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This memorandum documents the deferral of a Risk Evaluation and Mitigation Strategy (REMS) 
review for Vyzulta (latanoprostene bunod) ophthalmic solution, New Drug Application (NDA) 
207795.   
 
On March 14, 2017, the Division of Ophthalmology Products (DTOP) requested that the Division 
of Risk Management (DRISK) evaluate the need for a REMS for Vyzulta (latanoprostene bunod), 
which is proposed as a treatment for the reduction of elevated intraocular pressure in patients 
with open‐angle glaucoma or ocular hypertension. 
 
Due to outstanding Chemistry, Manufacturing, and Control (CMC) deficiencies, DTOP plans to 
issue a Complete Response (CR) letter. Therefore, DRISK defers comment on the need for a 
REMS at this time.  
 
A discussion on the appropriate risk management strategy will be undertaken after the sponsor 
submits a satisfactory response to the Complete Response letter. Please send DRISK a new 
consult request at such time.  This memo serves to close the existing consult request for Vyzulta 
(latanoprostene bunod), NDA 207795.  
 
Please notify DRISK if you have any questions.  
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     Application Type NDA  

Application Number 207-795 

Submission # 000, Original NDA submission  
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Established Name Latanoprostene bunod ophthalmic solution 0.024% 

(Proposed) Trade 
Name 

Vyzulta 

Applicant Bausch & Lomb, Inc. subsidiary of Valeant Pharmaceuticals North 
America, LLC. 

Therapeutic Class Prostaglandin F2α Receptor Antagonist 

Formulation(s) Sterile topical ophthalmic solution contains latanoprostene bunod 0.24%

Dosing Regimen One drop administered topically, bilaterally, once daily in the evening.  

Proposed 
Indication(s) 

For reduction of elevated intraocular pressure in patients with open-
angle glaucoma or ocular hypertension. 
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2.1 PRODUCT INFORMATION 
Latanoprostene bunod, upon topical administration, is metabolized locally by two esterases to 
two active moieties.1 On topical ocular administration, latanoprostene bunod is rapidly 
metabolized by esterases to two moieties. The first, latanoprost acid, is an F2α prostaglandin 
analog while the second, (the active signaling molecule NO) is released from butanediol 
mononitrate, a primary metabolite of latanoprostene bunod.  

.1 
Latanoprostene bunod formulation is proposed to lower intraocular pressure by  

 increasing uveoscleral aqueous outflow (  and 
trabecular meshwork/Schlemm’s canal aqueous outflow  

.1 

Proposed Dosage and Strength 
The proposed, to-be-marketed formulation and strength for LBN ophthalmic solution 0.024% is 
one drop in the affected eye(s), once daily in the evening.  

Proposed Labeling  
Proposed Vyzulta labeling 2 does not include a Box Warning. The proposed Warnings and 
Precautions (Section 5) include:  

 Pigmentation - pigmentation of the iris, periorbital tissue (eyelid) and eyelashes (section 
5.1)  

 Eyelash Changes - gradual changes to eyelashes including increased length, thickness and 
number of lashes (section 5.2). These changes are usually reversible upon discontinuation 
of treatment. 

 Intraocular Inflammation (section 5.3).  

 Macular Edema (section 5.4) 

  

 Bacterial Keratitis  

  

 Use with Contact Lens  

The proposed LBN ophthalmic solution has not been registered and is not marketed anywhere in 
the world (confirmed by the DTOP, Ophthalmology Clinical Reviewer, Lucious Lim, M. D.). 

2.2 REGULATORY HISTORY 
The following is a summary of the regulatory history for latanoprostene bunod ophthalmic 
solution 0.024% under NDA 207-795 relevant to this review:   

2 NDA 207‐795 Vyzulta, GS, Section 1.14, Labeling, proposed draft labeling, Section 5, Warnings and Precautions.   
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 March 24, 2007: Pfizer initiated the investigational new drug (IND) 073-435 with one study 
(#A9441001 employing PF-03187207).  Pfizer stopped the clinical program after conducting 
study A9441001 in the United States (US)  

  

 November 2, 2009: Pfizer transferred the ownership of IND 073-435 to Nicox S. A. (US 
agent was Premier Research).  

