
N (ugm@r/ml)
3-Day Dosing Regimen 11 7.92 X3 =23.8
20 mg/kg/day for 3 days
5-Day Dosing Regimen 17 3.94 X5=19.7
12 mg/kg/day for 5 days

The similarity of total exposure following the 3-and 5-day suggests that the two
regimens will be equally effective in treating infections in pediatric patients.
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4.2.4 Middle Ear Fluid Pharmacokinetic data

In the literature there are several reports of azithromycin middle ear fluid (MEF)
levels obtained after administration of various dosing regimens. The table below
summarizes these data.

Assessment
Investigators Dose Time Serum mg/L MEF mg/L
Scaglione, 1999 | 10 mg/kg (1 dose) 24 hours - 198.23
Dagan, 2000 10 mg/kg x 3 day| 24-48 hours| 0.07 3.51
Pukander, 1996 |10,5,5,5,5 24 hours 0.043 8.61
Nahata, 1995 10,5,5,5,% 24 hours 0.047 -

a: Concentration in fluid containing cells b: Concentration in free cell fluid
c: 5-day dose regimen of 10 mg/kg on first day, followed by 5mg/kg on four days

These data demonstrate levels in the MEF ranging from 3.51 to 8.61 after delivery
of a 30 mg/kg regimen--levels that far exceed serum levels, as is typically the case
with azithromycin. These levels reach or exceed thegpdl@ the common otitis

media pathogenss( pneumoniae, M. catarrhalisndH. influenzag Typically
azithromycin is delivered to the infected space as a consequence of its accumulation
in and release from macrophages and neutrophifs:® Moreover, in a variety of

studies, it has been shown that azithromycin-laden neutrophils release the drug as a
consequence of contact with bactéfia.

4.2.5 Summary of Pharmacokinetic Studies

In summary, the pharmacokinetic data demonstrate that azithromycin is present in
MEF at levels necessary for bacterial killing; that the 1-dose and 3-dose regimens of
azithromycin provide at least equivalent exposure to the 5-dose regimen; and that
AUC/MIC, and perhaps &ax are the important pharmacokinetic parameters driving
azithromycin's microbiologic efficacy.

In humans, a single dose regimen has been successfully used in the treatment of
sexually transmitted diseases, includ®glamydia trachomatis, Haemophilus
ducreyiandNeisseria gonorrhoead.he improvement in compliance, with benefits

for the patient and caregiver, as well as the possibility that higher peak levels would
potentiate antimicrobial activity, justified the initiation of a clinical program in

single dose treatment for otitis media.
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5 AZITHROMYCIN CLINICAL PROGRAM

5.1 Summaries of Individual Studies in Support of Efficacy in Otitis
Media

The efficacy of short-course azithromycin therapy in the treatment of pediatric
subjects with otitis media was evaluated in three randomized, comparative trials (2
double-blind, 1 single-blind) and one open label noncomparative study.

The clinical efficacy of the 3-day dosing regimen was compared to that of
Augmentiri] in a double blind study (1012). Similarly, the single-dose regimen
was also compared to Augmerifirin a double blind study (R-0581j. Two other
studies provided for culture of baseline pathogens from middle ear fluid. One of
these was a single-blind study (AZM-NY-95-0tPlgomparing the single dose
regimen to Augmentin, as well as the azithromycin 3-day regimen. The fourth
study looked at the microbiologic and clinical efficacy of single-dose azithromycin
in an open label, noncomparative trial (104%).

Each of these studies is summarized briefly below; more detailed summaries appear
in Appendix II. In all four studies, “cure” rates are defined as complete resolution

of specific signs/symptoms of acute otitis media. In three of the four studies
(A0661014, A0661015, R-0581), the presence of middle ear fluid was not to be
factored into the assessment of clinical response.

