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Purpose: To compare the preservative-free corticosteroid 0.2% betamethasone sodium phosphate BID (SURF-201) to vehicle BID in 
patients undergoing routine cataract surgery.
Methods: Phase 2, multicenter, randomized (1:1 ratio), double-masked, vehicle-controlled, parallel-group study in patients scheduled 
for uncomplicated cataract surgery without the aid of a femtosecond laser. Subjects instilled topical medications for 16 days beginning 
the day before cataract surgery (Day −1), 1 dose administered at least 1 hour prior to cataract surgery (on Day 0) and 1 dose on the 
evening after cataract surgery, and then 2 doses administered each day through Day 15; patients were re-evaluated on Days 22 and 32 
to ensure no rebound inflammation. Primary outcome was the difference in the proportion of subjects with anterior chamber cell 
(ACC) grade 0 between the two groups at Day 15. Secondary outcomes included pain scores and overall safety.
Results: There was a statistically significant difference (P=0.004) in the proportion of subjects in the SURF-201 treatment group with 
an ACC grade of 0 at Day 15 (n=22/39 [56.4%]) compared to subjects in the vehicle treatment group (n=9/43 [20.9%]). There was no 
statistically significant difference (P=0.528) in the proportion of subjects in the SURF-201 treatment group who had a visual analog 
scale pain score of 0 at Day 15 (n=35/38 [89.7%]) compared to subjects in the vehicle group (n=33/40 [82.5%]). A slightly higher 
incidence of adverse events occurred in subjects in the SURF-201 treatment group (n=27/40 [67.5%]) compared to the vehicle 
treatment group (n=23/43 [53.5%]).
Conclusion: SURF-201 is an effective topical, preservative-free corticosteroid when dosed BID for the treatment of postoperative 
inflammation and prevention of pain in a post-cataract population.
Keywords: cataract, postoperative inflammation, corticosteroid, betamethasone sodium phosphate, preservative-free

Introduction
Age-related cataract is a leading cause of visual impairment worldwide, with numbers expected to increase as the aging 
population increases1–3 Globally, 17 million people are blind and 94 million have vision impairment because of 
cataract;1,2 the number of cataract surgeries is expected to reach 50 million by 2050.4,5 With millions of surgeries 
performed yearly worldwide, cataract surgery is generally deemed one of the safest surgical procedures, with very few 
serious postoperative complications.6

Both ocular inflammation and pain are common post-cataract surgery.7 These are accepted and expected post-
operatively, yet if left untreated they can lead to impaired vision and decreased patient satisfaction.3,7,8 Walters et al 
showed that in the early postoperative period, 70% to 85% of patients had anterior chamber cells, 50% to 65% of patients 
had anterior chamber flare, and 40% to 60% of patients reported ocular pain.9 The most common treatments for these 
complaints include both nonsteroidal anti-inflammatory drugs (NSAIDs) and corticosteroids.3,7,8,10–16 Steroids provide 

Clinical Ophthalmology 2023:17 2219–2230                                                                  2219
© 2023 Hosseini et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 17 May 2023
Accepted: 25 July 2023
Published: 5 August 2023

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0009-0004-4873-7148
http://orcid.org/0000-0003-1261-8521
http://orcid.org/0000-0001-6092-9733
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


some advantages over NSAIDs-steroids produce a wider anti-inflammatory response than NSAIDs and are less 
expensive; however, they also produce an increased risk of intraocular pressure (IOP) elevation and their frequent 
dosing schedule may result in poor patient compliance and adherence. NSAID use alone, however, has been associated 
with corneal melts and ocular discomfort.11,17–19 In the US, it is common practice for ophthalmologists to use 
a combination of NSAIDs and corticosteroids, although the American Academy of Ophthalmology states NSAID use 
in postoperative cataract patients remains controversial5 and the increased positive effect of adding NSAIDs to topical 
corticosteroids may simply be the result of additional dosing.20 Corticosteroids, on the other hand, are a well-accepted 
effective treatment for ocular inflammation3,17,21 The mechanism of action is similar among all corticosteroids: anti- 
inflammatory effects achieved through suppression of vascular endothelial cell adhesion molecules, cyclooxygenase I or 
II, and through cytokine expression.22

