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Objectives

To review the efficacy, safety, and administration of currently available ophthalmic preparations of the prostaglandin analogs used in the management of glaucoma.

Table 1: Currently Available Ophthalmic Prostaglandin Analogs*1-4
	Generic Name
	Trade name
	Strength, package size
	Manufacturer

	Bimatoprost
	Lumigan®
	0.01%, 0.03%, 
2.5, 5, 7.5 ml
	Allergan

	Travoprost
	Travatan Z®
	0.004%, 
2.5, 5 ml
	Alcon

	Latanoprost
	Xalatan®
	0.005%, 
2.5 ml
	Catalent, Pfizer
Distributed by Pfizer, Pharmacia & Upjohn Co.

	Latanoprost
	Latanoprost Ophthalmic Solution
	0.005%, 2.5 ml
	Alcon, 

Distributed by Falcon 


* Unoprostone (Rescula®), which was included in the original drug class review, has since been discontinued and will not be included in this update.
I. Introduction5-10
Glaucoma can be described as a chronic ocular disorder characterized by the following features: progressive optic neuropathy (excavation of the optic nerve head and loss of visual field), with or without associated elevated intraocular pressure (IOP).  Blindness results from the death of optic nerve ganglion and is irreversible.  Historically, it was believed that increased intraocular pressure (IOP) was the sole cause of visual damage.  However, it is now recognized that along with increased IOP many other factors such as retinal ischemia, and reduced or deregulated blood flow may contribute to the development and progression of glaucoma.

It is estimated that 2% of people in the U.S. over 40 years of age have glaucoma, affecting more than 2 million individuals. At least 25% of cases are undetected. Over 90% of cases are of the open-angle type, either primary open-angle or normal-tension glaucoma.6
Many factors influence the development of glaucoma. It is more prevalent in people over 40 and is more common in African Americans than Caucasians. In addition, a family history of glaucoma, and elevated IOP are risk factors for glaucoma development.5 The evidence for other risk factors such as diabetes mellitus, hypothyroidism, systemic hypertension and cardiovascular disease has been less consistent. 
The goal in the treatment of glaucoma is to prevent a loss of vision. There are currently no proven direct treatments for the optic neuropathy of glaucoma. Instead, treatment is focused on lowering intraocular pressure, the one risk factor that can be modified. The publication of the Ocular Hypertension Treatment Study (OHTS) demonstrated that lowering IOP is useful in preventing Primary Open Angle Glaucoma (POAG) in certain populations, those at moderate or high risk such as African Americans, diabetics, etc. 8 The degree to which IOP should be lowered remains unclear.  Ophthalmologists determine the optimal target IOP for their individual patients by considering risk factors that include level of current IOP elevation, visual acuity and optic nerve appearance.  An initial target suggested by evidence from the Early Manifest Glaucoma Trial (EMGT) and Collaborative Initial Glaucoma Treatment Study (CIGTS) is > 25% reduction in IOP.
Pharmacologic therapies used in glaucoma control should prevent further loss of functional vision while avoiding an adverse impact on quality of life. Topically applied ocular preparations are usually the first step in the management of glaucoma. Currently there are five classes of medications that are used to lower eye pressure: topical cholinergic agonists, topical [beta]-adrenergic antagonists, topical adrenergic agonists, topical prostaglandin analogues, and topical and oral carbonic anhydrase inhibitors.  Many of these drug classes are linked with adverse effects, poor patient acceptance and limited efficacy. This drug class review will focus on the topical prostaglandin analogues.

The original drug class review was completed in June, 2002.  An update of this topic was completed in May, 2011.   PubMed search terms for the update included: latanoprost, bimatoprost, travoprost.  Limitations placed on the search included the dates of 11/02/2001 – 3/31/2011, clinical trials, meta-analyses, human species and English language.  Randomized, comparative trials were the focus of this search.  Fixed-combination products (e.g. latanoprost/timolol) were not included in the analysis.  Studies that performed an interchange between products were also included in this review.
II. Pharmacology1-7, 11-17
These agents bind to specific receptors within the eye to lower intraocular pressure via increasing trabecular and/or uveoscleral outflow. This results in changes to either pressure-dependent or independent outflow, respectively. Additionally, it appears that a class effect of negligible diurnal variation in IOP control and lowering is true. A major difference between the prostaglandin agents may involve the receptors that are bound by each drug.7   Both latanoprost and travoprost are synthetic analogues of prostaglandin F2α and demonstrate affinity at the FP receptor.12 The binding of the FP receptor allows for an alteration in the collagen content of the ciliary muscle, reducing resistance in the uveoscleral pathway.13 Bimatoprost is a prostamide analogue. Prostamides are a naturally occurring substance, derived from anandamide a membrane lipid that act as potent ocular hypotensive agents.14,15 Bimatoprost does not have strong affinity for the FP receptor or any other known receptors.  There have been recent reports that bimatoprost may also function as a prodrug with conversion in the cornea to a free acid form which binds at the FP receptors. 16, 17
III. Indications1-4 

The prostaglandin analogs are all indicated for the reduction of elevated intraocular pressure in patients with open angle glaucoma or ocular hypertension.  

IV. Pharmacokinetics 1-4, 11, 15
The pharmacokinetic properties of the agents are reviewed in Table 2.

Table 2: Pharmacokinetics

	Variables
	Bimatoprost
	Latanoprost
	Latanoprost generic
	Travoprost

	Cmax in aqueous humor
	Within 10 min
	2 hrs
	2 hrs
	Within 30 min

	Distribution
	Plasma, approximately 88% bound
	0.16 ± 0.02 L/kg; acid measured in aqueous humor during first 4 hrs; plasma only during first hr
	0.16 ± 0.02 L/kg; acid measured in aqueous humor during first 4 hrs; plasma only during first hr
	Plasma-in 1 hour  then rapidly eliminated

	Metabolism
	N-deethylation and glucuronidation
	Active acid via hepatic β oxidation 
	Active acid via hepatic β oxidation 
	Esterases in the cornea

	Elimination
	67%-renal
	Renal
	Renal
	Plasma levels undetectable in 1 hour

	Reduction in IOP
	7-8mm Hg
	6-8mm Hg
	6-8 mm Hg
	7-8 mm Hg


NR- not reported

V. Clinical Efficacy 

The Early Manifest Glaucoma Trial (EMGT) was the first large, randomized trial to study the effects of treatment vs. no treatment of early stage glaucoma.  Although there is no set guideline for the optimal target IOP, the EMGT found that by lowering the IOP by ~ 25%, the rate of glaucoma progression can be reduced.8
At the time of initial writing, the standard agent used for comparison of IOP-lowering effects was timolol.  The prostaglandin analogs have been measured against this standard.  Evidence of their comparative effect is noted in Tables 3, 4 and 5.  Unoprostone, a twice daily dosed docosanoid that did not demonstrate better IOP-lowering effects against timolol and was not included in the overall drug class review, has since been discontinued.  There will be no further mention of unoprostone in this updated review.  The products that will be the focus of this review include bimatoprost, latanoprost and travoprost.
Prostaglandin Analogs Versus Timolol
Latanoprost has been shown to be more effective or at least as effective as timolol twice daily in lowering the IOP of patients with primary open angle glaucoma (POAG) or ocular hypertension. These trials indicate an agent with once daily administration to be as effective or better than a twice-daily agent. Several meta-analysis have compared these studies. In the Hedman meta-analysis18, latanoprost treated patients had a mean reduction from baseline of 7.7+ 0.1 mm Hg in comparison to timolol treated patients with 6.5+ 0.1 mmHg. This was a statistically significant finding for latanoprost. It is also interesting to note that more latanoprost treated patients reached their target IOP than timolol treated patients. The meta-analysis by Zhang19, collaborated the findings as well as documented the increased adverse events of iris pigmentation and hyperemia in the latanoprost group. Additionally, a trial comparing once daily timolol gel to latanoprost demonstrated a superiority of latanoprost in IOP reduction over the 24 hour period measured.20 The benefits of latanoprost administration on circadian variation have also been documented.21,22  Table 3 reviews several trials of latanoprost and timolol.

Bimatoprost and travoprost given once daily have been compared to timolol dosed twice daily. Both agents showed an equal or superior efficacy to twice daily timolol. Table 4 reviews the bimatoprost trials, Table 5 the travoprost trials. In the Brandt trial23 it is interesting to note that the group of patients who received bimatoprost twice daily did not achieve a greater IOP lowering effect or better tolerability than the once daily group. In a report of the pooled results from two multicenter trials of bimatoprost,24 the IOP lowering effects of this agent were sustained over the six-month period. Additionally, there was little diurnal variation in pressure readings for the bimatoprost group. In the trials of travoprost there were a large percentage of African American patients with a range of 20.5-24.9% versus enrollments of 17-20% in the trials of latanoprost and bimatoprost.23, 24, 25 Of note is a finding that travoprost reduced the IOP more effectively in this population than in the other races, in comparison to latanoprost and timolol (mean IOP at 52 weeks of 17.2, 18.6 and 20.7 mmHg respectively). However, the study was not initially powered to detect this finding, the study was not collaborated by independent sources and further investigation must be performed to confirm the effect. 

