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Purpose: To evaluate the therapeutic non-inferiority between two ophthalmic latanoprost

0.005% solutions (Arulatan® [ALT] versus the reference drug Xalatan® [XLT]) in patients

with primary open-angle glaucoma (POAG) or ocular hypertension (OH).

Patients and methods: This was a 12-week Phase IV, experimental, randomized, parallel-

group, double-masked clinical trial. Consecutive patients with POAG or OH from the Glaucoma

Service of Instituto Paulista de Estudos e Pesquisas em Oftalmologia (São Paulo, Brazil) were

enrolled between July and December 2017. The primary outcome of the study was an analysis of

therapeutic non-inferiority between ALT versus XLT at 12 weeks, while secondary outcomes

were mean intraocular pressure (IOP) change from baseline at 2, 6 and 12 weeks, mean IOP at 2,

6 and 12 weeks, and topical and systemic side effects. Statistical significance was set at P<0.05.

Computerized analysis was performed using the R software, version 3.4.4.

Results: A total of 45 patients were randomized to the two treatment groups: ALT (22) and

XLT (23). A statistically significant reduction in IOP from baseline was observed in both

treatment groups at all timepoints, while no statistically significant difference between

groups was detected. By week 12, observed IOP reduction was −7.95 and −7.89 mmHg in

the ALT and in the XLT groups, respectively (P=0.60). Treatment difference between the

ALT and the XLT groups was −0.06 mm Hg (95% CI: −0.97, 0.85) and fell within the

interval set for therapeutic non-inferiority. There was no statistically significant difference

between the two groups in terms of safety profiles. The most commonly reported side effect

was mild conjunctival/palpebral hyperemia.

Conclusion: ALT was considered non-inferior to XLT in achieving a statistically significant

reduction in IOP at 12 weeks in POAG and OH patients. No significant difference in the

occurrence of side effects was found between both groups.
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Introduction
Glaucoma is a progressive optic neuropathy that results from degeneration of retinal

ganglion cells and presents with a characteristic pattern of structural damage and

visual field (VF) loss.1 It is the main cause of irreversible blindness worldwide,2

and it is estimated that approximately 64.3 million people between 40 and 80 years

old are currently affected by the disease, and this number may rise up to 76 million,

in 2020, and 111.8 million, in 2040.3
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The main risk factor for glaucoma development and

progression, and, so far, the only modifiable one is IOP.1 In

this context, glaucoma treatment is based on reducing IOP

to values capable of preventing progression of glaucoma-

tous optic neuropathy, with minimum side effects and

impact on the patient’s visual function, general and ocular

health. With that in mind, prescription of topical hypoten-

sive eyedrops is the most widely accepted form of initial

treatment for glaucomatous patients.4 In this context, it is

well known that prostaglandin analogs (PA) are the class

of ocular hypotensive drugs most widely used as mono-

therapy for initial glaucoma treatment because of their

good profile on hypotensive efficacy, posology (single

daily dose) and tolerability.5–7

All these informations considered, latanoprost was the

first PA8,9 to become commercially available and is fre-

quently employed as initial glaucoma monotherapy. The

drug is an analog of the prostaglandin F2α and studies of

clinical efficacy have shown the drug to have an IOP-

lowering effect superior to timolol maleate 0.5%10,11 and

similar to other PAs.12 In 2011, it lost patent protection

and new generic preparations are available worldwide.13,14

A new formulation of latanoprost 0.005% ophthalmic

solution (Arulatan® - ALT, Bausch & Lomb, Berlin,

Germany) has become commercially available since

2015. Since there is a concern whether generic medica-

tions have the same efficacy and safety profile as the

reference ones,15–17 we developed this clinical trial evalu-

ating the therapeutic non-inferiority of ALT versus the

reference drug (Xalatan® - XLT, Pfizer, New York, USA)

in patients with primary open-angle glaucoma (POAG) or

ocular hypertension (OH).

Material and methods
This protocol was developed according to the Good

Clinical Practices of the International Council for

Harmonisation of Technical Requirements for

Pharmaceuticals for Human Use. It was also approved by

the ethics committee and the institutional review board of

the Federal University of São Paulo and adhered to the

tenets of the declaration of Helsinki.

