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Introduction: Benzalkonium chloride (BAK), included as a preservative in many topical 

treatments for glaucoma, induces significant toxicity and alters tear breakup time (TBUT). 

BAK-containing latanoprost, an ester prodrug of prostaglandin F
2α, can cause ocular adverse 

events (AEs) associated with BAK. The purpose of this study was to evaluate the efficacy and 

safety of BAK-free latanoprost.

Patients and methods: A prospective, open-label, single-arm, multicenter, 8-week study 

in patients with primary open-angle glaucoma or ocular hypertension taking BAK-containing 

latanoprost for $12 months was performed. Patients were switched to BAK-free latanoprost 

ophthalmic solution 0.005% administered once daily, and eyes were assessed after 28 and 56 days. 

Primary efficacy and safety variables were TBUT and treatment-emergent AEs, respectively.

Results: At day 56, 40 eyes were evaluable. Mean TBUT increased significantly from baseline 

(3.67±1.60 seconds) to 5.03±2.64 and 6.06±3.39 seconds after 28 and 56 days of treatment with 

BAK-free latanoprost (P,0.0001). Ocular Surface Disease Index© (OSDI©) score also decreased 

significantly to 12.06±13.40 and 7.06±10.75 at 28 and 56 days, respectively, versus baseline 

(18.09±18.61, P,0.0001). In addition, inferior corneal staining score decreased significantly to 0.53 

from baseline (0.85, P=0.0033). A reduction in conjunctival hyperemia and intraocular pressure 

was observed at both time points. No treatment-related serious AEs were evident and 12 (26.08%) 

treatment-emergent AEs occurred in seven patients, with eye pain and irritation being the most 

frequent. No clinically significant changes in vital signs or slit lamp examinations were observed.

Conclusion: Results indicate that switching from BAK-containing latanoprost to BAK-free 

latanoprost resulted in significant improvements in TBUT, OSDI© score, and inferior corneal 

staining score, and measurable reductions in conjunctival hyperemia score. Furthermore, BAK-

free latanoprost was well tolerated with only mild-to-moderate and self-limiting AEs. BAK-free 

latanoprost appears to be effective in protecting ocular surface integrity in glaucoma patients 

but further studies are needed to confirm this beneficial effect.

Keywords: tear breakup time, TBUT, Ocular Surface Disease Index, OSDI©, inferior corneal 

staining score, conjunctival hyperemia, intraocular pressure, glaucoma, ocular surface

Introduction
Glaucoma is a chronic, progressive disease that cannot be cured, but can only be 

controlled by adequate and appropriate prolonged, and sometimes lifelong, treatment. 

The most effective drugs for increasing outflow of aqueous humor, and thus reducing 

intraocular pressure (IOP), are the PGF
2α analogs.1,2 For most patients suffering from 

glaucoma and ocular hypertension, pharmacologic therapy with topical PGF
2α analogs, 

which are powerful ocular hypotensive agents, remains the primary intervention.2
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In the majority of IOP-lowering products, the concentra-

