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Background: The purpose of this study was to evaluate nepafenac ophthalmic suspension 

0.1% (Nevanac®; Alcon Research Ltd) in the prevention of macular edema following cataract 

surgery in diabetic retinopathy patients.

Methods: This was a multicenter, randomized, double-masked, vehicle-controlled study of 

263 adult diabetic patients with nonproliferative diabetic retinopathy requiring cataract surgery. 

Patients were randomized (1:1) to instill nepafenac or vehicle three times daily beginning 1 day 

prior to surgery through day 90. Efficacy included the percentage of patients who developed 

macular edema ($30% increase in central subfield macular thickness from baseline) and the 

percentage of patients with decreases of more than five letters in best-corrected visual acuity 

from day 7 to 90.

Results: A significantly lower percentage of patients in the nepafenac group developed macular 

edema relative to patients in the vehicle group (3.2% versus 16.7%; P , 0.001). A significantly 

lower percentage of patients in the nepafenac group had best-corrected visual acuity decreases 

of more than five letters relative to patients in the vehicle group on day 30 (P , 0.001), day 60 

(P = 0.002), and day 90 (P = 0.006). The mean central subfield macular thickness and mean 

percent change from baseline in macular volume were also significantly lower in the nepafenac 

group versus the vehicle group at days 14 through 90 (P # 0.005). No safety issues or trends 

were identified when dosing was increased to 90 days that negatively impacted the favorable 

benefit/risk profile of nepafenac.

Conclusion: Nepafenac demonstrated statistically significant and clinically relevant advantages 

compared with vehicle in preventing macular edema and maintaining visual acuity in diabetic 

patients following cataract surgery. These advantages were seen at multiple time points over 

the course of the 90-day therapy period. There was no clinically relevant increase in risk from 

90 days dosing compared with 14 days. Therefore, with a similar safety profile and benefit 

in preventing macular edema and maintaining vision, the risk/benefit to the diabetic patient 

undergoing cataract surgery appears to be positive.

Keywords: cataract extraction, diabetes, macular edema, nonsteroidal anti-inflammatory drug, 

topical, ocular surgery, retinopathy

Introduction
Macular edema is a common cause of poor visual outcome following uneventful 

cataract surgery1 that has been reported to occur in up to 2% of patients.2–4 The inci-

dence may be as high as 20% when cataract extraction is complicated by posterior 

capsule rupture with vitreous loss or severe iris trauma.1 Further, it is well documented 

that macular changes are more likely to occur following cataract surgery in diabetic 
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patients, especially those with pre-existing retinopathies, 

compared with nondiabetic patients.5–8 Estimates of the rate 

of development of macular edema in diabetic populations 

(with or without diabetic retinopathy) vary across studies, 

ranging from 31% to 81% at various time points following 

cataract extraction.9–12

Factors involved in the pathogenesis of diabetic macular 

edema include chronic hyperglycemia, blood-retinal 

barrier dysfunction, and chronic subclinical inflammation.8 

Postsurgical inflammation, in particular, is believed to be a 

major factor in macular edema, that develops subsequent to 

cataract extraction. Prostaglandins contribute substantially 

to the inflammatory processes that result in fluid leakage 

from perifoveal capillaries into the extracellular space 

of the macular region.13 Given that topical nonsteroidal 

anti-inflammatory drugs (NSAIDs) block the cyclooxygenase 

enzymes responsible for prostaglandin production, some 

reports suggest NSAIDs may also reduce the incidence, 

duration, and severity of macular edema.13–17

Nepafenac ophthalmic suspension 0.1% (Nevanac®; 

Alcon Research Ltd, Fort Worth, TX) is a topical NSAID 

indicated in the United States for the treatment of pain and 

inflammation associated with cataract surgery. Nepafenac 

is a prodrug that rapidly penetrates the cornea and is deami-

nated to form the active metabolite, amfenac, by intraocular 

hydrolases within ocular tissues, including the ciliary body 

epithelium, retina, and choroid.18 Because bioconversion is 

targeted to the iris/ciliary body, and to a greater extent to the 

retina and choroid, nepafenac may have prolonged activity in 

the vascularized tissues of the eye.19 Nepafenac and amfenac 

are potent inhibitors of the cyclooxygenase enzyme isoforms 

(COX1 and COX2).20 In a rabbit model of concanavalin 

A-induced retinal inflammation, topical nepafenac penetrated 

into the posterior segment, where it decreased vitreous pro-

tein and prostaglandin E
2
 concentrations and inhibited the 

breakdown of the blood–retina barrier.21 In the same study, 

other NSAIDs, including ketorolac and diclofenac, failed to 

inhibit accumulation of these inflammatory markers.

