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Introduction

Azithromycin is a semi-synthetic macrolide antibiotic
derived from and similar in structure to erythromycin.
Azithromycin differs chemically from erythromycin
by the inclusion of nitrogen-methyl group in the
lactone ring that improves the stability of the drug in
acidic environments. Azithromycin has a longer serum
half-life, improved bioavailability, increased tissue
penetration and persistence than erythromycin.'

The antibacterial effect of azithromycin occurs by
binding to the 50S subunit of the 70S bacterial ribo-
some and inhibiting RNA-dependent protein synthe-
sis within the bacteria.! Azithromycin is transported
to bacteria via phagocytic cells and fibroblasts which
carry the drug on their way to the site of infection.
Once at the site of infection, large concentrations of
azithromycin are slowly released by exposure of the
phagocyte to the cell membrane of the bacteria where
ribosomal binding occurs.?* It is the ribosomal binding
that contributes to bacteria death or inhibits bacteria
growth depending on the organism, its sensitivity to
azithromycin, and the concentration of azithromycin
in the infected tissue. The average terminal half-life
of elimination of the oral preparation of azithromycin
is 68 hours.*

Azithromycin is a broad spectrum antibiotic
that has been shown to be effective against Gram-
positive, Gram-negative, and atypical bacteria
including Hemophilus influenza, Staphylococcus
aureus, Streptococcus mitis group, Streptococcus
pneumoniae, and CDC coryneform group G.> When
administered systemically, high tissue concentrations
of azithromycin have been found in the ocular tissues
such as the conjunctiva, iris, ciliary body, and eyelid
which is why systemically administered azithromycin
is an effective treatment for the ocular infection of
Chlamydia trachomatis.®’ Lesser concentrations have
been found in the aqueous and vitreous humors at
levels below the minimum inhibitory concentration® '
which make it a less favorable therapeutic option for
intra-ocular infections of the anterior or posterior
chambers of the eye.

In addition to its broad spectrum antimicrobial
activity,azithromycindemonstratesanti-inflammatory
and immunomodulatory properties. Although the
anti-inflammatory and immunomodulatory effects
overlap, the oral formulation ofazithromycinis thought
to suppress the production of pro-inflammatory

mediators such as cytokines (TNFo and IL-1B),
chemokines, and matrix metalloproteinases (MMP-1,
MMP-3, and MMP-9).""""* The combined antimi-
crobial and anti-inflammatory effect of azithromycin
makes it a particularly interesting treatment option
especially for bacteria capable of producing an inflam-
matory response that could be destructive to the host
tissue.

Despite the antimicrobial and anti-inflammatory
effects demonstrated in the systemic preparation of
azithromycin, many ophthalmic clinical situations
would benefit from topical administration of azithromy-
cin to minimize potential systemic side effects, and to
target azithromycin to the site of ophthalmic infection.
Commercially available azithromycin 1.0% ophthal-
mic solution (AzaSite®) is available for the treatment
of bacterial conjunctivitis caused by susceptible iso-
lates.'*!> AzaSite® has been studied for the treatment of
ocular infections and ocular diseases beyond its clinical
indication. We reviewed the peer-reviewed literature to
report on the use of topical ophthalmic azithromycin
1% for ophthalmic uses. We also included a review of
some unpublished studies found in the Cochrane Reg-
ister of Clinical Trials and clinicaltrials.gov.

Phamacokintetics

In 2007, the US Food and Drug Administration (FDA)
approved the first ophthalmic formulation of azithro-
mycin which is commercially available as azithromy-
cin 1.0% ophthalmic solution (AzaSite®)."* AzaSite®
utilizes a vehicle delivery system called DuraSite®,
a proprietary polymeric mucoadhesive delivery system
which stabilizes and sustains the release of azithro-
mycin to the ocular surface. This polymeric mucoad-
hesive delivery system also known as a polycarbophil
bioadhesiveness is created by crosslinking polymer
chains that bond with glycosaminoglycans found in
mucus.'® DuraSite® solubilizes azithromycin at a high
concentration and protects it from degradation during
manufacturing and storage.'” It also retards the loss of
drug that can occur by tear turnover, lacrimation and
dilution by releasing the drug over a period of time in
a predictable manner.