5.1.1 Protocol A0661014 (Comparative, 3-Day Regimen)

In this double-blind, comparative study, azithromycin oral suspension was
administered as 10 mg/kg once daily (maximum of 500 mg/day) for 3 days. The
comparative agent was an amoxicillin/clavulanate potassium suspension,
administered as a 45 mg/kg daily dose (based on amoxicillin) given in divided doses
every 12 hours for 10 days.
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This study included 373 subjects (188 azithromycin, 185 amoxicillin/clavulanate),
aged 6 months to 12 years, with signs and symptoms of acute otitis media. Overall,
ear pain and/or fullness/bulging of the tympanic membrane were present in 98% of
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enrolled subjects at baseline. Other baseline characteristics were:

Demographic Parameter Azithromycin Amox/Clav
Mean age (years) 3.5 3.4

<2 years old (%) 61 (32%) 53 (29%)

> 2 years old (%) 127 (68%) 132 (71%)
% Male 51% 49%

% Female 49% 51%

% White 83% 80%

% Black 6% 5%
%Hispanic 8% 9%

% Other 3% 5%

Mean duration of symptoms (days)* 1.2 [range 0-9] 1.2 [range 0-8]

Amox/Clav = Amoxicillin/Clavulanate potassium; *Duration from onset of
symptoms to study enrollment.

The following table shows clinical response outcomes.

No. MITT Subijects

Subjects Evaluable at EOT

Success
Cure
Improvement
Failure

Subjects Evaluable at TOC

Success (Cure)
Failure

Azithromycin

Clinical Outcome—MITT Subjects

Amox/Clav

N (%)

N (%) P-Value

95% ClI

188

185 (100%)
153 (83%)
100
53
32 (17%)
182 (100%)
134 (74%)
48 (26%)

185

181 (100%)
159 (88%)
114

45
22 (12%)

180 (100%)
124 (69%)
56 (31%)

0.186 -12.9%, 2.7%

0.353 -5.2%, 14.6%

Based on MITT subjects with observed values or classified as Failures due to additional antibiotics

Statistical analysis at EOT based on dichotomized categories Success and Failure

Amox/Clav = Amoxicillin/Clavulanate potassium; P-Value based on Fisher's exa@386tC| = 95% confidence interval base
on normal approximation to the binomial; EOT = End-of-Therapy; TOC = Test of Cure; MITT = Modified Intent-to-Treat.

The once-daily administration of 10 mg/kg azithromycin for three days was as
clinically effective as the administration of 45 mg/kg amoxicillin/clavulanate
potassium in two divided doses q12h for 10 days for the treatment of acute otitis

media.
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Clinical Cure Rates by Age at TOC — MITT Subjects

Azithromycin Amox/Clav

Age Group n/N % n/N % 95% CI*

<2 years old | 35/58 60% 30/52 58% -17.7%, 23.1%

>2 years old 99/124 80% 94/128 73% -4.8%, 17.6%

Amox/Clav = Amoxicillin/Clavulanate potassium; Cl = Confidence Interval on the
difference between treatment groups (azithromycin-comparator)
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Cure rates at TOC were higher in the older subset of MITT subjects (>2 years old)
than the younger subset of subje&t years old) in both the azithromycin 3-day
group (80% and 60%, respectively) and the comparator group (73% and 58%,
respectively). However, the number of younger subgZtgears old was small (N

< 58/treatment group).

Overall, 99% of azithromycin versus 89% of amoxicillin/clavulanate subjects were
compliant with their study regimen (p<0.001). This was based on subjects taking
active drug in their study regimen.

The subjects in the azithromycin group were less likely to experience treatment-
related adverse events, and had milder adverse events than the comparator group.
The incidence of treatment-related adverse events in the azithromycin group
(10.6%) was about half that of the amoxicillin/clavulanate potassium group

(20.0%). The most commonly occurring treatment-related adverse events were
gastrointestinal (diarrhea) and rash. Fewer azithromycin subjects than
amoxicillin/clavulanate potassium subjects experienced treatment-related adverse
events from these categories (diarrhea 5.9% versus 14.6%, respectively; rash: 0.0%
versus 4.3%, respectively).