Table 3

Latanoprost once-daily monotherapy versus timolol

	Trial
	Latanoprost
	Timolol
	Duration
	N
	Baseline IOP(SEM)
	End Point IOP(SEM)

	
	
	
	
	
	L
	T
	L
	T

	Diestelhorst, 199826
	0.005% eve
	0.5% BID
	1 month
	46
	25.2(1.2)
	24.8(0.9)
	20.3(0.8)
	22.7(1.1)

	Watson, 199627
	0.005% eve
	0.5% BID
	6 months
	294
	26.2(0.3)
	26.5(0.3)
	17.1(0.2)
	17.7(0.2)

	Larsson, 200128
	0.005% eve
	0.5% gel QD
	1 month
	27
	23.6(0.2)
	24.0(0.3)
	13.6(0.4)
	15.2(0.4)

	Alm, 199522
	0.005% morn or eve
	0.5% BID
	6 months
	267
	25.1(0.5)
	24.6(0.3)
	17.1(0.4)
	17.6(0.3)

	Camras, 199629
	0.005% eve
	0.5% BID
	6 months
	268
	24.4(NR)
	24.1(NR)
	17.7(NR)
	19.2(NR)


Eve=evening, morn= morning, BID= twice daily, QD= once daily, L=latanoprost, T=timolol, IOP= intraocular pressure

All results are statistically significant in favor of latanoprost versus timolol

Table 4

Bimatoprost once daily monotherapy versus timolol

	Trial
	Bimatoprost
	Timolol
	Duration


	N
	Baseline IOP (SEM)
	End point IOP (SEM)

	
	
	
	
	
	B
	T
	B
	T

	Brandt, 200123
	0.03% QD or BID
	0.5% BID
	3 months
	596
	26.1(1.7)
	25.7(1.7)
	16.9(0.4)
	19.0(0.3)

	Sherwood, 200124
	0.03% QD or BID
	0.5% BID
	6 months
	1198
	26.0(0.2)
	25.8(0.2)
	17(0.4)
	18.9(0.4)


BID= twice daily, QD= once daily, B=bimatoprost, T=timolol, IOP= intraocular pressure

All results are statistically significant in favor of bimatoprost versus timolol

Table 5

Travoprost once daily monotherapy versus timolol

	Trial
	Travoprost
	Timolol
	Duration
	N
	Baseline IOP
	End point IOP

	
	
	
	
	
	TR
	TI
	TR
	TI

	Goldberg, 200130
	0.0015% and 0.004% QD
	0.5% BID
	9 months
	573
	27.4
	27.1
	18.9
	19.4

	Fellman,

200231
	0.0015% and 0.004% QD
	0.5% BID
	6 months
	650
	27.1
	27.4
	19.9
	20.5


BID= twice daily, QD= once daily, TR=travoprost, TI=timolol, IOP= intraocular pressure

All results are statistically significant in favor of travoprost versus timolol

Randomized Comparative Trials of Prostaglandin Analogs 

In a thirty-day comparison of bimatoprost and latanoprost to a vehicle placebo, DuBiner et al32, demonstrated that bimatoprost provided good diurnal control of IOP and was well tolerated by patients. The findings of this trial did not reach statistical significance (p=0.052). This is likely due to the small sample size of the trial (N=106, with N=21 in each treatment arm). There was no difference in adverse events or withdrawals between the treatment groups. A similar trial was conducted in 232 patients over a 3-month period.33 This trial demonstrated that target IOP of < 17 mm Hg were more often achieved in the bimatoprost group (p=0.029) as well as diurnal measurements at month 3 being lower in the bimatoprost group (p<0.006). There was a higher incidence of conjunctival hyperemia in the bimatoprost group but this was not responsible for more withdrawals in this population.  Netland et al25 compared travoprost, latanoprost and timolol in a trial of 801 patients over a period of 12 months. The findings of this trial demonstrated travoprost to be equal to latanoprost and superior to timolol in IOP reduction. The pooled IOP readings taken at 4pm demonstrated travoprost to be superior to latanoprost (p=0.0191). The previously discussed benefit of travoprost seen in African American patients was demonstrated in this trial. There was no significant difference in hyperemia and iris pigment changes between latanoprost and travoprost treated groups. 

Noecker, et al. compared the IOP-lowering effects of bimatoprost vs. latanoprost in a 6-month randomized trial.34  Patients with chronic glaucoma or ocular hypertension were eligible.  After an appropriate waiting period to washout the effects of prior IOP-lowering medication, patients were randomized to receive either bimatoprost or latanoprost daily.  The primary outcome measure was the mean change from baseline IOP.  Assessments were performed at week 1, months 1, 3 and 6.  At all follow-up diurnal timepoints (0800, 1200, 1600), the mean IOP reduction from baseline was significantly greater with bimatoprost vs. latanoprost (p < 0.024).  Conjunctival hyperemia was seen in both groups, but was more common in the bimatoprost arm (p<0.001).  Eyelash growth was also more common in those receiving bimatoprost (p=0.064). Despite these differences, few patients discontinued therapy (6 on bimatoprost; 5 on latanoprost). 
Maul, et al. conducted a 6-week, multicenter, randomized, double-masked, parallel-group study comparing once daily travoprost 0.004% to latanoprost 0.005%, followed by 6 weeks of once daily travoprost 0.004% in 32 centers across Latin America.  When data points from all 4 assessments during the 6-week period were combined, the mean IOP reduction was significantly greater with travoprost than with latanoprost (-8.3 vs -7.5 mmHg; p=0.009).  Overall, both products were well-tolerated with conjunctival hyperemia, discomfort and pruritus being the most common adverse events.35
Investigators Parrish, Faridi and Koz et al. performed randomized trials comparing all 3 prostaglandin analogs for various durations in different populations.36, 37, 38 Parrish et al. studied previously treated patients and found that bimatoprost, latanoprost and travoprost comparably reduced IOP at 12 weeks.36 
In addition, the investigators attempted a subgroup analysis to evaluate potential differences in response based on Caucasian, black or other specified races.  Although not statistically powered to detect differences, they note that there were no differences in response between the ethnic groups.
Faridi et al. studied newly diagnosed patients and concluded that although a significantly greater reduction in IOP was noted with bimatoprost at the 2 month assessment, all three PA’s comparably reduced IOP by the 6 month time point.37 Koz et al. also investigated the newly diagnosed population.  Their evidence indicates that at 6 months, all 3 PA’s significantly reduced IOP.  Bimatoprost showed a greater reduction in IOP compared to latanoprost and travoprost (p<0.0001).38
Chen et al. compared the effects of latanoprost vs. travoprost in patients with Chronic Angle-Closure Glaucoma (CACG) after having undergone laser peripheral iridotomy.  Patients with IOP > 19 mmHg after procedure and without prior antiglaucoma medication were randomized to either latanoprost or travoprost each evening for a 12-week period.  After 12 weeks, both arms noted a significant reduction in IOP [5.3 ± 1.8 mmHg (p<0.001) and 5.1 ± 2.9 mmHg (p<0.001)].  No statistical between-group differences were noted at any of the time points.39 The most common adverse event noted in this study was conjunctival hyperemia (23 vs. 28% of latanoprost vs. travoprost-treated patients, respectively).
In an attempt to address the question of differences in PA efficacy with respect to patient race, Birt, et al. designed a prospective, randomized, investigator-masked multicenter trial.  Patients with newly diagnosed ocular hypertension or open-angle glaucoma were randomized to receive one of 3 prostaglandin analogs on a daily basis.  Patients self-identified their race as white, African, South Asian, East Asian or Hispanic.  They were followed for a maximum of 24 weeks with assessments performed at baseline, 2, 6, 12 and 24 weeks.  The main outcome measure was IOP.  Unfortunately, due to inadequate recruitment, the original intended sample size was not reached, so the patients were divided into white and non-white groups for purposes of analysis.  A total of 83 patients from 9 sites participated.  A highly significant reduction in IOP was noted from baseline to 12 weeks and from baseline to 24 weeks (F= 439.3, P< 0.001; F=305.9, P< 0.001).  No differences in treatment effect were noted among the 3 drugs or between the two ethnic groups (p > 0.05 for all comparisons).40 

