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Purpose: Maximal medical therapy involves using three or more classes of topical anti-glaucoma agents to achieve the target 
intraocular pressure (IOP). This study compared the effectiveness, tolerability, and safety of a fixed combination of timolol, 
dorzolamide, brimonidine, and latanoprost (TDB-L) versus a fixed combination of timolol, dorzolamide, and latanoprost (TD-L) for 
uncontrolled IOP in patients with primary open-angle glaucoma.
Methods: In this randomized, double-masked Phase IV trial, 47 eyes from 26 patients were assigned to TDB-Lor TD-L for 60 days, 
with follow-ups on days 14, 30, and 60. IOP was measured at 9:00 and 11:00 a.m. Follow-ups assessed tolerability via the Ocular 
Comfort Index (OCI) and conjunctival hyperemia (CH). Safety evaluations included chemosis, fluorescein conjunctival staining 
(FCS), visual acuity, corneal and retinal nerve fiber layer thickness, ganglion cell layer, and adverse events (AEs).
Results: By day 60, both treatment groups achieved a significant reduction in IOP, with TDB-L decreasing from 20.1 ± 1.6 mmHg to 
14.0 ± 2.2 mmHg and TD-L from 20.8 ± 1.8 mmHg to 16.8 ± 2.0 mmHg (between groups, p = 0.042). In the TDB-L group, the 
reduction in IOP by day 60 was 6.3 mmHg, compared to 4.5 mmHg in the TD-L group. OCI scores did not significantly change. 
By day 60, 15% of eyes exhibited moderate CH (all in TD-L, p = 0.002). The safety of both groups was similar, as neither presented 
drug-related AEs nor showed differences in safety parameters, with differences being found only in FCS (between groups, p = 0.001).
Conclusion: Both TDB-L and TD-L achieved significant IOP reductions after two months, were well tolerated, and safe. Adding 
a fourth hypotensive agent may offer an effective option for patients needing more IOP reduction beyond TD-L, highlighting their role 
in managing glaucoma in regions with high socioeconomic burdens and limited treatment access.
Trial Registration: ClinicalTrials.gov identifier NCT04702789, registered on 21 October 2019.
Keywords: open-angle glaucoma, safety, intraocular pressure, tolerability

Introduction
Glaucoma is a group of progressive optic neuropathies characterized by the loss of retinal ganglion cells and their 
axons.1 POAG is the predominant subtype in Mexico and Latin America, contributing significantly to vision loss and 
severe visual impairment. It is often asymptomatic until advanced stages, when visual damage becomes irreversible.2 

POAG represents a significant socioeconomic burden in Mexico, with direct and indirect costs exceeding USD 
1.144 billion annually. This highlights the need for more effective and accessible treatments.3 Additionally, in 
Mexico, treatment may consume up to 61.5% of the monthly income of low-resource patients, limiting adherence 
and exacerbating disease progression.2 Elevated intraocular pressure (IOP) is a well-known risk factor for the 
development and progression of glaucoma, and controlling IOP has been the primary goal of glaucoma 
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treatment.4–6 The decrease in IOP has been demonstrated to reduce the risk of conversion from ocular hypertension 
(OHT) to POAG by approximately 20% for every mmHg.5–7 Despite advancements in surgical filtration treatments, 
implants, and laser procedures that enhance trabecular drainage, drug therapy remains the primary intervention for 
most patients with OHT and glaucoma. This treatment generally involves the topical application of hypotensive 
medication agents.8

Pharmacotherapy typically starts with a single hypotensive agent, often one of the first-line treatments, such as 
prostaglandin analogs (PGAs) or β-blockers. However, in many cases, using just one medication may not be enough to 
reach the target IOP or to prevent the progression of glaucoma.9 This can be achieved by concurrently using two or 
more medications or a fixed combination (FC). The fixed combinations effectively lower IOP and offer several 
advantages over the separate administration of their active ingredients: 1) reduced costs, 2) simpler treatment regi
mens, 3) improved treatment adherence, and 4) decreased washout risk.10–13 When the target IOP is not achieved, 
a third medication can be added to achieve Zimmerman’s maximal medical therapy regimen of three drugs daily 
instillations.14,15 FC of three drugs can broaden the horizon toward the new maximum tolerated medical therapy plan 
proposed by Sampaolesi, which included fixed triple therapy (timolol, dorzolamide, and brimonidine) plus a PGA.16 In 
addition to showing an adequate safety and tolerability profile, the FC of 0.5% timolol, 2% dorzolamide, and 0.2% 
brimonidine (Krytantek Ofteno®, Laboratorios Sophia, S.A. de C.V., Jalisco, Mexico) has been demonstrated to be 
more effective than the FC of two ocular hypotensive agents: specifically, the FC of 0.5% timolol with 2% 
dorzolamide, and the FC of 0.5% timolol with 0.2% brimonidine, demonstrating a reduction of IOP by 42.3% and 
28.4%, respectively.17,18 Since 2007 in Mexico, and in more recent years in other Latin American countries such as 
Bolivia, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Honduras, Panama, the Dominican Republic and 
Uruguay, Krytantek Ofteno® (Timolol 0.5% / Brimonidine 0.2% / Dorzolamide 2% in ophthalmic solution) is 
commercially available, its sustained presence in these markets reflects both successful regulatory approval and 
positive commercial acceptance within the ophthalmic community.19

