
Clinical Trials

Difluprednate 0.05% Versus Prednisolone Acetate 1% for
Endogenous Anterior Uveitis: A Phase III, Multicenter,
Randomized Study

John D. Sheppard,1 Melissa M. Toyos,2 John H. Kempen,3 Paramjit Kaur,4 and C. Stephen Foster5

1Departments of Ophthalmology, Microbiology, and Molecular Biology, Eastern Virginia Medical School, Norfolk, Virginia, United
States
2Toyos Clinic, Nashville, Tennessee, United States
3Ocular Inflammation Service, Scheie Eye Institute, Department of Ophthalmology, and Center for Clinical Epidemiology and
Biostatistics, Department of Biostatistics and Epidemiology, University of Pennsylvania Perelman School of Medicine, Philadelphia,
Pennsylvania, United States
4Alcon Research, Ltd., Fort Worth, Texas, United States
5Massachusetts Eye Research and Surgery Institution, The Ocular Immunology and Uveitis Foundation, Cambridge, Massachusetts,
United States

Correspondence: John D. Sheppard,
Virgina Eye Consultants 241 Corpo-
rate Boulevard, Norfolk, VA 23502,
USA;
docshep@hotmail.com.

Submitted: June 24, 2013
Accepted: March 18, 2014

Citation: Sheppard JD, Toyos MM,
Kempen JH, Kaur P, Foster CS. Di-
fluprednate 0.05% versus predniso-
lone acetate 1% for endogenous
anterior uveitis: a phase III, multicen-
ter, randomized study. Invest Oph-

thalmol Vis Sci. 2014;55:2993–3002.
DOI:10.1167/iovs.13-12660

PURPOSE. Endogenous anterior uveitis (AU), when untreated, may lead to vision loss. This
study compared the safety and efficacy of difluprednate versus prednisolone acetate for the
treatment of this condition.

METHODS. This phase III, double-masked, noninferiority study randomized patients with mild
to moderate endogenous AU to receive difluprednate 0.05% (n ¼ 56) four times daily,
alternating with vehicle four times daily, or prednisolone acetate 1% (n ¼ 54) eight times
daily. The 14-day treatment period was followed by a 14-day dose-tapering period and a 14-day
observation period. The primary efficacy end point was change in anterior chamber cell grade
(range, 0 for �1 cell to 4 for >50 cells) from baseline to day 14.

RESULTS. At day 14, the mean change in anterior chamber cell grade with difluprednate was
noninferior to that with prednisolone acetate (�2.2 vs. �2.0, P ¼ 0.16). The proportions of
difluprednate-treated patients versus prednisolone acetate–treated patients demonstrating
complete clearing of anterior chamber cells at day 3 were 13.0% vs. 2.1% (P ¼ 0.046) and at
day 21 were 73.9% vs. 63.8% (P ¼ 0.013). A significant between-group difference in the mean
IOP increase was seen at day 3 (2.5 mm Hg for difluprednate-treated patients and 0.1 mm Hg
for prednisolone acetate–treated patients, P ¼ 0.0013) but not at other time points. The mean
IOP values in both groups remained less than 21 mm Hg throughout the study.

CONCLUSIONS. Difluprednate 0.05% four times daily is well tolerated and is noninferior to
prednisolone acetate 1% eight times daily for the treatment of endogenous AU.
(ClinicalTrials.gov number, NCT01201798.)

Keywords: acute anterior uveitis, corticosteroid, difluprednate, endogenous anterior uveitis,
intraocular pressure, noninfectious uveitis, prednisolone, prednisolone acetate, uveitis

Endogenous anterior uveitis (AU) is a form of uveitis that is
not directly caused by an infectious pathogen. It is

characterized by intraocular inflammation of the uveal struc-
tures anterior to the middle of the vitreous cavity, including
iritis, iridocyclitis, and anterior cyclitis.1–3 The etiology of
endogenous AU is incompletely characterized1,4 but has been
associated with systemic diseases such as juvenile idiopathic
arthritis, seronegative spondylarthropathies,5 or Behçet dis-
ease,1,4 as well as abnormalities of the immune system.2 As with
most forms of uveitis, visual morbidity associated with
endogenous AU does not usually occur from a single episode;
rather, recurrent or prolonged inflammation causes cumulative
damage,6 leading to vision-threatening complications, potential
vision loss, decreased quality of life (QoL), and increased
socioeconomic cost.2 Vision-threatening complications of acute
or chronic uveitis include cystoid macular edema,1,6,7 a major

cause of vision loss,2,8 as well as cataract, band keratopathy,
glaucoma or ocular hypertension, synechiae formation, pupil-
lary membrane, epiretinal membrane,1,6,7 subretinal fibrosis,9

ciliary fibrosis,10 hypotony, vitreous opacification, and optic
nerve edema.1,6,7