 April 9, 2010: Nicox transferred the ownership of this IND to Bausch & Lomb Incorporated 
(B&L) who acquired the license rights to develop and commercialize the compound. 

 January 9, 2015: The B&L requested a full pediatric waiver of the requirement to conduct 
pediatric studies for the pediatric population of birth to 17 years old for the proposed 
indication, reduction of IOP in patients with OAG or OHT, per the Initial Pediatric Study 
Plan received on December 12, 2014.  

 February 9, 2015: Pre-NDA Meeting on Clinical and Primary Efficacy Analysis. The FDA 
reiterated to the sponsor that the primary efficacy analysis should be conducted on the intent-
to-treat (ITT) population. The FDA confirmed that to support a superiority claim, at least two 
clinical trials (each demonstrating clinically significant superiority between latanoprostene 
bunod ophthalmic solution 0.024% and timolol maleate 0.5%) would be expected. The FDA 
considers additional 4 mmHg to 6 mmHG of IOP lowering over the comparator clinically 
meaningful that all time-points should show superiority to the desired IOP reduction range.  

 October 15, 2015: The FDA issued a Proprietary Name Request Unacceptable Letter 
regarding the proposed name Vesneo.  

 
. The proposed proprietary name Vyzulta was 

submitted and conditionally accepted under  

he applicant desires to use this conditionally acceptable name for use with 
latanoprostene bunod ophthalmic solution 0.024% instead.  

 July 21, 2015: The B&L submitted NDA 207-795 Vesneo (LBN) ophthalmic solution 
0.024% as a priority Review Designation Request. The Priority Review was not granted and 
this submission is a Standard NME submission under the Program (see the above entry for 
revised proposed proprietary name, Vyzulta).  

2.3 MATERIALS REVIEWED 

 NDA 207-795 Vesneo (renamed Vyzulta) latanoprostene bunod ophthalmic solution 0.024% 
Original submission as a New Molecular Entity. 
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 NDA 207-795 Vyzulta (latanoprostene bunod ophthalmic solution 0.024%, Draft Statistical 
Review and Evaluation written by Abel Eshete, Ph. D., Division of Biometrics IV (DB-IV), 
Yan Wang, Ph.D., Team Leader, DB-IV. 

 Approved Labeling for Xalatan (latanoprost ophthalmic solution) 0.005%, dated November 
25, 2014 (NDA 205-97/Supplement 048)  

3  RISK ASSESSMENT 

Efficacy 

The efficacy of LBN ophthalmic solution 0.024% in the treatment of elevated intraocular 
pressure (IOP) in patients with open angle glaucoma (OAG) or ocular hypertension (OHT) was 
evaluated in 7 well-controlled clinical studies in the United States (US), European Union, and 
Japan. Among the clinical studies conducted in patients with glaucoma, there were four were 
Phase (P) two studies (A9441001; A9441003; 659 and 803); two pivotal P3 studies (769; 770); 
and one open-label (OL), P3 Study 811.  

The LBN ophthalmic solution 0.024% once daily (QD) used in Studies 769 and 770) was based 
on dose-finding Study 659, in which LBN ophthalmic solution 0.024% QD was found to be the 
optimal dose based on reported safety and efficacy results.  Primary evidence for the safety and 
efficacy for LBN ophthalmic solution 0.024% is from the two pivotal Studies 769 and 770). 
Brief description of these two P3 studies follows: 

 P3, Study 769: a randomized (R) multicenter, double-masked (DM), parallel-group (PG) 
study comparing the safety and efficacy of BOL-303259-X 0.024% (LBN) ophthalmic 
solution with timolol maleate ophthalmic solution 0.05% in patients with OAG or OHT. 

o 286 patients, LBN ophthalmic solution 0.024% treatment group 
o 134 patients, timolol maleate 0.5% treatment group 
o 12 months of treatment 

 P3, Study 770: a R, multicenter, DM, PG study comparing the safety and efficacy of BOL-
303259-X 0.024% (LBN) ophthalmic solution with timolol maleate ophthalmic solution 
0.5% in patients with OAG or OHT.  

o 283 patients, LBN ophthalmic solution 0.024% treatment group 
o 137 patients, timolol maleate 0.5% treatment group 
o 6 months of treatment 

Study 811: a single-arm, multicenter, OL study evaluated long term safety of latanoprostene 
bunod ophthalmic solution 0.024% in Japanese patients with OAG or OHT. 