MMT aims to enhance patients’ chances of reaching the target IOP and slowing disease progression, thereby creating 
effective and tolerable therapies as alternatives to surgery. Each class of antihypertensive agents provides an additive 
effect; however, the reduction in IOP achieved by adding a drug is less than that obtained when it is used as initial 
therapy. Different regimens can be combined to optimize treatment. These may include fixed triple or double combina
tions, as well as monotherapy. For four hypotensive agents, options include using two double combinations, a triple 
combination plus monotherapy, or all four agents concurrently.20

We hypothesized that the fixed-dose combination of timolol, dorzolamide, and brimonidine with latanoprost (TDB-L) 
would show superior IOP reduction, enhanced tolerability, and a safety profile comparable to the fixed-dose combination 
of timolol and dorzolamide with latanoprost (TD-L) in patients with POAG and uncontrolled IOP. The objective of this 
study was to assess the efficacy, tolerability, and safety of a maximum tolerated medical therapy for glaucoma using an 
FC of timolol, dorzolamide, and brimonidine with latanoprost, compared to an FC of timolol and dorzolamide with 
latanoprost in patients with POAG and uncontrolled IOP, treated with either a PGA or a β-blocker.

Patients and Methods
Study Design
This prospective, multicenter, double-masked, Phase IV, randomized study (ClinicalTrials.gov registration number: 
NCT04702789, registered on October 21, 2019) was conducted at five sites in Mexico. The protocol and informed 
consent were performed in accordance with the principles of the Declaration of Helsinki (1964), the International Council 
for Harmonization guidelines, Good Clinical Practice, and current local legislation. The study was approved by the 
Research Committee, as well as the Research Ethics Committee and the Federal Commission for the Protection against 
Sanitary Risks in Mexico. The study population consisted of volunteer patients who met the inclusion criteria and signed 
the informed consent form to undergo all the procedures involved. Patients were recruited from February 2022 to 
October 2023.
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Patients
Participants were assessed for eligibility during a screening visit scheduled 30 days before baseline, when their medical 
and ocular histories were obtained. If the patient fulfilled all the inclusion criteria and presented none of the exclusion 
criteria, they were eligible for enrollment. To be selected, patients were required to have a diagnosis of POAG, as defined 
by the American Academy of Ophthalmology’s preferred practice pattern guidelines, or they were required to have ocular 
hypertension. They also needed to be uncontrolled by a PGA or a β-blocker for at least 30 days before the screening 
visit.21 During the screening visit, they received latanoprost for approximately 30 days and needed to adhere to the 
medication at least 90%. To qualify for the study, participants must have an IOP measured using a Goldmann application 
tonometer of 19 mmHg or greater, but not exceeding 26 mmHg, in the study eye in the eligibility and basal visit. All 
patients must be at least 18 years old. Exclusion criteria included the following: for women of childbearing age, a birth 
control method was necessary since pregnancy, breastfeeding, or high childbearing potential without a birth control 
method before inclusion. Other exclusion criteria included having an anterior chamber angle of less than two on Shaffer’s 
scale or the presence of peripheral anterior synechia in the study eye, currently being under treatment with any systemic 
ocular hypotensive drug, having a best corrected visual acuity (BCVA) worse than 20/200 in the study eye, severe loss of 
central visual field, a previous history of ocular trauma within the last six months, and contraindications to any 
medication used in the study like severe asthma or chronic obstructive pulmonary disease, 2nd or 3rd-degree atrioven
tricular block not controlled with a pacemaker, sinus bradycardia, chronic kidney disease, patients who require the use of 
monoamine oxidase inhibitors and patients treated with antidepressants that affect noradrenergic transmission. All 
specific selection criteria are outlined in Table S1.

