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Executive Summary:  
· Besifloxacin is a new topical ophthalmic fluoroquinolone approved by FDA for the treatment of bacterial conjunctivitis caused by susceptible bacterial strains.

· In two placebo-controlled clinical trials, besifloxacin 0.6% ophthalmic suspension was more efficacious in achieving clinical resolution (Karpecki et al, 73.3% vs. 43.1%, p <0.001; Tepedino et al, 45.2% vs. 33.0%, p = 0.0084) and microbial eradication (Karpecki et al, 88.3% vs. 60.3%, p <0.001; Tepedino et al, 91.5% vs. 59.7%, p <0.0001) than its vehicle.   

· In a clinical trial comparing besifloxacin ophthalmic suspension with moxifloxacin ophthalmic solution, besifloxacin was noninferior to moxifloxacin with similar rates of clinical resolution and microbial eradication (clinical resolution: 58.3% vs. 59.4%, 95% CI, -9.48 to 7.29; microbial eradication: 93.3% vs. 91.1%, 95% CI, -2.44 to 6.74).  
· Besifloxacin was generally well tolerated in clinical trials with the most common (≥1.5%) ocular adverse events being nonspecific conjunctivitis (2.6%), blurred vision (2.1%), bacterial conjunctivitis (1.8%), and eye irritation (1.5%).  
· Of the non-ocular adverse events that occurred in ≥0.5% of all treated eyes, no statistically significant differences were noted between besifloxacin ophthalmic suspension and vehicle.  Headache was the most frequently reported event (1.8%, 21/1192).
Introduction
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating besifloxacin for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1,2,3,4,5,6
Besifloxacin is a bacteriocidal agent that selectively inhibits bacterial DNA gyrase and topoisomerase IV.  The product is available as a 0.6% topical ophthalmic suspension formulated with DuraSite® to help extend the drug’s residence time on the ocular surface (Refer to Table 1). Thus, concentrations of ≥1.6 µg/g of tear were sustained for at least 24 hours after a single dose.  Systemic exposure following besifloxacin 3x/day for five days was minimal (<0.5 ng/mL).

Table 1.  Ocular pharmacokinetic profile of besifloxacin ophthalmic suspension 0.6% in human tears.6
	Pharmacokinetic Parameter
	Results

	Cmaxa
	610 + 540 (SD) µg/mL

	Tmaxa
	10 min

	AUC(0-24h)a
	1,232 µg.h/g

	Elimination half lifea
	~3.4 h

	a from tear of volunteers who received one single ocular administration of besifloxacin


Microbiology2,3,6
The in vitro activity of besifloxacin against bacterial species has been studied in over 2,000 clinical isolates.  Most isolates are from 2005 to 2008, of ocular and respiratory origin wherever possible, and from the US.  As a topical ophthalmic fluoroquinolone, besifloxacin displayed potent in vitro inhibitory activity against most ocular isolates (MIC90 generally <4 µg/mL).  Overall, besifloxacin had equal or better in vitro activity against Gram positive and anaerobic isolates, but comparable activity against Gram negative organisms when compared with ciprofloxacin, levofloxacin, and moxifloxacin.  However, whether or not a several fold difference in MIC values will translate into a clinical difference remains unknown, since the amount of drug delivered topically to the ocular surface is at concentrations well above the MIC values of pathogens commonly causing conjuctivitis.  Ophthalmic antibiotics, including besifloxacin, are often formulated at a concentration of active drug which greatly exceeds these MIC values (e.g. 6000 µg/mL for besifloxacin).  In vitro studies have already demonstrated cross-resistance between besifloxacin and other fluoroquinolones, such as gatifloxacin and moxifloxacin, the MIC values for the resistant organisms for besifloxacin are mostly <4 µg/mL.  Besifloxacin appears to have a spectrum of activity that is sufficient for empiric treatment of acute bacterial conjunctivitis
Table 2.  In vitro MIC90 for besifloxacin and comparator fluoroquinolones against selected Gram positive and Gram negative bacteria.6
	Bacteria 
(no. of isolates and phenotypea)
	MIC90 (µg/mL)

	
	Besifloxacin
	Moxifloxacin
	Ciprofloxacin
	Levofloxacin

	Staphylococcus aureus 
(n=19; CIP-S; 21.1% MRSA)
	0.12
	0.06
	0.5
	0.25

	Staphylococcus aureus 
(n=11; CIP-R; 63.6% MRSA)
	4
	>8
	>8
	>8

	Staphylococcus haemolyticus (n=101)
	1
	8
	>8
	>8

	Staphylococcus hominis (n=50)

