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Abstract: Latanoprostene bunod (LBN) is a novel nitric oxide-donating prostaglandin 

F
2α receptor agonist in clinical development for intraocular pressure lowering in open-angle 

glaucoma and ocular hypertension. Currently in Phase III clinical trials in the USA, European 

Union, and Japan, LBN has demonstrated promising efficacy while maintaining safety and toler-

ability. We review preclinical and clinical developmental efforts and evaluate the potential role 

of LBN monotherapy in the management of open-angle glaucoma and ocular hypertension. The 

current LBN clinical development program comprises eight trials, four of which have resulted 

in publication of complete methodology and outcomes. We additionally pool adverse events 

data to determine incidences across three pivotal studies. Evidence thus far indicates that LBN 

may be a safe and effective ocular hypotensive agent, although the potential neuroprotective 

effects and the impact on visual field loss remain to be evaluated.

Keywords: uveoscleral outflow, glaucoma medical treatment, ocular hypertension, latanopros-

tene bunod, nitric oxide, clinical trial

Introduction
Glaucoma, the second leading cause of blindness worldwide, is characterized by 

permanent visual field loss from apoptosis and atrophy of retinal ganglion cells. Intra

ocular pressure (IOP) plays a pivotal role in the pathogenesis of glaucoma, although 

recent evidence has also implicated pressure-independent etiologies.1,2 However, IOP 

is currently the only modifiable risk factor, and its lowering remains the objective of 

most current medical and surgical management. Visual disability from glaucoma is 

preventable with timely and effective treatment. In the management of open-angle 

glaucoma (OAG) and ocular hypertension (OHTN), topical ocular antihypertensive 

medications are the most commonly used initial therapy. Of these, prostaglandin 

analogs (PGAs) such as latanoprost (Xalatan®; Pfizer, Inc., New York, NY, USA) are 

the preferred first-line medication.

PGAs have demonstrated enhanced efficacy, safety, and tolerability compared 

to other classes of topical ocular antihypertensives and can significantly forestall 

disease progression.3 In addition, the once-daily regimen is associated with improved 

compliance compared to more frequently dosed eye drops.4–7 Nonetheless, patient 

compliance with these medications is still a challenge, with adherence and persistence 

rates generally below 50%.4,8 As such, the development of more potent medications – 

without sacrificing safety, tolerability, and convenience of dosing – may be beneficial 

in optimizing patient outcomes.

Latanoprostene bunod (LBN: NicOx S.A., Sophia-Antipolis, France, and Bausch + 

Lomb, Rochester, New York, NY, USA; initially developed by Pfizer, Inc.) is a novel 
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nitric oxide (NO)-donating PGA currently being investigated 

for use in the reduction of IOP in individuals with OAG and 

OHTN. LBN (also known as PF-03187207, BOL-303259-X, 

NCX-116, and Vesneo™ [Bausch + Lomb]) has demon-

strated profound IOP lowering and favorable safety profile 

in clinical trials in humans.

We review the preclinical and clinical development 

programs for LBN as of June 2016 and discuss the poten-

tial role of LBN in the management of OAG and OHTN. 

Publications considered for inclusion in this analysis were 

selected in PubMed using the search terms “latanoprostene 

bunod”, “PF-03187207”, “BOL-303259-X”, “NCX-116”, 

“Vesneo”, “nitric oxide”, “comparative study [publication 

type]”, and “glaucoma/drug therapy*[MeSH].” Clinical 

studies were referenced with their respective listings on 

ClinicalTrials.gov. Identification of unindexed clinical trials 

was achieved using the search terms “latanoprostene bunod,” 

“PF-03187207”, “BOL-303259-X”, and “NCX-116” in the 

ClinicalTrials.gov database. Trials were characterized as piv-

otal based on the strength of methodology and the availability 

of outcome data. To expand our search results and to review 

reports not currently indexed, we performed ad hoc searches 

using these search parameters for articles and abstracts 

from meetings of the following societies: Association for 

Research in Vision and Ophthalmology, American Academy 

of Ophthalmology, International Society for Eye Research, 

American Glaucoma Society, European Glaucoma Society, 

and World Glaucoma Congress.

Pharmacology
Mechanism of action
The molecular structure of LBN is nearly identical to that 