There are several topical corticosteroids commonly used in the US to treat postoperative pain and inflammation after 
ocular surgery: Topical difluprednate 0.05% is approved for use but dosed 4 times daily; topical dexamethasone 0.1%, 
prednisolone acetate 1.0%, and loteprednol 1.0% have been used off-label to manage postoperative inflammation.21 

Loteprednol 1%23 is currently approved as a twice-daily suspension; loteprednol 0.38% is approved as a 3-times-daily 
medication.24,25 Difluprednate ophthalmic emulsion 0.05% is approved for 4-times-daily use.26 Dexamethasone is 
approved as an insert; therefore, there is no additional dosing.9,27

There is currently no topical ophthalmic corticosteroid approved specifically to treat both postoperative inflammation and 
prevention of pain after cataract surgery in the US; all the approved indications are for a more generalized “ocular surgery”.28–31

SURF-201 is a novel, topical ophthalmic formulation of the corticosteroid betamethasone sodium phosphate (BSP) 
0.2% that is delivered in a buffered, isotonic, aqueous, non-preserved proprietary solution intended for the treatment of 
postoperative inflammation and prevention of ocular pain in patients who are undergoing cataract surgery.32 

Betamethasone has been used worldwide since the early 1960s, albeit not in ophthalmic form. Studies from the 1990s 
suggest BSP might be an effective ophthalmic medication.33,34

The vehicle used in SURF-201 comprises chondroitin sulfate (a glycosaminoglycan); this vehicle was co-developed in the 
1990s by one of our authors (RLL) and has been shown to be able to stabilize cell membranes and reduce corneal edema.35

The use of preservatives in topical ophthalmic medications is common, as is knowledge of their detractors—including 
cytotoxic and inflammatory effects that may lead to or exacerbate dry eye.8,16,36–40 Betamethasone has been approved for use 
in the United States since 1961, although only the injectable suspension remains on the market; Celestone Soluspan 
(betamethasone acetate and BSP) is marketed and approved for use in various inflammatory indications.41 In Europe, 
however, BSP is approved as topical formulation, with dosing regimen of 4–8 times a day (and at a lower concentration, 
0.1%, than SURF-201).42 SURF-201 comprises a higher concentration (0.2%) than other formulations, a reduced frequency of 
dosing (BID), and has a similar potency to dexamethasone43–46 but a potentially better safety profile. However, dexametha-
sone is a suspension41,47 whereas BSP is an aqueous solution, with the latter eliminating patient errors with mixing 
suspensions. BSP acts within hours; suspensions are designed to work over a longer time frame (days or weeks).48

The purpose of this study was to compare SURF-201 BID to vehicle BID in patients undergoing routine cataract 
surgery. The primary efficacy outcome was the difference in the proportion of subjects with anterior chamber cell (ACC) 
grade 0 in the SURF-201 active treatment group versus the vehicle group only at Day 15. Secondary outcomes included 
pain scores and overall safety. The study was registered on ClinicalTrials.gov: NCT04324359.

Methods
This was a phase 2, multicenter, randomized (1:1 ratio), double-masked, vehicle-controlled, parallel-group study under-
taken in adult subjects 18 years of age and older who were scheduled to undergo uncomplicated cataract surgery without 
the aid of a femto (femtosecond) laser. The study consisted of a 16-day dosing phase (Day -1 from surgery through Day 
15 postoperatively), followed by a 2-week evaluation phase (Days 22 and 32). Subjects were provided with a study drug 
kit per their randomized treatment assignment and given instruction on both dosing at home and on how to complete 
a dosing and pain assessment diary. Subjects scheduled for cataract surgery were instructed to instill a dose of their 
assigned treatment BID, preferably 8-12 hours apart, for 16 days beginning the day before cataract surgery (Day -1), 1 
dose administered at least 1 hour prior to cataract surgery (on Day 0) and 1 dose on the evening after cataract surgery, and 
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then 2 doses administered each day for through Day 15; patients were re-evaluated on Days 22 and 32 to ensure no 
rebound inflammation (included in the safety analysis).

