Economic evaluation of topical ketorolac and nepafenac prophylaxis for early-stage retinopathy of prematurity: a multicenter real-world study in Colombia
Investigators, clinicians, and stakeholders seeking additional methodological or clinical details regarding the prophylactic strategy described in this study or who are interested in advancing its evaluation through controlled clinical trials are invited to contact the corresponding author.
Collaborative inquiries, including those related to protocol harmonization, multicenter validation, or implementation research, are welcome. For further information, please contact the corresponding author.
1. Study setting and participating institutions
The clinical investigation was conducted across 14 Ministry of Health and Social Security–accredited neonatal centers located in the Córdoba and Antioquia departments of Colombia. These centers serve predominantly rural, peri-urban, and socioeconomically vulnerable populations, where barriers to continuity of care are common.
All ophthalmologic assessments and treatment decisions were performed by a single retina specialist using standardized diagnostic and therapeutic criteria. This approach minimized interobserver variability and ensured consistency in clinical decision-making across sites.
2. Eligibility criteria and cohort construction

2.1. Inclusion criteria:

· Retinopathy of prematurity (ROP) screening started within the first 45 weeks of postmenstrual age.
· Gestational age < 37 weeks or birth weight < 2000 g [1–5].
· Diagnosis of stage 1 or stage 2 ROP by the consulting retina specialist.
· Documented follow-up until 60 weeks postmenstrual age.
· Documented exposure to prophylaxis during early-stage disease following recommendations (exposed cohort only).

2.2. Exclusion criteria:

· Prior ROP treatment.
· Non-ROP surgical procedures.
· Congenital ocular anomalies.
· Participation in interventional trials affecting ROP management.
· Missing essential clinical or cost data.

3. Ophthalmologic assessment protocol
ROP diagnosis and staging were performed using indirect ophthalmoscopy following international ROP classification standards [1,4,6,7]. Wide-field retinal imaging and teleophthalmology were used when clinically indicated. Infants were examined at intervals according to disease stage and risk profile.
When the treatment criteria were met, an intervention (laser photocoagulation or intravitreal administration of either bevacizumab or ranibizumab) was delivered within 48 hours.
4. Prophylaxis protocol
· From January 2019 to June 2020: ketorolac tromethamine 0.45% was used as an initial exploratory prophylactic strategy [8–15].
· July 2020 – present: nepafenac 0.10% was introduced based on its improved posterior segment penetration and anti-inflammatory profile [13,15–18].
5. Ketorolac dosing by stage

· Stage 1 ROP: 1 drop per eye every 12 hours. 
· Stage 2 ROP: 1 drop per eye every 8 hours.

6. Nepafenac dosing by stage

· Stage 1 ROP: 1 drop per eye every 8 hours. 
· Stage 2 ROP: 1 drop per eye every 6 hours.

7. Contraindications

· Corneal epithelial defects.
· Active ocular infection.
· Hypersensitivity to nonsteroidal anti-inflammatory drugs (NSAIDs).
· Severe ocular surface disease.

8. Caregiver education
Caregivers received written and verbal instructions on dosing, hygiene, and warning signs. Retraining was provided if nonadherence to recommendations was suspected or if caregivers disclosed it during a follow-up appointment.
9. Safety monitoring
Ocular surface integrity was evaluated at each visit. Transient conjunctival hyperemia was the most frequently observed adverse event and resolved without sequelae.
10. Discontinuation criteria
Medication was discontinued upon:
· Emergence of contraindications.
· Transition to treatment-requiring disease following regional ROP guidelines [1].
· Completion of retinal vascularization.