Treatment and Evaluations
All of them were assigned to receive preservative-free ocular 0.005% latanoprost eye drops (GAAP Ofteno® PF, 
Laboratorios Sophia, S.A. de C.V., Jalisco, Mexico) once a day at 09:30 p.m. ± 15 minutes for 30 days in the study 
eye (washout period). After one month, patients who met the selection criteria in at least one eye were included in the 
study for efficacy evaluation. A total of 47 eyes were randomized 1:1 to the use of the FC of 0.5% timolol, 2% 
dorzolamide, and 0.2% brimonidine (Krytantek Ofteno® PF, Laboratorios Sophia, S.A. de C.V., Jalisco, Mexico) with 
0.005% latanoprost (TDB-L group) or the FC of 0.5% timolol, and 2% dorzolamide (Eliptic Ofteno® PF, Laboratorios 
Sophia, S.A. de C.V., Jalisco, Mexico) with 0.005% latanoprost (TD-L group). Randomization numbers were generated 
and uniformly distributed using statistical software, and patients were allocated treatments from a central list of permuted 
blocks for each stratum. The labels on the bottles used in the study were covered to maintain masking, and identical 
packaging was utilized. The treatment assignment was also blinded throughout the study for all researchers, patients, and 
sponsoring team members. The fixed combinations were administered twice daily at 09:00 a.m. ± 10 minutes and 09:00 
p.m. ± 10 minutes for 60 days, and the latanoprost was administered once daily at 09:30 p.m. ± 15 minutes for the same 
period. The study drug was discontinued if either the principal investigator or the patient decided that continuing was not 
in the patient’s best interest, if the therapies assigned showed a lack of efficacy (less than a 20% decrease in IOP when 
a fixed combination was added to the treatment with latanoprost), or if a female patient became pregnant. The flow chart 
of study participants is shown in Figure 1.

Outcome Variables
The primary efficacy endpoint was the change in IOP from baseline to day 60 (final visit). The tolerability and safety 
endpoints included the ocular comfort index (OCI), conjunctival hyperemia (assessed by the Efron grading scale), 
presence of chemosis, fluorescein conjunctival staining (FCS) to detect epithelial defects by Oxford scale, central corneal 
thickness (CCT), retinal nerve fiber layer, ganglion cell layer, BCVA (LogMAR), and the incidence of adverse events 
(AEs). The OCI questionnaire was developed in 2007 by Johnson and Murphy for English speakers using Rasch analysis 
and has since been adapted for Chinese and Spanish languages, yielding results comparable to those of the original 
version.22–26 Expected (listed versus unexpected) AE were analyzed, including their causality, and severity (mild, 
moderate, severe).27,28 For each AE, the following information was collected: duration, frequency, clinical severity, 
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relationship to therapy, action taken, and outcome. Causality assessment was based on the criteria of the World Health 
Organization-Uppsala Monitoring Centre (WHO-UMC) to determine a possible association between the treatment and 
the observed reaction. All AEs occurring during the clinical protocol were recorded and included in the analysis.

A masked investigator measured IOP at identical times of day, with baseline examinations conducted at follow-up 
visits at 9:00 a.m. (before the morning dose) and 11:00 a.m., ± 30 minutes (two hours after morning dose). Follow-up 
visits were scheduled on days 14, 30, and 60 ± 2 after starting the therapy. The investigator ensured that the patient 
applied the therapy during treatment, following the 9:00 a.m. IOP check.

Statistical Analysis
Statistical analyses were carried out using the R statistical software (The R Foundation for Statistical Computing; http:// 
www.R-project.org). Considering that the intent-to-treat (ITT) analysis population is the most clinically relevant and may 
better reflect real-world conditions, all participants were analyzed according to the groups to which they were 
randomized.29,30 Before the study began, it was established that a minimum of 45 eyes per group was required to detect 
a difference of at least 1.5 mmHg in mean controlled IOP maintenance between treatments. This determination was based 
on a significance level of 0.05 and a desired power of 0.80.31,32 Unfortunately, the study was terminated due to 
insufficient recruitment, which prevented the sample size from being reached. Since the sample collected was less 

Figure 1 Current diagram of patients enrolled in the study.
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than 50% of the initially estimated amount needed for the superiority analysis, we did not conduct this analysis. Instead, 
we present all the results to illustrate the data we obtained. Continuous variables are characterized by the mean and 
standard deviation (SD). Pre- and post-treatment analyses were compared with a mixed-effect model, accounting for the 
intra-patient correlation to avoid overestimating significance and incorrect confidence intervals (CI) calculated at 95%. 
Ordinal variables were analyzed using p x q contingency tables, and depending on the analytical requirements, 
differences were calculated using Pearson’s chi-squared test or Fisher’s exact test. All statistical analyses in this study 
were two-sided, with a significance level of p ≤ 0.05.