tion of benzalkonium chloride (BAK) ranges from 0.004% 

to 0.02% in different solutions. At these concentrations, 

patients with dry eyes or those using medication with fre-

quent dosing may be at risk of experiencing the adverse 

effects of BAK.3

Results from a number of studies have indicated 

that chronic application of eye drops induces significant 

cytological and histological impairment in ocular tissues, 

and the preservatives are the main components responsible 

for these observed changes.4–7 Prostaglandin analog prepara-

tions are often preserved with BAK. BAK disrupts the lipid 

layer that normally spreads over the watery lacrimal film and 

reduces the evaporation rate from the corneal surface. BAK, a 

cationic detergent, may solubilize the thin lipid layer, thereby 

permitting free evaporation of water and hence drying. BAK 

may also encourage dissolution of the conjunctival mucin 

layer adsorbed on the surface of the corneal epithelium, 

resulting in an increase in surface tension at the epithelial 

surface causing the tear film to retract from the affected areas, 

which then appears as dry spots.8

BAK destabilizes the tear film indirectly by decreasing 

the density of goblet cells in the conjunctival epithelium, 

compromising the ability of the tear film to provide protec-

tion and trophic factors to the cornea. Histopathological and 

impression cytology studies have demonstrated inflamma-

tion, squamous metaplasia, and subconjunctival fibrosis in the 

conjunctiva and Tenon’s capsule associated with the use of 

topical preservatives. These side effects are dose-dependent 

and increase with frequency of instillation.7

BAK is degraded to hydrogen peroxide and has been 

shown to damage ocular tissue by inducing apoptosis and 

increasing the concentrations of inflammatory markers.9 

Furthermore, BAK alters tear film quality and tear breakup 

time (TBUT) and leads to ocular surface diseases. Studies of 

conjunctival biopsy specimens indicate that the conjunctiva 

is significantly infiltrated by inflammatory cells, fibroblasts, 

or both in multitreated patients.10

Latanoprost, an ester prodrug of PGF
2α, was the first of 

the currently available topical PGF
2α analogs to be approved 

for glaucoma or ocular hypertension and is still widely used 

around the world.11 In common with other PG therapies, 

latanoprost can cause ocular adverse events (AEs) associated 

with BAK. An improved BAK-free latanoprost ophthalmic 

solution has been developed and shown to have similar effi-

cacy in reducing IOP compared with the BAK-containing 

latanoprost ophthalmic solution, but with improved 

tolerability.12 We conducted a study in which patients using 

BAK-containing latanoprost were switched to BAK-free 

latanoprost to quantify the changes in TBUT, inferior corneal 

staining score, Ocular Surface Disease Index© (OSDI©) score, 

and IOP. The results are reported in this manuscript.

Materials and methods
Study design and population
This study was registered with the Clinical Trials Registry –  

India. CTRI number: CTRI/2010/091/002822. This was a 

prospective, open-label, single-arm, multicenter, 8-week study 

and included three clinic visits. Men and women $18 years 

of age with primary open-angle glaucoma or ocular hyperten-

sion with TBUT ,6 seconds who were taking any clinically 

available form of BAK-containing latanoprost ophthalmic 

solution 0.005% monotherapy for at least 12 months were 

recruited. The study was approved by the Ethics Committee 

of H.V. Desai Eye Hospital, the Ethics Committee of M and J 

Institute of Ophthalmology, and the Indian National Ethics 

Committee. All patients gave their written informed consent 

to participate in the study. Patients meeting eligibility criteria 

(Table 1) were switched to BAK-free latanoprost ophthalmic 

solution 0.005% (Sun Pharma Advanced Research Company 

Ltd., Mumbai, India). On visit 1 (day 0, screening), patients 

were dispensed BAK-free latanoprost ophthalmic solution 

0.005% and subsequently instilled one drop once daily in 

the evening for 56 days in one or both eyes as per inclusion 

criteria. Safety and efficacy evaluations were performed at 

follow-up visits 2 (day 28) and 3 (day 56).

Study assessments
Efficacy
The primary efficacy variable was TBUT, which was 

evaluated in seconds at visits 2 and 3 (days 28 and 56, 

respectively). Secondary efficacy variables included inferior 

corneal staining score, which was measured on a scale of 0–4 

(0= none, 1= mild, 2= moderate, 3= severe, 4= confluent); 

OSDI© (copyright Allergan, Inc., Irvine, CA, USA) 12-item 

patient-reported outcome questionnaire score (defines ocular 

surface as normal [0–12 points], mild [13–22 points], moder-

ate [23–32 points], or severe [33–100 points]);13 conjunctival 

hyperemia grading using a 4-point scale ranging from 0 to 

3 units (0= none, 1= mild, 2= moderate, 3= severe); and IOP, 

which was measured by Goldmann applanation tonometer 

from baseline at visits 2 (day 28) and 3 (day 56).

Safety
The primary safety variable was treatment-emergent AEs 

reported by each patient and classified using the Medical 
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Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria: ophthalmic* Exclusion criteria: general/systemic

•	 Men and women aged $18 years
•	 Receiving latanoprost (containing 

BAK) monotherapy for at least 
12 months

•	 Tear breakup time ,6 seconds
•	 Informed consent given

•	 History of allergic hypersensitivity or poor tolerance 
to fluorescent dye

•	 Clinically significant systemic disease, which 
might interfere with the study

•	 Use of contact lens or eyelid makeup on the study day
•	 Angle closure glaucoma or a history of acute angle 

closure treated with a peripheral iridotomy
•	 Inability to answer OSDI© questionnaire
•	 Progressive retinal or optic nerve disease apart from 

glaucoma
•	 Concurrent infectious/noninfectious conjunctivitis, 

keratitis, or uveitis in either eye
•	 Any abnormality preventing tear breakup test
•	 Any opacity or patient uncooperativeness that 

restricts adequate examination of the ocular fundus or 
anterior chamber

•	 Clinically significant ocular disease (eg, corneal edema, 
uveitis, severe keratoconjunctivitis sicca) that might 
interfere with the study

•	 History of noncompliance with medical 
regimens or unwilling to comply with the 
study protocol

•	 Participation in another clinical study within 
the last 30 days

•	 Changes in systemic medication within 30 days 
before screening that could have a substantial 
impact on TBUT or anticipated changes during 
the study

•	 Refusal or inability to give written informed 
consent

Note: *Use of artificial tears containing BAK was not permitted during the study.
Abbreviations: BAK, benzalkonium chloride; OSDI©, Ocular Surface Disease Index©; TBUT, tear breakup time.