Primary Efficacy Analysis and Results  

The primary efficacy endpoint for Study 769 and Study 770 was the mean IOP in patients’ study 
eye measured at the following time points: 8 AM, 12 PM, and 4 PM at Visit 4 (Week 2), Visit 5 
(Week 6), and Visit 6 (Month 3). In each study, patients were randomized in a 2:1, either to LBN 
ophthalmic solution 0.024% or timolol maleate 0.5%. Both studies had a 3-month masked 
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efficacy period followed by an OL safety extension in which all patients were treated with LBN 
ophthalmic solution 0.024%.  

The analysis of covariance (ANCOVA) results for comparison of the mean IOP by visit and time 
point is based on the intent-to-treat (ITT) population in Study 769 and Study 770, individually in 
the 3- month efficacy Phase.3 The least squares (LS) mean of the mean IOP in the study eye was 
lower in the LBN ophthalmic solution 0.024% group than in the timolol maleate 0.5% group at 
all-time points measured (8 AM, 12 PM, and 4 PM) at Visits 4, 5, and 6 (Week 2, Week 6, and 
Month 3, respectively).  This difference was statistically significant for 8 of the 9 time points 
measured for Study 770 and at all-time points for Study 769. This was confirmed with the 
Statistical Reviewer, Abel Eshete, Ph.D., in the DB-IV. 

The analysis of covariance (ANCOVA) results for the comparison of the LS mean of mean 
intraocular pressure (IOP) between treatment groups demonstrated the non-inferiority of LBN 
ophthalmic solution 0.024% each day (QD) to timolol maleate 0.5% twice a day (BID) in the 
intent-to-treat (ITT) population because the upper limit of the 95% confidence interval (CI) did 
not exceed 1.0 mmHg at all-time points (8 AM, 12 PM, and 4 PM) at Visits 4, 5, and 6 (Week 2, 
Week 6, and Month 3, respectively).  The DTOP, Ophthalmology Clinical Reviewer, Lucious 
Lim, M. D. agrees with these results. 

 In Study 769, LBN ophthalmic solution 0.024% QD was superior to timolol maleate 
0.5% BID, as the upper limit of the 95% CI did not exceed 0 mmHg at any time point.  

 In Study 770, LBN ophthalmic solution 0.024% QD, superiority cannot be claimed to 
timolol maleate 0.5% BID, as the upper limit of the 95% CI exceeded 0 mmHg at the 8 
AM time point at Visit 4 (Week 2). As noted by the DTOP Ophthalmology Clinical 
Reviewer and the applicant, for Study 770, the LBN ophthalmic solution 0.024% treated 
group had statistically significantly greater IOP lowering at all but one time point at Visit 
4 (Week 2)and all time points on Visit 5 (Week 6) and Visit 6 (Month 3).  

See the Clinical Efficacy Review by Lucious Lim, M. D., Ophthalmology Reviewer, for details 
on each time point, treatment difference, adjusted mean, and p-values in support of LBN 
ophthalmic solution 0.024% achieving the pre-specified primary efficacy endpoint.  

Secondary Efficacy Analysis and Results  
The two key secondary efficacy endpoints were:  

 the proportion of patients with IOP ≤ 18 mmHg consistently at all 9 time points in the 
first 3 months, and 

 the proportion of patients with IOP reduction ≥ 25% consistently at all 9 time points in 
the first 3 months  

                                                            
3 See NDA 207‐795 Latanoprostene bunod ophthalmic solution 0.024%, GS. Section 2.7.3 Summary of Clinical 

Efficacy, pages 18 and 19 of 35 
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Study 769 
The percentage of patients with mean IOP ≤ 18 mmHg was consistently higher in the LBN 
ophthalmic solution 0.024% group (23.0%) than in the timolol maleate 0.5% group (11.3%) at all 
9 efficacy Phase time points. The difference between the LBN ophthalmic solution 0.024% and 
timolol maleate 0.5% groups in the percentage of patients with mean IOP ≤ 18 mmHg was 
statistically significant (difference of proportions 11.7; 95% CI 4.4, 19.0; p = 0.005) for the 9 
time points in the first 3 months.  