The objective of this study was to determine 

whether treatment with nepafenac for up to 90 days after 

cataract surgery prevents macular edema and the associated 

loss of visual acuity in diabetic patients. In particular, the 

study evaluated the percentages of patients who developed 

macular edema (defined as $30% increase in central subfield 

macular thickness relative to the presurgical baseline 

measurement) 30, 60, and 90 days following cataract surgery, 

and evaluated postsurgical visual acuity changes at those 

same time points.

Materials and methods
Study design
This was a multicenter, randomized, double-masked, vehicle-

controlled, parallel-group study designed to evaluate the safety 

and efficacy of nepafenac when used for 90 days following 

cataract surgery in patients with diabetic retinopathy. The 

study consisted of nine visits, which included the screening 

and baseline visits (both conducted within 2 days to 4 weeks 

prior to the surgery visit), the cataract surgery visit (day 0), 

and 6 postsurgical follow-up visits (on days 1, 7, 14, 30, 60, 

and 90 [or early exit]).

The study was conducted in accordance with good 

clinical practices and the ethical principles described within 

the Declaration of Helsinki. All participating patients 

provided their written informed consent. The study protocol 

and associated informed consent forms were reviewed and 

approved for each investigational center by an institutional 

review board. This study is registered at clinicaltrials.gov 

as NCT00782717.

Enrolled patients were randomized (1:1) to receive 

nepafenac or vehicle and started instilling the study drug 

into the study eye three times daily on the day prior to 

cataract surgery (day -1); dosing continued on the day 

of surgery (day 0) and for 90 days thereafter (note that 

nepafenac is approved in the United States for dosing 

through 2 weeks [14 days] postoperatively in the treatment 

of pain and inflammation associated with cataract surgery). 

Other than the extended duration of treatment evaluated 

in this study, the dosing regimen described herein is 

consistent with administration of nepafenac for the 

approved indication. On the day of surgery, designated 

study personnel instilled one drop of the assigned study 

drug into each patient’s study eye 30–120 minutes prior to 

surgery; the patients self-administered the study drug at all 

other times. In addition to using the assigned study drug, 

patients also instilled prednisolone acetate ophthalmic 

suspension (Omnipred™; Alcon Research Ltd) into the 

study eye four times daily for 2 weeks postsurgery or 

longer if considered necessary to treat anterior segment 

inflammation.

Patients were evaluated for safety and efficacy on days 1 

(the day following surgery), 7, 14, 30, 60, and 90 (or at the 

time of early discontinuation from the study). The investiga-

tors were allowed to discontinue patients from the study and 

begin rescue therapy if patients developed a 30% increase 

in central subfield macular thickness, developed cysts, or 

experienced a decrease in visual acuity associated with 

macular thickening.
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Patients
The study population included male and female diabetic 

(type 1 or type 2) patients of any race/ethnicity who were 

aged 18 years and older. The patients had to have had an 

existing diagnosis of nonproliferative diabetic retinopathy 

that required cataract extraction with planned implantation 

of a posterior chamber intraocular lens. At least 50% of all 

enrolled patients were required to have moderate to severe 

nonproliferative diabetic retinopathy, as defined by the 

International Clinical Diabetic Retinopathy Disease Severity 

Scale.22 Because this was the first study involving long-term 

use of nepafenac in diabetic patients, the potential for cor-

neal problems was considered a safety concern. Therefore, 

eligible patients could not have had significant corneal stain-

ing scores at baseline and must not have had histories of dry 

eye syndrome. Patients were also excluded for other condi-

tions that may have caused macular edema, including pre-

existing histories of retinal vein occlusions, ocular surgeries, 

inflammatory eye diseases, ocular infections, congenital 

ocular anomalies, and ocular traumas. Further, to ensure that 

patients entering the study did not have pre-existing macular 

edema, a reading center (Duke Reading Center, Durham, 

NC) performed an expedited review of optical coherence 

tomography (OCT) images collected at screening from each 

patient to confirm, prior to randomization, that the patient had 

a central subfield macular thickness less than 250 microns. 

The purpose of this review was also to identify and exclude 

patients who had baseline cysts, and the presence of macular 

traction and epiretinal membranes, which would confound 

retinal thickness measurements. Finally, patients were pro-

hibited from using concomitant medications such as topical or 

systemic NSAIDs and steroids, which might have interfered 

with the assessment of the study outcome measures.

Efficacy
Macular thickness and volume were measured using optical 

coherence tomography (OCT; Zeiss Stratus OCT 3; Carl 

Zeiss Meditec, Dublin, CA). A fast macular thickness map 

to determine macular thickness and volume and a macular 

thickness map to assess macular morphology were obtained 

with software version 4.0, 5.0, or 6.0. Macular thickness and 

volume were determined for both eyes at screening, as well 

as in the study eye on days 7, 14, 30, 60, and 90 (or early 

exit). The central subfield measurement was calculated from 

approximately 128 thickness points within the 1000 micron 

subfield centered over the fovea or central macula. Thickness 

results were reported for the foveal center point, the foveal 

central 1 mm subfield, and the inner and outer sectors, each of 

which were divided into four quadrants (temporal, superior, 

nasal, and inferior). Total macular volume was determined 

from a 6 mm diameter circle centered on the foveal center. 