Table 2 Summary of patient demographic characteristics

Study disposition of enrolled eyes Eyes, n (%)

Enrolled eyes 46 (100)
Safety analysis 46 (100)
ITT analysis 40 (86.95)
PP analysis* 34 (73.91)
Discontinued: 10 (21.73)

Major protocol violation 0 (0)
Consent withdrawn 0 (0)
Patient lost to follow-up 4 (8.69)
Failure of study medication 0 (0)
Premature termination 6 (13.04)

Note: *One patient (two eyes) excluded due to discrepancy in study medication 
dispensing.
Abbreviations: ITT, intent to treat; PP, per protocol.

Dictionary for Regulatory Activities (MedDRA) system 

organ class and preferred term. The secondary safety variable 

was vital sign measurements.

Statistical analysis
Efficacy data were presented descriptively as sample number, 

mean, and standard deviation. Efficacy was assessed in the 

intent-to-treat population with last observation carried forward, 

which included all enrolled patients who had a baseline visit 

assessment, received at least one dose of study medication, and 

had at least one on-therapy efficacy assessment, and in the per-

protocol population, which included all enrolled patients who 

received at least one dose of the study medication, had at least 

one posttreatment assessment, and no major protocol violation. 

Safety data were evaluated from all patients who received 

at least one dose of study medication (the safety population).

In this single-arm study, mean changes from baseline 

from day 0 to day 28 and day 0 to day 56 were analyzed 

using the paired t-test to check whether the mean of the dif-

ferences between paired samples differed from baseline to 

postbaseline assessment. A P-value of 0.05 was considered 

statistically significant.

Results
Patient disposition
A total of 46 eyes were enrolled in the study at three sites in 

India. Six eyes were prematurely terminated from the study 

and four eyes were lost to follow-up. One patient (two eyes) 

was excluded from the per-protocol population (n=34 eyes) 

due to a discrepancy in study medication dispensing.

The intent-to-treat population included 40 eyes at days 28 

and 56. The safety analysis, performed in all enrolled patients 

who received at least one dose of study medication, included 

46 eyes. Patient demographics and disposition are summa-

rized in Table 2. At baseline, patient eyes had been treated 

with BAK-containing latanoprost for a mean (standard 

deviation) of 1.94 years (±1.0). Ophthalmic evaluation of 

the eyes before treatment is detailed in Table 3.

Efficacy
Results for the intent-to-treat population (last observation car-

ried forward) are presented later in the “Results” section.

TBUT evaluation
Mean TBUT at the baseline visit was 3.67±1.60 seconds and 

increased to 5.03±2.64 seconds after 28 days of treatment, 
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and to 6.06±3.39 seconds after 56 days of treatment with 

BAK-free latanoprost. At both days 28 and 56, these mean 

changes from baseline were statistically significant (both 

P,0.0001) with measurable clinical improvement observed 

in TBUT (Figure 1).

OSDI© evaluation
The mean OSDI© score at the baseline visit was within the 

mild category at 18.09±18.61, which decreased to 12.06±13.40 

after 28 days of treatment (P=0.0001), and fell to within the 

normal category at 7.06±10.75 after 56 days of treatment 

(P,0.0001) with BAK-free latanoprost, indicating a statisti-

cally significant change from baseline and measurable clinical 

improvement in OSDI© score at both visits (Figure 2).

Inferior corneal staining
The mean inferior corneal staining score at baseline was 

0.85±0.69, which decreased to 0.68±0.62 after 28 days 

of treatment (P=0.0701), and significantly decreased to 

0.53±0.60 after 56 days of treatment (P=0.0033) with BAK-

free latanoprost.

Conjunctival hyperemia
The mean conjunctival hyperemia score was 0.48±0.75 at 

baseline, which decreased to 0.33±0.52 after 28 days of 

treatment and to 0.35±0.48 after 56 days of treatment with 

BAK-free latanoprost, but did not reach statistical signifi-

cance for either assessment.