of latanoprost (Figure 1). LBN is distinguished, however, 

by the integration of an NO-donating moiety (a terminal 

butyl nitrate ester functional group) in lieu of an isopropyl 

ester. The putative ocular hypotensive mechanisms of LBN 

are outlined in Figure 2. Upon topical administration at the 

ocular surface, LBN is hydrolyzed by endogenous corneal 

esterases into latanoprost acid – the active component of 

latanoprost – and butanediol mononitrate, which is further 

metabolized to NO and the inactive 1,4-butanediol.9

Primary open-angle glaucoma (POAG) and OHTN are 

associated with greater resistance to aqueous outflow through 

trabecular meshwork (TM) and Schlemm’s canal (SC, 

conventional pathway), although the pathophysiology associ-

ated with this outflow dysfunction is not fully understood.10 

Latanoprost is structurally similar to prostaglandin F
2α 

(PGF
2α; Figure 1) and acts as a selective PGF

2α receptor 

(FP receptor) agonist. FP receptors have been identified in 

the ciliary muscle, ciliary epithelium, and sclera, and an 

in vitro analysis has revealed significant PGA agonist activity 

at cloned human ciliary body FP receptors.11,12 Latanoprost 

acid increases aqueous humor drainage primarily by reduc-

ing outflow resistance through the uveoscleral pathway. This 

is thought to occur by an increased expression of matrix 

metalloproteinases (MMPs) relative to their inhibitors (tissue 

inhibitors of metalloproteinases). Most notably, enhanced 

expression13 of MMP-1, -3, and -9 promotes degradation of 

collagen types I, III, and IV in the longitudinal bundles of the 

ciliary muscle14–16 and surrounding sclera.17–19 The resulting 

extracellular matrix remodeling yields increased permeability 

and reduced outflow resistance. Latanoprost-enhanced ciliary 

muscle permeability may be further augmented by morpho-

logic changes in ciliary muscle cells caused by actin and 

vinculin reorganization.20

In humans, latanoprost acid has also been demonstrated 

to increase conventional outflow through the TM and SC, 

although the impact is minor compared to the enhancement 

of uveoscleral outflow.21–22 The mechanism of this effect has 

not been fully elucidated, but is likely similar to latanoprost’s 

action on the ciliary muscle and sclera, involving MMP-

mediated reorganization of the TM extracellular matrix 

milieu.19 This is supported by the presence of FP receptors on 

human TM cells, at which PGAs exert agonistic activity.12,21 

Furthermore, latanoprost has also been demonstrated to 

Figure 1 Molecular structures of (A) PGF2α, (B) latanoprost, and (C) LBN.
Notes: Both latanoprost and LBN contain a latanoprost acid backbone. In contra
distinction to latanoprost, however, LBN integrates an NO-donating moiety (red) in 
lieu of an isopropyl ester.
Abbreviations: PGF2α, prostglandin F2α; LBN, latanoprostene bunod; NO, nitric 
oxide.
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Figure 2 Putative mechanism of action of LBN.
Notes: Upon topical administration at the ocular surface, LBN is hydrolyzed by corneal esterases into latanoprost acid and BDMN. Latanoprost acid (left), the active 
component of latanoprost ophthalmic solution (Xalatan), increases expression of matrix metalloproteinases (MMP-1, -3, and -9) in the ciliary muscle, which promote 
remodeling of the ciliary muscle ECM and subsequent increased aqueous humor outflow through the uveoscleral route. MMPs additionally may augment conventional outflow 
through SC via TM remodeling (minor pathway, dashed arrow). NO released from BDMN (right) enters cells of the TM and inner wall of SC, leading to dephosphorylation 
of MLC-2 and efflux of potassium ions through BKCa channels. These changes promote decreases in cell contractility and volume, as well as rearrangement of the actin 
cytoskeleton. The altered biomechanical properties of TM and SC cells allow for enhanced conventional outflow.
Abbreviations: GTP, guanosine triphosphate; sGC, soluble guanylate cyclase; cGMP, cyclic guanosine monophosphate; PKG, protein kinase G; P, phosphate; Pi, inorganic 
phosphate; LBN, latanoprostene bunod; BDMN, butanediol mononitrate; ECM, extracellular matrix; MMPs, matrix metalloproteinases; SC, Schlemm’s canal; TM, trabecular 
meshwork; NO, nitric oxide; MLC-2, myosin light chain-2; BKCa, large-conductance calcium-activated potassium channel.
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induce cyclooxygenase-2-dependent expression of MMP-1 

by nonpigmented ciliary epithelium cells.23 Subsequent dif-

fusion of MMP-1 to the ciliary muscle and TM may augment 

outflow through both pathways.

The PGA metabolite of the LBN prodrug recapitulates 

the effects of latanoprost on both the uveoscleral and con-

ventional outflow pathways. The unique NO component, 

however, exerts additional pharmacologic action on the 

conventional outflow pathway that is not characteristic of 

latanoprost and other PGAs.

Although NO-donating compounds have been used in 

medicine for over a century, LBN is among the first to be 

evaluated for topical ophthalmic use. The ocular hypotensive 

effects of NO-releasing molecules have been well character-

ized in animal and in vitro studies. NO-donating compounds 

have been demonstrated to lower IOP in animal models of 

glaucoma and OHTN,24–28 as well as in humans with OAG 

and angle-closure glaucoma upon oral administration.29

NO is a gas and can freely diffuse across plasma mem-

branes. The relaxing effect of NO and its second messenger, 

cyclic guanosine monophosphate (cGMP), on vascular 

smooth muscle cells has been well described;30 in fact, 

these discoveries by Louis Ignarro, Robert Furchgott, and 

Ferid Murad earned them the Nobel Prize in Physiology and 

Medicine in 1998. TM cells, like vascular smooth muscle 

cells, are highly contractile and may therefore respond to 

NO in a similar fashion. In cultured human TM cells, NO 

donors induce a reduction in cell volume and contractility.31 

These effects are dependent upon soluble guanylate cyclase 

(sGC), protein kinase G (PKG), and large-conductance 

calcium-activated potassium (BKCa) channels and are 

mimicked by radiolabeled cGMP.31,32 Dismuke et al31 there-

fore proposed that NO induces these TM cell morphologic 

and biomechanical changes by activation of the sGC/cGMP/

PKG pathway, leading to phosphorylation of BKCa chan-

nels and subsequent efflux of potassium ions. These changes 

also correspond to a decrease in myosin light chain (MLC) 

phosphorylation33 – which may further promote TM cell 

relaxation34 – and are associated with increased outflow 

facility in perfused porcine anterior segments.31 NO-mediated 

increase in conventional outflow, with corresponding cGMP 

increase, has also been demonstrated in anterior segments of 

human donor eyes.24

NO may also induce relaxation of the inner wall of 

SC35 and reduction in SC endothelial cell volume via the 

sGC/cGMP/PKG cascade36 and subsequent disruption of 

intercellular adherens junctions.37 These biomechanical 

changes likely further enhance the egress of aqueous via the 

conventional outflow tract. NO might also act downstream 

of SC by promoting relaxation of smooth muscle cells 

surrounding collector channels to decrease distal outflow 

resistance.38 In addition, although NO may modulate epi

scleral venous pressure (EVP), this process has not been 

fully elucidated. Investigations of the effects of topical NO 

donors on EVP have yielded discrepant results, with some 

authors reporting a decrease in EVP39 and others describing 

an increase.40,41 In the episcleral circulation, NO likely 

primarily causes vasodilation of arterioles and arteriovenous 

anastomoses rather than acting upon veins, thereby increas-

ing blood flow to veins and subsequently elevating the 

EVP.39 In contrast, the effect of latanoprost acid on EVP is 

likely minimal.21

Animal model and in vitro studies of LBN, in particular, 

lend credence to the putative effects of NO donors on TM 

and also provide further mechanistic insights (Table 1). Data 

from Saeki et al42 suggest that the NO-associated effects 

Table 1 Preclinical studies of latanoprostene bunoda

Authors (Year) Model (Pathology) Findings Conclusions

Saeki et al42 (2009) Mouse LBN and LAT yield similar IOP reduction in 
wild-type mice
LBN reduces IOP in FP receptor knockout mice; 
LAT does not

NO donation by LBN involved in IOP 
reduction

Krauss et al43 (2009) 
Krauss et al9 (2011)

Monkey (OHT)  
Dog (glaucoma) 
Rabbit (OHT)

LBN lowered IOP to a greater degree than LAT
LBN, but not LAT, increases anterior segment 
cGMPb

Greater effect of LBN likely result of NO 
donation

Cavet et al44 (2014)  
Cavet et al45 (2015)

Human TM cell LBN, in contrast to LAT, greatly increases cGMP 
and reduces MLC-2 phosphorylation
LBN produces more cell relaxation and less cell 
adhesion compared to LAT

NO donation by LBN achieves relaxation 
via increased cGMP signaling
LBN likely enhances conventional 
outflow

Notes: aStudied as PF-03187207 (Sakei et al,42 Krauss et al43 2009) and BOL-303259-X (Krauss et al9 2011). bMeasured in rabbits only.
Abbreviations: LBN, latanoprostene bunod; LAT, latanoprost; FP, prostaglandin F2α; NO, nitric oxide; IOP, intraocular pressure; OHT, ocular hypertension; cGMP, cyclic 
guanosine monophosphate; TM, trabecular meshwork; MLC-2, myosin light chain-2.
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of LBN are independent from the PGA-mediated effects. 

In PGF
2α receptor (FP receptor) knockout mice, LBN yielded 

significant IOP reduction, whereas latanoprost did not. The 

IOP-lowering effects of LBN persist even when FP signaling 

is abolished indicate that the effects of NO donation alone 

may be sufficient to reduce IOP. Krauss et al9,43 report that 

topical administration of LBN resulted in significant IOP 

reduction in three animal models of elevated IOP. These 

IOP-lowering effects are associated with increases in anterior 

segment cGMP and latanoprost acid concentrations.