Morphological features, including intraretinal cysts, were 

analyzed by the reading center in a masked fashion.

Best-corrected visual acuity was assessed by a certi-

fied technician and refractionist using a standardized Early 

T reatment Diabetic Retinopathy Study chart at 4 m or 1 m (as 

necessary) in both eyes at baseline and day 90 (or early exit), 

as well as in the study eye on days 1, 7, 14, 30, and 60.

Safety
Information on adverse events was collected for all patients 

after the first administration of study drug on day -1 and 

continuing through day 90 (or early exit). All adverse events 

were assessed according to their seriousness, severity (mild, 

moderate, or severe), relationship to the study drug, individual 

characteristics (eg, onset, duration, and outcome), and whether 

or not they resulted in patient discontinuation from the study. 

It should be noted that surgery-related postoperative condi-

tions that are normal consequences of ocular surgery and not 

considered clinically relevant were only reported as adverse 

events at the discretion of the investigator. Further, study 

personnel at each investigational center who were responsible 

for administering the study medication on day 0 did not assess 

adverse events or the corneal staining results. Patients who 

experienced corneal erosion (defined as a loss of corneal tissue 

with stromal thinning, with or without infiltrates [excluding 

dellen formation]) at any time following instillation of the 

study drug were to have immediately discontinued use of the 

drug and were to have been discontinued from the study.

In addition to a review of reported adverse events, the 

safety of nepafenac relative to the vehicle was assessed 

by direct routine ocular examination. The safety review 

included an evaluation of reported ocular signs (inflammatory 

cells and flare, corneal edema, and bulbar conjunctival 

injection), intraocular pressure measurements, dilated fundus 

parameters (retina/macula/choroid and optic nerve), and 

corneal fluorescein staining scores.

Statistical analysis
All statistical analyses were performed using SAS soft-

ware (SAS Institute, Cary, NC). Primary study inferences 

were based on testing of superiority conducted with the 

intent-to-treat analysis set, which included all patients who 

were exposed to the study drug, completed the implant 

surgery, and had at least one on-therapy postsurgical visit 

at which OCT was performed. Safety was evaluated for all 
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patients who received exposure to the study drug or potential 

exposure to the study drug (ie, patients who discontinued 

the study prior to surgery, but returned an opened bottle of 

study drug). The last observation carried forward method was 

used to impute missing macular thickness and best-corrected 

visual acuity data; no imputations for missing data were made 

in the safety analyses.

Primary outcome measure
The primary objective was to demonstrate the superiority 

of nepafenac relative to vehicle based on the percentage of 

diabetic retinopathy patients who developed macular edema 

within 90 days following cataract surgery; in this study, 

macular edema was defined as an increase of 30% or more in 

central subfield macular thickness relative to the presurgical 

baseline measurement. For the primary efficacy evaluation, 

the treatment groups were compared with statistical infer-

ences drawn at a two-sided alpha level of 0.05.

Secondary outcome measure
The secondary efficacy variable was the percentage of 

patients who had decreases of more than five letters in best-

corrected visual acuity from day 7 (postsurgical baseline) to 

day 90 (or early exit). For the secondary endpoint, the treat-

ment groups were compared with statistical inferences drawn 

if the associated P value was less than 0.05 and the primary 

efficacy endpoint was also significant at the same level.

Exploratory outcome measures
Planned exploratory analyses were conducted to evaluate 

the mean changes in best-corrected visual acuity from the 

postsurgical baseline to day 90. Post hoc exploratory analy-

ses were conducted to evaluate percentages of patients with 

diabetic retinopathy who developed macular edema within 

30 days and 60 days following cataract surgery, mean cen-

tral subfield macular thickness measurement, mean changes 

from baseline in central subfield macular thickness mea-

surements, and percent changes from baseline in macular 

volume measurements. Additionally, post hoc evaluations 

included mean best-corrected visual acuity result by visit, 

categorical changes (including increases and decreases of 

15 letters read or more) in best-corrected visual acuity from 

the postsurgical baseline to day 90, percentage of patients 

who had decreases of more than five letters in best-corrected 

visual acuity from the postsurgical baseline to both day 30 

and day 60, and percentage of nepafenac-treated patients 

who returned to within 10% of their baseline central subfield 

value by day 60 and by day 90.

Results
Patient characteristics and disposition
Between November 2008 and July 2010, 263 patients were 

enrolled into this study at 41 investigational centers in 

the United States. Of the enrolled patients, 133 received 

nepafenac and 130 received vehicle; 251 patients were 

included in the intent-to-treat analysis set and 253 patients 

were included in the safety analysis set.