Intraocular pressure
The mean IOP was 14.43±3.55 mmHg at the baseline 

visit, 13.73±4.0 mmHg after 28 days of treatment, and 

13.70±4.26 mmHg after 56 days of treatment, indicating no 

statistically significant change.

Safety
All 46 eyes enrolled were evaluated as part of the safety 

analysis. No treatment-related serious AEs were observed 

during the study. In total, 12 (26.08%) treatment-emergent 

AEs, including eight ocular and four nonocular, were 

reported in seven patients. The most frequently reported AE 

was eye pain experienced in three eyes (6.52%), followed 

Table 3 Ophthalmic evaluation at baseline

Diagnosis, n (%)*
POAG 25 (100)
OHT 0 (0)
Dry eye syndrome 3 (12)

Duration (years)
POAG

Mean ± SD 2.17±1.42
Range (min, max) (1, 6.6)

OHT
Mean ± SD 0±0
Range (min, max) (0, 0)

Dry eye duration (years)
Mean ± SD 0.137±0.45
Range (min, max) (0.11, 1.7)

BAK-containing latanoprost duration (years)
Mean ± SD 1.94±1.00
Range (min, max) (1, 4.2)

Age (years)
Mean 61.2
Range (min, max) (28, 89)

Race, n (%)*
Asian 25 (100)

Sex, n (%)*
Male 12 (48)
Female 13 (52)

Weight (kg)
Mean 62.6
Range (min, max) (44, 75)

Iris color, n (%)*
Brown 25 (100)

Note: *Data represent number (%) of patients.
Abbreviations: BAK, benzalkonium chloride; OHT, ocular hypertension; POAG, 
primary open-angle glaucoma; SD, standard deviation.

Figure 1 Average TBUT during the study.
Note: *P,0.0001 vs baseline.
Abbreviations: SD, standard deviation; TBUT, tear breakup time.

Figure 2 Average OSDI© score during the study.
Notes: *P=0.0001; **P,0.0001 vs baseline.
Abbreviation: OSDI©, Ocular Surface Disease Index©.
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by eye irritation in two eyes (4.34%). Table 4 summarizes 

the AEs by the MedDRA system organ class and preferred 

term. Overall, three patients (with six eyes) discontinued 

the study because of an AE; of these, two patients discon-

tinued because of an ocular AE and one patient discontinued 

because of a nonocular AE.

No clinically significant change in vital signs was 

observed from baseline (day 0) to the end-of-study visit 

(day 56). In addition, there was no clinically significant 

change in slit-lamp examination from baseline (day 0) to the 

end-of-study visit (day 56).

Discussion
The deleterious effects of BAK have been well documented, 

most notably its effects on the ocular surface. Common 

side effects include conjunctival hyperemia, decreased tear 

production, tear film instability, and superficial punctate 

keratitis.

Short-term exposure to BAK alters the precorneal mucin, 

which is important in maintaining the integrity of the tear 

film.14 BAK reduces TBUT,15 which contributes to dry eye, 

reduces the rate of removal of other noxious substances, 

and counteracts the protective effects of tears to the cornea. 

Particularly with chronic exposure, BAK also disrupts the 

corneal epithelial barrier16 and produces significant infiltration 

by inflammatory cells in the conjunctival stroma close to the 

limbus,10 thus compromising the epithelial barrier and resulting 

in corneal damage and conjunctival cell infiltration.17

In an ophthalmic product formulation, BAK has several 

positive attributes, but can also cause dose-dependent detri-

mental effects on healthy ocular tissue. At a BAK concen-

tration of 0.0001%, arrest of cellular growth takes place.18 

A BAK concentration of 0.01% induces cellular apoptosis 

and at a concentration of 0.05%–0.1%, necrosis occurs.19 

Therefore, the inherent detergent properties of BAK disrupt 

the lipid layer of the tear film, resulting in increased aqueous 

tear evaporation and decreased TBUT.20

The corneal neurotoxicity of topical BAK 0.01% or 

0.1% solution has been studied on the corneal nerves 

of Thy 1-YFP+ neurofluorescent mouse eyes.21 Corneas 

treated with BAK showed significantly lower nerve fiber 

density and aqueous tear production together with increased 

inflammatory cell infiltration and fluorescein staining after 

1 week, especially with 0.1% BAK treatment. Two forms 

of BAK-induced neurotoxicity were observed – reversible 

neurotoxicity characterized by axonopathy and recovery, 

and irreversible neurotoxicity (nerve degeneration and 

regeneration). Furthermore, nerve fiber length was reduced 

by both concentrations of BAK.