Given that repeated episodes of uveitis, when untreated or
undertreated, may lead to vision impairment,1 timely treatment
is critical. Treatment algorithms typically include topical
ophthalmic corticosteroids,1 with prednisolone acetate 1%
being the chief topical corticosteroid therapy. However,
prednisolone acetate 1% usually demands frequent dosing,
particularly for severe cases, in which increased administration
frequency is required.1,11 As demonstrated with glaucoma
medications, frequent dosing may increase the risk of
noncompliance,12 which may negatively affect the achievement
of therapeutic goals.1 For patients who fail to respond to topical
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treatment, increased dosage of the topical treatment, perioc-
ular (subtenon) or intraocular (intravitreal) corticosteroid
injections (triamcinolone), intraocular corticosteroid depot
treatment (fluocinolone), or oral corticosteroid therapy may be
necessary. However, these alternatives, as well as any
prolonged corticosteroid therapy, are often associated with
significant adverse effects.13

Difluprednate is a prednisolone acetate derivative14 that is
augmented by two fluorinations at carbons 6 and 9, a butyrate
group at carbon 17, and an acetic acid group at carbon 21.
Relative to its parent molecule, the fluorinations enhance the
corticosteroid potency of difluprednate, the butyric acid
augments anti-inflammatory activity, and the acetic acid
increases penetration.15 Difluprednate 0.05% has been shown
to be effective at reducing inflammation and pain in patients
undergoing ocular surgery.16,17 This study aimed to test the
hypothesis that difluprednate 0.05% dosed four times daily is
noninferior to prednisolone acetate 1% dosed eight times daily
in patients with endogenous AU.

METHODS

Study Design

This was a phase III, multicenter, randomized, double-masked,
parallel-group, active-controlled noninferiority study conduct-
ed at 21 clinical sites throughout the United States between
October 2010 and August 2011 in patients with mild to
moderate endogenous AU. Eligible patients were randomized
in a 1:1 ratio stratified by center, with the use of a block
randomization list generated by a computer program for each
site, to receive either difluprednate 0.05% (Durezol ophthalmic
emulsion; Alcon Research, Ltd., Fort Worth, TX, USA) four
times daily, alternating with vehicle four times daily, or
prednisolone acetate 1% (Pred Forte ophthalmic suspension;
Allergan, Inc., Irvine, CA, USA) eight times daily for 14 days. To
maintain masking of treatment allocation, patients assigned to
difluprednate 0.05% were given two bottles, one containing
difluprednate 0.05% and the other containing vehicle; patients
assigned to prednisolone acetate 1% were also given two
bottles, both containing prednisolone acetate 1%. Patients
were to alternate instillation from each bottle. Because
prednisolone acetate 1% requires shaking before use, all
patients were instructed to shake all bottles before instillation.
The appearance of difluprednate, prednisolone acetate, and
vehicle was indistinguishable from one another on inspection
(a white, milky liquid). Patients were tapered off the study
medication during days 14 to 27 at the discretion of the
investigator. On day 14, the first day after completion of the
planned treatment course, individuals who responded satisfac-
torily began graduated tapering of study drug, successively
halving the number of doses per day at each step (steps were at
days 14–20, days 21–24, and days 25–27). If further tapering
was required after day 28, the study drug was to be
discontinued and a suitable drug prescribed as deemed
appropriate. All patients were observed until day 42.

Patients with increased IOP during the study were allowed
an IOP-lowering agent at the discretion of their physician.
Concomitant use of mydriatic or cycloplegic drops (adminis-
tration to be separated from the study medication by at least 10
minutes) to alleviate photophobia, reduce ciliary spasm pain,
or break up synechiae was permitted at the discretion of the
investigator.

The study was conducted in accord with the tenets of the
Declaration of Helsinki,18 the protocol was approved by all
relevant institutional review boards or ethics committees, and
all participants or their legal guardians provided written

informed consent. The study was registered at clinicaltrials.gov
as NCT01201798.