Patients in the intent-to-treat analysis set had a mean 

age of 66.5 ± 9.4 years, and were predominantly female 

(62.9%) and white (81.7%); the patients primarily had 

brown eyes (69.7%) and moderate to severe nonprolifera-

tive diabetic retinopathy (74.1%). Prior to surgery (ie, the 

presurgical baseline), the enrolled patients had a mean central 

subfield macular thickness of 200.8 ± 25.8 µm and a mean 

best-corrected visual acuity of 67.4 ± 12.0 letters read. On 

day 7 (ie, the postsurgical baseline), the patients had a mean 

best-corrected visual acuity of 80.9 ± 7.4 letters read. The 

demographic and baseline characteristics of the patients in 

the nepafenac and vehicle groups were generally similar 

(Table 1).

Macular edema, macular thickness,  
and macular volume
A signif icantly greater percentage of patients in the 

vehicle group developed macular edema compared with 

the  percentage of patients in the nepafenac group when 

evaluated following cataract surgery at day 30 (8.7% versus 

2.4%, respectively; P = 0.029), day 60 (15.1% versus 2.4%, 

respectively; P , 0.001), and day 90 (16.7% versus 3.2%, 

respectively; P , 0.001, Table 2). The result on day 90 was 

the primary outcome measure.

At the postsurgical study visits conducted on days 14, 

30, 60, and 90, mean central subfield macular thickness 

measurements were significantly lower in patients who 

received nepafenac than in patients who received vehicle 

(P , 0.001 for each pairwise comparison, Figure 1). The 

mean maximum change from baseline to any study visit in 

macular thickness was significantly lower for patients in 

the nepafenac group compared with patients in the vehicle 

group (mean for each respective group, 18.9 ± 19.5 µm and 

40.8 ± 49.0 µm; P , 0.001). Finally, on postsurgical days 14, 

30, 60, and 90, the mean percent changes in macular volume 

from baseline to each study visit were significantly lower 

in the nepafenac group than in the vehicle group (day 14, 

P = 0.005; days 30, 60, and 90, P , 0.001, Figure 2). Thus, 

this study demonstrates that the incidence of macular edema 

was reduced and changes in macular thickening and volume 
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Table 1 Demographic and baseline characteristics by treatment 
group

Total 
(n = 251)

Nepafenac 
(n = 125)

Vehicle 
(n = 126)

Sex (n, %)
Male 93 (37.1) 42 (33.6) 51 (40.5)
Female 158 (62.9) 83 (66.4) 75 (59.5)
Age (years)
Mean (SD) 66.5 (9.4) 66.6 (9.3) 66.4 (9.7)
(minimum, maximum) (32, 87) (39, 87) (32, 84)
Ethnicity (n, %)
Hispanic, Latino,  
or Spanish

87 (34.7) 42 (33.6) 45 (35.7)

Not Hispanic, Latino,  
or Spanish

164 (65.3) 83 (66.4) 81 (64.3)

Race (n, %)
American Indian  
or Alaska Native

1 (0.4) 0 (0.0) 1 (0.8)

Asian 8 (3.2) 7 (5.6) 1 (0.8)
Black or African  
American

34 (13.5) 21 (16.8) 13 (10.3)

Other 3 (1.2) 0 (0.0) 3 (2.4)
White 205 (81.7) 97 (77.6) 108 (85.7)
Iris color (n, %)
Blue 42 (16.7) 20 (16.0) 22 (17.5)
Brown 175 (69.7) 88 (70.4) 87 (69.0)
Green 7 (2.8) 2 (1.6) 5 (4.0)
Grey 3 (1.2) 2 (1.6) 1 (0.8)
Hazel 24 (9.6) 13 (10.4) 11 (8.7)
NPDR classification (n, %)
Mild NPDR 65 (25.9) 33 (26.4) 32 (25.4)
Moderate NPDR 165 (65.7) 82 (65.6) 83 (65.9)
Severe NPDR 21 (8.4) 10 (8.0) 11 (8.7)
Central subfield macular thickness (microns)
Mean (SD) 200.8 (25.8) 197.9 (26.6) 203.6 (24.8)
(minimum, maximum) (127, 280) (127, 280) (134, 248)
BCVA (letters read): presurgical baseline
N 249 125 124
Mean (SD) 67.4 (12.0) 68.2 (9.3) 66.7 (14.1)
(minimum, maximum) (15, 99) (37, 88) (15, 99)
BCVA (letters read): postsurgical baseline (day 7)
N 247 124 123
Mean (SD) 80.9 (7.4) 81.3 (7.5) 80.5 (7.3)
(minimum, maximum) (41, 100) (41, 99) (56, 100)

Note: Baseline data was obtained at the presurgical baseline visit unless otherwise 
stated.
Abbreviations: BCVA, best corrected visual acuity; NPDR, nonproliferative diabetic 
retinopathy; PDR, proliferative diabetic retinopathy; SD, standard deviation.