Studying endothelin-1-contracted human TM cells, 

Cavet et al44,45 similarly found increases in sGC-dependent 

cGMP concentrations after treatment with LBN. This was 

associated with diminutions in MLC-2 phosphorylation, 

F-actin-mediated contractility, and vinculin-associated adhe-

sion of TM cells to underlying substrate. These biochemical 

and structural changes were significantly greater with LBN 

compared to latanoprost. These data suggest that the NO/

cGMP signaling cascade triggered by other NO-releasing 

compounds in TM cells is also likely induced by LBN, pro-

moting rearrangement of cytoskeletal architecture, increased 

cell relaxation, and reduced cell adhesion.

The potent actions of LBN on both the uveoscleral and 

conventional outflow pathways have been hypothesized 

to enhance its ocular hypotensive effects in comparison to 

other PGAs.

Pharmacokinetics
The ocular and systemic pharmacokinetics of LBN in 

humans has not been well described. However, ocular 

pharmacokinetic parameters have been characterized in 

mammalian model studies. Krauss et al9,43 measured con-

centrations of latanoprost acid in anterior segment structures 

of rabbits and monkeys after administration of topical LBN 

0.01% versus latanoprost 0.012%. Peak concentration of 

latanoprost acid in these anterior segment structures was 

similar between the two compounds, suggesting comparable 

penetration rates. Following instillation of LBN versus 

latanoprost in rabbits, time to maximum concentration 

(T
max

) of latanoprost acid was identical for the two drugs 

as measured in cornea (0.5 hours), aqueous (1 hour), and 

iris/ciliary body (1 hour). In monkeys, T
max

 of latanoprost 

acid was similar for the two drugs as measured in cornea 

(0.5 hours) and aqueous (0.5 hours), but longer for LBN 

(1 hour) compared to latanoprost (0.5 hours) as measured 

in iris/ciliary body.

Half-life (T
1/2

) of latanoprost acid in anterior segment 

compartments was also similar after administration of the 

two  drugs. In rabbits, T
1/2

 after application of LBN was 

1.8 hours in cornea, 2.1 hours in aqueous, and 4.6 hours in 

iris/ciliary body. These were not statistically significantly 

different from T
1/2

 after instillation of latanoprost (1.7 hours 

in cornea, 3.0  hours in aqueous, and 2.6 hours in iris/

ciliary body).

Importantly, however, these pharmacokinetic data for 

the monkey model were obtained from a limited sample 

size (N=2) that precluded statistical comparison of these 

parameters between the two compounds.

The metabolism of the latanoprost acid component of 

LBN may be similar to that of latanoprost acid derived from 

latanoprost, although this has not been demonstrably verified. 

In adult humans, latanoprost acid derived from latanoprost 

reaches a maximum concentration of 53 pg/mL in the sys-

temic circulation 5 minutes after administration. It is metabo-

lized by the liver and excreted primarily in the urine.46

Efficacy and comparative studies
Preclinical studies
All preclinical basic science studies of LBN were sponsored 

by or performed in collaboration with Pfizer, Inc. or Bausch + 

Lomb. These studies have highlighted the superior ocular 

hypotensive effects of topical LBN compared to latanoprost 

in animal and in vitro models (Table 1). In beagles with 

glaucoma, LBN produced a 34% maximal decrease in IOP 

(approximately 9.2 mmHg, adjusting for decrease associ-

ated with LBN vehicle) at 2 hours after dosing.9 Equimolar 

latanoprost (0.030%), in contrast, was associated with an 

18% maximal IOP reduction (approximately 4.5 mmHg, 

adjusting for decrease associated with latanoprost vehicle) 

at 6 hours postadministration.

The comparatively greater efficacy of LBN to latano-

prost has also been demonstrated in cynomolgus monkeys 

with OHTN secondary to laser-induced trabecular 

photocoagulation,9 a model that is sensitive to the pharma-

cologic effects of high-dose latanoprost.47,48 Interestingly, 

IOP reduction in this model after instillation of LBN 0.030% 

was more profound than that of both equimolar and high-

dose (0.10%) latanoprost, suggesting that the NO-mediated 

activity of LBN is robust in the context of a significantly 

restricted conventional outflow. LBN was associated with a 

28% maximal reduction of IOP (approximately 13.6 mmHg) 

within 6 hours of instillation, whereas equimolar latanoprost 

did not produce a statistically significant reduction in IOP. 

High-dose latanoprost yielded a maximal 14.3% diminution 

in IOP (approximately 6.1 mmHg), which was still inferior 

to the ocular hypotensive effect of LBN.
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As both LBN and latanoprost were associated with similar 

ocular penetration rates in animal models (see “Pharmacoki-

netics” section), the greater IOP-lowering effects observed 

with LBN were likely a consequence of the NO moiety.9 

This is corroborated by the observation that LBN produced 

significant reduction in IOP in pigmented rabbits, which are 

not sensitive to PGF2a agonists.49,50 In this rabbit model with 

transient saline-induced OHTN, LBN 0.036% was associ-

ated with a 30% mean decrease in IOP (−13.5±2.0 mmHg), 

with maximal effect at 0.5–1.5 hours after instillation.9 

Conversely, equimolar latanoprost did not produce a statisti-

cally significant diminution in IOP in this model.

Cavet et al44,45 demonstrated greater reductions in in vitro 

human TM cell contractility and adhesion with LBN com-

pared to latanoprost, lending insight into the mechanistic 

basis underlying the greater ocular hypotensive activity of 

LBN. Only one preclinical study found no significant differ-

ence in the efficacy of the two drugs, with LBN 0.006% and 

latanoprost 0.005% producing similar IOP-lowering effects 

in a wild-type mouse model for up to 6 hours after admin-

istration.42 Superiority of LBN to latanoprost was observed, 

however, in FP-receptor knockout mice, highlighting the role 

of NO in lowering IOP.

Clinical experiments
To date, eight US Food and Drug Administration clinical 

trials of LBN involving human subjects have been performed 

since 2007 (Table 2). All trials were sponsored by Pfizer, Inc. 

or Bausch + Lomb. Complete methodology and results have 

been published under peer review for four of these trials. In 

all efficacy and comparative studies described herein, one 

drop of LBN or a comparative agent was administered topi-

cally to subjects in the dosing regimen specified. Efficacy 

outcomes of six major trials are summarized in Figure 3, 

depicting the IOP-lowering effects of LBN compared to 

those of latanoprost and timolol.

Phase I trials
KRONUS: proof of principle (ClinicalTrials.gov Study ID: 
NCT01895985)
KRONUS51–53 is the only Phase I trial of LBN performed to 

date. This trial was performed after dose-finding studies (see 

“Phase II Trials”; “VOYAGER” sections),54–57 and as such 

evaluated LBN 0.024%, which previously demonstrated 

optimal efficacy and safety profile.