Patient Selection

Male or female patients 2 years or older with mild to moderate
endogenous AU in at least one eye were eligible if the diagnosis
was made within 2 weeks of study enrollment and they had at
least 11 cells in the anterior chamber according to slitlamp
microscopy plus a flare grade of 2 or higher in the eligible eye.
Patients were excluded from the study if they had intermediate
uveitis, posterior uveitis, panuveitis, corneal abrasion, ulcera-
tion, or any confirmed or suspected active viral, bacterial, or
fungal keratoconjunctival disease in either eye. Other exclu-
sion criteria included the following: pregnancy or lactation,
allergy to other corticosteroids, history of corticosteroid-
induced increased IOP, any corticosteroid depot within 6
weeks before start of study drug, known human immunode-
ficiency virus infection or other immunodeficiency conditions,
periocular injection of any corticosteroid solution within 1
week before instillation of study drug, history of glaucoma or
clinically significant ocular hypertension documenting an IOP
of 21 mm Hg or higher in either eye, any introduction of
topical corticosteroid or nonsteroidal anti-inflammatory drug
in the eligible eyes within 7 days of study drug, and new
administration or change in dosage of any corticosteroid or
immunosuppressive drug (including inhaled, nasal, or derma-
tological corticosteroids) within 2 weeks before study enroll-
ment. The use of contact lenses during the study was
prohibited.

End Points and Assessments

The primary efficacy end point was the change from baseline
to day 14 in anterior chamber cell grade. The secondary
efficacy end points included the following: the mean change
from baseline for anterior chamber cell grade and flare grade,
as well as total symptom and sign score throughout the study;
proportions of patients with anterior chamber cell count of 0,
anterior chamber cell grades of 0 and 1 or lower, combined
anterior chamber cell count of 5 or lower, and flare grade of 0
at all study visits; and discontinuations resulting from lack of
efficacy (defined as treatment failure as assessed at the
discretion of the investigator or as an adverse event [AE], with
a preferred term of iridocyclitis, iritis, uveitis, or vitreitis).
Supportive efficacy end points included QoL and optical
coherence tomography (OCT) parameters. The safety end
points were AEs, IOP, best-corrected visual acuity (BCVA),
extent of exposure to study medication, ophthalmoscopic
parameters (fundus assessment and ratio of cup to disc), and
slitlamp parameters (lid margins, lids, cornea, sclera, lens,
capsule, and conjunctiva).

Study assessments were made on eight visits, at baseline
(day 0) and seven postbaseline visits (on days 3, 7, and then
every 7 days thereafter through day 42). At each study visit, a
slitlamp examination was conducted to assess anterior
chamber cell count and grade (range, 0 for �1 cell to 4 for
>50 cells),19 anterior chamber flare (range, 0 for none and 4
for severe), and ocular signs (range, 0 for absent to 3 for
severe, for synechiae, peripheral anterior synechiae, hypopy-
on, keratic precipitates, and limbal injection). The BCVA, IOP,
and evaluation of adherence with study medication were
documented at each visit. Eye pain, photophobia, blurred
vision, and lacrimation were assessed using a visual analog
scale (VAS) (range, 0 for absent and 100 for maximal pain and
discomfort). The QoL was assessed at baseline and day 42
using the National Eye Institute Visual Function Question-
naire 25 (VFQ-25) and the Work Limitations Questionnaire
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(WLQ). Optical coherence tomography was repeated only at
days 14 and 42. Safety assessments were carried out at all
study visits.

Statistical Analysis

The intent-to-treat population comprised all patients who
received at least one dose of the allocated study medication.
The per-protocol population included patients in the intent-
to-treat population who had no major protocol deviation.
Major protocol violations were violation of entry criteria,
noncompliance (missing ‡24 hours of treatments), and the
use of prohibited medications. The per-protocol analyses
were performed with visit data excluded when affected by
poor compliance or the use of prohibited medications. The
per-protocol analyses were performed with last observation
carried forward (LOCF) for missing data and for instances
when study medication was discontinued or other medication
was introduced to manage the condition. The per-protocol
population with LOCF was the primary analysis data set for
assessing efficacy. Both the per-protocol and intent-to-treat
data sets were used for all secondary efficacy end points. Both
data sets yielded similar results; for consistency,19 data from
the per-protocol with LOCF analyses are reported herein, and
results from the intent-to-treat analyses are included as
Supplementary Material. The safety population comprised

all patients who received at least one dose of the study
medication.