5.1.2 Protocol A0661015 (Noncomparative, Single-Dose Regimen)

In this noncomparative study, azithromycin oral suspension was administered as a
single 30 mg/kg dose (maximum of 1500 mg).
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This study included 248 subjects aged 6 months to 12 years. Overall, ear pain
and/or fullness/bulging of the tympanic membrane were present in 98% of enrolled
subjects at baseline. Other baseline characteristics were:

Demographic Parameter

Azithromycin

Mean age (years)

3.4

<2 years old (%)
> 2 years old (%)

86 (35%)

162 (65%)

% Male 52%
% Female 48%
% White 46%
% Black 5%
% Hispanic 44%
% Other 4%

Mean duration of diagnosis (days)*

2.5 [range 1-8]

* Duration from onset of symptoms to enrollment.

The following tables show clinical response outcomes overall and by pathogen.

Clinical Outcomes in Azithromycin Subjects — Observed Cases Analysis

MITT Analysis *
N (%) 95% ClI***
Subjects Evaluable at EOT 240 (100%)
Success 213 (1 89%) 84.5, 93.0
Cure 139 ( 58%) --
Improvement 74 (31%) --
Failure 27 (11%) --
Subjects Evaluable at TOC*Y 242 (100%)
Cure 206 ( 85%) 80.4, 89.8
Failure 36 (15%) --

EOT=End of Therapy, TOC=Test of Cure, Cl=Confidence Interval; * Total number of
Clinical MITT subjects was 247; ** TOC visit had no option for “improvement”;
*** Based on normal approximation to the binomial distribution
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MITT Clinical Outcome by Baseline Pathogen in Subjects* Included in the
Bacteriologic Analysis — Observed Cases — Based on Culture Data

EOT Assessment:

H. influenzagN=42) M. catarrhalis(N=10) | S. pneumoniagN=76)
Outcome n (%) 95% CI***| n (%) 95% CI***| n (%) 95% Cl***
Success 30 (71%) 56.6, 86.3 10 (100%%) 95.0, 105 70 (92%) 85.4, 98.8
Cure 18 (43%) - 5 (50%) - 49 (64%) -
12 (29%) - 5 (50%) - 21 (28% -
Improvement
Failure 12 (29%) - 0 ( 0%) -- 6 ( 8%) -

TOC** Assessment:

H. influenzagN=44) M. catarrhalis(N=10) | S. pneumonia@N=76)
Outcome n (%) 95% CI***| n (%) 95% CI***| n (%) 95% Cl***
Cure 28 (64%) 48.3,79.0] 10 (100%) 95.0, 104 67 (88%) 80.2,96.1
Failure 16 (36%) -- 0 ( 0%) - 9 (12%) -

EOT=End of Therapy, TOC=Test of Cure, Cl=Confidence Interval; * Some subjects are counted under
more than one pathogen; ** TOC visit had no option for “improvement”; *** Based on normal approximation
to the binomial distribution

Overall, clinical cure at the TOC visit for MITT evaluable subjects was 85%; by
baseline pathogen, the corresponding rates were 64%, 100%, and 88% for

H. influenzagM. catarrhalis or S. pneumonigeespectively. Of note, 86% (6 of 7)
subjects infected witB. pneumoniawith an azithromycin MIC of §g/ml

(presently considered resistant pathogens), were clinical cures. All of these
organisms were documented to have had an efflux-pump based mechanism of
resistance.
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An assessment was performed of the clinical outcome by penicillin susceptibility of
patients withS. pneumoniaesolated at baseline that treated with azithromycin. The
results are provided in the table below:

Clinical Outcome of. pneumonia@dOM by
Penicillin Susceptibility

Penicillin Susceptibility*

Resistant Sensitivity
Cure 12 (75% 43 (86%)
Failure 4 7

Penicillin Resistant Isolates by Macrolide Susceptibility
Susceptible Resistant

8 ug/ml >256ug/ml
Cure 4 6 (86%) 2 (40%)
Failure 0 1 3

*based on oxacillin disc testing; a zone < 20 mm was considered
resistant;10 isolates were not tested to both macrolidegeanclllin

86% of patients witls. pneumoniasensitive to penicillin were cured at the day 28
visit. 75% of 12 patients with isolates resistant to penicillin at baseline were cured.

Clinical Cure Rates by Age at TOC — MITT Subjects

Age Group n/N % 95% ClI
<2 years old 64/83 77% 67%, 87%
>2 years old 142/159 89% 84%, 94%

Cl = Confidence Interval

As is typical in treatment of otitis media, the older subset of MITT subjects
(>2 years old) responded more favorably than the younger subset of sutfjects (
years old) at TOC (cure rates of 89% and 77%, respectively).

Overall, 12.1% subjects had treatment related adverse events, with the most
common adverse events involving the gastrointestinal tract (vomiting 5.6%, diarrhea
3.2%, and abdominal pain 1.6%). All treatment-related adverse events were mild to
moderate in severity and the majority resolved within a few days. One subject
discontinued from the study due to a treatment-related adverse event (vomiting).

25



10000001352465\3.6\Approved\07-Oct-2001 14:45

5.1.3 Protocol R-0581 (Comparative, Single-Dose Regimen)

In this double-blind, comparative study, azithromycin oral suspension was
administered as a single 30 mg/kg dose. The comparative agent was an
amoxicillin/clavulanate suspension, administered as a 45 mg/kg daily dose (based
on amoxicillin) given in divided doses every 12 hours for 10 days.

This study included 346 treated subjects (173 azithromycin, 173
amoxicillin/clavulanate) who were outpatients between 6 months to 12 years of age
with acute otitis media diagnosed based on clinical signs and symptoms of middle
ear effusion and acute inflammation. Overall, ear pain and/or fullness/bulging of

the tympanic membrane were present in 99% of enrolled subjects at baseline. Other
demographic characteristics at baseline were:

Demographic Parameter Azithromycin Amox/Clav
Mean age 2.7 3.4

<2 years old (%) 75 (43%) 63 (36%)

> 2 years old (%) 98 (57%) 110 (64%)
% Male 53% 53%

% Female 47% 47%

% White 50% 52%

% Black 31% 35%
%Hispanic 16% 13%

% Other 2% 0%

Mean duration of symptoms (days)* 3.4 [1-18] 3.9 [1-17]

Amox/Clav = Amoxicillin/Clavulanate potassium; * Duration from onset of
symptoms to enroliment
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The following tables show clinical response outcomes overall.

Clinical Outcome at EOT and TOC—MITT Analysis
Azithromycin ~ Amox/Clav
N (%) N (%) 95% ClI
Total No. subjects treated 173 173
Primary MITT analysis
Subjects evaluable at EOT* 160 161
Cure + Improvement 139 (87) 142 (88) -9.2,6.5
Cure 105 (66) 121 (75) -20.1,1.1
Improvement 34 (21) 21 (13)
Failure 21 (13) 19 (12)
Primary MITT analysis
Subjects Evaluable at TOC* 151 154
Cure + Improvement 114 (75) 116 (75) -10.2, 10.5
Cure 112 (74) 108 (70) -6.7, 14.8
Improvement 2 (1) 8 (5)
Failure 37 (25) 38 (25)
Failure 31 (21) 32 (21)
Recurrence 6 (4) 6 (4)
*Includes MITT subjects with observed values or classified as failures due to additional antibiotics
EOT = End-of-Therapy; TOC = Test of Cure; Cl = Confidence interval
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The administration of a single dose of azithromycin oral suspension (30 mg/kg) was
as effective as the administration of 45 mg/kg amoxicillin/clavulanate in two
divided doses g12h for 10 days for the treatment of acute otitis.