Some of the key inclusion criteria for subjects: Assigned uncomplicated unilateral cataract surgery (either phacoe-
mulsification or extracapsular extraction; the planned use of a femtosecond laser served as an exclusionary criterion); 
a best-corrected visual acuity (BCVA) of at least +1.0 log of the minimum angle of resolution (logMAR) (Snellen 
equivalent of 20/200) in the non-study eye (fellow eye); an intraocular pressure (IOP) of >8 mmHg and ≤ 22 mmHg in 
the study eye, and the ability to self-instill or have a caregiver would could instill the medications. Some of the key 
exclusion criteria included: intraocular inflammation or ocular pain above a score of 0 in either eye prior to surgery; any 
extraocular inflammation in the study eye prior to surgery (blepharitis was allowed if only scurf was present without any 
concurrent conjunctivitis or lid erythema/edema) or ongoing uveitis, or signs of iritis or scleritis; history of diabetic 
retinopathy and/or previous vitrectomy in the study eye within the last 2 years prior to screening; a diagnosis of severe 
dry eye, Fuchs’ dystrophy, guttata, or chalazion in the study eye; a history of glaucoma or retinal surgery; previous 
refractive surgery; planned additional ocular surgery (eg, femtosecond laser-assisted cataract surgery, limbal relaxing 
incisions, mechanical pupillary expanders, minimally invasive glaucoma surgery); a history of herpes simplex infection 
in either eye; active corneal, conjunctival or canalicular pathology (including ocular infection [bacterial, viral, or fungal]) 
in the study eye. Specifically, active viral diseases of the cornea and conjunctiva including epithelial herpes simplex 
keratitis (dendritic keratitis), vaccinia, and varicella, and also in mycobacterial infection of the eye and fungal diseases of 
the ocular structures (such as fungal keratitis).

Subjects were randomized in a 1:1 ratio to receive SURF-201 or vehicle for 16 days BID. The proprietary vehicle is 
a buffered, isotonic, aqueous, non-preserved solution that has shown promise in studies on dry eye (data on file, Surface 
Ophthalmics).

Assessments
Evaluations of efficacy included biomicroscopic examinations for anterior chamber cells and flare and a Visual Analog 
Scale (VAS) of ocular pain as recorded in the subject diary. The primary efficacy endpoint was the proportion of subjects 
who had cleared ocular inflammation (anterior chamber cell score of 0) at Day 15. The VAS was used to evaluate eye 
pain/discomfort at screening Visit 1 (Day -14 to Day -2) and at Visit 3 through Visit 7 (Day 1 through Day 32); scoring 
from 0 to 100 using a mark on a 100 mm line (0 = absent; 100 = maximum). Pain was evaluated before each study drug 
dose using a pain scale that subjects completed at home. In addition to the VAS, subjects were asked to assess their study 
eye pain level prior to each study drug dose via a diary at home. For this, VAS descriptive FACES were combined with 
the dosing diary. Table 1 shows the grading scales for inflammation, while Table 2 and Figure 1 show the VAS and 
grading scale used to analyze ocular pain.

A worsening of 3 lines or more in logMAR score in the study eye from baseline or any prior visit was deemed an 
adverse event (AE) and noted as such. An increase from baseline or any prior study visit of 10 mmHg or more in IOP in 
the study eye was also considered an AE. An IOP of 30 mmHg or higher were reported as a serious AE (SAE).

Table 1 Anterior Chamber Cell and Flare Grading

Anterior Chamber Cells Anterior Chamber Flare

Grade Cell Count Grade Flare Count

0 0 0 None: no haze is detected

1 1–10 1 Mild: A faint haze is detected

2 11–20 2 Moderate: Haze is easy to detect, but iris details are not obscured

3 21–50 3 Marked: Haze is prominent, and iris details are somewhat obscured

4 > 50 4 Severe: Haze is dramatic, and iris details are very obscured and/or the aqueous is fibrinoid or plastic
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Safety Analyses
The safety endpoints of the study were AEs, BCVA, IOP, and biomicroscopic and ophthalmoscopic findings. Objective 
signs of ocular inflammation, including chemosis, bulbar conjunctival injection, ciliary injection, corneal edema, and 
keratic precipitates, were evaluated according to a 0–3 grading scale.