11. Prophylaxis posttreatment management
Ketorolac was discontinued after intravitreal anti-VEGF therapy but was maintained for 15 additional days after laser photocoagulation to control inflammation and pain during stage 2 ROP dosing.
12. Historical comparator construction
The comparator cohort comprised infants managed with structured surveillance alone between January 2011 and December 2018. Care was delivered by the same retina specialist at the same centers or in private practice, using identical screening schedules and treatment criteria.
This cohort represents the standard of care before prophylaxis implementation and provides a consistent baseline for comparative analyses.
13. Clinical variables collected
Seventeen clinical variables were collected to adjust for confounding.
The primary outcome was the development of treatment-requiring ROP in either eye by 60 weeks postmenstrual age.
Secondary outcomes included the following:
· Time from initial stage 1–2 diagnosis to treatment-requiring ROP.
· Time to spontaneous regression without rescue therapy.
· Retreatment following initial intervention.
· Total number of ophthalmologic follow-up examinations.
For the infant-level analyses, event timing was defined as the first examination at which either eye met the outcome criteria.
14. Statistical modeling strategy
Analyses included descriptive statistics, bivariate comparisons, multivariable logistic regression, and time-to-event modeling. Covariates were selected based on clinical relevance and prior literature [7].
15. Cost estimation procedures
Costs were estimated from the Colombian healthcare system perspective using nationally regulated tariffs, validated against institutional billing records, and supplemented with pharmacy cost data [19]. The costs included those of prophylaxis, screening visits, follow-up care, laser therapy, anti-VEGF injections, and retreatment.
16. Healthcare-related quality of life estimation
Quality-adjusted life years (QALYs) were estimated over a 60-week postmenstrual age horizon using neonatal utility assumptions aligned with ophthalmologic outcomes and standardized to a 365-day scale.
Given the absence of standardized utility weights for ROP, values were derived from a structured synthesis of available literature and expert consensus [20–24]. This limitation was explicitly addressed in sensitivity analyses.
17. Data management and quality assurance
Data were extracted from standardized clinical records, deidentified, and subjected to systematic validation procedures to ensure completeness, internal consistency, and reproducibility.
18. Ethical considerations
The foundational clinical investigation received approval from the microscopIA Institutional Review Board (approval code OPH-001; October 2023). Written informed consent was obtained from parents or legal guardians before initiating prophylaxis and before any ophthalmologic diagnostic or therapeutic intervention. The present analysis used deidentified secondary data derived from that approved study.
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	Table 1
Comparison of baseline characteristics between the ketorolac-treated cohort and the historical surveillance-only cohort

	
	Overall
94 (100.00%)
	Ketorolac-treated infants
48 (51.06%)
	Nontreated infants
46 (48.94%)
	p

	Sex
Males
Females
	
43 (45.74%)
51 (54.26%)
	
23 (47.92%)
25 (52.08%)
	
20 (43.48%)
26 (56.52%)
	0.6659

	Gestational age (weeks)
	30.18 ± 2.54
	29.98 ± 2.54
	30.39 ± 2.55
	0.3731

	Birth weight (grams)
	1,321.44 ± 346.26
	1,275.73 ± 345.62
	1,369.13 ± 344.19
	0.1433

	Plus disease
	24 (25.53%)
	12 (25.00%)
	12 (26.09%)
	0.9038

	Caffeine
	75 (79.79%)
	43 (89.58%)
	32 (69.57%)
	0.0157

	Oxygen administration (days)
	22.72 ± 16.11
	26.75 ± 18.87
	18.52 ± 11.36
	0.0337

	Sepsis
	79 (84.04%)
	42 (87.50%)
	37 (80.43%)
	0.3498

	Red blood cell transfusions
	67 (71.28%)
	32 (66.67%)
	35 (76.09%)
	0.3130

	Intraventricular hemorrhage
	27 (28.72%)
	8 (16.67%)
	19 (41.30%)
	0.0083

	Hydrocephalus
	4 (4.26%)
	4 (8.33%)
	0 (0.00%)
	0.0454

	Pulmonary surfactant administration
	66 (70.21%)
	35 (72.92%)
	31 (67.39%)
	0.5582

	Positive pressure resuscitation
	16 (17.02%)
	14 (29.17%)
	2 (4.35%)
	0.0014

	Perinatal asphyxia
	17 (18.09%)
	14 (29.17%)
	3 (6.52%)
	0.0044

	Premature rupture of membranes lasting over 18 hours
	31 (32.98%)
	9 (18.75%)
	22 (47.83%)
	0.0027


	Bronchopulmonary dysplasia
	14 (14.89%)
	11 (22.92%)
	3 (6.52%)
	0.0256

	Necrotizing enterocolitis
	25 (26.60%)
	25 (52.08%)
	0 (0.00%)
	<0.0001

	Preeclampsia history
	59 (62.77%)
	28 (58.33%)
	31 (67.39%)
	0.3638



Footnotes
· Data are presented as the n (%) or mean ± standard deviation.
· p values compare the prophylaxis cohort with the historical surveillance-only cohort.
· The percentages may not total 100.00% because of rounding.