Noecker et al. studied the effects of bimatoprost vs. travoprost in an African American population with OAG and OH.  A total of 95 patients participated and received a washout of prior ocular hypotensive medications before the study began.  In an investigator-masked, randomized fashion, patients received either once-daily bimatoprost or travoprost for 3 months.  The mean IOP reduction from baseline for bimatoprost ranged from 6.8 – 7.8 mmHg (27-31% reduction).  The reduction for travoprost ranged from 6.2 – 6.9 mmHg (25-28% reduction).  The authors note that both drugs effectively lowering the IOP for this population.  More patients receiving bimatoprost (32%) vs. travoprost (20%) had an IOP-lowering effect greater than 40% at 3 months.41 
Table 6. Select Randomized Trials Published after 2001 Comparing PA’s in OAG and OH*
	Trial
	Population
	Intervention
	N
	Duration
	Mean Baseline IOP (SEM)
	Mean Change in IOP (SEM)
	Notes

	
	
	
	
	
	B
	L
	T
	B
	L
	T
	

	Parrish, 2003


	OAG or OH (IOP > 21 mmHg)
Washout period;

BCVA < 20/200
	B vs. L vs. T
	N=411

	12 wks
	25.7 (3.1)
	25.7 (2.8)
	25.5 (2.8)
	8.7 (3.8)
	8.6 (3.7)
	7.9 (3.4)
	P<0.001

(base vs. 12 wks)

	Noecker, 2003


	Chronic glaucoma or OH

BCVA < 20/100;

Washout period
	B vs. L

	N=269
	6 mos
	25.0 (0.24)
	24.9 (0.23)
	****
	7.6
	6.2
	****
	P<0.001

(B vs. L)

	
	
	
	
	
	22.6 (0.28)
	22.5 (0.27)
	****
	6.2
	5.4
	****
	P=0.004

(B vs. L)

	Maul, 2007
	OAG or OH;

Mean IOP 21-36 mmHg;
Washout period
	L vs. T
	N=302

	6 wks
	****
	24.2
	24.7
	***
	-7.5
	-8.3
	P=0.009 
(T vs. L)

	Chen, 2006
	CACG;

IOP > 19 mmHg s/p peripheral iridotomy
	L vs. T
	N=73
	12 wks
	****
	21.3 (1.8)
	21.7 (1.7)
	***
	5.3 (1.8)
	5.1 (2.0)
	P<0.001 (base vs. 12 wks)

	Trial
	Population
	Intervention
	N
	Duration
	Mean Baseline IOP (SD)
	Mean IOP (SD)
	Notes

	
	
	
	
	
	B
	L
	T
	B
	L
	T
	

	Koz, 2007


	Newly diagnosed OAG or OH;

Untreated;

Mean IOP 22-36 mmHg
	B vs. L vs. T
	N=60

	6 mos
	25.8

(1.8)
	26.8

(1.3)
	20.9 (1.9)
	18.3

(1.2)
	20.8 (2.4)
	20.9 (1.9)
	P<0.0001

(base vs. 

6 mos)

P<0.0001

(B vs. L and T)

	Faridi, 2010


	Newly diagnosed OAG or OH;

Untreated
	B vs. L vs. T
	N=122


	2 mos


	26.3 (5.5)
	25.8 (5.3)
	26.1 (4.7)
	16.8 (4.0) 36%
	19.1 (4.2) 26%
	18.5 (4.1) 29%
	P= 0.013

(base vs. 
2 mos)

	
	
	
	
	6 mos
	
	
	
	17.1 (3.8) 35%
	18.2 (4.1) 29%
	18.3 (3.7) 30%
	P=0.15

(base vs. 
6 mos)


* Doses of study drug:  (B) bimatoprost 0.03%, 1 drop each evening; (L) latanoprost 0.005%, 1 drop each evening; (T) travoprost 0.004%, 1 drop each evening; timolol 0.5% 1 drop BID
When comparing the 3 PA’s, it is difficult to state with confidence, that one is superior or equivalent to another.  Among the 533 patients studied by Parrish and Faridi et al., bimatoprost, latanoprost and travoprost provided equivalent results in terms of efficacy.  Noecker and Koz et al. concluded that bimatoprost was superior to latanoprost, while Maul et al. reported that travoprost was superior to latanoprost.  Looking at the data in a slightly different way, newly diagnosed vs. pretreated patients, does not appear to clarify the results.  Faridi and Koz, et al. studied newly diagnosed, untreated patients.  Faridi concluded that although bimatoprost was superior at 2 months, all 3 PA’s were equivalent at the 6 month time point.  Koz concluded that bimatoprost was superior to latanoprost and travoprost, which had comparable efficacy.
Reports of Systematic Switches Among the Prostaglandin Analogs42, 43, 44
The findings that bimatoprost, latanoprost and travoprost are generally comparable in terms of efficacy and safety has led managed care organizations to choose a workhorse product based on the lowest bid provided.  

Law, et al. from the Kaiser Permanente Medical Care Program chose bimatoprost as their workhorse, replacing their formulary product, latanoprost.  Although bimatoprost was preferred, latanoprost was still available, without question, for use.  Retrospective data collection took place to 1) report the feasibility of such a switch and 2) to compare the efficacies in reducing IOP.  A total of 17,847 patients received latanoprost as either monotherapy or multitherapy between March 2002 and December 2003.  A total of 15, 142 patients were switched from latanoprost to bimatoprost.   After the switch, 87% remained on bimatoprost while 13% switched back to latanoprost.  Those using PA’s as monotherapy has a significantly higher rate of switching back to latanoprost vs. those who used PA’s as part of a multitherapy regimen (14.2 vs. 12.4%; p=0.001).  Patients with prior experience of latanoprost had a significantly higher rate of switching back to latanoprost after a period of bimatoprost use (13 vs. 8.6%; p<0.001).  A total of 309 patients were included in the efficacy portion of the study.  The mean IOP of the 309 eyes prior to the switch was 17.21 ± 3.51 mmHg (range, 7.67-28.67) and 16.7 ± 3.67 mmHg (range, 8-31) after the switch to bimatoprost.  The mean IOP reduction was 0.51 ± 2.77 mmHg (95% CI, 0.20-0.82; p=0.001).42
In a similar setting, the Singapore National Eye Center pharmacy awarded travoprost as their preferred prostaglandin analog.  All government subsidized patients previously treated with latanoprost were switched to travoprost.  Approximately 900 patients were switched from latanoprost to travoprost.  Of these, 84 patients were included in the 4 month study analysis.  After the switch, follow-up visits were at 6 and 12 weeks.  The majority were Chinese (88%).  A total of 4 patients (4.8%) switched back to latanoprost.  For the remaining 80 patients who completed the 12-week evaluation, the mean IOP at baseline was not statistically different from that at week 6 or week 12 (p=0.99).  The mean hyperemia score was significantly different between baseline and week 6 (p=0.02), but there was no difference between baseline and week 12 (p=0.09).  Overall a high switch rate was noted with comparable IOP-lowering effects and hyperemia scores.43
Following the initial drug class review on ophthalmic prostaglandin analogs, the Department of Veterans Affairs (VA) awarded a national contract to travoprost.  A retrospective cohort analysis was performed on patients that were switched from latanoprost or bimatoprost to travoprost between August 2003 and April 2005.  A total of 578 converted patients were reviewed.  The majority (94%) were previously treated with latanoprost.  Of the 296 (51%) of patients with both baseline and 6-month follow up, the mean IOP was significantly lower after conversion to travoprost (p<0.0001) whether patients received latanoprost or bimatoprost previously.  The IOP-reduction in black patients after conversion was not statistically significant.  Of those converted to travoprost, 147 (25.4%) discontinued travoprost, while 35 (6%) received treatment with an alternative PA.  Adverse events were the reason for discontinuation of travoprost in 29 (20%) patients and ineffectiveness was the reason in 17 (12%) patients.  Hyperemia, specifically, was noted as the primary effect in 10 patients and eye pain in 12 patients.  The rate of hyperemia was 2.2% in those converted to travoprost, which differed from the reported rates in the literature (58%).  [Brooks, 2009]
Overall, the experiences reported of systematic switches between PA’s appear to be positive.  The primary outcome of IOP-lowering was achieved with small percentages of patients reverting to their prior therapy.  The adverse effects noted were not unexpected, although the incidence of hyperemia with travoprost in the VA investigation was much less than that reported in the literature.44 
Meta-Analyses of Randomized Trials Comparing Prostaglandin Analogs45, 46, 47 
A meta-analysis of randomized controlled trials comparing travoprost with other prostaglandin analogues or timolol was performed by authors Li, et al.  The literature search included data to August 2005.  Selected studies were randomized clinical trials in patients with open-angle glaucoma or ocular hypertension and an intervention of a prostaglandin analog or timolol and a primary outcome measure of mean IOP pooled over treatment visits or side effects.  A total of 12 articles were included in this meta-analysis.  The combined results showed that travoprost did not show better IOP-lowering effect, compared to either bimatoprost (WMD=0.08; 95% CI [-0.62, 0.79], p=0.8) or latanoprost (WMB=-0.57; 95% CI [-1.18,0.04], p=0.07).  The data also suggest that travoprost caused a higher percent of ocular hyperemia than latanoprost (OR=2.03, 95% CI [1.49, 2.75], p=0.00001).45
A meta-analysis performed among the Asian Pacific population included randomized clinical trials identified up to July, 2008.  Patients had chronic angle-closure glaucoma and had undergone peripheral iridotomy, but still had inadequately controlled IOP.  The treatment intervention included latanoprost, bimatoprost and travoprost as monotherapy.  A total of 9 clinical trials, involving 1090 patients, met inclusion criteria and were included for an average period of follow-up of 2.9 months.  Pooled IOP reduction was comparable among all 3 prostaglandin analogs.46  
Orme, et al. performed a mixed treatment comparison meta-analysis. RCT’s published up to March 2007 were included if a PA was used in one of the treatment arms.  A total of 18 articles were included.  Based on the weighted mean differences between treatments, latanoprost and bimatoprost, as monotherapy, resulted in significantly lower on-treatment IOP when compared to timolol (p<0.05).  There were no significant differences noted between latanoprost and bimatoprost (p>0.05).  Travoprost produced a mean IOP lower than timolol, but the difference was not statistically significant.  The likelihood of reaching the target IOP at 3 months was greater for either latanoprost or bimatoprost.  Latanoprost-treated patients had less hyperemia than either bimatoprost or travoprost-treated patients.  The authors conclude that latanoprost may achieve a good balance between tolerability and IOP efficacy.47
The published meta-analyses included in this review vary by patient population, trial duration, primary endpoints and analysis methods.  Both Li and Cheng, et al. concluded that bimatoprost, latanoprost and travoprost have shown equivalent efficacy.  Orme, et al. concluded that the IOP-lowering effects of latanoprost and bimatoprost were equivalent and greater than that seen with travoprost.
Table 7. Summary of Meta-Analyses Comparing PA’s
	Reference
	Inclusion Criteria
	Primary endpoint (s)
	Duration of trials
	Results