Primary Efficacy Analysis. To demonstrate noninferiority
of difluprednate 0.05% compared with prednisolone acetate
1%, the upper boundary of a two-tailed 95% confidence
interval for the difference in the mean change in anterior
chamber cell grade from baseline to day 14 (difluprednate
minus prednisolone acetate) must be less than the proposed
margin of 0.5 U (10% of the five-unit scale). This noninferiority
margin was selected based on its use in clinical trials of
rimexolone.20 Analysis of covariance (ANCOVA), with treat-
ment and investigative site as fixed effects and baseline score as
a covariate, was used to compare the change from baseline of
continuous variables between the difluprednate and prednis-
olone acetate groups. With 45 evaluable patients per arm and
assuming a noninferiority margin of 0.50 and an SD of 0.75, a
treatment difference of �0.07 would yield 94% power to
demonstrate that difluprednate was noninferior to predniso-
lone acetate.19

Secondary Efficacy Analyses. Statistical analyses for
secondary efficacy outcomes used the same ANCOVA model
as for the primary analysis for the mean change from baseline
outcomes. v2 test was used to compare proportions between
treatment groups for the categorical secondary efficacy end
points. Analyses were set to a 5% significance level and were
two-sided for all tests.

FIGURE 1. Study flow diagram. *One patient was randomized to receive difluprednate 0.05% and was treated with prednisolone acetate 1%. This
individual was included in the intent-to-treat population as randomized (difluprednate) and in the safety population as treated (prednisolone
acetate) and was excluded from the per-protocol population.
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RESULTS

Patient Disposition and Demographics

Of 111 patients randomized, 110 patients were treated with
either difluprednate 0.05% or prednisolone acetate 1% and
were included in the intent-to-treat and safety populations.
One patient randomized to receive difluprednate was treated
with prednisolone acetate. This patient was included in the
difluprednate group for the intent-to-treat population and in
the prednisolone acetate group for the safety population (Fig.
1). The per-protocol LOCF analyses included 46 patients and
47 patients receiving difluprednate and prednisolone acetate,
respectively. In total, 9 of 56 patients (16.1%) and 15 of 54
patients (27.8%) in the respective groups discontinued study
participation. The most common reason for study discontinu-
ation was treatment failure, which was reported for one
patient (1.8%) receiving difluprednate and 8 patients (14.8%)
receiving prednisolone acetate (P ¼ 0.013).

Patient demographic and baseline characteristics were
balanced between the two treatment groups (Table 1,
Supplementary Table S1). The mean treatment durations were
27.0 days for the difluprednate group and 28.7 days for the
prednisolone acetate group (P ¼ 0.25). Baseline anterior
chamber cell and flare grades were similar between the two
groups.

Mean Anterior Chamber Cell Grade Improvement
According to the Primary and Secondary Efficacy

End Points

The mean (SD) changes in anterior chamber cell grade from
baseline to day 14 were �2.2 (1.0) (a mean decrease of 2.2
grades) for the difluprednate group and �2.0 (1.0) (mean
decrease, 2.0 grades) for the prednisolone acetate group (P ¼
0.16; mean difference, �0.22 [noninferior]). Given that the
upper boundary of the 95% confidence interval (�0.53 to 0.09)
was less than 0.5, the primary end point of difluprednate
0.05% dosed four times daily being noninferior to prednisolone
acetate 1% dosed eight times daily for the treatment of
endogenous AU was met. Similar improvements in anterior
chamber cell grade were seen in both groups during the study
period (Fig. 2, Supplementary Fig. S1).

The proportions of difluprednate-treated patients versus
prednisolone acetate–treated patients achieving grade 0 for
anterior chamber cells were comparable at most study visits (P
‡ 0.17) except for the day 21 visit (84.8% for the difluprednate
group and 63.8% for the prednisolone acetate group, P ¼
0.021) (Fig. 3A, Supplementary Fig. S2A). The proportions of
patients whose anterior chamber cell grade improved to grade
1 or lower (better) were also similar for both treatment groups
at all study visits (P ‡ 0.19).

TABLE 1. Demographic Data and Baseline Characteristics (Per-Protocol Population*)

Variable Difluprednate 0.05%, n ¼ 46 Prednisolone Acetate 1%, n ¼ 47 Overall, N ¼ 93

Age, y

Mean (SD) 49.9 (15.3) 46.2 (17.7) 48.0 (16.6)

Minimum, maximum 11, 87 12, 76 11, 87

Age group, y, n (%)

2–11 1 (2.2) 0 1 (1.1)

12–17 1 (2.2) 1 (2.1) 2 (2.2)

18–64 39 (84.8) 35 (74.5) 74 (79.6)

‡65 5 (10.9) 11 (23.4) 16 (17.2)

Race, n (%)

White 28 (60.9) 25 (53.2) 53 (57.0)

Black 15 (32.6) 19 (40.4) 34 (36.6)

Other 3 (6.5) 3 (6.4) 6 (6.5)

Sex, n (%)

Female 24 (52.2) 27 (57.4) 51 (54.8)