The physical nature of DuraSite® also enables it
to retain hydrophobic molecules such as drugs like
azithromycin and release them onto the ocular surface
overasustained period.!” Inone study, the effectiveness
of azithromycin 1.0% with and without polycarbophil
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(DuraSite®) was compared in rabbits.'® This study
showed peak drug concentrations in the tear film,
cornea, conjunctiva and eyelids were higher when
azithromycin was used with polycarbophil rather than
without as demonstrated by the area under the curve
(AUC). The sustained effect of azithromycin with
polycarbophil after discontinuation of the medication
exhibited concentration levels above the minimum
inhibitory concentrations (MICs) for at least 6 days
following the last dosing. The half-lives in conjunctiva
and cornea were 63 and 67 hours, respectively.'® This
was consistent with half-lives seen in the same tissues
when azithromycin is administered systemically.
In this same study, aqueous humor concentrations
were also evaluated. Although the concentration
levels of azithromycin were higher when dosed with
polycarbophil rather than without, the concentration
levels were considered below MIC levels.

Another study using human subjects, evaluated the
aqueous humor and conjunctival pharmacokinetics of
commercially available azithromycin 1.0% both dur-
ing and after 7 day dosing regimen with twice daily
dosing for 2 days followed by once daily dosing for
5 days."” Peak conjunctival levels of azithromycin
were achieved after 48 hours of twice-daily dosing and
reached a measured level of 559.7 pug/g. In this study,
azithromycin levels in the conjunctiva continued to
remain above the MIC | for an additional 7 days after
discontinuation of the therapy. The elimination half-
life of azithromycin in conjunctival tissue after topi-
cal dosing was 65.7 hours which was also found in
the systemic administration. Azithromycin 1.0% was
100-fold less than the MIC, in the aqueous humor as
was also similar to the oral administration."

Concentration levels of azithromycin 1.0% and
moxifloxacin 0.5% ophthalmic solutions in the
conjunctiva of healthy adults were evaluated in
48 patients after receiving a single dose of either
medication.*® Conjunctival biopsy samples were
evaluated at 30 minutes or 2, 12, or 24 hours after
administration. Study results showed that after a
single dose of topical azithromycin 1.0%, con-
centration levels were highest at 30 minutes after
administration and remained at high therapeutic
levels for 24 hours after instillation. After a single
dose of moxifloxacin, peak concentration levels
were at 2 hours after instillation and were undetect-
able after 24 hours.*

The high conjunctival concentration of topically
instilled azithromycin 1.0% in DuraSite® is thought
to be partly due to the long contact time and high
tear concentrations. Tear concentrations after topical
administration of 0.5%, 1.0% and 1.5% azithromy-
cin in 91 healthy volunteers was evaluated in another
study.?! Subjects were randomized and received one
drop of either 0.5%, 1.0%, or 1.5% topical azithro-
mycin solution. Tear concentrations were measured
at seven time points for 24 hours. Once daily admin-
istration of 1.0% and 1.5% azithromycin were shown
to reach areas under the inhibitory curve (AUIC)
above the required threshold for antibacterial activ-
ity against Gram-positive bacteria, suggesting a twice
daily instillation is more likely to ensure antimicro-
bial activity against Gram-negative bacteria.”’

Despite the broad spectrum antimicrobial effects
and sustained high therapeutic concentration levels,
oral macrolide antibiotics have been historically
characterized as bacteriostatic where the drug inhibits
the bacterial growth rather than killing bacteria as in
bactericidal antibiotics.?” This was further investigated
in a kinetics-to-kill model azithromycin 1.0% which
confirmed the bacteriostatic effects even at peak
concentration levels in the conjunctiva.”® These
results lead to concerns of bacterial resistance which
is more common among bacteriostatic agents rather
than bacteriocidal agents. Further, it has also been
suggested that microorganisms residing in biofilms
are often between 20 and 1,000 times more resistant
to antibiotics than genetically identical bacteria
living as free floating cells. Biofilms are organized
communities of bacteria and are more resistant to host
defenses, often difficult to culture, and associated with
chronic diseases.’*?® A study analyzed the effect of
azithromycin 1.0% in DuraSite® on biofilm formation
by Staphylococcus aureus and coagulase-negative
staphylococci in vitro.?” Results showed that Azasite®
inhibits biofilm formation by reduction of bacterial
growth which could reduce resistance despite the
bacteriostatic nature of the drug.