Study design
This was a 12-week Phase IV, experimental, randomized,

parallel-group, double-masked clinical trial, designed to

evaluate the therapeutic non-inferiority of the IOP-

lowering effect between a generic latanoprost 0.005%

ophthalmic solution (ALT) and the reference drug (XLT).

Inclusion and exclusion criteria (Table 1) were

assessed during the screening visit after obtaining

patient’s written informed consent form and were con-

firmed at the randomization visit (28 days later). At the

screening visit, parameters were evaluated as follows:

demographic data, medical history and use of concomi-

tant systemic medication were assessed; all participants

had undergone a comprehensive ophthalmological eva-

luation, including best-corrected visual acuity (BCVA),

slit-lamp biomicroscopy, Goldmann applanation tonome-

try, gonioscopy, dilated fundoscopy, VF testing (24–2

Swedish interactive threshold algorithm, Humphrey

Field Analyzer II; Carl Zeiss Meditec, Inc., Dublin,

CA), and color/red-free fundus imaging; a pregnancy

test was performed in women of childbearing potential;

pulse and blood pressure were measured; patients under

topical hypotensive medication initiated a 28-day wash-

out period. At the randomization visit, patients were

Table 1 Inclusion and exclusion criteria

Inclusion

criteria

Patients with POAG or OH;

IOP ≥21 mmHg at randomization visit;

18 years or older;

IOP from 21 to 36 mmHg after a 28-day washout

period;

Written informed consent to participate in the trial.

Exclusion

criteria

Closed anterior chamber angle and secondary glau-

comas;

Pregnant or breastfeeding women;

Severe central VF loss (defined as 2 of the 4 central

fixation points of the 24–2 SITA VF test depressed to

10 dB or less);

Patients unable to safely perform a 28-day washout

period of the ocular hypotensive eyedrops;

Chronic, severe or recurrent inflammatory eye dis-

eases;

Ocular trauma in the previous 6 months;

Ocular infection or inflammation in the previous 3

months;

Uncomplicated intraocular surgery in the previous 6

months;

Uncomplicated ocular laser therapy in the previous 3

months;

Corneal disease precluding reliable tonometry;

Presence of clinically significant retinopathy;

Concomitant use of topical or systemic

corticosteroids;

Severe clinical conditions that would make the patient

ineligible for the study, according to the evaluator’s

assessment.

Brant Fernandes et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical Ophthalmology 2019:13680

http://www.dovepress.com
http://www.dovepress.com


included in the study if an unmedicated IOP from 21 to

36 mmHg was detected. All patients were submitted to

a single hypotensive eyedrop regimen, which could be

either ALT or XLT. Patients in need for multiple drugs to

promote IOP control were not included in the study.

Control follow-up visits were then scheduled at 2, 6

and 12 weeks in which medical history and use of

concomitant systemic medication, pulse, blood pressure,

BCVA, slit-lamp biomicroscopy, Goldmann applanation

tonometry and the presence of eyedrops side effects and

adverse effects were assessed. At the 12th week after

randomization, the patient came back to the hospital for

the end-of-study visit.

Participants and outcomes
Consecutive patients with POAG or OH from the

Glaucoma Service of Instituto Paulista de Estudos

e Pesquisas em Oftalmologia (São Paulo, Brazil) who

met the inclusion criteria and any one of the exclusion

criteria were enrolled between July and December 2017.

The primary outcome of the study was an analysis of

therapeutic non-inferiority between ALT versus XLT at

12 weeks, while secondary outcomes were mean iIOP

change from baseline at 2, 6 and 12 weeks, mean IOP at

2, 6 and 12 weeks, and topical and systemic side effects.

POAG was defined as the presence of an untreated IOP

≥21 mmHg with characteristic signs of glaucomatous optic

neuropathy (GON), associated or not with characteristic VF

defects, while OH was defined as the presence of an

untreated IOP ≥21 mmHg without characteristic signs of

GON and normal VF tests.

GON was defined as cup-to-disc ratio >0.6, asymmetry

between eyes ≥0.2, the presence of localized defects of the

retinal nerve fiber layer, and/or neuroretinal rim in the

absence of any other anomalies that could explain such

findings. Characteristic glaucomatous VF defect was

defined as glaucoma hemifield test results outside normal

limits and the presence of at least three contiguous test

points within the same hemifield on the pattern deviation

plot at p<1%, with at least one at p<0.5%, excluding

points on the edge of the field or those directly above

and below the blind spot.