The percentage of patients with IOP reduction ≥ 25% was consistently higher in the LBN 
ophthalmic solution 0.024% group (34.6%) than in the timolol maleate 0.5% group (19.5%) at all 
9 efficacy-Phase time points. There was a statistically significant difference between the LBN 
ophthalmic solution 0.024% and timolol maleate 0.5% groups in the percentage of patients with 
IOP reduction ≥ 25% (difference of proportions 15.1; 95% CI 6.4, 23.8; p = 0.002) at all 9 time 
points. 

Study 770 
The percentage of patients with IOP reduction ≥ 25% consistently at each of 9 efficacy Phase 
time points was higher in the LBN ophthalmic solution 0.024% group (31% for Study 770 and 
34.6% for Study 769) than in the timolol maleate 0.5% group (18.5% for Study 770 and 19.5% 
for Study 769). There was a statistically significant difference between the LBN ophthalmic 
solution 0.024% and timolol malate 0.5% groups in the percentage of patients with IOP 
reduction ≥ 25% consistently at all 9 time points in the first 3 months for Study 770. See the 
Statistical Review and Evaluation by Abel Eshete, Ph.D., Reviewer in the Division of Biometrics 
IV (DB-IV).  

Open Label Study 811 
Long-term sustained IOP lowering without loss of effect was demonstrated in the open label 
extension Phases of the 2 pivotal studies (769 and 770) and the 12-month open-label safety and 
efficacy study in Asian (Japanese patients). See the Ophthalmology Clinical Review by Lucious 
Lim, MD for details on consideration of Japanese patients having a lower IOP value at baseline.   

Safety 

A total of 9 clinical studies were included in the clinical safety summary.  

 2 Phase 1 studies (Study 809 and Study 849) 

 4 Phase 2 studies (A9441001 and A9441003, studies conducted by Pfizer, Study 659 and 
Study 803) 

 3 Phase 3 studies (Study 769, Study 770, and Study 811) 

There were a total of 2,048 patients of which 1,569 patients were exposed to at least 1 dose of 
LBN ophthalmic solution, 294 patients were exposed to timolol maleate 0.5%, and 185 patients 
were exposed to latanoprost 0.005%. At the most at data cut-off, a total of 96 patients in Study 
769 completed 12 months of treatment with LBN ophthalmic solution and a total of 86 patients 
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in Study 811 completed 12 months of treatment with LBN ophthalmic solution.  In the Phase 3 
Pooled data, 811 patients received LBN ophthalmic solution 0.024% and 271 patients received 
timolol maleate 0.5%. In the Phase 2 and Phase 3 data (ALL LBN ophthalmic solution), a total 
of 1,523 patients received LBN ophthalmic solution and 294 patients received timolol maleate 
0.5%.   

Exposure 
The mean duration of exposure for all patients treated with any LBN ophthalmic solution was 
138.6 days (timolol maleate 0.5%: 85.2 days and latanoprost 0.005%: 27.9 days). A total of 453 
(28.9%) patients were exposed to LBN ophthalmic solution with duration between 1 to ≤ 28 days 
and 218 (13.9%) patients were exposed to LBN ophthalmic solution with duration between 29 to 
≤ 66 days.   

Only patients treated with LBN ophthalmic solution 0.024% were exposed for the duration of 
over 66 days. The majority of subjects treated with timolol maleate 0.5% (254 patients, 86.4%) 
were exposed for 67 to ≤ 135 days and no patients treated with timolol maleate 0.5% were 
exposed for over 135 days. 

Deaths 
There were 2 treatment emergent adverse events (TEAEs) as deaths during the LBN ophthalmic 
solution clinical development program.  

 One patient, a 68-year old man, with a past medical history that included coronary artery 
stenosis, coronary artery bypass surgery, hypercholesterolemia, died to cardiac arrest. 
This event was considered unlikely to be causally related to LBN ophthalmic solution 
0.024%, rather due to the patient’s previous medical condition of coronary artery disease 
(this death occurred in Study 770). 