Clinical Cure Rates by Age at TOC — MITT Subjects
Azithromycin Amox/Clav

Age Group n/N % n/N %

<2 years old 40/64 63% 27/53 51% -8.3%, 31.4%

>2 years old 72187 83% 81/101 80% -9.7%, 14.8%

Amox/Clav = Amoxicillin/Clavulanate; Cl = Confidence Interval on the difference

between treatment groups (azithromycin-comparator).

95% CI*

The older subset of MITT subjects (>2 years old) responded more favorably than
the younger subset of subjec#? (years old) at TOC.

The subjects in the azithromycin group (16.8%) were less likely than subjects in the
comparator group (22.5%) to experience treatment-related adverse events, and
azithromycin subjects had milder adverse events than the comparator group.
Diarrhea (12.7% vs. 6.4%) and rash (5.2% vs. 1.7%) were more common in the
comparator than the azithromycin group, respectively.
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Overall, 100% of azithromycin versus 84% of amoxicillin/clavulanate subjects were
compliant with their study regimen (p<0.001). This was based on subjects taking
active drug in their study regimens.

Indicators of Early Clinical Efficacy—Parental Questionnaires

Although the studies in this submission were not designed to evaluate clinical
response at the early (Day 3-6) study visit, data from parental surveys can be used to
estimate the subject’s clinical response to treatment at that time period. The results
are given in the two figures below and in Appendix Ill.

R0581 Parental Questionnaire

How Sick Overall Has Child Been?

Not at all 51
4.5 -
4
3.5 4
3 4
2.5 4
2
1.5
Extremely 1]
0.5 -
0
Baseline Day 3-5 Day 10-14 Day 24-28
Azithromycin B Amoxicillin/Clavulanate

Parental Questionnaire Confirms That Children Improved at Equal Rates

R0581 Parental Questionnaire

How much of the time did child seem content?

2.5 4
Some 2 4
1.5 4
Most 1 -
0.5
0 T T T
Baseline Day 3-5 Day 10-14 Day 24-28
Azithromycin B Amoxicillin/Clavalanate

Parental Questionnaire Confirms That Children Improved at Equal Rates
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As seen, there appears to be no difference in the clinical response between the two
regimens at any of the study timepoints, as perceived by the parents. The

importance of parental assessment cannot be understated, as it is the parents who
make the decision to seek initial medical advice and whether to return for follow-up

evaluations. Indeed, one study found that the parents were able to predict the
presence of acute otitis media with a sensitivity and specificity of 71% and 80%,
respectively, although symptoms of the disease are relatively nonspecific.

5.1.4 Protocol AZM-NY-95-001 (Comparative, Single-Dose and 3-Day

Regimens)

In this single-blind, comparative study, azithromycin oral suspension was
administered as a single dose (30 mg/kg) or once daily for 3-days (10 mg/kg/day),
and ceftriaxone was administered as a single IM dose (50 mg/kg). The two

azithromycin regimens were blinded.

This study included 198 (66/treatment group) subjects up to 6.5 years. Overall, ear
pain and/or fullness/bulging of the tympanic membrane were present in 100% of

enrolled subjects at baseline.

Demographic Parameter AZM Single AZM 3-Day Ceftriaxone
Mean age (years) 2.5 2.7 2.3

<2 years old (%) 26 (39%) 27 (41%) 35 (53%)

> 2 years old (%) 40 (61%) 39 (59%) 31 (47%)

% Male 56% 55% 48%

% Female 44% 45% 52%

% White 97% 95% 98%

% Other 3% 5% 2%

Mean duration of symptoms (days)* 1.5 [range 1-6] 2.4 [range 1-24] 1.7 [range 1-9]

AZM = Azithromycin; * Duration from onset of symptoms to enroliment
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The following table shows the clinical outcome results.