	L
Li, 2006
	RCT to Aug 2005; OAG or OH; 

travoprost (T) vs. bimatoprost (B), 
latanoprost (L), unoprostone (U) or timolol (t)
	IOP, side effects
	3 – 12 mos
	12 articles included;

     8 double-blind;4 single-blind

3048 patients;

T more effective than t; 
     comparable to L, B;

T ↑ hyperemia vs. L; same vs. B

T ↑ pigmentation vs. t; same vs. L
T ↑ eyelash changes vs. t, L; 

     same vs. B

	Cheng, 2009
	RCT to July 2008; primary chronic angle-closure glaucoma (CACG) s/p peripheral iridotomy (PI); L, B and T as monotherapy vs. active treatment/placebo
	Mean diurnal curve, peak and trough IOP reduction
	2 – 12 weeks
	9 articles included;
     4 on L vs. t;

     2 on L vs. T;

     1 on L vs. t/dorzolamide

     1 on L vs. B;

     1 on B vs. t

1090 patients;

L, B, T and t all reduced IOP;

Greatest ↓ IOP at diurnal curve: 

     L, T, B, then t;

Greatest ↓ IOP at peak (0900):

     L, T, B, then t;

Greatest ↓ IOP at trough (1600):

     L, T, B, then t

	Orme, 2010
	Meta-regression analysis; RCT to March 2007; > 1 treatment arm included a PA; POAG and/or OH; English language; > 20 patients analyzed
	IOP reduction; meet IOP target (> 20% reduction or absolute IOP < 20 mmHg)
	3 mos
	18 articles included;
2943 patients;

L, B greater ↓ IOP than t;

L comparable to B;

T comparable to t;

L ↓ hyperemia vs. B, T


Key: POAG=Primary Open Angle Glaucoma; OAG=Open Angle Glaucoma; OH= Ocular Hypertension; L= latanoprost; B= bimatoprost; T= travoprost; t= timolol; IOP=intraocular pressure
Effect on PA’s on Circadian Intraocular Pressure 
When comparing the effects of prostaglandin analogs, investigators have reported a variation of IOP-lowering effect.  Noecker et al. noted that bimatoprost was significantly more effective than latanoprost at the hours of 0800, 1200 and 1600.  Other comparative trials have focused only on the diurnal curve, not taking the nocturnal hours into consideration.  Orzlesi, et al. studied the effects of each prostaglandin analog on circadian IOP in a crossover fashion.  Each patient had baseline IOP values recorded at 0300, 0600, 0900, 1200, 1500, 1800, 2100 and 2400.  After a washout period of one month, patients were randomly assigned to receive one of three PA’s.  Again, 24-hour values were recorded, followed by another washout period, and switch to another PA.  Their results indicate that there was no significant difference in mean change in IOP from baseline with either PA.  Each prostaglandin analog had a significantly greater IOP-lowering effect during the diurnal hours vs. the nocturnal hours.  Overall, concluding that not only did all 3 PA’s have similar IOP-lowering effects during the day, but also during the nighttime hours.48
In a randomized, parallel group design, Yildirim, et al. attempted to assess the IOP-lowering effects of all 3 PA’s in a newly diagnosed glaucoma population.  Patients were admitted to an inpatient facility at baseline to record circadian tonometric curves at 0800, 1000, 1300, 1600, 2000, 2200 and 0300.  They were then randomized to receive either bimatoprost, latanoprost or travoprost daily for 8 weeks.  Again, patients were admitted to record their tonometric curves as described.  The baseline values for all patients were not significantly different, except for the 0800 and 1000 hours.  Patients assigned to receive travoprost had higher baseline IOP values.  At the end of the 8 week period, the authors noted that there were significant reductions in the mean IOP among all treatment groups.  Those receiving travoprost had a significantly greater reduction in mean IOP at hours 0800 and 1000.  Possible limitations that may have impacted this finding include a higher baseline IOP value in the travoprost group, small numbers of patients and lack of crossover design.49
Table 8. Comparison of the Effects of Prostaglandin Analogs on Circadian IOP
	Variables
	Mean IOP (± SD) 

mm Hg
	Reduction in 

IOP (9a-9p)
	Reduction in 

IOP (12a-6a)
	P value

	Study
	Population
	Intervention
	Duration
	N
	Base 
	21.9 

(3.4)
	

	Orzlesi, 2006;
RT, DM,

crossover
	OAG or OH;

4-wk washout separated 24-hr tonometric curves
	Each patient randomized to each arm


	4 x 24 hr

(base + 3 curves)
	44
	L
	16.2 (3.2)
	6.7 (2.8)
	3.7 (3.1)
	0.02

	
	
	
	
	
	T
	15.9 (3.1)
	7.1 (3.2)
	3.9 (2.9)
	0.03

	
	
	
	
	
	B
	15.3 (3.1)
	7.9 (3.2)
	4.3 (3.0)
	0.02

	
	Reduction in IOP (8a, 10a)
	Reduction in IOP (1p-3a)
	P value

	Yildirim, 2008;

RT, PG, masked evaluator
	OAG;

Newly diagnosed;

Untreated
	B vs. L vs. T;

1 drop each evening
	8 wks
	48
	L
	22.3 (1.3)
	19.5 (1.2)

19.2 (0.8)
	15.6 (1.4) -18.8 (0.9)
	NS

	
	
	
	
	
	T
	23.4t (3.2)
	18.9 (1.8)

16.7 (1.4)
	15.9 (0.8) –
18.4 (1.5)
	P=0.02 (8a, 10a)

	
	
	
	
	
	B
	22.6 (1.8)
	19.9 (1.4)