 One patient, a 74-year old woman, with a medical history of acid reflux, hyperlipidemia, 
insulin dependent diabetes mellitus, osteoarthritis, hypertension, peripheral artery disease, 
bilateral cataract, cataract extraction with intra ocular lens implantation in the right eye, 
diabetic retinopathy in both eyes, and posterior vitreous detachment in both eyes, died 
due to hypertension and sepsis which was considered unrelated to the study drug (this 
death occurred in Study 769). 

Phase 3 Pooled 
In the P3 Pool, the most common TEAE in ≥ 2% of patients treated with LBN ophthalmic 
solution 0.024% was conjunctival hyperemia, 49 (6%) patients (timolol maleate 0.5%: 4 [1.5%] 
patients).  Patients treated with LBN ophthalmic solution 0.024% experienced eye irritation, 35 
(4.3%) patients (timolol maleate 0.5%: 7 [2.6%] patients) and eye pain, 30 (3.7%) patients 
(timolol maleate 0.5%: 6 [2.2%] patients).  None of the reported ocular events in the study eye 
were serious.  

A total of 120 (14.8%) of patients who received at least one dose of LBN ophthalmic solution 
0.024% reported at least one non-ocular adverse event (AE). All of the reported non-ocular AEs 
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occurred in less than 2% of the safety population for both arms. There were no notable non-
ocular adverse event differences in the subgroups assessed (age, racial group, gender, ethnicity, 
region, iris color, or prior treatment status). 4 

Approximately 0.6% discontinued therapy with LBN ophthalmic solution 0.024% because of 
ocular adverse events  (ocular hyperemia 0.2%; conjunctival irritation, eye irritation; eye pain; 
conjunctival edema, vision blurred, punctate keratitis; and foreign body sensation, 0.1% each).4  
The Ophthalmology Clinical Reviewer, Lucious Lim, M.D. agrees.  See Tables 1 and 2, 
Summary of Adverse Events in the Treated Study Eye and Summary of Adverse Events in the 
Treated Fellow Eye, respectively. 

Table 1 - Summary of Adverse Events in the Study Eye 
  

Adverse Events  (AEs) 
Treatment: N (%) 

LBN Ophthalmic Solution 0.024%   
N = 811 

Timolol Maleate 0.5%      
N = 271 

Any non-ocular AE 120 (14.8%) 37 (13.7%) 
Any serious non-ocular AE 13 (1.6%) 2 (0.7%) 
Any ocular AE 158 (19.5%) 32 (11.8%) 
Conjunctival hyperemia  47 (5.8%) 3 (1.1%) 
Eye irritation 35 (4.3%) 7 (2.6%) 
Eye Pain 25 (3.1%) 6 (2.2%) 
General disorders 21 (2.6%) 5 (1.8%) 
Instillation site pain 17 (2.1%) 4 (1.5%) 
See Source Table, NDA 207-795, ISS, Source Table 10-6. 

 
Table 2 - Summary of Adverse Events in the Treated Fallow Eye 
 

Adverse Events 
Treatment: N (%) 

LBN Ophthalmic Solution 0.024% 
N = 788 

Timolol Maleate 0.5%  
N = 267 

Any ocular AE 160 (20.3%) 33 (12.4%) 
Any serious ocular AE 1 (0.1%) 0 (0.0%) 
Conjunctival hyperemia 49 (6.2%) 4 (1.5%) 
Eye Irritation 31 (3.9%) 7 (2.6%) 
Eye Pain 28 (3.6%) 5 (1.9%) 
General disorders 21 (2.7%) 5 (1.9%) 
Instillation site pain 17 (2.1%) 4 (1.5%) 
See Source Table, NDA 207-795 LBN Ophthalmic Solution 0.024%, GS, ISS, Source Table 10-7. 

 
TEAEs by Severity 
The most common ocular TEAE in the study eye for patients in the all LBN ophthalmic solution 
group were conjunctival hyperemia (74, [4.9%] patients) and instillation site pain (72, [4.7%] 
patients) both of which were considered mild in severity.  A total of 4 ocular TEAEs in the study 

                                                            
4 See NDA 207‐795 Vyzulta (LBN) ophthalmic solution 0.024%, GS, Section 2.5 Clinical Overview, page 51 of 57. 
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eye were considered severe: lacrimation increased (LBN ophthalmic solution 0.003% + 0.006%: 
1, [0.7%] patient), conjunctival hyperemia and retinal vein occlusion (LBN ophthalmic solution 
0.024%: (1 [0.1%] patients, each event), and eye irritation (LBN ophthalmic solution 0.40%: 1 
[0.6%] patients). 