Clinical Outcomes - MITT Analysis
AZM SD AZM 3D CX 95 % CI
N N N AZM 3D-CX  AZM SD-CX
Observed Case MITT
Analysis*
Clinical Outcome at EOT
Total Evaluable 64 63 62
Cure + Improved 96.9% 95.2% 98.4%  -10.9%, 4.6% -8.4%, 5.4%
Clinical Outcome at F/U
Total Evaluable 65 66 64
Cure + Improved 93.8% 92.4% 96.9%  -13.7%, 4.8% -11.9%, 5(8%
Cure 86.2% 77.3% 76.6% -15.4%, 16.9% -5.4%, 24.6%
Improvement 7.7% 15.2% 20.3%
Failure 6.2% 7.6% 3.1%
*Includes MITT subjects with observed values or classified as failures due to additional antibiotics AZM SD =
azithromycin single dose; AZM-3D = azithromycin 3-Day; CX = ceftriaxone.
EOT = End of Therapy (Days 14-15); F/U = Follow-Up (Days 28-30).
Missing values at Follow-up were computed using LOCF.

A single oral dose of azithromycin suspension (30 mg/kg), three day dosing of oral
azithromycin suspension (10 mg/kg/day for 3 days), or a single dose of ceftriaxone
(50 mg/kg) intramuscularly, had comparable safety and effectiveness in the
treatment of acute otitis media.

Overall, for MITT evaluable subjects in the azithromycin 1-day group, clinical cure
by baseline pathogen at the TOC (day 28) visit occurred in 7 of 8 (88%) subjects
infected withH. influenzaeand 17 of 20 (85%) infected with pneumoniaeThe
corresponding rates in the azithromycin 3-day group were 9 of 13 (69%)

H. influenzaeand 16 of 17 (94%%. pneumonigend in the comparator group were
8 of 9H. influenzag89%) and 19 of 23 (83%98. pneumoniae

Clinical Cure Rates at TOC — MITT Subjects

AZM Single AZM 3-Day Ceftriaxone
Age Group n/N % n/N % n/N %
<2 years old (%) | 19/25 76% 18/27 67% 23/33 70%
> 2 years old (%) | 37/40 93% 33/39 85% 26/31 84%

AZM Single —AZM 3-Day
AZM Single — Comparator
AZM 3-Day — Comparator

95% CI:<2 years old:

95% CI >2 years old

-19.4%, 38.1%
-20.6%, 33.2%
-30.5%, 24.5%

-8.8%, 24.6%
-9.8%, 27.0%
-19.6%, 21.1%

AZM = Azithromycin
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Cure rates at TOC were higher in the older subset of MITT subjects (>2 years old)
than the younger subset of subje&t? years old) in all three groups. However, the
number of younger subject? years old was small (& 33/treatment group).

Overall, all subjects (100%) completed their assigned treatment.

The incidence of treatment related adverse events was similar among the three
treatment groups. Diarrhea, rash, and vomiting were the only treatment related
adverse events that occurred in 2 or more subj&stsilar to what was observed in
the all causality adverse events, diarrhea and rash occurred more frequently in the
ceftriaxone group than in the two azithromycin groups, and vomiting was more
frequent in the single dose azithromycin group than in the 3-day azithromycin or
ceftriaxone group.
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5.2 Overall Summary of Efficacy Studies
5.2.1 Clinical Efficacy
A summary of the pertinent clinical trials presented in the application is provided

below. These studies have been analyzed for clinical cure at day 28 (Test of Cure
visit). Signs/symptoms and acoustic reflectometry are discussed in Appendix IV.