18.7 (0.8)
	16.3 (0.8) – 
18.0 (0.8)
	NS


*Key: RT=randomized trial; DM=double-masked; PG=parallel group; t 0800, 1000 baseline values for travoprost were significantly higher (0800 p=0.02; 1000 p=0.03)
VI. Safety and Adverse Effects 1-4, 37, 50-52, 56
The major adverse effects of this therapeutic group include hyperemia, iris pigmentation changes, ocular irritation (e.g. pruritis, discomfort) and darkening of eyelash growth.1-4 These effects are seen in all members of the class although there is variation in their severity. 
The changes seen in iris color occur slowly and are more common in patients with multicolored irides. The increase in pigmentation is not due to proliferation of melanocytes but due to an increase in melanosomes per melanocyte.50 Effects on the iris are not likely to reverse when therapy is discontinued. The periorbital area may also be affected by the pigmentation changes. Eyelashes may also darken and thicken during therapy. This increased hair growth may reverse upon cessation of the drug.
The hyperemia caused by these agents may cause the most discomfort and irritation to patients. In some cases the effect will subside with continued therapy, in others it may result in discontinuation of the agent. If one prostaglandin ophthalmic agent causes the effect it may be possible that another will not. Table 9 compares the incidence of the adverse effects reported by the manufacturers while Table 10 reports the incidence of events noted in the comparative trial setting. Caution should be exercised when comparing side effect profiles among the three agents as treatment periods vary (3 vs. 12 months) as well as study protocols. The package insert for each agent quotes respectively, 25-45% incidence for bimatoprost, 5-15% for latanoprost and 30-50% for travoprost for ocular side effects such as hyperemia, eyelash changes and increased pigmentation. The discontinuation rates due to hyperemia were reported to be 3% of travoprost patients, 0.5-3% of bimatoprost patients and < 1% of latanoprost patients.1-4 Of note, Kammer et al. performed a 3-month investigation to evaluate the efficacy and tolerability of bimatoprost vs. travoprost in patients previously on latanoprost.  Patients were directly switched to bimatoprost or travoprost without a washout period.  The percent of grades 1-3 hyperemia at the 3-month period were 8.4, 2.3 and 0.8% vs. 13.5, 3.0 and 0.0% in the bimatoprost and travoprost arms, respectively (p = NS).  This illustrates the real-life scenario that prior PA exposure with a direct switch to another PA may reduce the incidence and severity of hyperemia.56
The results of a physician survey from 2002 highlight the impact of adverse ocular effects.51 The survey found that hyperemia and other ocular complaints may result in increased office visits, phone calls and medication changes. The survey was not powered to detect differences among the agents nor was it published in a peer-reviewed journal. It is also possible that the use of patient education on this side effect could decrease the parameters affected in the study.

Additional ocular side effects include dry eye, blurred vision, excessive tearing, burning, and stinging, itching and foreign body sensation. These events are not significantly different among the agents and do not account for increased numbers of medication discontinuation.  
Cystoid macular edema (CME) has been reported with the use of all prostaglandin analogs.  Each manufacturer provides a warning to use caution in aphakic patients, in pseuophakic patients with a torn posterior lens capsule or in those with known risk factors for macular edema.  There may be a predisposition for development of this condition in pseudophakic, aphakic or phakic eyes as there is an altered blood-retinal barrier in these instances. Other conditions, which may place patients at higher risk for CME, include cataract surgery and diabetes mellitus. Discontinuation of the medication with/without the use of steroid eyedrops typically results in resolution of the CME.  Of note, none of the randomized trials listed in Table 10 report CME as an adverse event experienced by any of their study participants.  Interestingly, a case report outlines the treatment history of a patient who following routine cataract extraction was treated subsequently with latanoprost, bimatoprost and then travoprost in an attempt to control IOP, but developed CME with each course of therapy.52
Systemic adverse events have been reported with all of the prostaglandin analogs.  In the clinical trial setting, systemic events were reported in 10% of bimatoprost-treated patients, 4% of latanoprost-treated patients and 1-5% of those treated with travoprost.  The most common events noted were colds, flu and upper respiratory tract infections.  Not all of the comparative trials reported systemic adverse events experienced by the study population.  Netland and Parrish report data on systemic events (both related and non-drug related). There may be alterations in liver function tests with bimatoprost. This may be related to enrollment of patients in Phase III trials who had pre-exisiting liver disease (defined as liver disease at baseline and/or with 1 or more abnormal liver function test (ALT, AST or Total Bilirubin at least 1.5 times the upper limit of normal) at baseline. When this population was analyzed, there was no worsening of liver function over time regardless of the patient receiving bimatoprost or a comparator agent.  No clinically relevant changes in laboratory values were noted among travoprost patients with hepatic or renal impairment.  
Table 9. Incidence of Adverse Reactions Reported in Manufacturer Labeling
	Symptom
	Bimatoprost
	Latanoprost
	Travoprost

	Conjunctival hyperemia
	25-45%
	NR
	30-50%

	DC due to hyperemia
	0.5-3%
	< 1%
	0.5-3%

	Ocular AE’s
	1-10%;
> 10% (eyelash growth, pruritus)
	5-15%
	1-10%

	Non-Ocular AE’s
	10% 
	4% 
	1-5%


NR= not reported; AE’s= adverse events; DC= discontinuation
Table 10: Incidence of Adverse effects Reported in the Clinical Trial Setting
	Study
	Adverse effect
	Timolol (%)
	Bimatoprost (%)
	Latanoprost (%)
	Travoprost (%)

	Netland, 2001
	Hyperemia
	14
	**
	27.6
	49.5

	
	Iris pigment changes
	0
	
	5.2
	3.1

	
	Eyelash changes
	3.1
	**
	25.8
	57.1

	
	Systemic AE’s (htn)
	4.5
	**
	3.6
	6.5

	
	DC due to AE
	**
	**
	NR
	NR

	Gandolfi, 2001
	Hyperemia
	**
	36.1
	14.2s
	**

	
	Iris pigment changes
	
	
	
	

	
	Eyelash changes
	**
	12.6
	4.4
	**

	
	DC due to AE
	**
	5
	4.4
	

	Parrish, 2003
	Hyperemia
	**
	68.6
	47.1t
	58

	
	Eyelash changes
	
	2.9
	0
	0.7

	
	Eye irritation
	**
	10.9
	6.6
	4.3

	
	Blurred vision
	**
	3.6
	0
	1.4

	
	Ocular AE’s
	**
	73.7
	53.7
	64.5u

	
	Systemic AE’s
	**
	18.2
	16.9
	16.7

	
	DC due to AE
	**
	< 1
	0
	< 1

	Noecker, 2003
	Hyperemia
	**
	44.4
	20.6v
	**

	
	Eyelash growth
	**
	10.5
	0v
	**

	
	Ocular pruritus
	**
	9.8
	2.9w
	**

	
	Ocular burning
	**
	5.3
	5.9
	**

	
	DC due to AE
	**
	4.5
	3.7
	**

	Maul, 2007
	Hyperemia
	**
	**
	12.2
	26.9

	
	Discomfort
	**
	**
	3.4
	3.2

	
	Pruritis
	**
	**
	2.0
	1.9

	
	DC due to AE
	**
	**
	2.9
	4.6

	Faridi, 2010
	Hyperemia
	**
	9
	4
	9

	
	Allergy
	**
	2.5
	< 1
	< 1

	
	Ocular irritation
	**
	3.2
	6
	4

	
	DC due to AE
	**
	5.7
	0.8
	0.8


sp< 0.001;  t p=0.001 between latanoprost and bimatoprost; up=0.003 among all 3 treatments; p<0.001 between latanoprost and bimatoprost; vp<0.001; wp=0.025; NR=not reported
Faridi, et al. assessed patient tolerance to their therapy at two follow-up visits.  Patients were asked to report their tolerance according to a 1-5 scale: 1 = very poor, 2 = poor, 3 = fair, 4 = good and 5 = excellent. The overall mean tolerance level was 4 (good).  The drops were well-tolerated in 85% of patients. In the ITT analysis, tolerance was not different at the 2 or 6 month time points (p=0.11 at 2 months; p=0.86 at 6 months).37
Preservative Issues53, 54
In June 2010, branded Travatan® (travoprost) was replaced with Travatan-Z®.  Branded travoprost contained the preservative Benzalkonium Chloride (BAK), which has been implicated as a cause of corneal toxicity in vitro and in the rabbit model.  The new formulation of travoprost is preserved with a proprietary ionic buffered system, SofZia®, which contains boric acid, prophylene glycol, sorbitol and zinc chloride.  

Whitson, et al. attemped to compare ocular surface tolerability of latanoprost 0.005% preserved with 0.02% BAK, bimatoprost 0.03% preserved with 0.005% BAK and travoprost 0.004% preserved with sofZia in patients with glaucoma or ocular hypertension.53   Patients were randomized to either monotherapy with latanoprost, bimatoprost or travoprost for three months.  The primary outcome measure was investigator-masked assessment of conjunctival hyperemia at 3 months.  The results indicate that there was no statistical difference in the mean (SEM) change from baseline conjunctival hyperemia scores in any arm:   0.05 (0.10) in the bimatoprost arm, 0.06 (0.10) in the latanoprost arm and 0.07 (0.13) in the travoprost arm (p=0.994).  Secondary outcome measures of corneal staining with fluorescein and tear breakup time have also shown that the mean (SEM) change from baseline to month 3 was not statistically different among the treatment arms.  The authors concluded that no significant differences among the PA’s were evident in objective clinical measures of ocular surface tolerability despite differences in the preservatives contained in the products.  It is important to recognize their limitations, including a short duration of follow-up, lack of power calculation to determine sample sizes, lack of patient-masking and exposure to other BAK-containing ocular products.  Long-term data is needed to fully assess the impact of BAK on ocular toxicity.  

VII. Warnings and Precautions1-4
The following warnings and precautions are the same for bimatoprost, latanoprost and travoprost.