This single-arm, controlled, open-label study performed 

at a single center in Japan assessed the effects on IOP 

of topical LBN 0.024% dosed once daily at 8 PM  for 

14 days in healthy adult Japanese males with no ocular 

pathology (mean age =26.8±6.3 years; mean baseline 

IOP =13.6±1.3 mmHg). IOP measurements were recorded 

at nine time points over a 24-hour monitoring period on 

day 14; the primary efficacy end point was change in IOP 

from baseline at all of these time points. A reduction in 

IOP was observed at all time points (P,0.001), with a 27% 

mean reduction (3.6±0.8 mmHg) across 24 hours. Maximal 

IOP-lowering (30%, 4.2±1.8 mmHg) occurred 12 hours after 

dosing, while trough IOP decrease (20%, 2.8±2.2 mmHg) 

occurred 24 hours postadministration (at 8 AM and 8 PM, 

respectively).

The results of this pivotal trial serve as proof of principle 

of the profound IOP reduction associated with LBN 0.024% 

monotherapy. The demonstration of potent IOP lowering 

over 24 hours in Japanese subjects with normal IOP may 

also justify the clinical evaluation of LBN in normal tension 

glaucoma, which is common in Japanese populations58 and 

may be associated with diurnal fluctuations in IOP.59,60

Phase II trials
ClinicalTrials.gov Study ID: NCT00441883
NCT00441883 was the first trial of LBN in human subjects. 

This was a controlled, randomized, parallel-group, double-

masked, dose-finding study comparing the safety and efficacy 

of LBN (PF-03187207) to latanoprost at multiple centers in 

the USA. Adult subjects with POAG, OHTN, pigmentary 

glaucoma, and pseudoexfoliative glaucoma were recruited, 

resulting in a total of 242 enrolled. Subjects were random-

ized to receive either one of five doses of LBN ranging from 

0.003% to 0.040%, or latanoprost 0.005%, dosed once daily 

in the study eye. Outcomes included change in IOP from 

baseline at 7, 14, 21, and 28 days after study commencement 

and proportion of individuals reaching target IOPs. Complete 

methodology – including exact timing and frequency of 

dosing, timing of IOP measurement, as well as target IOPs – 

and results remain unpublished to date. Partial dose-finding 

results, however, were presented in the form of a meta-

analysis estimating a median effective dose of 0.0054%/d 

and maximal IOP lowering of 6.90 mmHg.61

ClinicalTrials.gov Study ID: NCT00595101
Similar to NCT00441883 in the USA, this controlled, ran-

domized, double-masked, dose-finding study at multiple 

sites in Japan assessed the safety and efficacy of LBN 

(PF-03187207) compared to latanoprost in adult patients with 

POAG or OHTN. Subjects were randomized to receive one of 

five concentrations of LBN ranging from 0.003% to 0.040%, 

or latanoprost 0.005% dosed once daily either in the morning 

(qAM) or evening (qPM). IOP was measured at baseline and 
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Table 2 Latanoprostene bunoda clinical developmental programs as of June 2016

Trial characteristics Treatment Outcomeb

Study Trial ID Design Subjects
(n)

Duration Arm(s) Dosage 
group(s)

IOP reduction from baseline 
or IOP range, mmHg

Phase I
KRONUS 
NCT0189598551–53

Single-center, controlled, 
open-label

24 14 d LBN 0.024% qPM 3.6±0.8c

Phase II
NCT00441883d,61 Multicenter, randomized, 

controlled, double-
masked, dose-finding

215 28 d LBN 0.003% Complete results not published
0.006%
0.012%
0.024%
0.040%

LAT 0.005%
NCT00595101d,62,63 Multicenter, randomized, 

controlled, double-
masked, dose-finding

128e 28 d LBNf 0.040% qAM
0.040% qPM

7.09±2.12
8.20±4.01

LAT 0.005% qPM
0.005% qPM

6.02±2.32
7.28±2.87

VOYAGER 
NCT0122337854–57

Multicenter, randomized, 
controlled, investigator- 
masked, dose-ranging

413 28 d LBN 0.006% qPM
0.012% qPM
0.024% qPM
0.040% qPM

7.81
8.26
9.00g

8.93g

LAT 0.005% qPM 7.77
CONSTELLATION 
NCT01707381d,64–67

Single-center, randomized, 
controlled, open-label, 
two-period crossover

20 8 w, crossover 
at 4 w

LBN 0.024% qPM 3.5±0.24g

TIM 0.5% BID 1.7±0.25

Phase III
APOLLO 
NCT0174990468–71

Multicenter, randomized, 
controlled, double-masked

420 3 mh LBN 0.024% qPM 17.8–18.7g

TIM 0.5% BID 19.1–19.8
LUNAR 
NCT0174993070–73

Multicenter, randomized, 
controlled, double-masked

420 3 mi LBN 0.024% qPM 17.7–19.2g

TIM 0.5% BID 18.8–19.6
JUPITER 
NCT01895972d,74

Multicenter, open-label 130 1 y LBN 0.024% qPM 5.3c

Notes: aStudied as PF-03187207 (NCT00441883, NCT00595101), BOL-303259-X (VOYAGER, CONSTELLATION, APOLLO, LUNAR), and Vesneo™ (CONSTELLATION). 
bPrimary efficacy outcome at the study’s primary endpoint; for trials with multiple primary endpoints, data from either, 1) the longest interval after treatment initiation or, 
2) the largest reduction in IOP, are presented. Numerical values are presented as mean ± standard deviation, if known. cStatistically significantly different from baseline. 
dComplete methodology and results of trial not published to date. eDiscrepant numbers of enrolled patients in this trial have been reported. fComparisons of 0.003%, 0.006%, 
0.012%, and 0.024% were additionally performed, although results have not been published. gStatistically significantly different from comparator arm. hThe study’s primary 
endpoint, after which all subjects received LBN qPM for an additional 9 months on an open-label basis. iThe study’s primary endpoint, after which all subjects received LBN 
qPM for an additional 3 months on an open-label basis. Adapted by permission from BMJ Publishing Group Limited. A randomised, controlled comparison of latanoprostene 
bunod and latanoprost 0.005% in the treatment of ocular hypertension and open angle glaucoma: the VOYAGER study. Weinreb RN, Ong T, Scassellati Sforzolini B, et al. 
Br J Ophthalmol. © 2015;99(6):738–745.54 Data from Weinreb RN, Scassellati Sforzolini B, Vittitow J, Liebmann J. Latanoprostene bunod 0.024% versus timolol maleate 
0.5% in subjects with open-angle glaucoma or ocular hypertension: the APOLLO Study. Ophthalmology. 2016;123(5):965–973.68 Data from Medeiros FA, Martin KR, Peace J, 
Scassellati Sforzolini B, Vittitow JL, Weinreb RN. Comparison of Latanoprostene Bunod 0.024% and Timolol Maleate 0.5% in Open-Angle Glaucoma or Ocular Hypertension: 
the LUNAR Study. Am J Ophthalmol. Epub 2016 May 19.72

Abbreviations: IOP, intraocular pressure; LBN, latanoprostene bunod; LAT, latanoprost; TIM, timolol maleate; qAM, every morning; qPM, every evening; BID, twice daily; 
d, days; w, weeks; m, months; y, year.

at four time points after dosing (days 7, 14, 21, and 28), at 

8 AM, 10 AM, 1 PM and 4 PM on each of these days. The 

primary efficacy end point was change in mean diurnal IOP 

in the study eye on day 28, and secondary efficacy measures 

included IOP at day 7, 14, and 21 as well as a proportion of 

subjects reaching target IOPs on these days.