	Table 2
Comparison of outcomes between the ketorolac-treated cohort and the historical surveillance-only cohort

	
	Overall
94 (100.00%)
	Ketorolac-treated infants
48 (51.06%)
	Nontreated infants
46 (48.94%)
	p

	Progression to treatment-requiring disease
	31 (32.98%)
	10 (20.83%)
	21 (45.65%)
	0.0105

	Follow-up visits
	5.63 ± 1.49
	[bookmark: _Hlk223466410]5.27 ± 1.65
	[bookmark: _Hlk223466425]6.02 ± 1.20
	0.0026

	Time to disease progression (days)
	78.00 ± 3.77
	[bookmark: _Hlk223466563]49.80 ± 2.18
	[bookmark: _Hlk223466583]77.85 ± 4.05
	0.6942

	Time to disease regression (days)
	68.78 ± 5.16
	[bookmark: _Hlk223466498]51.35 ± 3.38
	[bookmark: _Hlk223466520]89.50 ± 9.79
	<0.0001

	Retreatment
	3 (3.19%)
	0 (0.00%)
	3 (6.52%)
	0.0721



Footnotes
· Data are presented as the n (%) or mean ± standard deviation.
· p values compare the prophylaxis cohort with the historical surveillance-only cohort.
· The percentages may not total 100.00% because of rounding.












	Table 3
Comparison of baseline characteristics between the nepafenac-treated cohort and the historical surveillance-only cohort

	
	Overall
144 (100.00%)
	Nepafenac-treated infants
98 (68.06%)
	Nontreated infants
46 (48.94%)
	p

	Sex
Males
Females
	
75 (52.08%)
69 (47.92%)
	
55 (56.12%)
43 (43.88%)
	
20 (43.48%)
26 (56.52%)
	0.1567

	Gestational age (weeks)
	31.00 ± 2.33
	31.28 ± 2.17
	30.39 ± 2.55
	0.0429

	Birth weight (grams)
	1,577.53 ± 462.71
	1,675.36 ± 480.00
	1,369.13 ± 344.19
	<0.0001

	Plus disease
	23 (15.97%)
	11 (11.22%)
	12 (26.09%)
	0.0232

	Caffeine
	81 (56.25%)
	49 (50.00%)
	32 (69.57%)
	0.0273

	Oxygen administration (days)
	21.72 ± 14.17
	23.21 ± 15.14
	18.52 ± 11.36
	0.0656

	Sepsis
	95 (65.97%)
	58 (59.18%)
	37 (80.43%)
	0.0121

	Red blood cell transfusions
	68 (47.22%)
	33 (33.67%)
	35 (76.09%)
	<0.0001

	Intraventricular hemorrhage
	21 (14.58%)
	2 (2.04%)
	19 (41.30%)
	<0.0001

	Hydrocephalus
	0 (0.00%)
	0 (0.00%)
	0 (0.00%)
	-

	Pulmonary surfactant administrations
	96 (65.97%)
	64 (65.31%)
	31 (67.39%)
	0.8055

	Positive pressure resuscitation
	9 (6.25%)
	7 (7.14%)
	2 (4.35%)
	0.5182

	Perinatal asphyxia
	16 (11.11%)
	13 (13.27%)
	3 (6.52%)
	0.2299

	Premature rupture of membranes lasting over 18 hours
	62 (43.06%)
	40 (40.82%)
	22 (47.83%)
	0.4383


	Bronchopulmonary dysplasia
	18 (12.50%)
	15 (15.31%)
	3 (6.52%)
	0.1372

	Necrotizing enterocolitis
	7 (4.86%)
	7 (7.14%)
	0 (0.00%)
	0.0631

	Preeclampsia history
	37 (25.69%)
	6 (6.12%)
	31 (67.39%)
	<0.0001



Footnotes
· Data are presented as the n (%) or mean ± standard deviation.
· p values compare the prophylaxis cohort with the historical surveillance-only cohort.
· The percentages may not total 100.00% because of rounding.