Otitis Media Efficacy
Clinical Cure at Test of Cure Visit

Study Azithromycin Azithromycin Comparator 95%Cl
10 mg/kg x 3d 30 mg/kg x 1d

R-0581 112/151 (74%) 108/154 (70%)
Az30-Augmentir] -7, 15%

1015 206/242 (85%)

1014 134/182 (74%) 124/180 (69%)
Az10-Augmentir] -5, 15%

95-001 51/66 (77%) 56/65 (86%) 49/64 (77%)
Az30-Ceftriaxone -5, 25%
Az10-Ceftriaxone -15, 17%

Overall 185/248 (75%) 374/458 (82%) 281/398 (71%)
Az30-Comparator 5,17%
Az10-Comparator -3, 11%

Source protocols: R-0581, A0661015, A0661014, AZM-NY-95-001.
Az30 = azithromycin 30 mg/kg/day, 1 day; Az10 = azithromycin 10 mg/kg/day for 3 days.

These data demonstrate consistently equivalent efficacy of azithromycin in relation
to the comparative agents in the treatment of acute otitis media.

5.2.2 Clinical Cure by Baseline Pathogen

In addition, clinical cure data from studies 1€/1&nd AZM-NY-95-00%° were
further analyzed by baseline pathogen. The results are presented below.
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Otitis Media Efficacy
Clinical Cure by Baseline Pathogen at Test-of-Cure Visit

Pathogen Azithromycin Azithromycin  Ceftriaxone  95%CI
10 mg/kg x 3d 30 mg/kg x 1d

S. pneumoniae 16/17 (94%) 84/96 (88%) 19/23 (83%)
Az30-Comparator -15, 25%
Az10-Comparator -13, 36%

H. influenzae 9/13 (69%) 35/52 (67%) 8/9 (89%) *

M. catarrhalis 2/2 10/10 *

Source protocols: A0661015, AZM-NY-95-001; * small sample size

TheH. influenzaeclinical cure rates at the Test-of Cure Visit are consistent with

data in the product labels for other antimicrobials commonly used for the treatment

of acute otitis media, provided below.

H. influenzae Clinical Outcome - TOC Visit
Product Labels (PDR, 2001)

CLINICAL SUCCESS ——
AZ 5 Day Dose
Day 35 95% CI
Cefpodoxime proxetil —— a——
Day 26
Amox/Clav (Augmentin ES) [N N
Day 28
Cefixime o D N

Day 31

CLINICAL CURE
Cefprozil
Day 26
Cefdinir
Day 21
AZ Single Day Dose *
Day 32
Ceftriaxone
Day 32
AZ 3 Day Dose*
Day 30
r

0 10 20 30 40 50 60 70 80 90 100

% Successful Clinical Outcome d Label
* Proposed Labeling

Reference: Briefing Document Appendix V
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Similarly, a comparison of the results at the day 28 visit for clinical success in
treatment of acute otitis media dueSopneumoniatr a variety of antimicrobials
based on data presented in the package inserts, is given below.

S. pneumoniae Clinical Outcome - TOC Visit
Product Labels (PDR, 2001)

CLINICAL SUCCESS ——
Azithromycin — 5 Day
Day 30 —_—— 95% CI
Cefpodoxime proxetil " O i
Day 26
Amox/Clav (Augmentin ES) ]
Day 28
Cefixime |

Day 26

CLINICAL CURE

Cefprozil —O——
Day 26
Cefdinir — >y
Day 21
Azithromycin — 1 Day ——
Day 32
Susceptible < 8ug/ml ——
MIC = 8 ug/ml
MIC > 256 ug/ml i
Ceftriaxone
Day 32 —_——
Azithromycin — 3 Day —_——
Day 30 . . . ,
0 20 40 60 80 100 120

% Successful Clinical Outcome * Proposed Labeling

Reference: Briefing Document Appendix V

These data demonstrate that the clinical response rates for patients with acute otitis
media due t&. pneumoniageated with azithromycin are likely to be at least as
good as that of any other antibiotic used for treatment of otitis media.