	1
	4
	>8
	>8

	Staphylococcus saprophyticus (n=101)
	0.12
	0.12
	0.5
	0.5

	Staphylococcus warneri (n=50)
	1
	4
	>8
	>8

	Streptococcus agalactiae (n=100)
	0.06
	0.25
	1
	1

	Lancefield group C, F, and G streptococci (n=50)
	0.06
	0.12
	0.5
	0.5

	Streptococcus pneumoniae 
(n=16; LEV-S)
	0.06
	0.12
	2
	0.5

	Streptococcus pneumoniae
(n=85; LEV-R)

	0.5
	4
	64
	16

	Streptococcus pyogenes (n=101)

	0.06
	0.25
	0.5
	0.5

	Viridans streptococcib (n=156)

	0.12
	0.25
	4
	1

	Haemophilus influenzae
(n=15; CIP-S)
	0.03
	0.06
	0.015
	0.015

	Haemophilus influenzae 
(n=11; CIP-R)

	2
	16
	64
	16

	Klebsiella oxytoca (n=50)

	1
	2
	0.5
	0.5

	Klebsiella pnuemoniae (n=100)

	4
	2
	2
	2

	Moraxella catarrhalis (n=101)
	0.03
	0.03
	0.015
	0.03

	Neisseria meningitidis (n=20)

	0.015
	0.008
	0.004
	0.015

	Pseudomonas aeruginosa 
(n=105; CIP-S)

	4
	4
	0.5
	1

	Pseudomonas aeruginosa 
(n=96; CIP-R)

	64
	>128
	64
	64

	a CIP-S, ciprofloxacin-susceptible; MRSA, methicillin-resistant S. aureus; CIP-R, ciprofloxacin-resistant; LEV-S, levofloxacin-susceptible; LEV-R, levofloxacin-resistant

b Viridans streptococci consisted of 2 Streptococcus anginosus, 13 S. bovis, 7 S. constellatus, 28 S. intermedius, 51 S. mitis, 22 S. oralis, 2 S. salivarius, 17 S. sanguinis, and 14 other viridans group isolates.   


FDA Approved Indication3
Besifloxacin is a topical ophthalmic fluoroquinolone suspension indicated for the treatment of bacterial conjunctivitis caused by susceptible bacterial strains.
Current VA National Formulary Alternatives7
Ophthalmic fluoroquinolones on VANF include ciprofloxacin 0.3% ophthalmic solution, moxifloxacin 0.5% ophthalmic solution (restricted to CFU), and ofloxacin 0.3% ophthalmic solution.
Dosage and Administration3
Besifloxacin is available as a 0.6% sterile ophthalmic suspension, formulated with DuraSite.®  The recommended dose is one drop to the affected eye(s) three times a day, four to twelve hours apart, for seven days.  Patients should avoid contaminating the applicator tip when handling the bottle of besifloxacin ophthalmic suspension.  Prior to instillation of drops, the directions are to thoroughly wash hands, invert the closed bottle, and shake once before using.

Efficacy4,6,8,9 
Efficacy Measures
Data regarding efficacy of besifloxacin in the treatment of bacterial conjunctivitis was obtained from three published clinical trials.  Two of these trials compared besifloxacin with its vehicle and the other was a noninferiority trial that compared besifloxacin with moxifloxacin.  

In the two superiority trials, besifloxacin was compared to its vehicle and the primary efficacy outcomes were clinical resolution and eradication of baseline bacterial infection in patients with culture-confirmed diagnosis.  Clinical resolution was defined as the absence of conjunctival discharge and bulbar conjunctival injection on the pre-specified visit day.  Eradication of baseline infection was defined as the absence of bacterial species present at or above threshold on day 1 on the pre-specified visit day.
In the noninferiority study, the primary end points were clinical resolution and microbial eradication of baseline bacterial infection on day 5 (± 1 day) in cultured-confirmed cases.  The definitions of clinical resolution and microbial eradication were the same utilized in the superiority trials.  A 15% noninferiority limit of the difference between besifloxacin and moxifloxacin was pre-defined, assuming a microbial eradication rate of 90% and clinical resolution rate of 66% in both groups.
Summary of efficacy findings 