Treatment duration, d*

Mean (SD) 27.0 (7.1) 28.7 (8.3) NA

Anterior chamber cell grade

Mean (SD) 2.6 (0.7) 2.6 (0.7) NA

Anterior chamber flare grade

Mean (SD) 2.2 (0.5) 2.3 (0.5) NA

VAS total score†

Mean (SD) 186.7 (112.6) 203.2 (110.8) NA

BCVA, logMAR equivalent*

Mean (SD) 0.22 (0.29) 0.32 (0.40) NA

OCT center thickness, lm

Mean (SD) 199.8 (38.0) 201.5 (38.9) NA

NA, not applicable.
* Safety population was used for treatment duration and baseline BCVA for difluprednate 0.05% (n¼ 56) and prednisolone acetate 1% (n¼ 54).
† Difluprednate 0.05% (n¼ 44) and prednisolone acetate 1% (n¼ 46). The total VAS symptom score was calculated as the sum of four symptom

scores (eye pain, photophobia, blurred vision, and lacrimation). Each symptom score was graded by the patient according to a VAS (range, 0–100)
using a mark on a 100-mm line (range, 0 for absent to 100 for maximal).
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FIGURE 2. The mean change from baseline in anterior chamber cell grade in patients receiving difluprednate 0.05% dosed four times daily (n¼ 46)
or prednisolone acetate 1% dosed eight times daily (n¼ 47) (per-protocol population with LOCF). Filled data labels represent the results for the
primary efficacy end point. The mean (SD) changes in anterior chamber cell grade from baseline to day 14 were�2.2 (1.0) with difluprednate and
�2.0 (1.0) with prednisolone acetate (P ¼ 0.16; mean difference, �0.22 [favoring difluprednate]). Hollow data labels represent the secondary
efficacy outcomes. Error bars denote SD. The dosing schedule does not include placebo doses, which were interspersed with difluprednate drops
to maintain masking. Anterior chamber cell grade was based on a five-point scale ranging from 0 (�1 cell) to 4 (‡50 cells).

FIGURE 3. Proportion of patients achieving grade 0 anterior chamber cells (�1 cell per high-power field) (A) and with complete clearing of anterior
chamber cells (i.e., achieving zero cells) (B) during the study (per-protocol population with LOCF). *P¼ 0.021; **P ¼ 0.046; ***P ¼ 0.013.
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Other Secondary Efficacy End Points

Anterior Chamber Cell Improvements. The proportions
of patients whose anterior chamber had been completely
cleared of cells were comparable between the difluprednate
group and the prednisolone acetate group at most study visits
(P ‡ 0.18) (Fig. 3B, Supplementary Fig. S2B). The exceptions
were for the visits at day 3 (13.0% vs. 2.1%, P ¼ 0.046) and
during the dose-tapering period at day 21 (73.9% vs. 48.9%, P¼
0.013).

Anterior Chamber Flare. Improvements in flare grades
from baseline were seen in both groups from day 3 (mean
change, �1.1 for the difluprednate group and �1.2 for the
prednisolone acetate group) through day 14 (mean change,
�2.0 for the difluprednate group and�1.9 for the prednisolone
acetate group) and remained stable thereafter. The improve-
ments seen in the two treatment groups were comparable at all
visits (P ‡ 0.25). The proportions of patients who had both
anterior chamber flare grade of 0 and cell count of 5 or lower
were also similar between the difluprednate and prednisolone
acetate groups, with 78.3% and 61.7% of patients achieving this
status on day 14 and 80.4% and 78.7% on day 42, respectively
(P ‡ 0.082 at all study visits).

Symptom and Sign Scores. Improvements from baseline
in VAS total symptom score for eye pain, photophobia, blurred
vision, and lacrimation were observed in both treatment
groups. At day 3, the mean change from baseline in total
symptom score was �88.4 for both treatment groups. Further
improvements were observed at each subsequent visit, with
mean changes from baseline in total symptom score (eye pain,
photophobia, blurred vision, and lacrimation) of �146.2 and

�155.5 at day 42 for the difluprednate and prednisolone
acetate groups, respectively (P ¼ 0.71).

Supportive Efficacy End Points

On a scale of 0 to 100, the mean baseline VFQ-25 composite
scores were 79.4 and 79.1 for the difluprednate and
prednisolone acetate groups, respectively. At day 42, the mean
improvement in the VFQ-25 composite score was 7.8 for the
difluprednate group versus 5.5 for the prednisolone acetate
group (P ¼ 0.671) (subcategory data not shown). Similar
improvements on the WLQ subscales (time management,
physical, mental-interpersonal, and output) and in the loss
index and the productivity loss score of the WLQ were also
observed for both groups (P > 0.087) (Table 2, Supplementary
Table S2). The mean foveal thickness and retinal volume
according to OCT remained largely unchanged throughout the
study in both groups.