In addition to its bacteriostatic antibiotic effects,
azithromycin has demonstrated anti-inflammatory
and immunomodulatory activity especially in the
presence of microbial infections. Ocular surface
inflammation is characterized by increased levels of
inflammatory cytokines such as IL-1B, IL-6, IL-8,
and TNF-o..?® The ocular anti-inflammatory effects of
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azithromycin on the production of proinflammatory
mediators in cultured human corneal epithelial cells
stimulated zymosan were studied.”’ The results
demonstrated that azithromycin suppresses the
stimulation of proinflammatory responses by blocking
NF-«kB activation. This suppression of NF-xB,
decreases the levels of proinflammatory cytokine
IL-6 and IL-8 which could be helpful in the treatment
of certain inflammatory ocular surface diseases.
In another study, the effect of topical azithromycin
was studied in a murine corneal inflammation which
was induced by thermal cautery.”® In this study,
topical azithromycin significantly reduced leukocyte
infiltration into the cornea. In the same study, there
was a decrease expression of IL-1B, TNF-o, and
ICAM-1 in the cornea indicating azithromycin may
have a potential anti-inflammatory effect on corneal
inflammation. An immunomodulatory effect occurs
as azithromycin enhances the production of IL-10
which is an immunomodulatory cytokine produced by
activated macrophages and some lymphocytes. Once
the immunomodulator cytokine IL-10 is produced,
IL-10 inhibits the inflammatory cytokines (IL-1 and
TNF) involved in the inflammatory response seen
with ocular surface inflammation.?®

Clinical Uses

Pharmacokinetics studies (absorption, metabolism,
distribution, and excretion) of azithromycin 1.0% in
DuraSite® demonstrate effective anti-microbial and
anti-inflammatory activity with high sustained tissue
concentrations in the conjunctiva, cornea, tear film
and eyelids. Since the US FDA approval of AzaSite®
in 2007, a number of clinical studies have evaluated
its efficacy in the management of ocular conditions
such as bacterial conjunctivitis and blepharitis. Our
discussion below focuses primarily on the 1% for-
mulation of azithromycin ophthalmic solution, but
Table 1 summarizes the published clinical studies on
the applications of both 1.0% azithromycin and the
1.5% European formulation for the treatment of bac-
terial conjunctivitis, blepharitis, and pediatric use.

Bacterial conjunctivitis

Although most bacterial conjunctivitis is self-
limiting, most advocate the use of topical antibiot-
ics to provide symptomatic relief, hasten microbial
remission, shorten disease duration, reduce the risk of

developing sight threatening complications, reduce
recurrence rates, and prevent the spread of infection.*
During review of the clinical trials, we found three
trials that collectively enrolled over 1600 patients
to study the effectiveness of commercially available
azithromycin 1.0% ophthalmic solution (Azasite®)
in the treatment of bacterial conjunctivitis. The
first was a phase 3 prospective, randomized clini-
cal trial that included 743 subjects from the age of
one to ninety-six who were diagnosed with bacterial
conjunctivitis.’! Patients were treated with azithromy-
cin 1.0% in DuraSite® or tobramycin 0.3%. Out of the
743 patients, 96% of the patients completed the trial.
Azithromycin 1.0% dosed twice daily for 2 days then
once daily for 3 days achieved a similar safety profile
to that of tobramycin 0.3% when dosed four times a
day for 5 days. This study showed that azithromycin
1.0% was well tolerated in subjects of all ages (one
year of age and older) and that rates of bacterial eradi-
cation were the same for both treatment groups.®!

In a second prospective, randomized, vehicle-
controlled, double-masked, parallel-group, multi-
center clinical trial of 630 patients, the efficacy of
azithromycin 1.0% in DuraSite® was compared with
its vehicle in a five day course of treatment for bac-
terial conjunctivitis.*> Overall, azithromycin 1.0% in
DuraSite® eradicated 85% of the azithromycin-resistant
pathogens isolated, including 92% of S. pneumoniae
strains. The overall eradication rate for azithromy-
cin ophthalmic solution against bacteria with MIC
of > 1024 pug/mL was 78% (67% for S. aureus
and 100% for S. epidermidis, S. pneumoniae, and
S. mitis).*?