Only partial methodology and results of this trial have 

been published.62,63 Reduction in IOP with LBN 0.040% qPM 

was numerically greatest compared to IOP lowering with 

other LBN formulations as well as latanoprost qAM and 

qPM, although these differences were not statistically 

significant at the primary end point. Mean difference between 

LBN 0.040% qPM and latanoprost qPM, however, was 

statistically significant on day 21 (1.86 mmHg; P=0.017). 

(The reporting of these results involves discrepancies in 

the number of enrolled patients, with 128 documented by 

ClinicalTrials.gov, 176 reported by Bosworth et al,62 and 

133 noted by Raber et al63).

VOYAGER: pivotal comparison to latanoprost 
(ClinicalTrials.gov Study ID: NCT01223378)
As a controlled, randomized, investigator-masked, dose-

finding study at multiple centers in the USA and EU, this 

pivotal study compared the safety and efficacy of LBN 

(BOL-303259-X) and latanoprost in adult subjects with 

OHTN or OAG, including pseudoexfoliative and pigmentary 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
https://ClinicalTrials.gov
https://ClinicalTrials.gov


Clinical Ophthalmology 2016:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2042

Garcia et al

glaucoma.54–57 VOYAGER also sought to determine the 

optimal dose of LBN in lowering IOP. This was the first 

comparative study with latanoprost detailing all clinical meth-

odology and results, including all adverse events. Subjects 

(mean age =61.0±11.44 years; range of mean baseline IOPs 

in treatment groups =26.01±1.67–26.25±1.79 mmHg) were 

randomized to receive one of four LBN concentrations or 

latanoprost 0.005% in the study eye once daily at 8 PM for 

28 days.

Mean diurnal IOP (average of readings at 8 AM, 12 PM, 

and 4 PM) was assessed at baseline and on days 7, 14, 28, 

and 29. The primary efficacy measure was change in mean 

diurnal IOP from baseline at day 28. Secondary efficacy out-

comes were as follows: 1) change in mean diurnal IOP from 

baseline on days 7, 14, and 29; 2) change from baseline IOP 

at each of the three measurement time points on measurement 

days; 3) percentage of individuals with IOP of 18 mmHg or 

less at measurement time points.

Of 413 subjects randomized, 396 completed the study 

(LBN 0.006%, N=76; LBN 0.012%, N=81; LBN 0.024%, 

N=80; LBN 0.040%, N=80; latanoprost, N=79). Primary and 

secondary efficacy end points demonstrated greater IOP-

lowering activity of LBN 0.024% and 0.040% compared 

to latanoprost. The IOP-reducing effect of LBN was dose-

dependent, plateauing at 0.024%. The greatest diurnal IOP 

reductions with LBN on day 28 were 9.00 mmHg (0.024%) 

and 8.93 mmHg (0.040%); standard deviations not reported. 

These were the only statistically significantly greater changes 

(P=0.005 and 0.009, respectively) compared to IOP reduction 

with latanoprost (7.77 mmHg).

LBN 0.024% also showed significantly greater mean 

diurnal IOP reduction compared to latanoprost on day 7 

(P=0.033) and day 14 (P=0.015), but not 36–44 hours after 

last instillation of each (day 29; P=0.051). Among these 

measurement points, LBN 0.040% was superior to latano-

prost only on day 7 (P=0.009). LBN 0.024% demonstrated 

significantly greater reduction in IOP than latanoprost at 

multiple specified time points, with the exception of the 

8 AM measurements on day 7 and day 21, as well as the 

8  AM and 12 PM measurements on day 29 (P.0.05 for 

each). Of note, LBN 0.024% still showed a greater effect 

than latanoprost at 4 PM on day 29, 36–44 hours after cessa-

tion of therapy (P=0.045). LBN 0.040% similarly produced 

a greater IOP reduction compared to latanoprost at several 

specified time points, with the exception of 8 AM on day 7, 

8 AM and 12 PM on day 14, and all time points on day 29 

(P.0.05 for each).

The LBN 0.024% group also had a significantly greater 

percentage of individuals with mean diurnal IOP #18 

mmHg compared to that in the latanoprost group on all 

Figure 3 Mean reduction in IOP from baseline associated with LBN 0.024% qPM, latanoprost 0.005% qPM, and timolol 0.5% BID from six major clinical trials.
Notes: Error bars represent standard deviation (if reported). aReduction in mean diurnal IOP at the study’s primary endpoint, with the exception of data from JUPITER, 
in which IOP was measured only once on study visit days. For trials with multiple primary endpoints (APOLLO and LUNAR), the maximal mean reduction from baseline 
in diurnal IOP is presented. bStatistically significantly different from baseline IOP. cSignificantly different from comparator arm. Adapted by permission from BMJ Publishing 
Group Limited. A randomised, controlled comparison of latanoprostene bunod and latanoprost 0.005% in the treatment of ocular hypertension and open angle glaucoma: 
the VOYAGER study. Weinreb RN, Ong T, Scassellati Sforzolini B, et al. Br J Ophthalmol. © 2015;99(6):738–745.54

Abbreviations: IOP, intraocular pressure; LBN, latanoprostene bunod; qPM, every evening; BID, twice daily.
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measurement visits after treatment commenced (days 7, 14, 

28, 29; P#0.046 for each). The LBN 0.040% group had a 

greater percentage versus the latanoprost group on days 7 

(P=0.007) and 28 (P=0.039).

CONSTELLATION: initial comparison to timolol 
(ClinicalTrials.gov Study ID: NCT01707381)
CONSTELLATION was the first trial to compare the efficacy 

and safety of LBN (BOL-303259-X) and timolol.64–67 In this 

controlled, open-label, two-period crossover study at a single 

center in the USA, 20 adult subjects with OAG or OHTN 

were randomized 1:1 and first given either LBN 0.024% 

daily at 8 PM or timolol maleate 0.5% twice daily (BID; 

8 AM and 8 PM) in the study eye (Period 1). After 4 weeks 

of treatment, subjects were crossed over to the comparator 

arm for four additional weeks (Period 2). To date, this has 

been the only study of LBN with crossover data as the pri-

mary efficacy end point. Mean diurnal IOP was measured 

every 2 hours during a 24-hour period at baseline, 4 weeks 

(end of Period 1), and 8 weeks (end of Period 2). Primary 

efficacy end point was change in mean 24-hour IOP from 

baseline from both periods.

Mean change in 24-hour IOP after treatment was signifi-

cantly greater for LBN (3.5±0.24 mmHg) than for timolol 

(1.7±0.25 mmHg; P,0.05). This change was also numeri-

cally greater for LBN during the diurnal period (3.9±0.28 

versus 2.4±0.29 mmHg) and nocturnal period (2.75±0.45 

versus 0.2±0.46 mmHg); the statistical significance of these 

differences, however, was not specified.