Pigmentation of Iris and Periorbital Tissues

Changes to pigmented tissues have been reported.  The most frequently affected areas include the iris and eyelid. The changes in eye color is due to increased melanin content in the stromal melanocytes of the iris, not an increase in number of melanocytes.  Changes may not be noticeable for several months to years.  After discontinuation of drug, pigmentation changes of the iris will remain while pigmentation changes of the periorbital tissues may reverse.  Patients should be made aware of this adverse effect.
Eyelash Changes

Treated eyes may undergo a change in eyelash and vellus hair.  Changes include increased length, thickness, pigmentation and number of lashes.  These changes are usually reversible upon discontinuation of treatment. 

Intraocular Inflammation

Use of these agents should be done with extreme caution in patients with a history of intraocular inflammation (uveitis/iritis) and should not be used in those with active intraocular inflammation.

Macular Edema

Macular edema, including cystoids macular edema, has been reported with bimatoprost, latanoprost and travoprost.  These drugs should be used with caution in aphakic patients, pseudophakic patients with a torn posterior lens capsule or in those with known risk factors for macular edema.

Angle-closure, Inflammatory or Neovascular Glaucoma

Bimatoprost and travoprost have not been evaluated for the treatment of angle-closure, inflammatory or neovascular glaucoma.  There is limited experience with latanoprost in these settings.

Bacterial Keratitis
Reports of bacterial keratitis have been associated with the use of multiple-dose containers of ophthalmic products due to inadvertent contamination by the patient.
Use with Contact Lenses

Contact lenses should be removed prior to instillation of bimatoprost, latanoprost or travoprost.  Lenses may be reinserted 15 minutes after drug administration.

VIII. Contraindications1-4
Bimatoprost and latanoprost contain the preservative, benzalkonium chloride.  Use is contraindicated in patients with known hypersensitivity to benzalkonium chloride or any other ingredients contained in bimatoprost, latanoprost or travoprost.
IX. Drug Interactions1-4
In vitro studies indicate that precipitation occurs when eye preparations containing thimerosal are mixed with latanoprost.  If such drugs are used they should be administered at least 5 minutes apart.

If other topical ocular hypotensive agents are used there may be additive effects with the prostaglandin and prostamide ophthalmic agents. In fact, studies with latanoprost, bimatoprost or travoprost and topical beta-blockers have shown an additive lowering of IOP. There have been no reported clinically significant drug interactions with orally administered drugs. Further investigations are necessary to confirm this finding.

X. Dosage and Administration1-4 
These agents are all recommended at a dose of one drop to the affected eye(s) once daily in the evening. If a dose is missed, treatment should continue with the next dose as normal.

Concomitant administration with other topical ophthalmic products should be separated by at least 5 minutes between doses. 

Care should be exercised if patients receiving these medications wear contact lenses. Contact lenses should be removed prior to instillation of the eyedrops and they should remain out of the eye for at least 15 minutes after administration of the eye drop. 

Table 11. Pharmacodynamic Effects1-4
	Variable
	Bimatoprost
	Latanoprost
	Travoprost

	Start of IOP reduction, after administration
	4 hours
	3-4 hours
	2 hours

	Maximum effect achieved, after administration
	8-12 hours
	8-12 hours
	12 hours


XI. Cost

Table 12: Cost Comparison based on VA pricey,x
	Product
	Package size
	Measured volume
	Drops/ml
	Days per bottle

(1 drop OU)
	VA price per bottle ($)
	Cost per day ($)

	Bimatoprost 0.03%
	2.5ml
	3.3 ml
	33.3
	55.7
	48.86
	0.88

	
	5 ml
	5.6 ml
	34.1
	95.2
	94.11
	0.98

	
	7.5ml
	NA
	NA
	NA
	140.39
	NA

	Latanoprost
0.005%
	2.5 ml
	3.05 ml
	29.5
	45.2
	44.34
	0.98

	
	3 x 2.5ml
	**
	
	135.6
	133.41
	0.98

	Latanoprost, generic
	2.5 ml
	3.05 ml
	29.5
	45.2
	1.76
	0.04

	
	3 x 2.5 ml
	**
	
	135.6
	5.28
	0.04

	Travoprost
0.004%
	2.5 ml
	3.0 ml
	34.6
	51.6
	7.63x
	0.15

	
	5 ml
	NA
	NA
	NA
	15.26
	NA


Adapted from Fiscella 55 ;VA prices current as of 5.3.2011; y big4 price,  x bpa price; NA = not available
XII. Conclusions and Recommendations

The initial drug class review concluded that bimatoprost, latanoprost and travoprost were all proven to be superior or equal to timolol for IOP reduction in the treatment of glaucoma.  Unoprostone was noted to have reduced efficacy with an inconvenient dosing regimen and therefore not included in the efficacy and safety assessments.  It was noted that travoprost may provide additional IOP-lowering effects for the African American population, but more data was needed to ascertain the benefit.  

Since that time, more randomized controlled trials and meta-analyses have been performed to study the similarities and differences among the prostaglandin analogs.  In addition, other changes have taken place.  Unoprostone has since been removed from the market and the branded travoprost product changed their preservative from benzalkonium chloride to the proprietary ionic buffered system, SofZia®.  Whether this change in preservative translates into a clinical difference in ocular toxicity is still to be determined.
In terms of efficacy, the randomized controlled trials concluded with varying results.  Among the 533 patients studied by Parrish and Faridi et al., bimatoprost, latanoprost and travoprost provided equivalent IOP-lowering results.  Noecker and Koz et al. concluded that bimatoprost was superior to latanoprost, while Maul et al. reported that travoprost was superior to latanoprost.  Looking at the data in a slightly different way, newly diagnosed vs. pretreated patients, does not appear to clarify the results.  Faridi and Koz, et al. studied newly diagnosed, untreated patients.  Faridi concluded that although bimatoprost was superior at 2 months, all 3 PA’s were equivalent at the 6 month time point.  Koz concluded that bimatoprost was superior to latanoprost and travoprost, which had comparable efficacy in reducing IOP.
The published meta-analyses included in this review vary by patient population, trial duration, primary endpoints and analysis methods.  Both Li and Cheng, et al. concluded that bimatoprost, latanoprost and travoprost have shown equivalent efficacy.  Orme, et al. concluded that the IOP-lowering effects of latanoprost and bimatoprost were equivalent and greater than that seen with travoprost.

When assessing the IOP-lowering effect on the time of day, each prostaglandin analog had a significantly greater effect during the diurnal hours vs. the nocturnal hours.  Concluding that not only did all 3 PA’s have similar IOP-lowering effects during the day, but also during the nighttime hours.

The beneficial effect of travoprost initially noted in the African American population is still a question that has not been clearly answered.  Investigators have attempted to address this by subgroup analyses and specifically-designed trials, but have been unfortunate with inadequate recruitment and lack of statistical power to show that differences exist.
Latanoprost appears to have a milder adverse effect profile when compared to bimatoprost or travoprost.  Conjunctival hyperemia, which may often lead to drug discontinuation, is less with latanoprost.  Ocular symptoms such as pruritus and discomfort, appear to be comparable between latanoprost and travoprost, which are less than with bimatoprost.  Retrospective data from the VA interchange reported lower rates of hyperemia with travoprost than that published in the literature.  The rates of ocular effects such as eye pain, visual disturbances, pruritus and hyperpigmentation were comparable.
Latanoprost is the only agent that requires refrigeration of the unopened bottle and protection from light.  Both bimatoprost and travoprost can be stored at room temperature with no special precautions concerning light exposure.   Travoprost is packaged in a foil pouch, which must be removed prior to use. Table 13 highlights these differences among the agents.

A generic latanoprost was FDA-approved in 2011 and received an AT-rating (therapeutically equivalent to brand; topical product).

Table 13: Stability and Packaging Comparison1-4
	
	Latanoprost
	Bimatoprost
	Travoprost

	Trade name
	Xalatan® 0.005%, Catalent Pharma Solns
Latanoprost Ophthalmic Solution, 0.005%,  Dist by Falcon, Manu by Alcon
	Lumigan®0.03%, Allergan
	Travatan Z® 0.004 %, Alcon

	Stability
	Unopened bottles:

· Protect from light

· Require refrigeration (36-46°F) prior to dispensing to maintain 36 month shelf life

· Up to temp 104°F for 8 days 
Opened bottles:

· Protect from light

· Store at room temp (77°F) x 6 wks
	· Studied across heat and cold extremes. Consistent potency.
· Store at 36-77°F
	· Studied in accelerated heat, freeze thaw cycle, refrigeration. All consistent potency.
· Store at 36-77°F

	Pros/cons
	· May require special mail handling

· Patients comment on “streaming” of medication from bottle
	· Larger bottle size may decrease mailing costs

· No restriction on storage
	· No restriction on storage

· Dispensed in a pouch system




References

1. Xalatan( (latanoprost) product information. Woodstock, IL: Catalent Pharma Solutions 2009.
2. Travatan Z( (travoprost) product information.  Fort Worth, TX: Alcon Pharmaceuticals 2010
3. Lumigan( (bimatropost) product information.  Irvine, CA: Allergan Inc. 2010.
4. Latanoprost Ophthalmic Solution product information. Fort Worth, TX: Alcon Pharmaceuticals 2011.
5. Young HK, Fingert JH, Kuehn MH, Alward WLM.  Primary Open-Angle Glaucoma. N Engl J Med 2009; 360: 1113-1124.
6. Riordan-Eva, Paul FRCS, FRCOphth. Chronic Glaucoma, Current Medical Diagnosis andTreatment49thEd.(2010)   Chapter 7. Disorders of the Eyes & Lids - Lange Medical Books/McGraw-Hill, Medical Publishing Division, New York, New York; accessed https://online.statref.com/document.aspx?fxid=27&docid=187 

7. Kass MA, Heuer DK, Higginbotham EJ, et al. The Ocular Hypertension Treatment Study. Archives of Ophthamol 2002;120(6):701-713.