In a third randomized, phase 3 clinical trial con-
ducted at 47 sites, the efficacy of azithromycin 1.0%
in DuraSite® was compared to 0.3% tobramycin
ophthalmic solution for the treatment of bacterial
conjunctivitis.*® Patients either received azithromycin
1.0% in DuraSite® dosed twice daily on days 1 and
2 then once daily through day 5, or 0.3% tobramy-
cin dosed 4 times daily for 5 days. Results of this
study demonstrated clinical resolution in 79.9% of
subjects who received azithromycin 1.0% as com-
pared to 78.3% of subjects who received 0.3%
tobramycin. This study also showed bacterial eradi-
cation of 88.1% in the azithromycin group as com-
pared to 94.3% in the tobramycin group. Overall,
results of this study indicated that the efficacy rates
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Table 1. (Continued)

Results

No. of pts Treatment groups

(duration)

Treatment type

Reference

Moxifloxacin was more comfortable

3 groups (subjects eyes received

different drops depending

on group):

125 adults and

Comparison of subjects’
children

Granet
et al*

(P < 0.0001), acceptable (P < 0.0001)
and had less blurring (P < 0.0001)

tolerability of moxifloxacin
0.5% vs. azithromycin
1.0% in DuraSite®

(9 years of age
and older)

than azithromycin at every time point
(immediately following instillation,

One drop moxifloxacin

HCL 0.5% in one eye and one
drop azithromycin 1.0% in

at 1, 3, 5, and 10 minutes post instillation)

for both pediatric and adult
populations (P < 0.02).

DuraSite® in the fellow eye vs.

one drop moxifloxacin contralateral
Tears Naturale Il (placebo) vs. one

drop azithromycin and
contralateral placebo.

27 adverse events were noted in

19 subjects (6 adult and 13 pediatric)

including burning, stinging, irritation,

post-nasal drip

Azithromycin had greater bacterial

Azithromycin 1.5% one drop twice

daily for 3 days vs. tobramycin
0.3% one drop every 2 hours
for 2 days then 4 times daily

for 5 days

50

1

Azithromycin 1.5% eye

Gignac et al*® drops for purulent bacterial

Bremond-

eradication on day 3 as compared

to tobramycin (P < 0.001).
No adverse effects noted

Age 4 to 17

conjunctivitis in the

pediatric population

of the two treatments are relatively equivalent and
that the formulation of azithromycin permits effec-
tive dosing at fewer intervals.*

Blepharitis

Blepharitis is one of the most common ocular surface
disorders encountered by eye care professionals with
one study reporting 37%—47% of patients examined by
ophthalmologists and optometrists have blepharitis.*
Blepharitis is classified by its anatomical location with
anterior blepharitis afflicting the lash-baring region
of the eyelids and posterior blepharitis, also known as
meibomian gland dysfunction (MGD), afflicting the
meibomian glands (MG). With posterior blepharitis,
alterations to the anatomy of the MG and its secre-
tions occur often resulting in obstructed MG. Bacterial
colonization and inflammatory mediators are released
once the MGs become obstructed which contributes
to patient symptoms and clinical signs. Although ante-
rior and posterior blepharitis is defined separately, the
majority of patients with blepharitis will suffer mixed
anterior-posterior blepharitis. Regardless of the ana-
tomical classification, blepharitis is generally chronic
in nature with bacterial overgrowth and inflammation
that contributes to symptoms.

The multifactorial etiology of blepharitis led to
several phase 4 clinical trials to evaluate the effec-
tiveness of azithromycin 1.0%. We found six trials
that collectively enrolled nearly 300 patients to study
the efficacy of azithromycin 1.0% for the treatment of
blepharitis. In the first reported study, a prospective,
open-label study involving 150 eyes of 75 subjects
diagnosed with chronic mixed anterior blepharitis,
patients were treated with either topical azithromy-
cin 1.0% or topical ophthamlmic erythromycin.*
After four weeks of treatment, the clinical resolution
was 98.5% for the azithromycin group and 37.5%
for the erythromycin group. At eight weeks, it was
98.5% and 50% for azithromycin and erythromycin,
respectively. Improvement within approximately one
month of treatment was demonstrated for subjects
treated with azithromycin 1.0% ophthalmic solution
(P=0.0237).»