Phase III trials
APOLLO: pivotal, large-scale comparison to timolol 
(ClinicalTrials.gov Study ID: NCT01749904)
This pivotal randomized, controlled, double-masked trial, 

evaluated the efficacy and safety of LBN (BOL-303259-X) 

compared to timolol on a large scale and with a noncrossover 

design for primary end points.68–71 Four hundred and twenty 

adult subjects with OHTN or OAG, including pseudoexfolia-

tive and pigmentary glaucoma, at multiple centers throughout 

the USA and EU were randomized 2:1 to receive either LBN 

0.024% once daily at 8 PM or timolol maleate 0.5% BID 

(8 AM and 8 PM) in the study eye for 3 months.

The primary efficacy outcome was IOP recorded at three 

time points – 8 AM, 12 PM, and 4 PM – at postbaseline visits 

2 weeks, 6 weeks, and 3 months after treatment commenced. 

Secondary end points included the following: 1) percentage 

of subjects with IOP #18 mmHg at all nine measurement 

time points; 2) percentage of subjects with 25% or greater 

decrease in IOP from baseline at all nine measurement time 

points; 3) change in IOP from baseline at each time point; 

4) change in diurnal IOP (average of 8 AM, 12 PM, and 4 PM 

readings) from baseline at each postbaseline visit.

Three hundred and eighty seven patients completed 

the study (LBN, N=263; timolol, N=124). The results 

demonstrated that IOP was significantly lower in the LBN 

group (range =17.8–18.7 mmHg) than in the timolol group 

(range =19.1–19.8) at all nine time points (P#0.002 for each). 

Of note, the greater efficacy of LBN at these time points did 

not differ based on subject age (,65 versus 65 years or older) 

or prior treatment status.

In the LBN group, a significantly higher proportion of 

subjects (22.9%) had IOP measurements #18 mmHg at all 

nine time points than in the timolol group (11.3%; P=0.005). 

Similarly, the LBN group had a greater percentage (34.9%) 

with an IOP decrease of $25% from baseline at all nine 

time points than in the timolol group (19.5%; P=0.001). 

In addition, IOP decrease from baseline was superior at all 

nine time points in the LBN group (range =7.7–9.1 mmHg) 

versus in the timolol group (range =6.6–8.0 mmHg; standard 

deviations not reported), with P#0.002 for each time point. 

Decrease in diurnal IOP was significantly greater at all three 

postbaseline visits for LBN (range =8.4–8.6 mmHg) com-

pared to timolol (range =7.1–7.3 mmHg), with P,0.001 for 

each visit (standard deviations not reported).

After completion of the 3-month treatment phase, all 

subjects were administered LBN 0.024% qPM for an addi-

tional 9 months as part of an open-label safety extension 

phase; IOP measurements were recorded during this time 

period at 6, 9, and 12 months postrandomization. These 

results were pooled with data from the LUNAR study (see 

“LUNAR” section), with a total of 737 subjects completing 

these extension phases.70 LBN demonstrated sustained IOP 

lowering compared to baseline over 12 months, with a reduc-

tion from baseline in mean diurnal IOP among all subjects 

ranging from 32% to 34% (P,0.001 at each time point). 

Importantly, subjects crossed over to LBN from timolol 

during this phase experienced an additional 6.3%–8.3% 

diminution in mean diurnal IOP.

LUNAR (ClinicalTrials.gov Study ID: NCT01749930)
LUNAR was a randomized, double-masked study comparing 

the efficacy and safety of LBN (BOL-303259-X) to timolol 

at multiple sites in the USA and EU.70–73 The design and 

efficacy end points of this study were comparable to those 

of APOLLO; however, the open-label safety extension phase 

lasted 3 months after treatment, as opposed to 9 months as 
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in APOLLO. Four hundred and twenty adults with OAG or 

OHTN were randomized 2:1 to receive a 3-month regimen of 

either LBN 0.024% qPM or timolol 0.05% BID in the study 

eye. Three hundred and eighty seven subjects completed the 

trial (LBN, N=259; timolol, N=128).

At almost all nine time points measured over 3 months 

(with the exception of the week 2 measurement at 8 AM), 

mean IOP was significantly lower with LBN than with timolol 

(P#0.025). IOP at these time points ranged from 17.7 to 19.2 

mmHg with LBN and 18.8 to 19.6 mmHg with timolol. Reduc-

tion in mean diurnal IOP was also significantly greater at all 

visits (P#0.034) with LBN compared to timolol (8.0 versus 

7.3, 8.4 versus 7.5, and 8.4 versus 7.3 mmHg at weeks 2, 6, and 

12, respectively; standard deviation values not specified).73 

Around 17.7% of subjects demonstrated IOP lowering to a 

target of #18 mmHg at all nine time points, compared to 

11.1% with timolol, although unlike in APOLLO this was 

not statistically significant (P=0.084). Conversely, 31.0% of 

subjects in the LBN group had a reduction from baseline in 

IOP of $25%, versus only 18.5% in the timolol group; this 

difference was statistically significant (P=0.007).

After completion of the 3-month treatment phase, all 

subjects were administered LBN 0.024% qPM for an addi-

tional 3 months as part of an open-label safety extension 

phase; IOP measurements were recorded during this time 

period at 6 months postrandomization. These results were 

pooled with data from the APOLLO study; all subjects 

demonstrated IOP lowering from baseline over this period 

(see “APOLLO” section).68–71

JUPITER (ClinicalTrials.gov Study ID: NCT01895972)
JUPITER was a single-arm, open-label trial of LBN at mul-

tiple centers in Japan. Partial methodology and results of this 

trial have been published.74 Individuals $20 years old with 

either OAG or OHTN (mean baseline IOP =19.6±2.9 mmHg) 

were administered LBN 0.024% qPM in the study eye for 

a duration of 1 year. IOP was measured every 4 weeks at 

10  AM, for a total of 13 time points over the treatment 

period. Efficacy outcomes included IOP value and change 

from baseline IOP at each time point. Hundred and thirty 

subjects were randomized, with 121 completing the study. 

The results demonstrated sustained IOP lowering through-

out the year-long treatment period. Mean IOP was signifi-

cantly decreased from baseline at all 13 points (P,0.001 

for each), with reductions ranging from 4.3 to 5.3 mmHg 

(standard deviations not reported). IOP at week 4 had 

decreased 22.0% from baseline to 15.3±3.0 mmHg and was 

even lower at week 52 (26.3% reduction from baseline to 

14.4±2.7 mmHg.)

Safety and tolerability
The chronic, long-term use of topical medications for man-

agement of glaucoma necessitates the development of eye 

drops with favorable safety and tolerability profiles. Ocular 

irritation and hyperemia secondary to preservatives such as 

benzalkonium chloride in antiglaucomatous eye drops have 

been well demonstrated.75,76 Various treatment-emergent 

adverse events (TEAEs) associated with LBN have been 

reported in clinical trials (Table 3).