Results
Demographic Characteristics
The study included 47 eyes from 26 patients (9 male and 17 female), with a mean age ± SD of 67.3 ± 10.7 years (see 
Table 1). The mean BCVA (LogMAR) was 0.19 ± 0.19 for group TDB-L and 0.20 ± 0.19 for group TD-L; clinical signs, 
symptoms, and initial characteristics were similar, showing no significant differences. Patients in both groups exhibit 
a mean adherence of greater than 90% to the prescribed treatment during the washout period (data not shown). During the 
clinical follow-up, at day 14, adherence was 100 ± 0% vs 98.8 ± 2.9% for the TDB-L and TD-L groups, respectively. 
On day 30, it was 95.5 ± 12% vs 98 ± 4.5%, and on day 60, it was 91 ± 12.4% vs 99.3 ± 1.5%, without significant 
differences between arms (p = 0.327).

Efficacy
Intraocular Pressure Changes
As measured, IOP was significantly reduced in both groups at 9:00 a.m. The IOP decreased by 5.1 mmHg (p < 0.0001, 
95% CI [−5.95, −4.58]), 6.2 mmHg (p < 0.0001, 95% CI [−7.01, −5.23]), and 6.2 mmHg (p < 0.0001, 95% CI [−6.27, 
−4.49]) after 14, 30, and 60 days of treatment (factor visit) compared to their baseline value. No differences were 
observed between groups at the baseline, day 14, and day 30 visits. But on day 60, the TDB-L group experienced 
a significant decrease at 9:00 a.m. compared to the TD-L group (p = 0.042, 95% CI [0.13, 3.64], Figure 2a).

At 11:00 a.m.(two hours after the morning dose), the IOP in both groups decreased by 4.1 mmHg (p<0.0001, 95% CI 
[−5.08, −3.07]), 5.7 mmHg (p<0.0001, 95% CI [−6.71, −4.62]), and 5.7 mmHg (p<0.0001, 95% CI [−6.90, −4.46]) after 
14, 30, and 60 days of treatment, respectively, compared to their baseline values at this time. However, the IOP reduction 

Table 1 Characteristics of Each Treatment Group

Variable TDB-L TD-L p-value

No. of eyes 23 24

Sex, M / F 33.3% / 66.7% 35.7% / 64.3% 0.899a

Age, years 63.0 ± 12.2 70.9 ± 7.9 0.058b

BMI, Kg/m2 26.9 ± 4.23 27.4 ± 3.84 0.748b

BMI Categories Healthful weight 41.7% 35.7% 0.883a

Overweight 33.3% 42.9%

Obesity 25% 21%

Use of concomitant medications 66% 92.9% 0.199a

Notes: For continuous variables, data are presented as mean ± standard deviation. groups. achi- 
square test and bt-test are used. All p-values between groups are> 0.05. 
Abbreviations: BMI, body mass index; F, female; M, male; TDB-L, fixed combination of timolol, 
dorzolamide, and brimonidine with latanoprost; TD-L, fixed combination of timolol, dorzolamide 
with latanoprost.
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was significantly observed only on day 14 for the TDB-L group versus TD-L (p = 0.034, 95% CI [−2.94, −0.15], 
Figure 2b). Figure 2 summarizes the IOP values for both groups at each time point.

The IOP measured at 11:00 a.m. in both groups was significantly lower than that measured at 9:00 a.m. in all visits (p 
= 0.004, 95% CI [−0.94, −0.18]). The plot of the estimated random effects for each eye and their confidence intervals is 
displayed in Figures S1 and S2.