Safety endpoints of this study were corneal pachyme-

try, pulse/blood pressure, dilated fundoscopy, BCVA, slit-

lamp biomicroscopy, VF, eyedrops side effects and

adverse events. Analysis of these endpoints consisted of

average changes from baseline whenever appropriate and

descriptive statistics such as frequency and percentages for

adverse events and eyedrops side effects.

Randomization and statistical analysis
The randomization lists were computer-generated, and

each patient was sequentially assigned to receive either

ALT or XLT in a 1:1 ratio. In order to maintain mask-

ing, a drug dispensing person was assigned at each

center and the medications were provided to the patients

in identical, opaque bottles, with masked labels.

Whenever both eyes were eligible, only one eye was

considered for statistical analysis.

We chose the magnitude of the IOP reduction from

baseline between groups as the main variable for sample

size calculation. For a sample power of 80% (β value of

0.20) and α value (type I error) of 0.05, we would need 17

patients in each group to detect a 2 mmHg difference

between groups (assuming a SD of 2 mmHg).

Descriptive analysis was used to present the demo-

graphic and clinical data. Categorical data were analyzed

with the chi-square test. Comparison between groups was

performed with independent t-test for normally distributed

data and with Mann–Whitney test for those non-normally

distributed. For the non-inferiority analysis, it was

assumed that ALT could be declared non-inferior to XLT

if the two-sided 95% CIs for the difference between

adjusted treatment means were entirely within the interval

from −1.5 to +1.5 mmHg. Statistical significance was set

at P<0.05. Computerized analysis was performed using the

R software, version 3.4.4.

Results
A total of 61 patients were screened and 45 patients were

randomized to the two treatment groups: ALT (22) and XLT

(23). Fifteen patients were excluded because they did not

meet the eligibility criteria and one withdrew consent.

Additionally, one patient from the ALT group had no adher-

ence to the treatment and did not complete the 12-week

follow-up period, so he was excluded from the sample. All

these considered, a total of 44 patients completed the study.

Demographic data – including baseline IOP – did not differ

between groups at baseline and are presented in Table 2.

A statistically significant reduction in IOP from base-

line was observed in both treatment groups at all time-

points, while no statistically significant difference between

groups was detected (Table 3). By week 12, observed

mean IOP reduction was −7.95 and −7.89 mmHg in the

ALT and in the XLT groups, respectively (P=0.60). Thus,
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mean treatment difference between the ALT and the XLT

groups was −0.06 mmHg (95% CI: −0.97, 0.85) and fell

within the interval set for therapeutic non-inferiority.

There was no statistically significant difference between

the two groups in terms of safety profiles. Considering the

drug-related side effects, the only side effects that were found

were conjunctival/palpebral hyperemia: four patients in the

ALT group and five patients in the XLT group. All cases were

classified as mild and none of these patients had to stop

medication. On the other hand, regarding the presence of

adverse events, there was one case of myocardial infarction

in the ALT group during the follow-up of this study, which

was considered as an adverse event not related to the tested

drug.

Discussion
The use of PAs eyedrops is frequently employed as first-

line therapy for glaucoma management because of their

IOP-lowering efficacy, safety profile and posology. That

said, latanoprost was the first PA to be approved for

glaucoma treatment and now there are plenty of generic

formulations commercially available worldwide. In the

present study, we sought to compare clinical effects

between the Bausch & Lomb latanoprost 0.005% ophthal-

mic solution (ALT) versus the reference drug (XLT) and

found no difference between the IOP-lowering effect and

the safety profile of both solutions.

At this point, we believe it is important to briefly

discuss the main clinical implications of our findings.

Whenever a drug loses its patent protection, generic pro-

ducts may become commercially available – such as what

happened with the latanoprost 0.005% ophthalmic solu-

tion – and approval protocols may differ between regula-

tory agencies. For example, the approval for marketing of

a generic product both in Europe and in the United States

is granted after the revision of an “abbreviated” dossier,

not containing all the preclinical and clinical information

required for a new chemical entity.14 That frequently raises

questions whether the generic formulations have signifi-

cant variations in physical properties and drug

concentrations16 and mainly if they are as effective and

safe as the reference drug.