· Besifloxacin appeared to have activity beyond that was contributed by vehicle and normal host immune processes.
· In one superiority trial, the primary efficacies of clinical resolution of conjunctivitis and rates of bacterial eradication were both significantly higher with besifloxacin than its vehicle.  Commonly isolated bacterial species were Haemophilus influenzae (31.7%), Streptococcus pneumoniae (27.6%), Staphylococcus aureus (13.8%), and Streptococcus epidermidis (4.8%).
· In the other superiority trial, the primary efficacies of clinical resolution and microbial eradication rates were significantly higher with besifloxacin than its vehicle.  Clinical resolution and microbial eradication rates in this study were further analyzed based on bacterial etiologies.  Besifloxacin achieved significantly higher rates of clinical resolution against infections caused by Gram positive organisms, and comparable rates of clinical resolution against infections caused by Gram negatives.  The most common pathogens were S. pneumoniae (29.2%), H. influenzae (26.9%), S. aureus (11.5%) and S. epidermidis (7.1%).  With the exception of S. epidermidis, rates of microbial eradication were found to be significantly greater with besifloxacin than vehicle for most of the common isolates.
· In the noninferiority trial comparing besifloxacin to moxifloxacin, the primary endpoints of clinical resolution and microbial eradication data were met, demonstrating that besifloxacin was noninferior to moxifloxacin in the treatment of bacterial conjunctivitis.  Infections caused by either Gram positive or Gram negative organisms did not differ significantly between the two groups in terms of clinical resolution and microbial eradication, although statistical data were not presented.  The most common organisms isolated at baseline were H. influenzae (24.2%), S. pneumoniae (17.5%), S. aureus (16.5%) and S. epidermidis (10%).

For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 7).
Adverse Events (Safety Data)4,6,8,9
A total of 2387 patients from three clinical studies provided data for assessment of tolerability and adverse events: 1192 patients received at least one dose of besifloxacin ophthalmic suspension, 616 at least one dose of vehicle and 579 at least one dose of moxifloxacin ophthalmic solution.  

The safety of besifloxacin in pediatric and geriatric patients has been assessed in the three clinical trials.  The trials included patients as young as one year and those as old as 100 years.  No overall differences in safety were observed in these patients.  Safety in infants younger than one year of age has not been established.
A small number of the patients (174/2387, 7.3%) from the three clinical trials who received at least one dose of study medication discontinued the trials.  The primary reason for discontinuation was inadequate therapeutic response.  

Of note, in clinical studies, besifloxacin ophthalmic suspension was administered as one drop three times a day for five days, while the prescribing information for besifloxacin recommends treatment duration of seven days.  At the time of literature search, the FDA had already requested a clinical trial from the manufacturer to further evaluate the safety of besifloxacin for a longer duration.
Deaths and Other Serious Adverse Events (Sentinel Events)

No deaths were reported during the studies.  During clinical trials, four reports of serious adverse events were documented to have occurred in four different patients.  All four serious adverse events were considered unrelated to the study drugs (besifloxacin (2 patients), vehicle, moxifloxacin).  
Common Adverse Events

Table 3.  Summary of ocular adverse events that occurred in ≥0.5% of eyes treated with besifloxacin, vehicle, and moxifloxacin.6
	Description
	Besifloxacin

(n = 1,810)
	Vehicle

(n = 961)
	Moxifloxacin

(n = 855)
	p valuea

	Total number of adverse events
	327
	258
	153
	

	Number of eyes with ≥ 1 adverse event
	249 (13.8%)
	190 (19.8%)
	120 (14%)
	<0.0001