Pooled data from three pivotal trials demonstrate that 

22.0% of subjects experienced at least one ocular TEAE 

during treatment with LBN. Most ocular adverse events 

noted with LBN were mild and transient. The risk of serious 

adverse events is exceedingly low, with none documented in 

any study to date. The incidence of adverse events was com-

parable between different concentrations of LBN.54–57 The 

proportion of subjects experiencing ocular adverse events 

experienced with LBN was numerically higher compared 

to latanoprost (19.7% versus 12.2%), similar in comparison 

to timolol (13.4% versus 11.9%) in the APOLLO study, 

and higher compared to timolol (23.8% versus 13.3%) in 

the LUNAR study.

LBN likely has no appreciable effect on visual acuity, 

with only 1/637 pooled subjects (0.2%) experiencing 

decreased visual acuity associated with treatment. Overall, 

LBN was associated with high tolerability and compliance, 

with only 1.4% of patients discontinuing therapy secondary 

to adverse events. However, the majority of adverse event 

data for LBN is derived from trials lasting 3 months or 

shorter. The incidence of ocular adverse events was markedly 

higher in the year-long JUPITER trial.74 This may indicate 

that the risk of developing ocular side effects increases with 

prolonged use.

Hyperemia
Hyperemia is among the most common side effects of 

glaucoma medications and similarly was among the most 

frequently observed adverse events of LBN in clinical trials. 

Across three pivotal studies, 4.9% of individuals experienced 

conjunctival hyperemia and 1.9% of subjects developed 

ocular hyperemia (as the VOYAGER study distinguished 

between “conjunctival hyperemia” and “ocular hyperemia”, 

these were maintained as independent categories in the present 

review for statistical analysis). The incidence and severity 

of hyperemia did not differ among different concentrations 

of LBN. Compared to the incidence of hyperemia with 

latanoprost, the potential for an increased risk with LBN 

is uncertain. In head-to-head comparison with latanoprost, 

ocular hyperemia was more frequent with latanoprost (8.5% 
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Table 3 TEAEsa reported by three pivotal trials of LBN

Number subjects receiving LBN in safety  
populationb

KRONUS51–53

24
VOYAGER54–57

330
APOLLO68–71

283
Pooled total
637

Ocular TEAEs, N (%)
Instillation site pain 0 50 (15.2%) 3 (1.1%) 53 (8.3%)
Conjunctival hyperemia 12 (50.0%) 11 (3.3%) 8 (2.8%) 31 (4.9%)
Punctate keratitis 13 (54.2%) 6 (1.8%) 0 19 (3.0%)
Ocular hyperemia 0 12 (3.6%) 0 12 (1.9%)
Eye irritation 0 0 11 (3.9%) 11 (1.7%)
Eye pain 1 (4.2%) 2 (0.6%) 4 (1.4%) 7 (1.1%)
Dry eye 0 3 (0.9%) 3 (1.1%) 6 (0.9%)
Abnormal or foreign-body sensation 0 2 (0.6%) 3 (1.1%) 5 (0.8%)
Instillation site pruritus 0 2 (0.6%) 0 2 (0.3%)
Photophobia 0 2 (0.6%) 0 2 (0.3%)
Conjunctival disorder, unspecified 1 (4.2%) 0 0 1 (0.2%)
Reduced visual acuity 1 (4.2%) 0 0 1 (0.2%)
Total subjects with $1 ocular TEAE 21 (87.5%) 81 (24.5%) 38 (13.4%) 140 (22.0%)
Nonocular TEAEs, N (%)
Headache 0 1 (0.3%) 2 (0.7%) 3 (0.5%)
Fatigue 0 0 1 (0.4%) 1 (0.2%)
Hair color changes 0 0 1 (0.4%) 1 (0.2%)
Hair disorder, unspecified 0 0 1 (0.4%) 1 (0.2%)
Sinus congestion 0 0 1 (0.4%) 1 (0.2%)
Total subjects with $1 nonocular TEAE 0 1 (0.3%) 5 (1.8%) 6 (0.9%)
TEAEs leading to discontinuation of therapy 0 5 (1.5%) 4 (1.4%) 9 (1.4%)

Notes: aAdverse events occurring on or after administration of the first treatment dose during the duration of the study. Includes all ocular TEAEs reported, irrespective of 
presumed etiology. Nonocular TEAEs include only those considered by the trial authors to be related to LBN treatment. Ocular TEAE data correspond to study eyes, as not 
all trials reported fellow treated eye TEAE data. Ocular TEAEs were reported if their incidence in the safety population eyes receiving LBN met the following criteria: $1% 
of treatment and fellow eyes combined (APOLLO), $2% of any LBN treatment arm (VOYAGER), or any eyes (KRONUS). bDefined as subjects receiving at least one 
treatment dose. Adapted by permission from BMJ Publishing Group Limited. A randomised, controlled comparison of latanoprostene bunod and latanoprost 0.005% in the 
treatment of ocular hypertension and open angle glaucoma: the VOYAGER study. Weinreb RN, Ong T, Scassellati Sforzolini B, et al. Br J Ophthalmol. © 2015;99(6):738–745.54 
Adapted from Adv Ther, 32, 2015, 1128–1139, Evaluation of the effect of latanoprostene bunod ophthalmic solution, 0.024% in lowering intraocular pressure over 24 h 
in healthy Japanese subjects Araie M, Sforzolini BS, Vittitow J, Weinreb RN, copyright 2015.51 Data from Weinreb RN, Scassellati Sforzolini B, Vittitow J, Liebmann J. 
Latanobunod 0.024% versus timolol maleate 0.5% in subjects with open-angle glaucoma or ocular hypertension: the APOLLO Study. Ophthalmology. 2016;123(5):965–973.68

Abbreviations: LBN, latanoprostene bunod; TEAEs, treatment-emergent adverse events.

versus 3.6%), whereas conjunctival hyperemia was higher for 

LBN (3.3% versus 0%) after 3 months.54–57 In a large-scale 

trial involving latanoprost (N=411), the incidence of hyper-

emia was 47.1% after 3 months.77 Of note, the incidence of 

conjunctival hyperemia was higher (17.7%) in the year-long 

JUPITER trial than in other trials of LBN.

The majority of hyperemia was mild in severity. However, 

the incidence of more profound and prolonged hyperemia 

with LBN may be greater compared to that associated with 

timolol. In APOLLO, the LBN group had a higher percentage 

of individuals with moderate-to-severe hyperemia compared 

to the group receiving timolol at all postbaseline time points 

(9.6% versus 0.7% at week 2; 11.8% versus 3.8% at week 6; 

8.5% versus 2.4% at month 3).

Ocular irritation and pain
Pain and irritation associated with LBN were characterized 

as either instillation site pain, eye irritation, or eye pain, 

with respective incidences of 8.3%, 1.7%, and 1.1% across 

three pivotal studies. These adverse effects therefore have 

an approximate combined incidence of 11.1%. However, 

this group of TEAEs are mostly mild and do not appear 

to affect tolerability. In APOLLO, only one subject in the 

LBN group discontinued therapy secondary to mild con-

junctival irritation and edema, compared to one subject in 

the timolol group withdrawing secondary to moderate eye 

irritation. The year-long JUPITER trial noted greater inci-

dences of discomfort-related effects (eye irritation, 11.5%; 

eye pain, 10.0%).