Figure 2 Mean intraocular pressure changes for TDB-L and TD-L treatments at each experimental visit at 9:00 a.m. (a) and 11:00 a.m. (b). Statistical significance was 
determined using a mixed-effects model. IOP reduction in TDB-L > TD-L on day 14 at 11:00 a.m. and day 60 at 9:00 a.m., *p <0.05.
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The TDB-L group’s baseline IOP value significantly decreased from 20.1 mmHg by 4.9 mmHg (p<0.0001, 95% CI 
[−5.86, −4.49]), 6.2 mmHg (p<0.0001, 95% CI [−7.18, −5.32]), and 6.3 mmHg (p<0.0001, 95% CI [−7.37, −5.20]) at 
days 14, 30, and 60, respectively. The difference between the 9:00 a.m. and 11:00 a.m. measurements was statistically 
significant (p = 0.006, 95% CI [−2.03, −0.35]).

In the TD-L group, the IOP decreased from 20.8 mmHg at baseline by 5.4 mmHg (p<0.0001, 95% CI [−6.36, −4.37]), 
6.4 mmHg (p<0.0001, 95% CI [−7.51, −5.28]), and 4.5 mmHg (p<0.0001, 95% CI [−5.89, −3.13]) by days 14, 30, and 
60, respectively. Remarkably, the IOP measured two hours after the morning dose was not significantly different from the 
values recorded at 9:00 a.m. (p=0.881).

Tolerability
Ocular Comfort Index
There were no differences in tolerability between the treatments, as assessed by the OCI score. The mean baseline OCI score 
was similar across therapies, at 33.2 ± 8.8 for the TDB-L group and 27.2 ± 8.7 for the TD-L group. The final OCI score on day 
60 was 29.8 ± 17.6 for TDB-L, compared to 23.6 ± 15.6 for TD-L. Throughout all clinical follow-ups, the OCI scores did not 
show significant changes from baseline to day 60, as indicated in Table 2, nor during the other visits in either group (p-values 
of 0.344, 0.616, 0.602, and 0.451 at baseline, day 14, day 30, and day 60, respectively), as shown in Figure S3.

Table 2 Change From Baseline at Day 60 Follow-up

Variable Visit TDB-L TD-L p-value

IOP at 9:00 a.m., mmHg Basal 20.1 ± 1.6 20.8 ± 1.8 0.042a

Day 60 14.0 ± 2.2 16.8 ± 2.0

IOP at 11:00 a.m., mmHg Basal 19.2 ± 2.9 20.7 ± 1.7 0.443a

Day 60 13.6 ± 2.1 15.1 ± 1.8

BCVA, LogMAR Basal 0.19 ± 0.19 0.20 ± 0.19 0.971a

Day 60 0.12 ± 0.14 0.21 ± 0.22

CCT, µm Basal 554 ± 55.2 537 ± 33.5 0.688a

Day 60 555 ± 52.1 533 ± 29.4

Ganglion cell layer Basal 79.6 ± 14.9 69.8 ± 3.20 0.463a

Day 60 79.1 ± 15.0 72.0 ± 10.4

Retinal nerve fiber layer Basal 81.8 ± 12.4 71.6 ± 11.3 0.326a

Day 60 79.9 ± 11.3 72.4 ± 11.8

CH, Normal Basal 33.3% 13% 0.002b

Day 60 36.4% 22.2%

FCS, grade 0 Basal 50% 30.4% 0.001b

Day 60 81.8% 44.4%

OCI, score Basal 33.2 ± 8.8 27.2 ± 8.7 0.451a

Day 60 29.8 ± 17.6 23.6 ± 15.6

Notes: For continuous variables, data are presented as mean ± standard deviation. a mixed- 
effect model, b Chi-square test. All p-values indicate the comparison between arms at day 60. 
Abbreviations: BCVA, best-corrected visual acuity; CCT, central corneal thickness; CH, 
conjunctival hyperemia; FCS, fluorescein conjunctival staining; IOP, intraocular pressure; 
OCI, ocular comfort index; TDB-L, fixed combination of timolol, dorzolamide, and brimo
nidine with latanoprost; TD-L, fixed combination of timolol, dorzolamide with latanoprost.
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Conjunctival Hyperemia
Based on the Efron scale, conjunctival hyperemia was scored from 0 (normal) to 4 (severe). At baseline, 22% of all eyes 
showed normal grading (33.3% vs 13% for the TDB-L and TD-L groups, respectively), while 70.8% had grades ranging 
from trace to mild (61.1% vs 78.3%). In comparison, 7.3% exhibited moderate hyperemia (5.6% vs 8.7%), p = 0.464. 
By day 60, 30% of all eyes had a normal score (36.4% and 22.2% for TDB-L and TD-L groups, respectively), with 55% 
having grades from trace to mild. The incidence of conjunctival hyperemia decreased to 55% for grades from trace to 
mild (63.6% vs 44.4%) but increased to 15% for moderate cases, p = 0.002. All cases of moderate hyperemia were noted 
in the eyes assigned to the TD-L group. No cases of severe hyperemia were recorded. See Table 2 and Figure S4.