A second study looked at subjects with posterior
blepharitis. Twenty-one patients were randomized in
this open-label study to receive azithromycin 1.0%
in DuraSite® plus warm compresses, or warm com-
presses alone.*® All patients were instructed to apply

(o]
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compresses to each eye for 5-10 minutes twice daily
for 14 days. Each eye in the azithromycin group
received one drop twice daily for the first two days,
then once daily for 12 days. Patients in the azithro-
mycin group demonstrated significant improvements
in meibomian gland plugging, quality of meibomian
gland secretions, and eyelid redness (P < 0.001) at
4 weeks. The warm compressed group failed to show
any statistically significant improvement in plugging,
secretions or eyelid redness.*

In a third study, twenty-six subjects with moderate
to severe blepharitis were evaluated in a multicenter
open-label study. Subjects with anterior and posterior
belpharitis received azithromycin ophthalmic solu-
tion 1.0% in the absence of warm compresses or lid
scrubs for 28 days.’” After four-weeks of treatment
with azithromycin 1.0%, a significant decrease in
ocular signs (MG plugging, eyelid margin redness,
palpebral conjunctival redness, and ocular discharge)
was reported (P < 0.002). Ocular symptoms (eyelid
itching, foreign body sensation/sandiness/grittiness,
ocular dryness, ocular burning, and heavy/swollen
eyelids) were also statistically improved (P < 0.001).
Of note, significant reduction in these signs and symp-
toms persisted for 4 weeks post-treatment. In the same
study, tear collection for cytokine analysis and eyelid
margin bacterial cultures pre and post treatment were
performed. Eyelid margin cultures demonstrated
significant decreases in bacterial load especially for
coagulase-negative staphylococci and coryneform
bacteria. Interestingly, no changes in tear cytokine
concentrations were observed.’” This result is contrary
to a study performed on the murine model.?® Accord-
ing to the authors, the lack of significant change in the
measurement cytokine concentrations in tears after
topical azithromycin treatment (P > 0.05) may have
been due to timing of evaluations or reflex tearing that
occurred during tear collection. This study suggests
that despite no statistical improvement, there was a
reduction of inflammation as evident by the signifi-
cant improvement of hyperemia from baseline which
is a hallmark sign of inflammation.?’

In a fourth study which was an open label study
evaluating patients with meibomian gland dysfunc-
tion, 33 patients with were treated with azithromycin
1.0% ophthalmic solution twice daily for two days,
then every evening for 28 days.*® Both objective
and subjective findings improved after treatment.

Tear break-up time (TBUT) and Schirmer scores
increased (P < 0.0001 and P < 0.05), corneal
and conjunctival staining decreased (P < 0.0001),
and lid margin scores reduced after treatment
(P < 0.0001). Patient symptoms improved from
2.73 at baseline to 2.21 after 30 days of treatment
(P < 0.01), and the Ocular Surface Disease Index
(OSDI) improved by 57.9% at 2 weeks and 61.8%
from baseline at 4 weeks demonstrating azithromy-
cin 1.0% is an effective treatment for patients with
posterior blepharitis.®

A fifth study evaluated the clinical signs and
symptoms of meibomian gland dysfunction pre
and post treatment with azithromycin 1.0% after
4 weeks. It also evaluated the meibomian gland lipids
using spectroscopy.’® The results of the 17 patients
that completed the 4 week study showed statistical
improvement of symptoms (P < 0.001) and all eye-
lid signs measured, including number of obstructed
meibomian glands, the amount of lid margin ery-
thema, the ease of meibomian gland expression,
and the character of the meibomian gland secretions
(P < 0.001).*° Tear break up time was also statisti-
cally improved (P < 0.001) as well as improvements
in phase transition of the meibomian gland lipids by
lowering the transition temperature thus allowing for
better mobility and ease of expression for the meibo-
mian gland secretions.*