All these considered, there are few studies evaluating

different types of populations that previously assessed

generic formulations of latanoprost 0.005% ophthalmic

solution versus XLT regarding IOP-lowering effect and

safety profile, and the results are conflicting. Considering

the studies that found a better performance for XLT when

compared to the generic formulation, Golan et al18 found

a tendency for better IOP control for XLT when compared

to Glautan (an Israeli generic formulation) in a population

of 19 POAG and HO patients at 1-month follow-up and

Narayanaswamy et al19 found XLT to have better IOP

control than Latoprost (an Indian generic formulation) in

a population of 30 POAG and HO patients at a 24-week

crossover protocol. On the other hand, considering the

studies that found no difference between XLT and the

generic formulation, Diagourtas et al20 found no difference

between two Greek latanoprost 0.005% formulations (Latz

Table 2 Comparison of clinical and demographic characteristics

between groups

ALT group
(n=21)

XLT group
(n=23)

P-value

Age (years) 65.3±9.4 61.9±10.9 0.30

Gender (%; F/M) 61.9/38.1 52.2/47.8 0.50

Race (Caucasian/

Black/Others)

47.6/19.1/33.3 69.6/13/17.4 0.80

Mean baseline IOP

(mmHg)

22.3±1.2 22.4±1.7 0.65

Note: Data given as mean±SD whenever indicated.

Abbreviations: ALT, Arulatan®; XLT, xalatan®; IOP, intraocular pressure; M, male;

F, female.

Table 3 Comparison of IOP parameters between groups at all

timepoints

ALT
group
(n=21)

XLT
group
(n=23)

P-value

Mean IOP change from

baseline (mmHg)

Baseline – – –

2 weeks 8.0±2.3 7.7±2.4 0.69

6 weeks 8.3±2.0 8.5±2.1 0.70

12 weeks 7.9±2.5 7.9±2.0 0.60

Mean IOP (mmHg)

Baseline 22.3±1.2 22.4±1.7 0.65

2 weeks 14.3±2.3 14.6±2.8 0.90

6 weeks 14.0±2.4 13.5±2.2 0.30

12 weeks 14.4±3.0 14.6±1.8 0.46

Mean IOP treatment

difference

−0.06

Mean IOP treatment

difference 95% CI

[−0.97, 0.85]

Note: Data given as mean±SD whenever indicated.

Abbreviations: IOP, intraocular pressure; ALT, Arulatan®; XLT, xalatan®; CI,

confidence interval.
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and Xalaprost) and XLT in a 60 POAG and OH patients

16-week trial and Digiuni t al,14 found no difference

between an Italian latanoprost 0.005% formulation (man-

ufactured by Mipharm) and XLT in a 184 POAG and OH

patients 12-week trial. Our results corroborate the findings

of the latter two studies since we found no difference in

IOP-lowering effect and safety profile between ALT and

XLT. Our results also corroborate the results of Allaire

et al21 that demonstrated no difference in safety and effi-

cacy between a Bausch & Lomb latanoprost test formula-

tion and XLT in POAG and OH patients in a 266 patients

6-week trial. It is important, though, to highlight that,

although these previously mentioned results considered

different drug formulations, they also evaluated very dif-

ferent populations and this might contribute to conflicting

results. As far as we know, this is the first study to

compare the effects of latanoprost and a generic formula-

tion in a South American population.

The present study has some limitations that should be

addressed. The main limitation is the small sample size.

Nonetheless, the previous studies that found a difference

between the generic latanoprost 0.005% ophthalmic solu-

tion and the reference drug had even smaller

populations.18,19 Additionally, although we can draw

some conclusions regarding ALT, we cannot extrapolate

those findings to other generic formulations not used in

this study.

Conclusion
In this trial we found that ALT can be considered non-

inferior to the reference drug XLT regarding IOP-lowering

efficacy at 12 weeks in POAG and OH patients.

Additionally, ALT could not only be considered as effec-

tive as ALT in achieving a statistically significant reduc-

tion in IOP at 2, 6 and 12 weeks, but also no difference

was found regarding safety profiles between both

solutions.

Abbreviations list
BCVA, best-corrected visual acuity; GON, glaucomatous

optic neuropathy; OH, ocular hypertension; PA, prosta-

glandin analog; POAG, primary open-angle glaucoma;

RNFL, retinal nerve fiber layer; VF, visual field.
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