8. Heijl A, Leske MC, Bengtsson B, et al. for the Early Manifest Glaucoma Trial Group: Reduction of Intraocular Pressure and Glaucoma Progression: Results from the Early Manifest Glaucoma Trial.  Arch Ophthalmol 2002; 120: 1268.
9. Lichter PR, Musch DC, Gillespie BW, et al.  for the CIGITS Study Group: Interim Clinical Outcomes in the Collaborative Initial Glaucoma Treatment Study Comparing Initial Treatment Randomized to Medication or Surgery. Ophthalmology 2001; 108: 1943.
10. Tielsch JM, Sommer A, Katz J, et al. Racial Variations in the prevalence of primary open angle glaucoma. The Baltimore Eye Survey. JAMA. 1991;266:369-374.

11. Pointer JS. Human intraocular pressure and its diurnal variation in healthy subjects. Ophthalmic Physiol Opt. 1999;19(suppl 2):S43-S48.

12. The relationship between control of intraocular pressure and visual field deterioration. The AGIS Investigators. Am J Ophthalmol. 2000 Oct;130(4):429-40
13. Bohn RL, Gurwitz JH, Yeomans SM, et al: Which patients are treated for glaucoma? An observational analysis. J Glaucoma 2000; 9:38-44
14. Patel SS, Spencer CM. Latanoprost. A Review of its pharmacological properties, clinical efficacy and tolerability in the management of primary open angle glaucoma and ocular hypertension. Drugs & Aging. 1996;9(5):363-378.
15. Coleman RA, Smith WL, Narumiya S. International union of pharmacology classification of prostanoid receptors: properties, distribution and structure of the receptors and their subtypes. Pharmacol Rev. 1994;46:205-229.
16. Schachtschabel U, Lindsey JD, Weinrab RN. The mechanism of action of prostaglandins on uveoscleral outflow. Curr Opinion Ophthalmol. 2000;11:112-115.
17. Brubaker RF. Mechanism of action of bimatoprost. Surv Ophthalmol. 2001;45(suppl 4):S347-S351.
18. Hedman K, Alm A, Gross RL.  Pooled-data Analysis of Three Randomized, Double-Masked, Six-Month Studies Comparing Intraocular Pressure-Reducing Effects of Latanoprost and Timolol in Patients with Ocular Hypertension. J Glaucoma 2003; 12: 463. 
19. Zhang WY, Po A, Dua HS, Azuara- Blanco. Meta-analysis of randomized controlled trials comparing latanoprost with timolol in the treatment of patients with open angle glaucoma or ocular hypertension. Br J Ophthalmol. 2001;85:983-990.

20. Aung T, Chew PT, Yip CC, et al. A randomized double-masked crossover study comparing latanoprost 0.005% with unoprostone 0.12% in patients with primary open angle glaucoma and ocular hypertension. Am J Ophthalmol. 2001;131:636-642.

21. Watson P, Stjernschantz J, Beck L, et al. A six-month randomized, double masked study comparing latanoprost and timolol in open angle glaucoma and ocular hypertension. Ophthalmology. 1996;103:126-137.

22. Alm A, Stjernschantz J, the Scandinavian Latanoprost Study Group. Effects on intraocular pressure and side effects of 0.005% latanoprost applied once daily, evening or morning- a comparison with timolol. Ophthalmology. 1995;102:1743-1752.

23. Brandt JD, VanDenburgh AM, Chen K, et al. Comparison of once or twice daily bimatoprost with twice daily timolol in patients with elevated IOP. Ophthalmology. 2001;108:1023-1032.

24. Sherwood M, Brandt J, for the Bimatoprost study groups 1 and 2. Six-month comparison of bimatoprost once daily and twice daily with timolol twice daily in patients with elevated introcular pressure. Surv Ophthalmol. 2001;45(suppl 4):S361-S368.

25. Netland PA, Landry T, Sullivan EK, Andrew R, Silver L, Weiner A, Mallick S, Dickerson J, Bergamini MV, Robertson SM, Davis AA; Travoprost Study Group Travoprost compared with latanoprost and timolol in patients with open-angle glaucoma or ocular hypertension. Am J Ophthalmol. 2001 Oct;132(4):472-84.

26. Diestelhorst M, Almegard B. Comparison of two fixed combinations of latanoprost and timolol in open angle glaucoma. Graefes Arch Clin Exp Ophthalmol. 1998;236:577-581.

27. Watson P, Stjernschantz J, Beck L, et al.  A Six-Month Randomized, Double-Masked Study Comparing Latanoprost and Timolol in Open Angle Glaucoma and Ocular Hypertension. Ophthalmology 1996 ; 103 : 126.
28. Larsson LI. Intraocular pressure over 24 hours after repeated administration of latanoprost 0.005% or timolol gel- forming solution 0.5% in patients with ocular hypertension. Ophthalmology. 2001;108:1439-1444.

29. Camras CB and the US Latanoprost Study Group. Comparison of latanoprost and timolol in patients with ocular hypertension and glaucoma. A six-month, masked, multicenter trial in the United States. Ophthalmology. 1996;103:138-147.

30. Goldberg I, Cunha-Vaz J, Jakobsen JE, et al. Comparison of topical travoprost eye drops once daily with timolol 0.5% twice daily in patients with open angle glaucoma or ocular hypertension. J Glaucoma 2001; 10: 414.
31. Fellman Rl, Sullivan K, Ratliff M, et al. Comparison of travoprost 0.0015% and 0.004% with timolol 0.5% in patients with elevated intraocular pressure. Ophthamology 2002;109(5):998-1008.
32. DuBiner H, Cooke D, Dirks M, et al. Efficacy and safety of bimatoprost in patients with elevated intraocular pressure: A 30 day comparison with latanoprost. Surv Ophthalmol. 2001;45(suppl 4): S353-S360.

33. Gandolfi S, Simmons ST, Strum R, Chen K, VanDenburgh AM, for the Bimatoprost Study Group 3. Three month comparison of bimatoprost and latanoprost in patients with glaucoma and ocular hypertension. Advances in Therapy. 2001;18(3)110-121.