The protocol was in compliance with Good Clinical Practices (GCP) and the Declaration of Helsinki (1996) and in 
accordance with applicable Institutional Review Board (IRB) regulations [United States 21 Code of Federal Regulations 
(US 21 CFR) part 56.103]; Advarra IRB (6100 Merriweather Dr, Ste. 600, Columbia, MD) granted IRB approval. Study 
participants gave informed consent prior to initiation of any study-related procedures. The study was performed in 
compliance with informed consent regulations (US 21 CFR part 50).

Statistical Analysis
The Intent-to-Treat (ITT) population included all randomized subjects who underwent routine uncomplicated unilateral 
cataract surgery. Subjects in the ITT population were analyzed in the treatment group to which they were assigned by the 
randomization scheme, regardless of which study drug they received. The safety population included all randomized 
subjects who received at least 1 dose of the study drug. All data processing, summarization, and analyses were performed 
using the CRO’s SAS Environment/Version 9.4 (or later) of the SAS statistical software package.

The primary efficacy analysis tested for a difference in the proportion of subjects with ACC grade 0 in the SURF-201 
active treatment group versus the vehicle group at Day 15. An ACC grade of 0 was considered a success, and an ACC 
grade > 0 or the use of rescue medication prior to Day 15 was considered a failure. Missing data was imputed using last 
observation-carried-forward (LOCF).

The secondary efficacy endpoint for the study was the proportion of subjects who achieved a pain score of 0 at each 
post-surgical VAS (0–100 mm scale) assessment (Days 1, 8, 15, 22, and 32).

Results
Patient Demographics and Characteristics
A total of 91 patients were screened and enrolled: 45 subjects were randomized to the SURF-201 treatment group, and 46 
subjects were randomized to the vehicle treatment group. All but 5 (11.1%) subjects in the SURF-201 treatment group 
and 3 (6.5%) subjects in the vehicle treatment group who were randomized were treated. A total of 83 subjects (40/45 

Table 2 Ocular Pain Scale

Grade Pain Level Subjective Description

0 None Absence of pain

1 Trace Slight, occasional awareness of ocular sensation

2 Mild Noticeable, intermittent awareness of ocular sensation that has no impact on daily activity

3 Moderate Prolonged, moderate ocular aching that occasionally interferes with daily activity

4 Severe Prolonged, intense ocular pain that interferes with normal daily activities

Figure 1 VAS descriptive faces.

https://doi.org/10.2147/OPTH.S419857                                                                                                                                                                                                                               

DovePress                                                                                                                                                                 

Clinical Ophthalmology 2023:17 2222

Hosseini et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


[88.9%] in the SURF-201 group and 43/46 [93.5%] subjects in the vehicle group) were randomized, treated, and 
underwent cataract surgery; these subjects were included in the safety population. A total of 82/91 (90.1%) subjects 
were included in the ITT population, including 39/45 (86.7%) and 43/46 (93.5%) subjects in the SURF-201 and the 
vehicle treatment groups, respectively. There were no statistically significant differences in baseline demographics or 
characteristics between the two groups. The median age at screening for those in the SURF-201 group was 68 years 
(range 52 to 83 years), and the majority (27/39, 69.2%) were female (ITT population). Subjects in the vehicle treatment 
group had a median age of 69 years at screening (range 50 to 90 years), and the majority (25/43, 58.1%) were female 
(ITT population). Baseline characteristics are listed in Table 3, and Supplemental Figure 1 provides the full subject 
disposition.

Efficacy
Cell and Flare
The primary efficacy outcome was the number/percentage of patients with an ACC grade 0 at Day 15. In the ITT 
population, a higher proportion of subjects in the SURF-201 treatment group had an ACC grade of 0 at Day 15 (n=22/39 
[56.4%]) compared to subjects in the vehicle treatment group (n=9/43 [20.9%]). The difference was statistically 
significant (P<0.001). These differences were noted as early as Day 8, when 13/39 (33.3%) of patients in the SURF- 
201 group and 4/41 (9.8%) of patients in the vehicle group had an ACC grade of 0. The difference observed was 
statistically significant (P=0.010 based on the Barnard’s exact test). There were no statistically significant differences 
between groups at Day 22 or Day 32.

These outcomes were similar in the per protocol (PP) population as well, with 25/38 (65.8%) of patients in the SURF- 
201 group and 16/39 (41%) in the vehicle group achieving an ACC grade of 0 at Day 15 (P=0.032). There were 
statistically significant differences first noted at Day 8 that continued through Day 15 between the two groups; there were 
no statistically significant differences at Day 22 or Day 32.