	Conjunctivitis
	47 (2.6%)
	41 (4.3%)
	33 (3.9%)
	0.0223

	Blurred vision
	38 (2.1%)
	39 (4.1%)
	4 (0.5%)
	0.0035

	Bacterial conjunctivitis
	32 (1.8%)
	27 (2.8%)
	22 (2.6%)
	0.0736

	Eye irritation
	26 (1.5%)
	27 (2.8%)
	12 (1.4%)
	0.0187

	Eye pain
	28 (1.5%)
	17 (1.8%)
	9 (1.1%)
	0.6396

	Eye pruritus
	18 (1%)
	18 (1.9%)
	3 (0.4%)
	0.0761

	Conjunctival hemorrhage
	7 (0.4%)
	5 (0.5%)
	4 (0.5%)
	0.7622

	Eye discharge
	6 (0.3%)
	6 (0.6%)
	3 (0.4%)
	0.3615

	Eyelid edema
	6 (0.3%)
	4 (0.4%)
	5 (0.6%)
	0.7457

	Conjunctival hyperemia
	10 (0.6%)
	3 (0.3%)
	0 (0%)
	0.5612

	Punctate keratitis
	5 (0.3%)
	3 (0.3%)
	5 (0.6%)
	>0.9999

	Ocular hyperemia
	6 (0.3%)
	5 (0.5%)
	1 (0.1%)
	0.5290

	Viral conjunctivitis
	10 (0.6%)
	0 (0%)
	1 (0.1%)
	0.0185

	Dry eye
	5 (0.3%)
	2 (0.2%)
	4 (0.5%)
	>0.9999

	Limbal hyperemia
	4 (0.2%)
	3 (0.3%)
	4 (0.5%)
	0.6994

	Corneal staining
	4 (0.2%)
	1 (0.1%)
	4 (0.5%)
	0.6645

	Increased lacrimation
	1 (0.1%)
	6 (0.6%)
	2 (0.2%)
	0.0085

	a p value based on Fisher’s exact test comparing besifloxacin ophthalmic suspension to vehicle. 

Note: Data includes total number of adverse events for all eyes. Eyes may have more than 1 adverse event. A patient may be counted twice for a specific adverse event if both eyes had the event while receiving treatment. Percentages are based on the number of eyes that received the indicated study medication. 


Other Adverse Events
Table 4.  Non-ocular adverse events that occurred in ≥0.5% of all treated eyes.6
	Description
	Besifloxacin

(n = 1,810)
	Vehicle

(n = 961)
	Moxifloxacin

(n = 855)
	p valuea

	Total number of adverse events
	107
	64
	45
	

	Number of patients with ≥ 1 adverse event
	75 (6.3%)
	48 (7.8%)
	31 (5.4%)
	0.2378

	Headache
	21 (1.8%)
	11 (1.8%)
	9 (1.6%)
	>0.9999

	Pharyngolaryngeal pain
	8 (0.7%)
	5 (0.8%)
	3 (0.5%)
	0.7725

	Pyrexia
	6 (0.5%)
	4 (0.6%)
	1 (0.2%)
	0.7424

	Cough
	4 (0.3%)
	4 (0.6%)
	1 (0.2%)
	0.4562

	Streptococcal pharyngitis
	3 (0.3%)
	3 (0.5%)
	1 (0.2%)
	0.4159

	Upper respiratory tract infection
	2 (0.2%)
	2 (0.3%)
	4 (0.7%)
	0.6091

	a p value based on Fisher’s exact test comparing besifloxacin ophthalmic suspension to vehicle

Note: All events for patients comprise the total number of adverse events. Patients may have more than 1 adverse event per body system and term. For each description, a patient was counted once if the patient reported 1 or more events. Percentages are based on the number of patients who received the study medication. 


Tolerability
Overall, besifloxacin ophthalmic suspension appears to be well tolerated with minimal ocular adverse effects.  
Precautions/Contraindications3
Precautions

· Besifloxacin is classified as a pregnancy category C drug.  
· Nursing Mothers:  Concentrations of besifloxacin in human milk have not been assessed.  Based on its pharmacokinetic profile (i.e. <0.5 ng/mL in plasma after 3x/day for five days), a very small amount of besifloxacin may potentially be excreted in human breast milk after ocular administration.  The prescribing information states that besifloxacin use during pregnancy is only indicated if the potential benefit justifies the potential risk to the fetus and caution should be exercised when administering besifloxacin to nursing mothers.
· Besifloxacin is indicated for topical ophthalmic use only.  

· Prolonged use may lead to growth of resistant organisms.  

· Avoid use with contact lenses.  Patients should not wear contact lenses during the course of therapy or if they have signs and symptoms of bacterial conjunctivitis.

Contraindications

· None
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
LA/SA for generic name <besifloxacin>:  None

LA/SA for trade name <Besivance>:  Glucovance, BeneFIX, Vesicare, Kepivance, Betapace, Vyvanse
Drug Interactions
A search of the literature identified no published drug interaction data on besifloxacin ophthalmic suspension.  
Acquisition Costs
Listed below are the Federal Supply Schedule costs per package of the comparable ophthalmic fluoroquinolones available.  For products with multiple sizes and generic alternatives, the cheaper alternatives were chosen for comparison.  
Table 5.  Comparison of Federal Supply Schedule costs for available ophthalmic fluoroquinolones on VANF
	Drug
	Dosage Regimen 
	Package size
	Cost/
Package ($)

	Besifloxacin 0.6% ophthalmic suspension
	Instill 1 drop to the affected eye(s) 3 times a day, 4 to 12 hours apart, for 7 days
	5 mL
	41.32