5.3 Review of Compliance

As seen from the studies in this application, patients were more likely to adhere to a
regimen of three days or less. Compliance rates of subjects taking active drug in
their study regimen in study 1014, comparing azithromycin for three days with
Augmentiri] for 10 days, were 99% for azithromycin and 89% for Augmeéntin

(p <0.001). Similarly, in study R-0581, comparing a single dose of azithromycin
with 10 days of Augmentin, 100% of subjects were compliant with single dose
treatment compared to 84% on Augmeintifp < 0.001). While improvements in
adherence to therapy may be due to other variables (improved taste, less side
effects, etc), it is likely that the number of daily doses and the shorter duration of
treatment plays a significant role.

With beta-lactams, full compliance with prescribed therapy increases the likelihood
of clinical succes?? If patients do not complete their assigned therapy some
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proportion of those who become clinical failures may receive additional antibiotic
therapy and subsequently increase the overall use of antibiotics in the community.

5.4 Review of Safety

The side effect profiles of the three otitis media regimens, summarized from clinical
studies, are given in the table below. Treatment-related adverse events are discussed
here; all-causality adverse events follow similar trends and are presented in

Appendix VI.

Adverse Events: Treatment Emergent, Treatment-Related
Azithromycin 30 mg/kg: 1-, 3- & 5-Day Regimens

Dosing Duration

1-Day 3-Day 5-Day

Number of Subjects 487 1729 1888
Subjects with Treatment-Related

Adverse Events 66 (14%) 148 (9%) 112 (6%)
Total number of Adverse Events 117 214 132
Subjects with common Adverse Events:

Diarrhea 21 (4%) 45 (3%) 33 (2%)

Vomiting 24 (5%) 39 (2%) 21 (1%)

Abdominal pain 7 (1%) 30 (2%) 22 (1%)

Source:NDA Supplement 50-710, Overall Summary of Safety.

As shown, a 30 mg/kg dose of azithromycin given over 3 days has a similar safety
profile to that previously described for the same total dose given over 5 days. When
treatment-related adverse events are analyzed by day of onset, the two regimens
remain similar. That is, treatment-related adverse events are reported with similar
frequency on Day 1 of therapy: 53/1729 (3%) for the 3-day regimen versus 39/1888
(2%) for the 5-day regimen. The incidence of adverse events for the two regimens
tapers off in a similar fashion over subsequent treatment days. In addition, no new
side effects were observed and the severity distribution of these known side effects
was similar.

Moreover, the side effect profile of 30 mg/kg given angledose was similar in

scope and nature to that of the same total dose delivered over 3 or 5 days. The total
side effect rate was slightly higher but this difference was not clinically significant.

In addition, no new side effects were observed and the severity distribution of these
known side effects was similar. The nominal rate of vomiting was similar with all
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of the regimens. Understandably, the majority (40/66) of the side effects in the
single dose regimen occurred on day 1.

It should be noted that children in the single dose studies that vomited within 30
minutes of receiving the dose were instructed to re-dose. A specific concern
regarding the single dose treatment of otitis media involves the effect of vomiting

on efficacy (i.e., In other words, if a child vomits the single dose of azithromycin,

are they more likely to be a treatment failure?). The table below summarizes the
outcome of children assigned to single dose therapy in any of the single dose studies
who vomited.

Patients Who Vomited Single Dose Therapy

Patients Who Vomited:

Total 52/487 (10.7%)
Treatment related 24/487 (4.9%)
On the first day 36/487 (7.4%)
With outcome data 34

Clinical Outcome:

Day 14 Day 28 Day 28
Vomited Vomited Never Vomited
Cure 21 29 (85%) 345 (81%)
Improved 10
Fail 3 5 (15%) 79 (19%)
Missing 2 2

As presented above, children who vomited on the first day of dosing were not found
to be any more likely of failing therapy than children who did not vomit. It is likely
that children have absorbed most of their total d