Additionally, a similar proportion of subjects in each ITT treatment group achieved an anterior chamber flare (ACF) 
grade of 0 at each of the time points assessed (on Days 1, 8, 15, 22 and 32); there was only a statistical difference on Day 
15 (P=0.031) that favored the SURF-201 group. There were no statistical differences between the PP groups at any time 
point. Table 4 shows the percentage of patients an ACC and ACF grade of 0 at each study visit in the ITT population.

Table 3 Summary of Demographic Characteristics, Intent-to-Treat Population

Characteristic SURF-201 (N=39), 
n (%)

Vehicle (N=43), 
n (%)

Overall (N=82), 
n (%)

Age (years)

Mean (SD) 68.3 (±6.82) 68.4 (±9.90) 68.4 (±8.53)

< 65 11 (28.2%) 14 (32.6%) 25 (30.5%)

≥ 65 28 (71.8%) 29 (67.4%) 57 (69.5%)

Gender

Male 12 (30.8%) 18 (41.9%) 30 (36.6%)

Female 27 (69.2%) 25 (58.1%) 52 (63.4%)

Race

White 31 (79.5%) 33 (76.7%) 64 (78.0%)

Black or African 

American

7 (17.9%) 9 (20.9%) 16 (19.5%)

Asian 1 (2.6%) 1 (2.3%) 2 (2.4%)

Abbreviation: SD, standard deviation.
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Pain Scores
There was no statistical significance between the groups in the proportion of subjects who achieved a VAS pain score of 0 
at any post-surgical assessment. Although not statistically significant, at Day 1 there was a 20% difference in the VAS 
pain score of 0 between the SURF-201 group (69.2%) and the vehicle group (48.8%) in the ITT population, while there 
was a 20.9% difference in the VAS pain score of 0 between the two groups in the PP population (data on file). Table 5 
shows the proportion of patients with a pain score of 0 at each study visit in the ITT population.

Patients were asked to self-report pain via a subject diary, using a scale of 1 (no pain) to 5 (extreme pain). The 
proportion of subjects reporting an absence of eye pain occurred similarly on Day 0 in both treatment groups (n=38/39 
[97.4%] prior to the morning dose and n=18/39 [46.2%] prior to the evening dose with SURF-201, versus n=40/42 
[95.2%] prior to the morning dose and n=20/41 [48.8%] prior to the evening dose with vehicle). Regardless of treatment 
group, the median eye pain level assessed prior to the morning and evening dose from Day 1 to 14 did not worsen over 
time. A consistently higher proportion of patients in the SURF-201 group reported a “no pain” score before each dose 
than the vehicle group through Day 8, after which more than 90% of patients in each group reported “no pain” at both 
dosing time points.

Safety
A total of 50/83 (60.2%) subjects reported at least 1 AE, with a slightly higher incidence of AEs occurring in subjects in 
the SURF-201 treatment group (n=27/40 [67.5%]) compared to the vehicle treatment group (n=23/43 [53.5%]).

AEs were treatment emergent in 26/40 (65.0%) and 23/43 (53.5%) subjects in the SURF-201 and vehicle groups, 
respectively. The majority of AEs that occurred were ocular events, occurring in 26/40 (65.0%) and 22/43 (51.2%) 
subjects in the SURF-201 and vehicle groups, respectively. All ocular AEs were considered treatment emergent, with the 

Table 4 Anterior Chamber Cell and Flare Outcomes at Each Study Visit, Intent-to-Treat Population

ACC Grade of 0 (n, %) ACF Grade of 0 (n, %)

Day 1 Day 8 Day 15 Day 22* Day 32* Day 1 Day 8 Day 15 Day 22* Day 32*

SURF-201 

(N=39)

1 (2.6%) 13 (33.3%) 26 (66.7%) 27 (69.2%) 33b (86.8%) 13 (33.3%) 23 (59%) 35 (89.7%) 34 (87.2%) 38 (100%)

Vehicle 

(N=43)

3 (7.0%) 4 (9.8%)c 16 (40.0%)c 25 (62.5%)c 39c (95.1%)c 17 (39.5%) 20 (48.8%) 28 (70%) 37 (92.5%) 40 (97.6%)

P-valuea 0.530 0.010 0.019 0.568 0.247 0.596 0.528 0.031 0.531 0.514

Notes: *After primary study endpoint. aBarnard’s exact test for differences between proportions. bAt Day 32, n=38. cAt Days 8, 15, 22, and 32, n=41, n=40, n=40, n=41, 
respectively.