Another study involving adult subjects over the age
of nineteen (n = 122) were enrolled in a multicenter,
randomized study to compare the clinical efficacy
of 0.3%/0.5% tobramycin/dexamethasone (Tobra-
dex ST®, Alcon Pharmaceuticals) ophthalmic suspen-
sion compared to azithromycin 1.0% in Durasite® for
the treatment of blepharitis/blepharoconjunctivitis.*’
Patients were randomized to receive one drop of
Tobradex ST® four times daily for 14 days or one drop
of AzaSite® twice daily for 2 days, then once daily for
12 days. The study looked at global scores of lid mar-
gin redness, bulbar and palpebral conjunctival redness,
ocular discharge, itching, grittiness, and lid swelling
at days 1, 8 and 15. Of the patients enrolled, 96.7%
completed the study. Overall, a significantly lower
mean global score for ocular signs and symptoms
(P =0.0002) was found in subjects treated with Tobra-
dex ST® compared to those treated with azithromycin
at day 8. No serious adverse events were reported in
either group.*
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Additionally, two simultaneous, Phase II, randomized,
prospective, multi-center studies evaluated the effect
of topical azithromycin 1% in DuraSite® on anterior
blepharitis (clinicaltrials.gov NCT00894530 and
NCT00892970).* One trial had a two-week treatment
period, the other trial a four-week treatment period.
In the four-week trial, the signs and symptoms of
blepharitis at various time points improved (P = 0.05),
but statistical significance was not achieved for the
primary endpoint of mean lid margin hyperemia in the
control group compared to the treatment group with
AzaSite. In the two-week trial, there was no statisti-
cally significant improvement of the primary endpoint
of lid debris for AzaSite treated group. In both trials,
the AzaSite treatment group and the vehicle treatment
group showed statistically significant improvements
relative to baseline for all measured signs and symp-
toms of blepharitis.*!

Collectively, the results of both published and
unpublished studies of AzaSite for the treatment of
blepharitis suggest significant benefit in the treatment
of either posterior blepharitis or mixed anterior-
posterior blepharitis while the Phase I clinical trials of
anterior blepharitis did not meet primary endpoints.

Contact lens and dry eye

A recent study evaluated the safety and efficacy of
azithromycin ophthalmic solution 1% in patients with
contact lens-related dry eye (CLDE).* This 4-week,
single-center, open-label clinical trial enrolled 50
patients diagnosed with CLED using the Contact
Lens Dry Eye Questionaire (CLDEQ). Patients were
randomized to receive azithromycin 1% ophthalmic
solution twice a day for 2 days then once a day for
29 days or to receive Visine for Contacts 4 times
daily for one month. Results showed a statistically
significant increase in mean comfortable contact lens
wear time from baseline for the subjects treated with
azithromycin ophthalmic solution as compared with
the subjects treated with rewetting drops at week 4
(P = 0.004; primary endpoint). This was a similar
effect seen at weeks 2 and 3. The improvement in the
mean comfortable wear time for the patients in the
azithromycin treatment group exceeded 2 hours
throughout the treatment period (weeks 1-4). No
significant differences were observed between
the groups for total wear time, low contrast visual
acuity, or tear osmolarity. Subject-rated ocular

dryness (evening time assessments) was significantly
improved from baseline in the subjects treated with
azithromycin ophthalmic solution as compared with
those treated with rewetting drops at weeks 2 and 3
endpoints (P = 0.015 for each week). Additionally,
a statistical difference was observed in favor of the
azithromycin treatment group at week 2 for the sub-
jects reclassifying as non-dry eye as determined by
the CLDEQ (P = 0.05).*

Trachoma

Trachoma, the leading cause of infectious blindness
worldwide, is a chronic keratoconjuntivitis caused by
Chlamydiae trachomatis. Oral azithromycin has been
found to be an effective treatment for trachoma,®’
but systemic side effects of the oral formulation
may limit its use. The high tissue concentration,
long duration of action, and simple dosing regimen,
makes topical azithromycin an ideal treatment option
for trachoma. Several studies have researched the
safety and efficacy of topical azithromycin 1.5% for
the treatment of trachoma. Epidemiology studies of
trachoma were performed on the entire population
of the Kolofata Health District of Cameroon.* The
treatment included one drop of azithromycin 1.5% in
both eyes in the morning and in the evening for three
consecutive days. Before treatment, the prevalence
of trachoma was estimated to be 31.5%. One year
after mass treatment, the prevalence was reduced by
nearly 80% to 6.3% and one year after the second
year of treatment, the prevalence dropped to 3.1%, a
reduction of 90%. Only minor side effects were noted
throughout treatment such as blurred vision and a
burning sensation. This study demonstrates that topi-
cal azithromycin may be as effective as oral azithro-
mycin, which may be especially beneficial for the
treatment of trachoma in young children and pregnant
women.*