Table 2 Development of macular edema after cataract surgery

Macular edemaa Nepafenac 
n = 125

Vehicle 
n = 126

P-valueb

n (%) n (%)

Within 30 days 3 (2.4) 11 (8.7) 0.029
Within 60 days 3 (2.4) 19 (15.1) ,0.001
Within 90 days 4 (3.2) 21 (16.7) ,0.001

 Notes: aMacular edema was defined as $30% increase from the presurgical baseline 
in central subfield macular thickness as measured by optical coherence tomography 
(Stratus OCT 3); bP-value was calculated from a chi-square test.

were less severe among patients in the nepafenac group when 

compared with patients in the vehicle group.

Best-corrected visual acuity
The percentages of patients who experienced visual a cuity 

losses of more than five letters from the postsurgical base-

line to days 30, 60, and 90 were consistently smaller in the 

nepafenac group than in the vehicle group (day 30, 2.4% 

versus 14.8%, respectively; P , 0.001; day 60, 2.4% versus 

13.1%; P = 0.002; and day 90, 5.6% versus 11.5%; P = 0.102, 

Table 3). The result on day 90 was the secondary outcome 

measure.

At day 90, seven patients (5.6%) in the nepafenac 

group experienced visual acuity losses from the postsurgi-

cal baseline of more than five letters. However, the visual 

acuity loss in four of these patients was clearly unrelated to 

macular edema; two patients developed posterior capsular 

opacification, one patient had clinically significant superficial 

punctate keratitis, and one patient had a vitreous hemorrhage 

that resulted in a 74-letter decrease in best-corrected visual 

acuity. There were no similarly confounding reasons for best-

corrected visual acuity losses among patients in the vehicle 

group. When the result at day 90 was corrected to discount 

the aforementioned patients in the nepafenac group, the 

difference in the percentages of patients in each group who 

experienced visual acuity losses of more than five letters was 

significant (2.5% versus 11.5%; P = 0.006, Table 3).

Overall, beginning with postsurgical day 14 and con-

tinuing through the end of the study, the mean number of 

letters read at each study visit was greater for patients in 

the nepafenac group than for patients in the vehicle group 

(Figure 3). While the mean change in best-corrected visual 

acuity from the postsurgical baseline to day 90 was similar 

in each treatment group (P = 0.226), a significantly greater 

percentage of patients in the nepafenac group than in the 

vehicle group experienced improvements of 15 letters or 

more from the postsurgical baseline to day 90 (56.8% versus 

41.9%, respectively; P = 0.019, Table 4). Thus, patients in the 

nepafenac group generally maintained better best-corrected 

visual acuity after cataract surgery when compared with 

patients in the vehicle group.

Subgroup and additional evaluations
In general, while the number of patients who developed 

macular edema during the study was small, no trends 

indicating greater or lesser efficacy were observed in the 
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evaluation of the study drugs by patient age, sex, ethnicity, 

or nonproliferative diabetic retinopathy classif ication 

(Table 5). While the majority of patients in each treatment 

group had a nonproliferative diabetic retinopathy severity 

of moderate at baseline, the percentage of patients who 

developed macular edema within 90 days postsurgery 

increased with nonproliferative diabetic retinopathy 

severity regardless of treatment group. However, a greater 

increase was observed in the vehicle group relative to the 

nepafenac group.
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Figure 1 Mean central subfield macular thickness (intent-to-treat data).
Notes: Data are presented as the mean thickness in microns ± standard error. The study day identified as “B” represents the presurgical baseline. The sample sizes in 
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The percentage of patients whose central subfield macular 

thickness values returned to baseline was also analyzed and is 

presented in Table 6. Given that the coefficient of variation is 

10% for the Stratus OCT 3, a patient was considered to have 

returned to baseline if the central subfield value was within 

10% of the baseline value. A total of 78% of patients in the 

nepafenac group returned to baseline by the day 60 visit, in 

contrast with 55% of patients in the vehicle group.

The primary efficacy endpoint evaluated the number 

and percentage of patients who developed macular edema 

within 90 days postsurgery based on an increase of 30% 

or more in central subfield macular thickness measurements; 

an additional analysis was conducted using the center point 

macular thickness measurements. Overall, a significantly 

greater percentage of patients developed macular edema 

based on center point macular thickness in the vehicle group 

than in the nepafenac group (35 of 126 patients [27.8%] 

versus 15 of 125 patients [12.0%], respectively; P = 0.002, 

data not presented in tables/figures). With the exception of 

one patient in the nepafenac group, all of the patients who 

met the threshold for development of macular edema based 

on central subfield macular thickness measurements also met 

the threshold for development of macular edema based on 

center point macular thickness measurements.

All of the patients in the study received adjunctive 

 steroid therapy for 2 weeks postsurgery, approximately one-

third of the patients were instructed, based on the opinion 

of the investigator, to use steroids for more than 2 weeks 

postsurgery. Overall, no significant differences in the key 

study endpoints were observed based on a comparison of 

steroid dosing durations (data not shown in tables/figures). 