	Moxifloxacin 0.5% ophthalmic solution
	Instill 1 drop in the affected eye(s) 3 times per day for 7days 
	3 mL
	18.15

	Ofloxacin 0.3% ophthalmic solution
	Instill 1 to 2 drops every 2 - 4 hours for 2 days then 4 times daily for a total of 7 to 10 days
	5 mL
	1.13

	Ciprofloxacin 0.3% ophthalmic solution
	Instill 1-2 drops into the conjunctival sac(s) every 2 hours while awake for 2 days and 1-2 drops every 4 hours while awake for the next 5 days
	2.5 mL
	2.67


Prices obtained October 2009

Pharmacoeconomic Analysis
A review of the literature did not identify any pharmacoeconomic analysis of besifloxacin ophthalmic suspension.  
Conclusions
Besifloxacin has been shown to be efficacious and safe for the treatment of bacterial conjunctivitis.  Clinical data were based on trials comparing besifloxacin to its vehicle and besifloxacin to moxifloxacin.  The potential pharmacokinetic advantage of sustained ocular concentrations over time did not result in improved efficacy for besifloxacin when compared to moxifloxacin in the noninferiority trial.  Overall, besifloxacin ophthalmic suspension appears to be well tolerated with minimal ocular adverse effects.  Of note, in clinical studies, besifloxacin ophthalmic suspension was administered as one drop three times a day for five days, while the prescribing information for besifloxacin recommends treatment duration of seven days.  At the time of literature search, the FDA had already requested a clinical trial from the manufacturer to further evaluate the safety of besifloxacin for a longer duration.
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Appendix:  Clinical Trials4,6,8,9
At the time of literature search, only three studies have been identified with information regarding clinical efficacy and safety of besifloxacin in the treatment of bacterial conjunctivitis in peer-reviewed journals.  Two of these trials compared besifloxacin with its vehicle and the other compared besifloxacin with moxifloxacin.  Results of those clinical trials are summarized in the table below.
Phase III clinical efficacy data of besifloxacin ophthalmic suspension 0.6%.6
	Investigators  
	Design
	Na
	Intervention
	Efficacy
	Major adverse events

	
	
	
	
	Clinical 
	Microbiologic
	

	Karpecki et al
	P, MC, R, DM, VC,  PG

	60
	Besifloxacin 3x/day for 5 days
	44/60 (73.3%)


	53/60 
(88.3%)
	> 5%: 
eye pain (10.5%), 
blurred vision (10.5%), 
eye irritation (7.4%)

	
	
	58
	Vehicle, 3x/day for 5 days
	25/58 (43.1%)


	35/58 
(60.3%)
	> 5%: 
eye pain (6.9%), 
blurred vision (11.7%), 
eye irritation (12.2%)

	
	
	
	p value 
	<0.001
	<0.001
	

	Tepedino et al
	P, MC, R, DM, VC, 
PG

	199
	Besifloxacin 3x/ day for 5 days
	90/199 (45.2%)
	182/199 
(91.5%)
	> 1%: 
conjunctivitis (2.6%), 
blurred vision (1.2%),
eye pruritus (1.2%), 
eye irritation (1.1%)

	
	
	191
	Vehicle, 3x/day for 5 days
	63/191 (33.0%)
	114/191 
(59.7%)
	> 1%: 
conjunctivitis (5.0%), 
blurred vision (2.2%), bacterial conjunctivitis (2.1%)

	
	
	
	p value
	0.0084
	<0.0001
	

	McDonald et al
	P, MC, R, DM, AC, PG,  NI


	252
	Besifloxacin 3x/day for 5 days
	147/252 (58.3%)
	235/252 
(93.3%)
	> 1%: 
conjunctivitis (2.8%), 

bacterial conjunctivitis (2.1%)

	
	
	281
	Moxifloxacin 0.5% ophthalmic solution, 3x/day for 5 days
	167/281 (59.4%)
	256/281 
(91.1%)
	> 1%: 
conjunctivitis (3.9%), 
bacterial conjunctivitis (2.6%), 
eye irritation (1.4%), 
eye pain (1.1%)

	
	
	
	95%  CI
	-9.48% to 7.29%
	-2.44% to 6.74%
	

	P = Prospective, R = randomized, DM = double-masked, VC = vehicle-controlled, PG = parallel-group, MC = multicenter, AC = active-controlled, NI = noninferiority

aTotal number of patients in the modified intention-to-treat population, where only patients who have culture-confirmed diagnosis of bacterial conjunctivitis were included for statistical analysis
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