Another randomized, controlled, double masked
study of trachoma included over 670 children aged
1 to 10 years old from Guinea Conakry and Pakistan.*
This study compared the safety and efficacy of azithro-
mycin 1.5% eye drops versus oral azithromycin for
the treatment of active trachoma. Individuals were
randomized to receive either azithromycin 1.5% drops
twice daily for two or three days, or a single dose
of oral azithromycin (20 mg/kg). The results of this
study found that azithromycin 1.5% is as effective as
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a single dose of oral azithromycin in the treatment of
active trachoma.*

Azithromycin 1.5% was used in these studies with
favorable outcomes for the treatment of trachoma.
Additional studies using the 1% formulation should
be performed. Based on the 1.5% studies, topical
azithromycin has the potential to be a potent alterna-
tive to the oral formulation of azithromycin for this
potentially blinding disease.

Safety and Tolerability

The first published report that evaluated the safety
and efficacy of azithromycin 1.0% in the treatment
of active bacterial conjunctivitis was a prospective,
multicenter, randomized phase 3 clinical trial where
subjects were randomized to receive 1.0% azithromy-
cin in DuraSite® or 0.03% tobramycin.’! Both medi-
cations were well tolerated among the subjects who
completed the trial (n = 710). The adverse events in
this study were reported after using a dosing sched-
ule of twice daily dosing for 2 days followed by once
daily dosing for 3 more days (5 day total treatment).
The adverse events included eye irritation (1.9%),
conjunctival hyperemia (1.1%), and worsening of the
conjunctivitis (1.1%).%!

A separate published study evaluated tolerability
of a single dose of azithromycin 1.0% in DuraSite®
to moxifloxacin 0.5% at different time points.* The
study design was subject-masked, randomized, active
and placebo-controlled. Of the 125 normal, healthy
subjects who received either moxifloxacin 0.5%,
azithromycin 1.0% in DuraSite® or Tears Natural I1%,
the azithromycin group had a higher a rate of adverse
events (17.3%) compared to the moxifloxicin group
(1%).% The authors concluded that the DuraSite®
vehicle in AzaSite® increased contact time of both
azithromycin and the preservative, bezalkonium
chloride (BAK).

We further reviewed all published human studies
that used azithromycin 1.0% twice daily for 2 days
followed by once daily dosing for an additional
3-5 days as part of the study protocol (total treat-
ment of 5-7 days). The most common side effects
of these studies reviewed included ocular burning or
stinging 1.5%, foreign body sensation on instillation
1.4%, headache 1.2%, conjunctival edema <1.1%,
blurred vision 1.8%, worsening of condition
<1.5%.'* In other human studies that required

treatment protocols longer than 14 days,>° the
reported side effects included eye pain 15%, blurred
vision 5%—15%, eye irritation 2%—5%, eye pruritus
4%—8%, eye discharge 4%, and eye burning 4%.
Based on these results, the rate for adverse events
was higher in treatment protocols that were longer
than 7 days, although none were considered serious.
The length of time of treatment seemed to have an
effect on the occurrence rate with the exception of
the study by Granet, et al which showed a single
dose of azithromycin 1.0% in DuraSite® caused ocu-
lar adverse events in 17.3% after a single dose.*

Although numerous published clinical trials report
on the safety and efficacy of topical azithromycin,
two unpublished trials listed in the Cochrane Register
of Controlled Trials evaluated the efficacy and tolera-
bility of the drug compared to vehicle. The first study
by Heller, et al, included 685 patients with clinically
evident bacterial conjunctivitis.* This study com-
pared the adverse events rate of 1% azithromycin in
DuraSite® to that of the vehicle, DuraSite®. Results
showed that at least one adverse event occurred in
12% of subjects in both azithromycin group and the
placebo group.*® The second trial enrolled patients
with bacterial conjunctivitis, but this study compared
the clinical resolution of bacterial conjunctivitis
of patient treated with 1% azithromycin to patients
treated with the vehicle, DuraSite®.*’ Results demon-
strated bacterial irradiation was significantly better in
the eyes treated with azithromycin compared to the
vehicle group.?’