Safety
Chemosis
No cases of chemosis were observed in any patients before or after their respective treatment.

Fluorescein Conjunctival Staining (FCS)
Compared to the baseline, both groups had an increase in the proportion of eyes with grade 0. At day 60, the proportion 
of eyes with grade 0 FCS increased from 50% to 81.8% in the TDB-L group, representing a relative improvement of 
63.6%. In contrast, the TD-L group showed a smaller increase from 30.4% to 44.4% (a relative change of 46.1%). These 
changes were statistically significant (p = 0.001), see Table 2

Central Corneal Thickness (CCT), Retinal Nerve Fiber Layer, and Ganglion Cell Layer
No differences were observed in CCT between treatments (p = 0.688) at day 60 (p = 0.769), for retinal nerve fiber layers 
(factor group: p = 0.326, factor visit: p = 0.596), or the ganglion cell layer (factor group: p = 0.463, factor visit: p = 
0.721), as shown in Table 2.

Best-Corrected Visual Acuity
Regarding the BCVA, no significant differences in mean values were observed at baseline (p = 0.814), day 14 (0.18 ± 
0.18 vs 0.16 ± 0.16, p = 0.146), day 30 (0.18 ± 0.18 vs 0.14 ± 0.13, p = 0.281), or day 60 (0.12 ± 0.14 vs 0.21 ± 0.22, p = 
0.840). Additionally, no significant differences were observed between groups (p = 0.971), as shown in Table 2 and 
Figure S5.

Adverse Events
Regardless of adverse event (AE) incidence, in the intention-to-treat (ITT) analysis involving 26 patients, 76.9% (20/26) 
reported at least one AE, resulting in 75 AE occurrences (32 in the TDB-L group and 43 in the TD-L group), as shown in 
Table 3. Among these, 26.7% were classified as unexpected-AE. 6.3% of all AEs were associated with the TDB-L group, 
while 41.9% were reported in the TD-L group (p < 0.001, Chi-square test).

Table 3 Treatment-Related Adverse Events

TDB-L TD-L

Patients with AE, n (%) 9 (75) 11 (78.6)

Unexpected / Expected-AE, n (%) 2 (6.3) / 30 (93.8) 18 (41.9) * / 25 (58.1)

Severity, n (%) Mild 29 (90.6) 41 (95.3)

Moderate 3 (9.4) 2 (4.7)

Severe 0 0

(Continued)
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In terms of severity, 90.6% of the adverse events (AEs) in the TDB-L group were classified as mild, while 9.4% were 
moderate, comprising one case each of dry eye, headache, and gastrointestinal infection. For the TD-L group, 95.3% of 
AEs were mild, and 4.7% were moderate, consisting of one case of iridocyclitis and one of conjunctivitis (p = 0.417, Chi- 
square test). No severe AEs occurred during the study. Regardless of their causality, 17.3% of adverse events (AEs) were 
deemed possible, 21.3% were classified as probable or likely, and 61.3% were considered unlikely (p = 0.464 between 
groups, see Figure S6). The most reported AE was irritation at the instillation site (13.3%), followed by pruritus and 
a foreign body sensation (8.0%).

Discussion
Has been reported that approximately 40% of patients in the Ocular Hypertension Treatment Study required multiple 
medications to achieve a 20% IOP reduction.33,34 Although PGAs are the most used medications, many physicians 
consider β-blockers the preferred adjunctive therapy alongside PGAs (intermediate therapy).17,35 However, there are 
cases where intermediate therapy or the beginning of treatment requires a significant decrease in IOP. In these situations, 
the tolerated MMT can be considered. MMT uses three or more anti-glaucoma agents.15 This study demonstrated that the 
use of timolol, dorzolamide, and brimonidine twice daily for 60 days, as an adjunct to latanoprost administered once 
daily, provided a clinically meaningful IOP reduction in patients with POAG who were inadequately controlled on 
intermediate therapy. Our findings show that patients assigned to four hypotensive agents or to double FC with 
monotherapy experienced a significant decrease in IOP from 20 mmHg to 14 mmHg by day 60 for the triple FC, 
including latanoprost, and from 21 mmHg to 17 mmHg with the double FC plus latanoprost. These changes correspond 
to a decrease from 31.4% for the TDB-L group and 19.6% for the TD-L group before the morning dose. IOP fluctuates 
throughout the day and typically peaks at night. Large fluctuations in IOP may increase the risk of progression in 
glaucoma.36 IOP can fluctuate due to autonomic or humoral control, changes in vascular tone, and changes in bodily 
posture.