 Specifically, the percentages of patients in the nepafenac 

group who developed macular edema within 90 days post-

surgery and who used steroids for more than 2 weeks or who 

used steroids for only 2 weeks were not significantly differ-

ent (0.0% versus 4.7%, respectively; P = 0.305). Within the 

vehicle group, the corresponding percentages were also not 

Table 3 Best-corrected visual acuity decreases of more than 
5 letters

Visual acuity  
.5 letters decrease  
from day 7

Nepafenac 
n = 124

Vehicle 
n = 122

P-valuea

n (%) n (%)

Day 30 visit 3 (2.4) 18 (14.8) ,0.001
Day 60 visit 3 (2.4) 16 (13.1) 0.002
Day 90 visit 7 (5.6) 14 (11.5) 0.102
Day 90 visit – correctedb 3 (2.5) 14 (11.5) 0.006

Notes: aP-value was calculated from a chi-square test; bThe corrected day 90 data 
exclude 4 patients in the nepafenac group whose visual acuity losses were clearly 
unrelated to macular edema; the corresponding percentage was therefore based 
on a sample size of 120 patients. Within the nepafenac group, 2 patients developed 
posterior capsular opacification, 1 patient had clinically significant superficial punctate 
keratitis, and 1 patient had a vitreous hemorrhage that caused a 74-letter decrease 
in visual acuity. There were no documented confounding reasons for visual acuity 
loss among patients in the vehicle group.
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Figure 3 Mean best-corrected visual acuity (intent-to-treat data).
Notes: Data are presented as the mean number of letters read ± standard error. The study day identified as “B” represents the presurgical baseline. No P-values were 
calculated. The sample sizes in the nepafenac group were 125 (baseline, and days 14, 30, 60, and 90) and 124 (day 7); the sample sizes in the vehicle group were 124 (baseline), 
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Table 4 Overall changes in best-corrected visual acuity

Nepafenac Vehicle P-value

Absolute changes 
(from postsurgical baseline  
[day 7] to early exit  
[day 90])

N 124 122

 Mean letters read (SD) 2.1 (8.8) 0.9 (6.7) 0.226
 (minimum, maximum) (-74, 23) (-26, 23)

Categorical changes 
(from presurgical baseline  
to early exit [day 90])

N 125 124

 Increase (n, %)
   $15 letters read 71 (56.8) 52 (41.9) 0.019
  10–14 letters read 19 (15.2) 27 (21.8)
 No change (n, %)
  5–9 letters read 16 (12.8) 20 (16.1)
  ±4 letters read 17 (13.6) 18 (14.5)
 Decrease (n, %)
  5–9 letters read 1 (0.8) 5 (4.0)
  10–14 letters read 0 (0.0) 0 (0.0)
  $15 letters read 1 (0.8) 2 (1.6)

Abbreviation: SD, standard deviation.

Table 5 Development of macular edema within 90 days of 
cataract surgery by demographic subgroup

Nepafenac Vehicle

Total n (%) Total n (%)

Age

 Adults 46 0 (0.0) 54 8 (14.8)
 Elderly 79 4 (5.1) 72 13 (18.1)
Sex
 Female 83 4 (4.8) 75 11 (14.7)
 Male 42 0 (0.0) 51 10 (19.6)
Ethnicity
 Hispanic, Latino, or Spanish 42 2 (4.8) 45 7 (15.6)
  Not Hispanic, Latino,  

or Spanish
83 2 (2.4) 81 14 (17.3)

NPDR classification
 Mild NPDR 33 1 (3.0) 32 4 (12.5)
 Moderate NPDR 82 2 (2.4) 83 14 (16.9)
 Severe NPDR 10 1 (10.0) 11 3 (27.3)

Note: Macular edema was defined as $30% increase from the presurgical baseline 
in central subfield macular thickness as measured by optical coherence tomography 
(Stratus OCT 3).
Abbreviation: NPDR, nonproliferative diabetic retinopathy.

Table 6 Percent of patients with central subfield macular 
thickness values within ±10% of baseline at day 60 and day 90

Day 60 Day 90

Total n (%) Total n (%)

Nepafenac 118 92 (78.0) 117 93 (79.5)
Vehicle 115 64 (55.7) 102 65 (63.7)

Note: No imputations were made for missing data.

significantly different (20.8% versus 11.5%; P = 0.140). 

Similar observations were made based on the percentages 

of patients in each treatment group who had best-corrected 

visual acuity decreases of more than five letters from the 

postsurgical baseline to day 90 and who used steroids for 

more than 2 weeks or for only 2 weeks (nepafenac, 5.0% 

versus 6.0%, respectively; P = 1.000; vehicle, 10.9% versus 

11.8%, respectively; P = 0.870). Therefore, these results 

indicated that there was no added benefit to dosing steroids 

for more than 2 weeks postsurgery.