Instillation site pain occurred more frequently with LBN 

(15.2%) versus latanoprost (6.1%), but did not result in 

reduced adherence. Incidences of irritation and pain were 

similar between LBN and timolol.

Dry eye and punctate keratitis
Preserved eye drop formulations are known to impair ocular 

surface health, especially with prolonged use.78 A total of 

3.0% of LBN-treated individuals from pooled study data 

demonstrated evidence of punctate keratitis on biomicro

scopy. In VOYAGER, incidence with LBN (1.8%) was 

similar to that with latanoprost (1.2%). LBN was associated 

with a 0.9% incidence of dry eye in pooled data, which was 

higher than the incidence with latanoprost but comparable 

to that with timolol.
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Iris and eyelid pigmentation
Increased pigmentation of the iris and eyelid is the distinctive 

side effect of PGAs, although generally do not arise until 

after several months of treatment. As expected, therefore, 

these side effects were not observed in any shorter-term 

trials of LBN (#3 months), but were noted in the year-long 

JUPITER study. In this trial, 3.8% and 3.1% of individuals 

demonstrated iris hyperpigmentation and blepharal pigmenta-

tion, respectively. Other features of prostaglandin-associated 

periorbitopathy79 – such as blepharoptosis, deepening of the 

upper lid sulcus, and involution of dermatochalasis – have 

not been described with LBN.

Hypertrichosis
PGAs may induce eyelash growth. Only one study, JUPITER, 

has reported hypertrichosis as a TEAE of LBN, with 16.2% of 

individuals (21/103) experiencing eyelash growth. Although 

this may be a desirable cosmetic effect in some patients, it can 

present an aesthetic imbalance when occurring unilaterally, 

and in certain cases may interfere with eye drop administra-

tion. Further evaluation of the incidence and magnitude of 

this potential side effect of LBN – and its likelihood com-

pared to that with other PGAs – may be warranted.

Nonocular adverse events
Nonocular and systemic side effects are rare with LBN, 

experienced by fewer than 1% of treated individuals 

(Table 3). The most common of these adverse events is 

headache, which is nonetheless exceedingly rare (3/637, 

0.5%). There were no treatment-related changes in vital 

signs or any significant safety concerns associated with 

LBN in any study.

Patient-focused perspectives
Patients with vision loss from glaucoma, on average, report 

impaired quality of life.80,81 Profound disease and faster rate 

of visual field loss are also associated with poorer patient 

psychological outcomes.82 Accordingly, the need for effec-

tive treatment regimens that halt disease progression without 

further impairing the quality of life and overall well-being 

is paramount.

Assessments of patient satisfaction and acceptability 

with LBN, however, have not been reported in any clinical 

trial to date. However, PGAs may enhance certain aspects 

of patients’ quality of life. For example, OAG and OHTN 

patients switching to latanoprost from other monotherapies 

report improved quality of life.83 This may be a function of 

the more favorable side-effect profiles and once-daily dosing 

regimen of PGAs compared to other ocular hypotensive 

medications.

Many barriers impede the delivery of effective medical 

treatment to individuals with OHTN or glaucoma, including 

eye drop intolerability,84–86 ineffectiveness of treatment,83 

regimen complexity or inconvenience,84,86 and medication 

cost.84,87 Medication compliance – a manifestation of 

adherence and persistence – depends upon tolerability, con-

venience, and affordability.

The tolerability of LBN, as demonstrated by clinical trials, 

may promote patient compliance. Although risk and sever-

ity of some adverse reactions from LBN may be marginally 

increased compared to those of latanoprost, most of these reac-

tions are nonetheless infrequent and mild and do not appear 

to reduce adherence. Furthermore, side effects of LBN are 

somewhat comparable to those of timolol, which, combined 

with LBN’s markedly greater efficacy, may favor LBN as a 

first-line therapy. The potential risk for more severe hyperemia 

with LBN, however, is not insignificant. Hyperemia is a signifi-

cant risk factor for patient noncompliance.88 In cases of drug 

discontinuation related to side effects, hyperemia represented 

the most commonly cited reason, accounting for 65%.89

The potent effects of LBN as a monotherapy may promote 

tolerability and compliance. The use of monotherapy not only 

enhances convenience,90 but also likely reduces exposure 

to preservatives and risk of adverse effects compared with 

combination therapy.91 Complexity of eye drop regimen may 

also account for suboptimal compliance. Use of an effective 

monotherapy could minimize this barrier and discourage 

discontinuation.

Timing of dosing may be important in promoting 

compliance. Although many individuals find nightly dosing 

of PGAs practical and convenient, morning dosing schedules 

may be associated with improved adherence, particularly 

among males.92,93 LBN 0.024% dosed once nightly has 

demonstrated robust ocular hypotensive effects. The only 

published direct comparison of LBN 0.024% qAM versus 

qPM found no significant difference between the two at the 

primary end point.62,63 Timing of dose may be of importance, 

although complete head-to-head results comparing LBN 

0.024% qAM versus qPM have not been published. These 

results may have significant implications on efficacy and 

patient compliance. A direct, rigorous comparison of the 

two may therefore be of clinical relevance.

Conclusion
Multiple preclinical and clinical studies underscore the 

efficacy, safety, and tolerability of LBN as an ocular 
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hypotensive agent. The profound IOP-lowering effects of 

LBN monotherapy have been consistent and reproducible 

across trials, surpassing those of latanoprost or timolol mono-

therapy. Targeting of both the uveoscleral and conventional 

aqueous outflow pathways may account for LBN’s robust 

therapeutic activity.

Clinical trials demonstrate that LBN can offer, on 

average, approximately 1–3 mmHg additional improvement 

over latanoprost and timolol. This is not insignificant, as data 

from the Ocular Hypertension Treatment Study and Early 

Manifest Glaucoma Trial indicate that each mmHg reduction 

in IOP from baseline reduces the risk of onset or progression 

of glaucoma in eyes with elevated IOP.94,95

LBN 0.024% once daily has been demonstrated as an 

optimal dosing regimen, with superior ocular hypotensive 

effect and comparable risk of adverse events to other concen-

trations. This dose has demonstrated profound IOP reductions 

both in mean diurnal, nocturnal, and 24-hour IOP as well as 

across multiple time points throughout the day.

LBN may have marginally increased risk of ocular 

adverse reactions compared to latanoprost, although the 

overwhelming majority are transient and mild. Longer-term 

treatment with LBN may result in increased risk of devel-

opment of ocular side effects such as eye-related irritation 

and pain. Despite this, LBN has been associated with high 

tolerability and compliance.

LBN is an effective pharmacologic agent emerging from 

the developmental pipeline for controlling IOP in OAG and 

OHTN. The promising results of LBN to date warrant further 

clinical evaluation, particularly in individuals with normal-

tension glaucoma. LBN may be an effective therapeutic tool 

in the ophthalmologist’s arsenal to combat visual disability 

and improve patients’ quality of life.
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