Safety

Overall, 44 of 110 patients in the safety population reported 76
AEs, including 25 of 56 patients (44.6%) in the difluprednate
group and 19 of 54 patients (35.2%) in the prednisolone
acetate group. In both groups, most AEs were ocular related
and were mild in intensity (Table 3). Eight AEs were deemed to
be treatment related, including two cases of mild punctate
keratitis (both in the difluprednate group), which resolved
without treatment discontinuation, and six cases of elevated
IOP (five mild cases in the difluprednate group and one
moderate case in the prednisolone acetate group). Of five

TABLE 2. Work Limitations Questionnaire QoL Measures (Per-Protocol Population With LOCF)*

Variable Difluprednate 0.05% Prednisolone Acetate 1% P Value

Time management subscale score

Baseline, mean 25.7 (n ¼ 33) 30.7 (n ¼ 34)

Follow-up, mean 11.2 (n ¼ 25) 8.6 (n ¼ 24)

Mean change �16.6 (n ¼ 23) �25.1 (n ¼ 21) 0.240

Physical subscale score

Baseline, mean 15.6 (n ¼ 36) 18.2 (n ¼ 35)

Follow-up, mean 5.8 (n ¼ 26) 18.0 (n ¼ 24)

Mean change �8.8 (n ¼ 25) 3.0 (n ¼ 22) 0.087

Mental-interpersonal subscale score

Baseline, mean 19.5 (n ¼ 34) 23.2 (n ¼ 34)

Follow-up, mean 12.0 (n ¼ 25) 7.1 (n ¼ 25)

Mean change �8.7 (n ¼ 23) �12.1 (n ¼ 21) 0.326

Output subscale score

Baseline, mean 17.6 (n ¼ 34) 23.8 (n ¼ 34)

Follow-up, mean 12.3 (n ¼ 25) 8.8 (n ¼ 25)

Mean change �4.1 (n ¼ 23) �12.1 (n ¼ 21) 0.312

Loss index

Baseline, mean 0.054 (n ¼ 31) 0.068 (n ¼ 32)

Follow-up, mean 0.032 (n ¼ 25) 0.027 (n ¼ 23)

Mean change �0.023 (n ¼ 22) �0.039 (n ¼ 19) 0.449

Percentage productivity score

Baseline, mean 5.11 (n ¼ 31) 6.33 (n ¼ 32)

Follow-up, mean 3.03 (n ¼ 25) 2.65 (n ¼ 23)

Mean change �2.20 (n ¼ 22) �3.61 (n ¼ 19) 0.476

* The WLQ resulted in four composite subscores on time management, physical, mental-interpersonal, and output subscales. Subscale scores
range from 0 (limited none of the time) to 100 (limited all of the time), and they indicate the percentage of time in the prior 2 weeks that the
respondent was limited in performing the specific dimension of a job. The WLQ index is a weighted sum of scores from the four WLQ subscales.
The WQL productivity loss score was based on the index score and indicates the percentage decrement in work output because of health problems.
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difluprednate-treated patients who reported the treatment-
related AE of increased IOP, four had ophthalmic and medical
histories indicating a predisposition for increased IOP. No
patient discontinued difluprednate or prednisolone acetate as a
result of increased IOP. A total of five AEs led to the
discontinuation of study drug for two patients in the
difluprednate group (nausea, asthenia, malaise, and sinusitis
in one patient and necrotizing retinitis in the other). Of these,
three AEs were nonserious, mild, and assessed as not related to
treatment, and one AE was serious (necrotizing retinitis),
severe, and also assessed as not related to treatment. One
patient in the prednisolone acetate group reported an AE of
moderate recurrent iritis; the patient discontinued the study
medication and withdrew from study participation because of
treatment failure. There were no deaths reported during the
study. Two serious AEs were reported in two patients
randomized to difluprednate treatment (one case of severe
necrotizing retinitis and one case of moderate systemic
hypertension), but neither event was assessed as related to
the study drug. The event of severe necrotizing retinitis
resolved with appropriate treatment, but unfortunately the
patient had sustained loss of VA after resolution. The patient
with systemic hypertension had a history of hypertension, and
the AE was resolved without the patient discontinuing the
study drug.