Safety
No patient deaths were reported during the study. Overall, 

13 patients reported other serious adverse events, none 

of which were related to treatment. Three of the serious 

adverse events reported in the vehicle group (cardiac failure 

congestive, coronary artery occlusion, and pancreatitis) led 

to patient discontinuation; no other serious adverse events 

led to discontinuation in either treatment group. Separate 

from the three patients who discontinued due to serious 

adverse events, four other patients discontinued study 

participation due to nonserious adverse events. Of these 

nonserious events, two reported instances of punctate 

keratitis (one in each treatment group) were assessed as 

being related to the study drugs. No instances of targeted 

adverse events (defined as corneal erosions) were reported 

during the study.

Two reports of punctate keratitis and a single report of 

corneal epithelium defect were assessed as being related to 

treatment with nepafenac. A single report of punctate keratitis 

was assessed as being related to treatment with vehicle. No 

other ocular or nonocular adverse events reported in the study 

were assessed as being related to the study drugs. Overall, 

a review of adverse events revealed no safety issues based 

upon assessments of incidence, seriousness, relationship to 

the study drug, onset, outcome, duration, severity, and patient 

discontinuation due to adverse events.

In both treatment groups, corneal staining and intraocular 

pressure were each generally similar at the presurgical base-

line and at the day 90 visit (or early exit).  Additionally, no 

safety issues or trends were identified based upon changes 

from baseline in fundus parameters (retina/macula/ choroid 

and optic nerve) and ocular signs (inflammatory cells, 

 aqueous flare, corneal edema, and bulbar conjunctival 

 injection). The study results indicate no new clinically rel-

evant risks associated with increasing the dosing of nepafenac 

from 14 days to 90 days, even in the higher-risk diabetic 

patient population.
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Discussion
This prospective, randomized clinical study demonstrated 

that, based on retinal thickening and vision, treatment with 

nepafenac beginning presurgically and used for up to 90 days 

after cataract extraction was associated with a reduction in 

risk of macular edema and associated loss of visual acuity in 

diabetic patients. In this study, fewer patients in the nepafenac 

group developed macular edema relative to patients in the 

vehicle group, with significant differences seen as early as 

30 days after cataract surgery, which persisted for 60 days 

and 90 days after surgery. The results further showed that 

patients in the nepafenac group, when compared with those 

in the vehicle group, maintained better visual acuity, with 

fewer decreases over the course of the study. In addition, 

from the postsurgical baseline to day 90, a significantly 

larger percentage of patients in the nepafenac group than 

in the vehicle group had increases of 15 letters or more in 

best-corrected visual acuity.

This study was conducted in diabetic patients because it 

is well documented that macular changes are more likely to 

occur following cataract surgery in these patients, especially 

if they have pre-existing retinopathies, when compared with 

nondiabetic patients.5–8 In the present study, the observed 

cumulative incidence of macular edema among patients in 

the vehicle group was 16.7%. This estimate is lower than 

previous studies that have generally reported incidences 

of 31%–81% in diabetic patients (with or without diabetic 

retinopathy) at various time points following cataract 

 extraction.9–12 Given that the macular edema rates reported in 

the literature for diabetic retinopathy patients vary consider-

ably based on the criteria used to define macular edema, the 

severity of retinopathy in the study population at baseline, the 

presence or absence of pre-existing macular edema among 

enrolled patients, the number of patients and time points 

evaluated, and the methods used to assess macular edema, 

it is not surprising that the rates reported in this study are 

different from the rates reported in some previous studies. 

Although the incidence of macular edema in the vehicle 

group was lower than predicted, the primary objective of this 

study was to evaluate the treatment effect, and the results for 

the nepafenac group were both statistically significant and 

clinically relevant.

The definition of macular edema used in this study is an 

appropriate threshold for a clinically relevant change and is 

well above the 10% coefficient of variation associated with 

repeated OCT testing.23,24 Further, because OCT provides 

reproducible measurements of macular thickness and volume 

in normal individuals and in diabetic patients with or without 

retinopathy,25–29 this method was considered appropriate to 

assess changes in macular thickness. When compared with 

stereoscopic biomicroscopy, which is a subjective evalua-

tion dependent on multiple factors (eg, observer skill, patient 

cooperation, pupil dilation, clarity of ocular media, and char-

acteristics of retinal swelling), OCT provides an objective 

and sensitive approach for measuring changes in macular 

thickness and volume.30

For evaluation of best-corrected visual acuity, the post-

surgical evaluation on day 7 was considered the baseline 

assessment. The designation of day 7 as baseline in these 

analyses was based on several factors. In particular, by 7 days 

postsurgery, most patients will have attained vision improve-

ments associated with cataract removal, but will not have had 

sufficient time to develop macular edema. Thus, changes in 

best-corrected visual acuity that occur more than 7 days after 

surgery are unlikely to be related to the surgical procedure.