In the P3 Pool, there were a total of 24 (8.9%) mild, 5 (1.8%) moderate, and 0 (0.0%) severe 
ocular TEAEs in the study eye, in the SOC of eye disorders, in the timolol maleate 0.5% group. 
The most common ocular TEAEs in the treated fellow eye for patients treated with timolol 
maleate 0.5% were eye irritation and eye pain (6 [2.2%] patients, each event), both mild in 
severity. 

Serious Adverse Events  
In the P3 Pool, only 1 patient (0.1%) in the LBN ophthalmic solution 0.024% treatment group 
reported 1 ocular TEAE in the treated fellow eye of device dislocation (reported adverse event 
term: dislocated intraocular lens implant); no patient in the timolol maleate 0.5% group had 
serious adverse events for this preferred term (PT).  

Adverse Events of Special Interest 
Other significant adverse events of special interest in the study and the treated fellow eye 
included the following PTs: blepharal pigmentation, iris color change, eyelash thickening and 
growth of eyelashes, hyperpigmentation of eyelid, and iris hyperpigmentation. 

In the P3 Pool, the most common ocular TEAE of special interest in the study eye in the LBN 
ophthalmic solution 0.024% group was growth of eyelashes (1, 0.1% of patients). No ocular 
TEAEs of special interest in the study eye or the treated fellow eye occurred in the timolol 
maleate 0.5% group. 

In the P2 and P3 Pool, a total of 1,523 patients (All LBN ophthalmic solution), the most common 
ocular TEAEs of special interest in the study eye in the all LBN ophthalmic solution group were 
growth of eyelashes (18, 1.2% of patients), iris hyperpigmentation (4, 0.3% of patients), 
blepharal pigmentation (5, 0.3% patients), and eyelash thickening (1, 0.1% of patients).   

The most common ocular TEAEs of special interest in the treated fellow eye in the All LBN 
ophthalmic solution groups were the following: growth of eyelashes (18, 1.3% of patients), iris 
hyperpigmentation (4, 0.3% patients), blepharal pigmentation (4, 0.3% of patients), and eyelash 
thickening (1, 0.1% of patients).   

No ocular TEAEs of special interest in the study eye or the treated fellow eye occurred in either 
the timolol maleate 0.5% or the latanoprost 0.005% treatment group. Each of these above events 
were considered either possible casually related or definitely related to the study drug. 

All of the ocular TEAEs of special interest in the study eye and the treated fellow eye were 
considered probably causally related to the study drug. The DTOP, Ophthalmology Conical 
Reviewer agrees and concluded that none were serious adverse events (SAEs) and none led to 
discontinuation of the study drug.  
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Benefits  
The approved and marketed therapies to lower IOP target are either by aqueous humor 
production (α-adrenergic receptor agonists, β-adrenergic receptor blockers, carbonic anhydrase 
inhibitors) or by outflow via the uveoscleral pathway (prostaglandins).5 The LBN ophthalmic 
solution 0.024% is proposed as a novel nitric oxide (NO) donating prostaglandin F2α (PGA) 
receptor agonist which on topical ocular administration is rapidly metabolized locally by 
esterases to two active moieties; latanoprost acid (LA), a prostaglandin F (FP), prostanoid FP 
receptor agonist, and the NO-donating moiety, butanediol mononitrate (BDMN).1 The BDMN is 
claimed to be metabolized to NO, the second signaling moiety.1 In the two pivotal P3 trials 
(Study 769 and 770), LBN met the primary end point of non-inferiority to timolol maleate 0.5% 
in lowering IOP at all diurnal time points tested at Weeks 2, 6, and 12 and showed superior IOP 
lowering to timolol 0.5% at all-time points studied at Weeks 6 and 12 in both studies.  