Visual Acuity. Changes in BCVA from baseline were similar
between the two treatment groups at all study visits (P ‡ 0.08).
Losses of at least 0.3 logMAR from baseline were documented
for the treated eyes of eight patients, five in the difluprednate
group and three in the prednisolone acetate group. Six of these

eight patients recovered vision (BCVA loss from baseline, <0.3
logMAR) during the study. Two patients reported sustained loss
of VA during the study period, including a difluprednate-
treated patient who experienced loss of VA resulting from
necrotizing retinitis (presumably of viral etiology) and a
prednisolone acetate–treated patient who reported VA loss
and an AE of uveitis (in the nonstudy eye). These two patients
were discontinued from the trial as a result of the AE (the
patient with necrotizing retinitis) or for being lost to follow-up
after the day 35 study visit (the patient with uveitis). A review
of these data revealed no discernible trend toward a decrease
in VA during the course of the clinical trial.

Intraocular Pressure. The mean IOP values in both
treatment groups remained within normal limits (i.e., <21 mm
Hg) throughout the study. At each study visit, the mean
increases in IOP from baseline ranged from 0.5 to 2.3 mm Hg
for the difluprednate group and from 0.1 to 1.4 mm Hg for the
prednisolone acetate group. The mean IOP increases from
baseline in the study eye were 2.5 mm Hg for difluprednate-
treated patients and 0.1 mm Hg for prednisolone acetate–
treated patients at day 3 (P¼ 0.0013) (Fig. 4); the mean values
were not significantly different between groups at all other
time points (P ‡ 0.055). Criterion IOP increase (defined as an
IOP increase of ‡21 mm Hg and a change of ‡10 mm Hg
greater than baseline at the same visit) was reported for nine
patients (16.1%) in the difluprednate group and for six patients
(11.1%) in the prednisolone acetate group (P ‡ 0.15 at all time
points) (Fig. 5).

Other Safety Outcomes. Overall, slitlamp and ophthal-
moscopy data showed no discernible patterns suggesting
changes in any other ocular signs parameter during the course
of the study in either treatment group. The mean changes from
baseline in the ratio of cup to disc were not significantly
different between treatment groups at any time point (P ‡ 0.19
for all).

DISCUSSION

The present study demonstrated that difluprednate 0.05%
dosed four times daily was noninferior to prednisolone acetate

TABLE 3. Adverse Events Occurring in More Than 3% in the
Difluprednate 0.05% Group or in the Prednisolone Acetate 1% Group
(Safety Population)*

Variable

Patients, n (%)

Difluprednate

0.05%, n ¼ 56

Prednisolone Acetate

1%, n ¼ 54

General

Any AE 25 (44.6) 19 (35.2)

Any serious AE 2 (3.6) 0

AE leading to withdrawal

of study medication

2 (3.6) 1 (1.9)†

Death 0 0

Most common (>3%) AE in

any group

Eye disorder

Iridocyclitis 3 (5.4) 2 (3.7)

Punctate keratitis 3 (5.4) 0

Uveitis 2 (3.6) 1 (1.9)

Infections and infestations

Nasopharyngitis 2 (3.5) 1 (1.9)

Sinusitis 2 (3.6) 0

Investigations

IOP increased 5 (8.9) 2 (3.7)

Nervous system disorders

Headache 3 (5.4) 4 (7.4)

* An individual reporting more than one event within a preferred
term (according to codes used in version 13 of the Medical Dictionary

for Regulatory Activities18) was counted only once. Ocular events in
an untreated eye were excluded.

† This patient reported iritis as an AE but discontinued the study
because of treatment failure.

FIGURE 4. Intraocular pressure change from baseline in study eyes
(safety population). *P ¼ 0.0013 (difluprednate 0.05% [diamonds]
versus prednisolone acetate 1% [squares]). Error bars denote SD.
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1% dosed eight times daily in improving the signs of acute
endogenous AU. This conclusion is also supported by the
secondary efficacy findings, which showed that difluprednate
was associated with similar anterior chamber cell scores
throughout the study compared with prednisolone acetate.
Comparable improvements in anterior chamber flare grades,
symptom and sign scores, QoL, OCT parameters, and BCVA
outcomes were also seen in both treatment groups. These
results suggested that difluprednate 0.05% four times daily was
as effective as prednisolone acetate 1% eight times daily in the
treatment of endogenous AU.

Consistent with the results from a previous similarly
designed trial by Foster et al.,19 1.8% of patients in the
difluprednate group discontinued the present study owing to
treatment failure compared with 14.8% of patients in the
prednisolone acetate group (P ¼ 0.01 in both studies). This
finding is important because patients not responding to topical
treatment commonly require systemic corticosteroid therapy,
which is associated with undesirable effects, including
hyperglycemia21; furthermore, untreated or undertreated AU
may lead to vision-threatening complications and blindness.1

However, it is acknowledged that treatment failure herein was
assessed at the discretion of the investigator.