34. Noecker RS, Dirks MS, Choplin NT, et al.  A Six-Month Randomized Clinical Trial Comparing the Intraocular Pressure-Lowering Efficacy of Bimatoprost and Latanoprost in Patients with ocular Hypertension or Glaucoma.  Am J Ophthalmol 2003 ; 135 : 55.
35. Maul E, Carrasco FG, Costa VP, et al.  A 6-Week, Multicenter, Randomized, Double-Masked, Parallel-Group Study Comparing Travoprost 0.004% to Latanoprost 0.005% Followed by 6-Week, Open-Label Treatment with Travoprost 0.004%. Clin Ther 2007 ; 29 : 1915.
36. Parrish RK, Palmberg P, Sheu WP for the XLT Study Group. A Comparison of Latanoprost, Bimatoprost and Travoprost in Patients with Elevated Intraocular Pressure : A 12-Week, Randomized, Masked-Evaluator Multicenter Study.  Am J Ophthalmol 2003 ; 135 : 688.
37. Faridi UA, Saleh TA, Ewings P, et al.  Comparative Study of Three Prostaglandin Analogues in the Treatment of Newly Diagnosed Cases of Ocular Hypertension, Open-Angle and Normal Tension Glaucoma. Clinical and Experimental Ophthalmology 2010 ; 38 : 678.
38. Koz OG, Ozsoy A, Yarangumeli A, Kose SK, Kural G.  Comparison of the Effects of Travoprost, Latanoprost and Bimatoprost on Ocular Circulation :  A 6-Month Clinical Trial.  Acta Ophthalmol Scand 2007 ; 85 : 838.
39. Chen MJ, Chen YC, Chou CK, Hsu WM.  Comparison of the Effects of Latanoprost and Travoprost on Intraocular Pressure in Chronic Angle-Closure Glaucoma. Journal of Ocular Pharmacology and Therapeutics 2006 ; 22 : 449.
40. Birt CM, Buys YM, Ahmed IIK, Trope GE and the Toronto Area Glaucoma Society. Prostaglandin Efficacy and Safety Study Undertaken by Race (The PRESSURE Study). J Glaucoma 2010 ; 19 : 460.
41. Noecker RJ, Earl ML, Mundorf TK, Silverstein SM, Phillips MP. Comparing Bimatoprost and Travoprost in Black Americans. Curr Med Res Opin 2006 ; 22 : 2175.
42. Law SK, Song BJ, Fang E, Caprioli J.  Feasibility and Efficacy of a Mass Switch from Latanoprost to Bimatoprost in Glaucoma Patients in a Prepaid Health Maintenance Organization. Ophthalmology 2005 ; 112 : 2123.
43. Kumar RS, Istiantoro VW, Hoh ST, Ho CL, Oen FT, Aung T.  Efficacy and Safety of a Systematic Switch from Latanoprost to Travoprost in Patients with Glaucoma. J Glaucoma 2007 ; 16 : 606.
44. Brooks TC, Burlingame M, Burk M, et al.  Travoprost : A Prostaglandin Analogue for the Treatment of Glaucoma. Formulary 2009 ; 44 : 322.
45. Li N, Chen X, Zhou Y, Wei M, Yao X.  Travoprost Compared with other Prostaglandin Analogues or Timolol in Patients with Open-Angle Glaucoma or Ocular Hypertension : Meta-Analysis of Randomized Controlled Trials. Clinical and Experimental Ophthalmology 2006 ; 34 : 755.
46. Cheng JW, Cai JP, Li Y, Wei RL.  A Meta-Analysis of Topical Prostaglandin Analogs in the Treatment of Chronic Angle-Closure Glaucoma. J Glaucoma 2009 ; 18 : 652.
47. Orme M, Collins S, Dakin H, Kelly S, Loftus J.  Mixed Treatment Comparison and Meta-Regression of the Efficacy and Safety of Prostaglandin Analogues and Comparators for Primary Open-Angle Glaucoma and Ocular Hypertension. Curr Med Res Opin 2010 : 26 : 511.
48. Orzalesi N, Rossetti L, Bottoli A, Fogagnolo P. Comparison of the Effects of Latanoprost, Travoprost and Bimatoprost on Circadian Intraocular Pressure in Patients with Glaucoma or Ocular Hypertension. Ophthalmology 2006 ; 113 : 239.
49. Yildirim, N, Sahin A, Gultekin S. The Effect of Latanoprost, Bimatoprost and Travoprost on Circadian Variation of Intraocular Pressure in Patients with Open-Angle Glaucma. J Glaucoma 2008 ; 17 : 36.
50. Hu DN, Stjernschantz J, McCormick SA. Effect of prostaglandins A(2), E(1), F(2 alpha) and latanoprost on cultured human iridial melanocytes. Exp Eye Reas. 2000;70:113-120.
51. Stewart WC, Rhodes JS, Leech JN. Survey Assesses Red Eye and Prostaglandin Use. Review of Ophthalmol. 2002;9(4).
52. Agange N, Mosaed S. Case Report : Prostaglandin-Induced Cystoid Macular Edema Following Routine Cataract Extraction. J Ophthalmol 2010, Article ID 690707, doi : 10.1155/2010/690707.
53. Whitson JT, Trattler WB, Matossian C, Williams J, Hollander DA. Ocular Surface Tolerability of Prostaglandin Analogs in Patients with Glaucoma or Ocular Hypertension. Journal of Ocular Pharmacology and Therapeutics 2010 ; 26 : 287.
54. Ammar DA, Noecker RJ, Kahook MY.  Effects of Benzalkonium Chloride-Preserved, Polyquad-Preserved and sofZia-Preserved Topical Glaucoma Medications on Human Ocular Epithelial Cells. Adv Ther 2010 ; 27 : doi : 10.1007/s12325-010-0070-1
55. Fiscella RG, Green A, Patuszynski DH, Wilensky J.  Medical Therapy Cost Considerations for Glaucoma.  Am J Ophthalmol 2003; 136: 18.  
56. Kammer JA, Katzman B, Ackerman SL, Hollander DA. Efficacy and Tolerability of Bimatoprost Versus Travoprost in Patients Previously on Latanoprost : A 3-Month, Randomized, Masked-Evaluator, Multicentre Study. Br J Ophthalmol 2010 ; 94 : 74.
57. Asrani S, Zeimer R, Wilensky J, et al. Large diurnal fluctuations in intraocular pressure are an independent risk factor in patients with glaucoma. J Glaucoma. 2000;9:134-142.

58. Collaborative Normal Tension Glaucoma Group. Comparison of glaucomatous progression between untreated and treated patients with normal tension glaucoma and patients with therapeutically reduced intraocular pressures. Am J Ophthalmol. 1998;126:487-497.

59. Stewart WC, Chorak RP, Hunt HH, Sethuraman G. Factors associated with visual loss in patients with advance glaucomatous damage in the optic nerve head. Am J Ophthalmol. 1993;116(2):176-181.

60. Georgopoulos G, Andreanos D. Liokis N, et al. Risk factors in ocular hypertension. Eur J Ophthamol 1997;7(4):357-363.

61. Drance S, Anderson DR, Schulzer M; Collaborative Normal-Tension Glaucoma Study Group. Risk factors for progression of visual field abnormalities in normal-tension glaucoma. Am J Ophthalmol. 2001 Jun;131(6):699-708

62. Woodward DF, Krauss AHP, Chen J, et al. The pharmacology of bimatoprost. Surv Ophthalmol. 2001;45(suppl 4):S337-S345.
63. Sharif NA, Williams GW, Kelly CR. Bimatoprost and its free acid are prostaglandin FP receptor agonists Eur J Pharmacol (Netherlands), Dec 7 2001, 432(2-3) p211-3

64. Maxey KM, Johnson JL, LaBrecque J. The Hydrolysis Of Bimatoprost In Corneal Tissue Generates A Potent Prostanoid FP Receptor Agonist.  Surv Ophthalmol 2002; 47 Suppl 1: S34.
65. The AGIS Investigators: The Advanced Glaucoma Intervention Study Group (AGIS): The relationship between control of intraocular pressure and visual field deterioration. Am J Opthalmol 2000; 130: 429-440.
66. Racz P, Ruzsonyi MR, Nagy ZT, et al. Around the clock (circadian) intraocular pressure reduction with once daily application of 0.005% latanoprost by itself or in combination with timolol. Arch Ophthalmol. 1996;114:268-273.

67. Knstas AGP, Maltezos AC, Gandi S, et al. Comparison of 24-hour intraocular pressure reduction with two dosing regimens of lantanoprost and timolol maleate in patients with open angle glaucoma. Am J Ophthalmol. 1999;128:15-20.

68. Yamamoto Y, Kitazawa Y. Iris color change developed after topical isopropyl unoprostone treatment. J Glaucoma. 1997;6:430-432.

69. Iwakuchi Y, Tanahashi T, Shirao Y. Iris pigmentation in two cases following topical installation of isopropyl unoprostone. Japanese J of Clin Ophthalmol. 1999;53:971-971.

70. Wand M, Ritch R, Isbey EK, Zimmerman TJ. Latanoprost and periocular skin color changes. Arch Ophthalmol. 2001;119:614-5.
71. Schumer RA, Camras CB, Mandahl AK. Latanoprost and cystoid macular edema: is ther a casual relation? Curr Opinion Ophthamol 2000;11(2):94-100.

72. Furuichi M, Chiba T, Abe, K, et al. Cystoid macular edema associated with topical latanoprost in glaucomatous eyes with normally functioning blood-ocular barrier. J Glaucoma 2001;10(3):233-236.

73. Warwar RE, Bullock JD, Ballal D. Cystoid Macular edema and anterior uveitis associated with latanoprost use. Experience and incidence in a retrospective review of 94 patients. Ophthamology 1998;105:263-268.

74. Moroi SE, Gottfredsdottir MA, Schteingart MT, et al. Cystoid Macular Edema associated with latanoprost therapy in a case series of patients with glaucoma and ocular hypertension. Ophthalmology 1999;106:1024-1029.

75. Mitra M, Chang B, James, T. Exacerbation of angina associated with latanoprost. BMJ. 2001;323:783.
76. Morgan PV, Proniuk S, Blanchard J, Noecker RJ  Effect of temperature and light on the stability of latanoprost and its clinical relevance. J Glaucoma. 2001 Oct;10(5):401-5
Prepared by: Kathryn Tortorice, Pharm.D., BCPS (June 2002)
Updated by: Berni Heron, Pharm.D., BCOP (June 2011)

PAGE  
1
June 2011

Updated versions may be found at www.pbm.va.gov or http://vaww.pbm.va.gov 