Before suggesting a four-drug combination, verifying the efficacy of adding a fourth medication to a patient’s medical 
regimen is important.20 It has been reported that 20% of patients who received a four-drug combination experienced an 

Table 3 (Continued). 

TDB-L TD-L

Causality, n (%) Possible 5 (15.6) 8 (18.6)

Probable or likely 9 (28.1) 7 (16.3)

Unlikely 18 (56.2) 28 (65.1)

Non-ocular AE, n (%) 8 (25) 4 (9.3)

Ocular AE, n (%) 24 (75) 39 (94.1)

Installation site irritation, n (%) 5 (20.8) 5 (12.8)

Foreign body sensation, n (%) 1 (4.2) 5 (12.8)

Pruritus, n (%) 2 (8.3) 4 (10.3)

Eye irritation, n (%) 2 (8.3) 4 (10.3)

Other, n (%) 14 (58.4) 21 (53.8)

Total, AE, n (%) 32 (42.7) 43 (57.3)

Notes: The data indicate frequency (percentage), n = 26 randomized patients. Of the total adverse 
events (AEs), 26.7% were unexpected AEs, 6.3% were associated AEs from TDB-L, and 41.9% were 
reported by the TD-L group (*p < 0.001, Chi-square test). 
Abbreviations: AE, adverse event; TDB-L, timolol-dorzolamide-brimonidine with latanoprost; 
TD-L, timolol-dorzolamide with latanoprost.
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increase in IOP of 20% or more after undergoing a washout of the fourth drug. In a retrospective study, Bro et al, 
investigated the effects of adding brimonidine as the fourth drug. Patients followed for one to 12 months showed 
a decrease in IOP of 20% or more.37 Hence, although the literature is scarce, adding a fourth drug appears clinically 
helpful in 20% to 50% of patient cases.20,37,38 Previously, a fourth medication was not used, as the patient had to apply 
numerous drops, which could reduce their adherence. However, incorporating a triple FC, such as timolol, dorzolamide, 
and brimonidine, simplifies treatment by adding a PGA, thereby creating a new maximum tolerated medical therapy 
regimen option for glaucoma.16

The degree of ocular tolerability is a crucial determinant of compliance with the dosing regimen for any ophthalmic 
medication, including glaucoma therapies, and has a direct impact on treatment efficacy.39,40 In our study, all patients 
demonstrated an adherence rate greater than 90% to their prescribed treatment throughout the clinical follow-up period. 
Insufficient adherence to therapy among patients with glaucoma is a prevalent issue that poses significant health, social, 
and economic challenges. Poor adherence is associated with disease progression, increased complication rates, and higher 
healthcare costs.40,41

The combination of timolol, dorzolamide, and brimonidine with latanoprost and the TD-L was well tolerated, as 
indicated by similar OCI scores between groups from baseline to day 60. Glaucoma is often associated with ocular 
surface disease, making the topical therapy burden a predictor of corneal staining severity. Glaucoma treatment may 
cause chronic inflammation or aggravate a concomitant ocular surface disease. Patients may also have preexisting ocular 
surface diseases, dry eye syndrome, meibomian gland dysfunction, or chronic allergies. Some ocular surface issues can 
worsen when patients are treated with more than one topical glaucoma medication.42–44 Benzalkonium chloride (BAK) is 
the most used preservative in topical drugs, with evidence indicating toxic effects on ocular tissues.44,45 In our study, the 
final OCI score ranged from 0 to 51 points for both treatments, similar to those observed during the screening visit (0 to 
52 points, respectively). This may be attributed to the use of preservative-free (BAK-free) medications, and the shorter 
treatment duration is also expected to enhance the favorable tolerability of the therapies.