Ophthalmic medications with a less frequent dosing
requirement have been associated with better compliance as
demonstrated in therapies for glaucoma12,22 or allergic
conjunctivitis.23 Similar benefits can be expected with
difluprednate 0.05%, which requires dosing at a substantially
lower frequency than prednisolone acetate 1%. The formula-
tion differences between difluprednate and prednisolone

acetate may also influence the effectiveness of the two drugs.
Notably, prednisolone acetate is a suspension that requires
shaking before use,11 whereas difluprednate emulsion does
not.24 One study25 found that even with shaking (using a wrist-
action mechanical shaker at six cycles per second) only 40% of
the prednisolone acetate concentrations were within 15% of
the declared concentration compared with 100% for the
difluprednate concentrations. Furthermore, prednisolone ace-
tate contains benzalkonium chloride, a preservative that has
been associated with allergies, tear film instability, disruption
of the corneal epithelium barrier, and damage to deeper ocular
tissues in clinical or preclinical investigations.26 The sorbitol-
based preservative in difluprednate has been shown to be less
toxic to the corneal epithelium than benzalkonium chloride.27

Safety outcomes in the study were within expectations in
accord with the package inserts for both study medica-
tions.11,24 Increases in the mean IOP occurred in both groups,
which were expected19,28; for example, difluprednate treat-
ment has been shown to be associated with IOP spikes 1 and 7
days after surgery in patients with uncomplicated postopera-
tive cataract.28 Because inflammation involving the ciliary body
may reduce aqueous secretion, resolution of inflammation
tends to normalize ciliary function, restoring aqueous secreto-
ry capacity and leading to an increase in IOP.29 Differences
between treatment groups in the mean change from baseline
IOP were small in magnitude, but five patients in the
difluprednate group reported an AE of IOP increase compared
with three patients in the prednisolone acetate group. One
hypothesis is that difluprednate may be associated with faster
recovery of aqueous secretion than prednisolone acetate,

FIGURE 5. Proportion of patients with increased IOP from baseline (safety population). (A) Increase of at least 5 mm Hg. (B) Increase of at least 8
mm Hg. (C) Increase of at least 10 mm Hg. (D) Increase of at least 10 mm Hg and an overall pressure of at least 21 mm Hg.
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thereby explaining at least early differences. It is reassuring
that the potentially clinically important criterion increase in
IOP (an increase of ‡10 mm Hg that yielded an IOP of ‡21 mm
Hg) in this study was infrequent, with similar incidences
reported for both groups at any time point. Nevertheless,
judicious IOP monitoring with the use of topical corticoste-
roids (including difluprednate and prednisolone acetate) in
patients with uveitis, particularly in those with a history of
glaucoma, is recommended. When clinically indicated, pre-
scription of an IOP-lowering topical medication may be
appropriate.30,31 Long-term use of ophthalmic corticosteroids
should be also avoided or minimized when possible because it
may result in glaucoma, with damage to the optic nerve, visual
field defects, VA loss, or cataract formation.11,24,32,33

The present study has several limitations. To maintain study
masking, the difluprednate group received eight doses per day,
four of which were placebo, which may not reflect the real-
world use of difluprednate. The study did not include a dosing
schedule of prednisolone acetate that is more frequent than
every 2 hours, as is sometimes prescribed for severe cases.
Owing to the study duration, this study did not include a
remission end point, which is commonly defined as uveitis
inactivity for a 90-day interval after discontinuing all treat-
ments.3 Studies with a longer follow-up period may be useful in
clarifying between-treatment differences in the duration of
remission and other long-term outcomes. Another limitation of
this study is that the causes of uveitis among patients, outside
of the exclusion criteria, were not addressed. Furthermore,
treatment failure was not defined as per protocol and was
determined at the discretion of the investigator. Finally, given
that the mean baseline anterior chamber cell grade was 2.6 out
of a maximum of 4, the difference in the efficacy between
difluprednate and prednisolone acetate in the most severe
endogenous AU cases is unclear.

In summary, this randomized trial confirmed that diflupred-
nate 0.05% dosed four times daily was noninferior to
prednisolone acetate 1% dosed eight times daily for the
treatment of endogenous AU during a 42-day observation
period; both therapies had comparable safety profiles. Results
from this study, together with those reported by Foster et al.,19

suggest that difluprednate is a reasonable alternative approach
to prednisolone acetate for resolving and controlling ocular
inflammation in patients with endogenous AU.
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