BAK is associated with a decrease in density of goblet 

cells resulting in decreased mucin production and decreased 

tear film stability. Together, these effects on tear film contrib-

ute to dry eye symptoms and ocular discomfort in glaucoma 

patients who already experience a decreased rate of basal tear 

turnover. Even in patients who do not experience discomfort, 

signs of tear film instability and corneal epithelial damage 

can be found.20

The BAK detergent property allows it to solubilize the 

corneal epithelium and promote penetration of the active drug 

and preservative itself, thus accumulating in ocular tissue. 

Therefore, reducing preservative load is of vital importance 

in patients on long-term topical therapy.20

In our study, patients with a baseline TBUT ,6 seconds 

who had been treated with BAK-containing latanoprost 

0.005% for at least 12 months were switched to BAK-

free latanoprost ophthalmic solution 0.005%. Significant 

improvements were observed in mean TBUT, mean OSDI© 

questionnaire score, and mean inferior corneal staining 

score after 56 days of BAK-free latanoprost. The OSDI© 

questionnaire was used as it is a valid and reliable method 

to quantify dry eye syndrome.22 There was also a nonsig-

nificant decrease in conjunctival hyperemia score and IOP 

with BAK-free latanoprost. BAK-free latanoprost was well 

tolerated with treatment-related AEs being mild-to-moderate 

and self-limiting in nature.

Our results with BAK-free latanoprost are similar 

to those reported previously.4,7 Using quality-of-life 

questionnaires, Rossi et al4 found that risk factors for the 

development of ocular surface disease in 233 patients 

treated for glaucoma with IOP-lowering drugs included 

the number and prolonged use of medications and total 

exposure to BAK. A prospective epidemiological survey 

of 4,107 patients with chronic open-angle glaucoma also 

Table 4 Adverse events by MedDRA system organ class and 
preferred term

MedDRA system organ class/preferred term n (%)*

Overall TEAEs 12 (26.08)
Eye disorders 8 (17.39)

Foreign body sensation in eye 1 (2.17)
Eye irritation 2 (4.34)
Asthenopia 1 (2.17)
Eye inflammation 1 (2.17)
Eye pain 3 (6.52)

General disorders 4 (8.69)
Headache 3 (6.52)
Pyrexia 1 (2.17)

Note: *n = the number of reported adverse events which are then shown as a 
percentage of the total number of eyes evaluated in the safety analysis (N=46).
Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; TEAE, 
treatment-emergent adverse event.
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found that the incidence of ocular toxicity was reduced and 

a significant reduction in symptoms occurred when patients 

were treated with preservative-free eye drops.7 Assessments 

of 20 patients with glaucoma (40 eyes) who switched from 

latanoprost with 0.02% BAK to travoprost with sofZia™ 

(borate, zinc, and sorbitol) showed that the discontinuation 

of BAK led to a statistically significant increase in TBUT 

(P,0.001) and a decrease in mean inferior corneal staining 

score and mean OSDI© in patients with low TBUT scores 

(both P,0.001).23 These results confirmed that BAK may 

increase OSDI© by disrupting the tear film and increasing 

conjunctival inflammation.

In a study comparing a once-daily BAK-free fixed-dose 

combination of 0.005% latanoprost plus 0.5% timolol with 

both drugs administered separately (same concentrations 

as the combination) in 227 patients with open-angle glau-

coma or ocular hypertension, the fixed-dose combination of 

latanoprost and timolol had similar IOP-lowering efficacy 

to the drugs administered concomitantly and significantly 

better IOP-lowering efficacy compared with either drug 

as monotherapy.24 Furthermore, there was no difference in 

AEs between the treatment groups. The results of our study 

confirm that switching from BAK-containing latanoprost to 

BAK-free latanoprost can maintain IOP-lowering efficacy 

while reducing ocular side effects.

Attempts to reduce overall BAK load for patients 

are important. BAK-free latanoprost is a good option for 

patients with ocular surface disease, patients who are on 

long-term therapy, or those who do not tolerate the effects 

of BAK because of discomfort, and may help to improve 

compliance.

Conclusion
Switching from BAK-containing latanoprost to BAK-free 

latanoprost resulted in significant improvements in TBUT, 

OSDI© score, and inferior corneal staining score, and 

measurable reductions in conjunctival hyperemia score. 

Furthermore, BAK-free latanoprost was well tolerated with 

only mild-to-moderate and self-limiting AEs. BAK-free 

latanoprost appears to be effective in protecting ocular sur-

face integrity in patients with glaucoma. Further studies are 

needed to confirm this beneficial effect.
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