Ocular hyperemia is the most common side effect of topical hypotensive medications.46 By day 60, conjunctival 
hyperemia generally improved, though moderate cases increased to 15% in the TD-L group. No severe cases were 
observed. Yanagi et al reported higher hyperemia in patients treated with prostaglandin compared to those treated with β- 
blockers or no eye drops. The study excluded patients who had been on glaucoma treatment for less than six months.46 In 
agreement with our findings, conjunctival hyperemia appeared stable in all patients. All hypotensive agents used in this 
study were BAK-free, which is reported to induce less conjunctival inflammation than BAK eye drops.

CCT is a crucial variable in glaucoma; however, measurements vary by race, sex, and other environmental factors, 
which may complicate the relationship between glaucoma and central thickness.47 Changes in CCT following the use of 
two or more glaucoma drug therapies can be observed within the first 1 to 2 years of treatment.48 In our study, on the final 
visit, there was no statistical significance in the CCT between the TDB-L and TD-L groups or compared to the baseline 
value (after the washout period with a PGA), a result that was expected due to the short follow-up period. Additionally, 
the use of different devices to determine CCT has resulted in variable measurements. Considering these factors, our 
results align with those of previous similar studies, which have also noted variability between subjects.47,49 Changes in 
the optic nerve head reflect the activity of retinal ganglion cell axons. The retinal nerve fiber and ganglion cell layers 
showed minimal, non-significant changes, likely due to small sample size and follow-up duration.

The occurrence of AEs in both groups appeared consistent with the established safety profiles of the individual 
hypotensive agents. Indeed, the only difference between the two treatments was the occurrence of unexpected AEs, 
which were reported in 6.3% of the TDB-L group compared to 41.9% of the TD-L group. The most frequently reported 
AE was irritation at the instillation site, followed by pruritus and foreign body sensation. These are expected AE related 
to glaucoma eye drops, and do not entail any additional safety risk associated with the formulations employed in this 
study.17,35,50–53 Also, severe AE did not occur during the study follow-up. Our findings support the potential benefit of 
adding a fourth hypotensive agent to an MMT regimen to achieve more ambitious therapeutic goals in patients with 
suboptimal pressure (IOP) control.

Our current study has several potential limitations. First, the small sample size (n = 47 eyes) may affect the statistical 
power and generalizability of our findings. Initially, we conceived this study under a superiority hypothesis. 
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Unfortunately, the study was terminated due to insufficient recruitment, as the investigation sites faced challenges related 
to COVID-19 pandemic restrictions and strict selection criteria, among other factors. To illustrate the results of the data 
obtained while discarding the original superiority analysis, we utilized a mixed-effects model that accounted for adjusted 
intra-patient correlation. This statistical approach reduced the risk of drawing incorrect conclusions from the data. 
Second, the short-term study did not permit a long-term assessment of the efficacy and safety parameters of the 
treatments.54 However, previous studies have reported the efficacy and safety of TDB, TD, and their active ingredients 
for up to six months.17,18 Lastly, the study focused exclusively on patients with primary open-angle glaucoma, making 
the results inapplicable to other forms of glaucoma, such as angle-closure or congenital glaucoma.2 However, one of the 
reasons this group of patients was chosen is that the Latin American population, especially those of Mexican descent, is 
more prone to developing POAG compared to Anglo-Saxons.55,56 In summary, this study highlights the potential of using 
fixed combinations to simplify maximal medical therapy regimens, achieving effective IOP control with fewer medica
tions and maintaining safety and tolerability. Such simplification may favor adherence and reduce treatment burden in 
clinical practice.

Conclusion
In conclusion, TDB-L and TD-L, as the MMT, demonstrate clinically relevant reductions in IOP for patients with POAG 
after two months of treatment. Both therapies were well tolerated, and the adverse events aligned with the known safety 
profiles of the individual medications. Adding a fourth hypotensive agent may offer an effective treatment option for 
patients needing additional IOP reduction beyond what is achieved with TD-L. These findings are particularly relevant 
for clinicians managing this disease in Latin America, where the socioeconomic burden is high and access to pharma
cological treatments may be limited.

Abbreviations
AE, adverse events; BCVA, best-corrected visual acuity; FCS, fluorescein conjunctival staining; IOP, intraocular 
pressure; MMT, maximal medical therapy; OCI, ocular comfort index; PGA, Prostaglandin analog; POAG, primary 
open-angle glaucoma; TDB-L, fixed combination of timolol, dorzolamide, and brimonidine with latanoprost; TD-L, fixed 
combination of timolol, dorzolamide with latanoprost.
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