Patient Considerations

One of the distinct advantages that Azasite® may
have over other treatment options for ocular surface
diseases such as bacterial conjunctivitis is the limited
number of drops necessary to achieve the desired
therapeutic effect. The “on-label” treatment protocol
for bacterial conjunctivitis with Azasite® is twice
daily for 2 days, then once daily for an additional
5 days for a total of 9 drops per affected eye.!* It has
been well documented that patient non-adherence
to antibiotics can contribute to bacterial resistance.
Further, complicated multiple dosing regimens in both
the adult and pediatric patients can also contribute to
non-adherence. Several of the clinical studies that we
reviewed, included patients of pediatric ages. We found
seven clinical trials, summarized in Table 1, which
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collectively enrolled both pediatric and adult patients
to study the efficacy of azithromycin for the treatment
of bacterial conjunctivitis and blepharitis,3'-3344434849
Given the susceptibility of AzaSite® to H. influenza,
S. pneumonia, and Moraxella catarrhalsi®® which are
the most common pathogens in pediatric bacterial
conjunctivitis, Azasite® is especially useful in this
population.

Topical antibiotics have become the standard
of care during the pre and post-operative care of
intra-operative ophthalmic surgeries to prevent and
treat microbial infections such as endophthalmitis.
Azasite® has been shown to have high conjunctival tis-
sue concentrations which could be helpful to prevent
microbial infections, but the low aqueous humor con-
centrations make it less than ideal to treat endophthal-
mitis. One study evaluated the safety of DuraSite® if
introduced into the anterior chamber.’ These results
lead the authors to conclude that DuraSite® antibiotics
could cause both acute glaucoma and anterior cham-
ber toxicity. The authors went on to suggest suturing
of corneal incisions to ensure that DuraSite® is not
introduced into the anterior chamber. Another study
compared toxicity of intraocular azithromycin 1.0%
with and without DuraSite® in rabbit eyes.”? One eye
in each rabbit received azithromycin with the delivery
system (study) and the other eye received azithromy-
cin without the delivery system (control). The results
indicated that intraocular pressure, corneal thickness
and inflammatory signs were consistently higher in
the study eye as compared to the control eye. Their
results demonstrated an increase in intraocular pres-
sure and corneal thickness resulting from edema and
inflammation as the drug-delivery system gained
access to the anterior chamber.*

Although azithromycin 1.0% in DuraSite® may
not have a practical role for intraoperative surgery
yet, one animal based study looked at its potential for
corneal based refractive surgery. In that study, hens
were divided into groups regarding surgical procure:
photorefractive keratectomy (PRK), laser-assisted in
situ keratomileusis (LASIK), or no surgery.> Groups
were treated with T1225 oil based azithromycin
eye drops bid 3 days prior to and 3 days post-
surgery, saline drops, or no treatment. None of the
azithromycin treated eyes had infections post-surgery
and clinical signs were reduced with this group.
T1225 azithromycin eye drops were well tolerated

in both unmanipulated corneas and those treated
with refractive surgery, demonstrating that T1225
is an effective antibiotic after refractive surgical
treatment. Although studies have not been done on
human subjects, this study suggests that with more
investigation, azithromycin may have a future role in
the treatment of surgical care.>

Conclusions

Bacterial conjunctivitis and blepharitis are common
conditions that are routinely encountered by the eye-
care practitioner. The results of this literature review
demonstrate that azithromycin 1.0% in DuraSite®
is an effective and safe treatment for these ocular
conditions in both the pediatric and adult populations.
Additionally, contact lens related dryness improved
after treatment with 1% azithromycin and the 1.5%
formulation was effective for the treatment of
trachoma. In addition to its anti-microbial and anti-
inflammatory effects, AzaSite® in DuraSite® has been
found to maintain prolonged drug residence time,
have a less frequent dosing regimen, thus increasing
patient compliance. This is of importance as AzaSite®
continues to be studied for the treatment of ocular
conditions beyond its clinical indication.
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