 
.6  In the Phase 3 Pool, a significantly 

greater proportion of LBN-treated patients than timolol-treated patients achieved clinically 
meaningful end points of target IOP of 18 mmHg or lower and at least 25% reduction from 
baseline. The ocular perfusion pressure (OPP) increased at all-time points tested with LBN over 
the 24 hour period, while the timolol 0.5%, OPP increased only during diurnal time points and 
decreased during nocturnal time points. The DTOP, Ophthalmology Clinical Reviewer, Lucious 
Lim, M.D. agrees with these results. 

Risks 
Currently, topical PGAs are first-line products for pharmaceutical IOP lowering in OAG and 
OHT. Topical PGAs have a well characterized safety profile with the most common adverse 
reactions of conjunctival hyperemia, elongation and darkening of eyelashes, increase in iris 
pigmentation, and periocular skin pigmentation without serious consequences.7  

As noted by the DTOP Ophthalmology Clinical Reviewer, Lucious Lim, M. D. and the 
applicant, in the 1,569 patients who received at least 1 dose of LBN ophthalmic solution across 
the 9 studies, no vision-threatening SAEs were reported to-date. LBN demonstrated a tolerable 
safety profile with no significant systemic effects and ocular effects comparable to the first-line 
drug, latanoprost (Xalatan). The proposed LBN, like PGA analogues, may cause changes to 
pigmented tissues, i. e., increased pigmentation of the iris and periorbital tissue (eyelid) and 
eyelash growth. The ocular and non-ocular adverse events characteristic of the PGA class 
(including latanoprost and other prostaglandin analogues) include increased pigmentation of the 
                                                            
5 Zhang et al, Ophthalmic drug discovery: novel targets and mechanism of retinal diseases and glaucoma. Nature 

Reviews/Drug Discovery, Vol. 11: July 2012, pp 541‐559. 

6 NDA 207‐795 Vyzulta (LBN) ophthalmic solution 0.024%, GS, Section 2.5 Clinical Overview, page 49 of 57   

7 Berke SJ. PAP: New concerns for prostaglandin use. Review of Ophthalmology 2012; 19 (10):70. 
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iris, periorbital skin and eyelashes, and growth of the eyelashes in approximately 5% to 15 % of 
patients.8 The DTOP Ophthalmology Clinical Reviewer and the Deputy Director of DTOP, 
Wiley Chambers, MD, concur with these comments. 

Changes in iris pigmentation, eyelid pigmentation, and eyelash growth were assessed by 
evaluating AEs that occurred with the PTs of blepharal pigmentation, iris color change, eyelash 
thickening, and growth of eyelashes, hyperpigmentation of eyelid, and iris hyperpigmentation by 
assessing evaluation of lids and iris color conducted during slit lamp examinations. The 
incidence of AEs of special interest was low. Conjunctival hyperemia, a common side effect of 
most prostaglandins, was evaluated in the Phase 3 Pool. The proportion of patients with mild or 
moderate conjunctival hyperemia in the study eye and treated fellow eye was similar for LBN 
ophthalmic solution 0.024% and timolol maleate 0.5% with crossover to the LBN ophthalmic 
solution 0.024% group (long-term, open-label Study 811). 

The benefits of LBN ophthalmic solution 0.024% as a NO donating prostaglandin F2α receptor 
agonist proposed for reduction of intraocular pressure (IOP) in patients with open-angle 
glaucoma (OAG) or ocular hypertension (OHT) appear to outweigh the risks for the proposed 
indication cited in this review. The proposed LBN ophthalmic solution 0.024% demonstrated an 
acceptable safety profile and tolerability comparable to the PGA class without systemic effects 
commonly associated with beta-blocker class agents. 

The applicant’s proposed labeling for Vyzulta (LBN) ophthalmic solution 0.024% does not 
include a Box Warning; proposed labeling includes Warnings and Precautions with risks that 
are not new in the class of prostaglandin F2α receptor antagonists (See Section 2.1 Product 
Background, in this review).  