	Table 4
Comparison of outcomes between the nepafenac-treated cohort and the historical surveillance-only cohort

	
	Overall
144 (100.00%)
	Nepafenac-treated infants
98 (68.06%)
	Nontreated infants
46 (48.94%)
	p

	Progression to treatment-requiring disease
	43 (29.86%)
	22 (22.45%)
	21 (45.65%)
	0.0046

	Follow-up visits
	5.08 ± 1.67
	[bookmark: _Hlk223466989]4.63 ± 1.68
	[bookmark: _Hlk223467010]6.02 ± 1.20
	<0.0001

	Time to disease progression (days)
	71.71 ± 3.58
	[bookmark: _Hlk223467139]59.95 ± 3.38
	[bookmark: _Hlk223467161]77.85 ± 4.05
	0.1104

	Time to disease regression (days)
	55.30 ± 4.52
	[bookmark: _Hlk223467037]36.48 ± 2.33
	[bookmark: _Hlk223467056]89.50 ± 9.79
	<0.0001

	Retreatment
	2 (2.08%)
	0 (0.00%)
	3 (6.52%)
	0.0106



Footnotes
· Data are presented as the n (%) or mean ± standard deviation.
· p values compare the prophylaxis cohort with the historical surveillance-only cohort.
· The percentages may not total 100.00% because of rounding.













	Table 5
Subgroup analyses for progression to treatment-requiring disease between the NSAID-treated cohort and the historical surveillance-only cohort

	
	Category
	Ketorolac comparison
	Nepafenac comparison

	
	
	Proportion
	Treated
	Nontreated
	RR (95% CI)
	p
	Proportion
	Treated
	Nontreated
	RR (95% CI)
	p

	Gestational age at birth (weeks)
	< 28
	14 (14.89%)
	2/7 (28.57%)
	4/7 (57.14%)
	0.50 (013-1.90)
	0.2801
	11 (7.64%)
	1/4 (25.00%)
	4/7 (57.14%)
	0.44 (0.07-2.69)
	0.3031

	
	28 – 32
	68 (72.34%)
	8/35 (22.86%)
	16/33 (48.48%)
	0.47 (0.23-0.95)
	0.0271
	94 (65.28%)
	16/61 (26.23%)
	16/33 (48.48%)
	1.43 (1.00-2.06)
	0.0297

	
	> 32
	12 (12.77%)
	0/6 (0.00%)
	1/6 (16.67%)
	1.20 (0.83-1.72)
	0.2963
	39 (27.08%)
	5/33 (15.15%)
	1/6 (16.67%)
	0.91 (0.13 to 6.47)
	0.9246

	Birth weight (grams)
	< 1000
	19 (20.21%)
	3/11 (27.27%)
	6/8 (75.00%)
	0.36 (0.13-1.03)
	0.0698
	14 (9.72%)
	3/6 (50.00%)
	6/8 (75.00%)
	0.67 (0.27-1.63)
	0.3340

	
	1000 - 1500
	43 (45.74%)
	5/24 (20.83%)
	9/19 (47.37%)
	0.44 (0.18-1.10)
	0.0652
	48 (33.33%)
	5/29 (17.24%)
	9/19 (47.37%)
	0.36 (0.14-0.92)
	0.0247

	
	> 1500
	32 (34.04%)
	2/13 (15.38%)
	6/19 (31.58)
	0.49 (0.12-2.05)
	0.2988
	82 (56.94%)
	14/63 (22.22%)
	6/19 (31.58)
	0.70 (0.31-1.58)
	0.4051



Footnotes
· CI: confidence interval; NSAID: nonsteroidal anti-inflammatory drug; RR: relative risk.
· Treated and nontreated values are shown as the number of infants that progressed/the total number of infants in each subgroup (%).
· Subgroup analyses were performed separately for the ketorolac and nepafenac comparisons, each using the historical surveillance-only cohort as the reference group.
· The percentages within subgroup categories may not total 100.00% because of rounding.
· For infants older than 32 weeks in the ketorolac comparison, the RR is presented for nonoccurrence because no infant in the ketorolac group progressed to treatment-requiring disease in that subgroup.
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