In addition to preventing macular edema and the associ-

ated loss of visual acuity, increases in macular thickening 

and volume were also observed to be less severe in patients 

who received nepafenac than in patients who received 

vehicle. These results are consistent with previous clinical 

studies and further support the conclusion that nepafenac 

effectively reduced the incidence and severity of macular 

edema. For example, in a retrospective study based upon 

chart reviews of 450 patients, although visually significant 

pseudophakic macular edema occurred in patients treated for 

4 weeks following cataract surgery either with a combination 

of nepafenac and prednisolone or with prednisolone alone, 

the percentage of patients who developed macular edema 

was significantly lower in the combination therapy group 

than in the monotherapy group (0% and 2%, respectively; 

P = 0.035).31 Additionally, two published case series have 

reported reduction in macular thickness and improvement in 

visual acuity following treatment with nepafenac in patients 

with diabetic macular edema secondary to either cataract 

surgery or various retinal diseases.32–34

In this study, the beneficial effect of nepafenac in pre-

venting macular edema and associated loss of visual acuity 

was also supported by the decreased extent of mean macular 

thickening and volume observed at all postoperative study 

visits in the nepafenac group relative to the vehicle group. 

Overall, macular edema in the nepafenac group returned to 

baseline in a majority of patients (78%) by postoperative 

day 60. However, in the vehicle group, 63% of patients with 

macular edema returned to baseline by day 90.

The central subfield measurements were based on a 

 circular area with a 1 mm diameter located around the center 
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point of the fovea, while the center point measurements were 

based on the intersection of the six radial scans obtained using 

the fast macular thickness protocol from OCT. In general, 

central subfield and center point measurements were well cor-

related, but in one study, central subfield macular  thickness 

had greater reproducibility, was often better correlated with 

other central macular measurements, and was thought to be 

the preferred evaluation method.35 However, in this study, 

there were no important differences in the results when 

macular thickness was measured by center point rather than 

by central subfield.

No efficacy trends were observed based on patient 

demographics (age, sex, or ethnicity) or whether adjunctive 

steroid therapy was administered for 2 weeks or for more than 

2 weeks following cataract surgery. While a majority of the 

patients had moderate nonproliferative diabetic retinopathy 

at baseline, the incidence of macular edema increased with 

increasing severity of nonproliferative diabetic retinopathy 

in both treatment groups. The increases were lower than 

expected among patients in the nepafenac group, while 

more substantial increases were observed among patients in 

the vehicle group. Although all patients were treated with 

steroids for 2 weeks postsurgery, approximately one-third of 

the patients were treated with steroids for more than 2 weeks 

postsurgery. However, no significant differences in the key 

study endpoints were observed in either treatment group 

based solely on steroid dosing durations.

The only treatment-related adverse events associated 

with nepafenac included two reports of punctate keratitis 

(one of which resulted in patient discontinuation) and 

one report of a corneal epithelium defect. These ocular 

events are consistent with previous clinical study experi-

ence with nepafenac. Because this was the first large study 

conducted in diabetic patients who had extended expo-

sure to nepafenac, the potential for corneal problems was 

considered a safety concern. Corneal effects, including 

keratitis, are not  unexpected and have been documented in 

previous clinical studies and in postmarketing experience 

with nepafenac.36 Because of the class effects for NSAIDs, 

corneal erosion was evaluated specifically, and exclusion 

criteria were added to the protocol to ensure that patients 

with compromised corneas were not enrolled. None of the 

patients in either treatment group experienced corneal ero-

sions during the current study. Further, corneal staining 

assessments and intraocular pressure measurements did not 

change appreciably in either treatment group over the course 

of the study and no safety issues or trends were identified 

based upon changes from baseline in fundus parameters or 

ocular signs. Overall, the results of the study indicate that 

there is no increased risk associated with increasing the 

dosing of nepafenac from 14 days to 90 days postsurgery, 

even in the higher-risk diabetic population.

Although many cataract surgeons believe that it is ben-

eficial to add NSAID therapy to the regimen for cataract 

patients to prevent macular edema,37 the low incidence of 

macular edema, along with the difficulties associated with 

fluorescein angiography, have made it difficult to establish 

a treatment effect. The recent availability of OCT has made 

this type of evaluation possible. In an effort to conduct a 

reasonably sized clinical study, only patients with diabetic 

retinopathy were included in the current study because these 

patients are known to have higher incidences of macular 

edema following cataract surgery. This was an appropriately 

enriched population because inflammatory pathways were 

inhibited in a similar manner in diabetics and  nondiabetics. 

In summary, the current study supports the beneficial effects 

of topical ocular therapy with nepafenac and further demon-

strates that topical ocular therapy with nepafenac is effective 

in the prevention of macular edema and associated loss of 

visual acuity following cataract surgery. Combined with no 

clinically relevant increase in risk with dosing for 90 days, 

the risk/benefit to the diabetic patient undergoing cataract 

surgery is clearly positive.
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