4 DISCUSSION ON THE NEED FOR A REMS FOR LATANOPROSTENE BUNOD 
OPHTHALMIC SOLUTION 0.024% 

Primary open-angle glaucoma is a progressive, chronic optic neuropathy in adults in which 
intraocular pressure and other currently known factors contribute to damage and in which, in the 
absence of other identifiable causes, there is a characteristic acquired atrophy of the optic nerve 
and loss of retinal ganglion cells and their axons. Primary open-angle glaucoma is generally 
bilateral, but often asymmetric. 9  Family history is a risk factor for glaucoma. In the Rotterdam 
Eye Study, where all siblings of glaucoma cases and controls were examined, the odds of having 
primary OAG was 9.2-fold higher for individuals who have a first –degree relative (sibling or 
parent) with medically confirmed primary OAG.6  

Ethnicity is an important risk factor. The prevalence of primary OAG is higher in individuals of 
West African, Afro-Caribbean, or Latino/Hispanic origin than of other groups. The prevalence is 

                                                            
8 See NDA 207‐795 LBN Ophthalmic Solution 0.024%, GS, Clinical Overview, page 33 of 57. 

9 American Academy of Ophthalmology, AAO Glaucoma Panel, “Primary Open‐Angle Glaucoma” 
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three-times higher in African Americans and Hispanics of Mexican ancestry compared with non-
Hispanic Whites. Blindness from glaucoma is at least 6 times more prevalent in African 
American than in Caucasian Americans.6   

Open angle glaucoma is a leading cause of visual disability and blindness among adults in the 
US.10 Age greater than 50 years old is an important risk factor for OAG and the disease burden 
of OAG is projected to greatly increase in the coming ears.11 An estimated 3.36 million US 
citizens in 2020 will have OAG and by 2050, this number is projected to further increase to 7.3 
million.12 

Of the available IOP-lowering interventions, topical pharmaceutical agents are most often chosen 
as the initial therapy.  Among these options, the PGA agonists are standard-of-care as first line 
agents because of better efficacy, once-a-day dosing, and a tolerable safety profile.6 

Open angle glaucoma is managed by ophthalmology specialists and fellowship trained 
ophthalmology subspecialists in glaucoma. These prescribers are familiar with the adverse 
reactions and contraindications associated with the class of prostaglandin analogs, β-adrenergic 
antagonists, and α-adrenergic antagonists for ophthalmology indications.   

There were few serious adverse events reported in the LBN ophthalmic solution 0.024% clinical 
development program. The risks of pigmentation of the iris, periorbital tissue (eyelid), and 
eyelashes; gradual eyelash changes including increased length, thickness, and number of lashes; 
intraocular inflammation; and macular edema are similar to reported risks with other topical 
ophthalmic products. The DRISK and the DTOP agree that these risks can be communicated 
through labeling. A REMS program is not needed to ensure that the benefits of LBN ophthalmic 
solution 0.024% outweigh its risks.  

5 CONCLUSION AND RECOMMENDATIONS 

The DRISK is not recommending risk management measures beyond professional labeling for 
the proposed latanoprostene bunod ophthalmic solution 0.024%. Based on the DTOP review of 
this NDA, the benefit-risk profile of LBN ophthalmic solution is acceptable and, at this time, a 
REMS program is not necessary to ensure that the benefits of this proposed formulation 
outweigh its risks for the proposed treatment of reduction of intraocular pressure (IOP) in adult 
patients with open-angle glaucoma (OAG) or ocular hypertension (OHT). Healthcare providers 

                                                            
10 Congdon et al. Causes and Prevalence of Visual Impairment Among Adults in the US, Arch Ophthalmol 2004, Vol. 

122, pp 478 ‐ 485 

11 Friedman et al “Prevalence of Open‐Angle Glaucoma among Adults in the US”; National Institutes of Health 

Public Access Manuscript, Arch Ophthalmol; 2004 April; 122(4): 532‐538 

12 Varjranant et al “The Changing Face of Primary Open‐Angle Glaucoma in the US: Demographic and Geographic 

Changes from 2011 to 2050” A, J Ophthalmol 2012 August; 154 (2): 303‐314 
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who treat OAG multiple are typically ophthalmologists and ophthalmologist subspecialists in 
glaucoma and are familiar with the class of β-adrenergic receptor blockers plus prostaglandin 
F2α (combination of IOP-lowering drugs), the reported adverse reactions with treatment and the 
need for monitoring patients. The DTOP should consult the DRIKS if additional safety 
information is identified that warrants re-evaluation of the risk management measures for LBN 
ophthalmic solution 0.024%. 
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