Table 5 Proportion of Patients with a Visual Analog Scale Pain Score of 0 
at Each Study Visit, Intent-to-Treat Population

VAS Score SURF-201 (N=38) Vehicle (N=43) P-value*
n (%) n (%)

Baseline 39 (100%) 43 (100%) –

Day 1 27 (69.2%) 21 (48.8%) 0.066

Day 8 32 (82.1%) 32 (78.0%) (n=41) 0.716

Day 15 35 (89.7%) 33 (82.5%) (n=40) 0.528

Day 22 35 (89.7%) 37 (92.5%) (n=40) 0.766

Day 32 35 (92.1%) (n=38) 39 (95.1%) (n=41) 0.619

Note: *Based on the Barnard’s exact test for differences between proportions.
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exception of 1 ongoing event of posterior capsule opacification in the fellow eye, which was first reported during the 
screening period in 1 subject in the SURF-201 treatment group.

Six patients in the SURF-201 group and 14 patients in the vehicle group discontinued treatment early, primarily 
because of a lack of efficacy in the vehicle group and for treatment-emergent AE (TEAE) in the SURF-201 group. 
However, one patient in the SURF-201 group was reported by an investigator as having a TEAE (conjunctival 
hyperemia) related to the study drug; none of the TEAEs in the vehicle group were considered to be related to the 
treatment.

The majority of AEs that occurred during the study were mild (occurring in 25 [30.1%] subjects, overall) to moderate 
(occurring in 21 [25.3%] subjects, overall) in severity. Moderate severity AEs occurred in 12/40 (30.0%) subjects treated 
with SURF-201 and in 9/43 (20.9%) subjects treated with vehicle. All other AEs were considered by the investigator to 
be mild. Severe TEAEs were only reported in the vehicle treatment group, occurring in 4/43 (9.3%) subjects.

Severe ocular TEAEs included corneal edema, symblepharon, and eye inflammation. All severe ocular TEAEs 
recovered and were considered by the investigator to be unrelated to study drug. In the vehicle treatment group, 
Subject 003–005 had a severe ocular TEAE of corneal edema on Day 1 that resolved by Day 15 with no intervention 
and did not lead to study discontinuation. A severe TEAE of symblepharon on Day 7 resulted in the early discontinuation 
of study drug in 1 subject (Subject 003–011) in the vehicle treatment group. Treatment was also discontinued early due to 
a severe TEAE of eye inflammation that occurred on Day 6 in 1 subject (Subject 052–001) in the vehicle treatment group 
and resulted in administration of rescue medication and required anterior chamber washout.

There were no statistically significant differences in reported AEs between the two groups. There were, however, 
three ocular SAEs, which were believed to be unrelated to the study drug. One patient discontinued treatment, another 
withdrew from the study, and the third developed cystoid macular edema, which occurred on Day 33. There were no 
non-ocular SAEs. Table 6 lists any AE, SAE, or TEAE that occurred in more than 5% of either group in the safety 
population.

Table 6 Adverse Events, Safety Population

Adverse Events SURF-201 (N=40) Vehicle (N=43) Overall (N=83)
n (%) n (%) n (%)

Ocular AE 27 (67.5%) 23 (53.5%) 50 (60.2%)

Non-ocular AE 26 (65%) 22 (51.2%) 48 (57.8%)

Ocular TEAE 26 (65%) 23 (53.5%) 49 (59%)

Non-ocular TEAE 25 (62.5%) 22 (51.2%) 47 (56.6%)

Ocular SAE 3 (7.5%) 0 (0%) 3 (3.6%)

System Organ Class/Preferred Term

Subjects with any TEAE*

Eye disorders 25 (62.5%) 22 (51.2%) 47 (56.6%)

VA reduced 6 (15.0%) 10 (23.3%) 16 (19.3%)

Eye inflammation 6 (15.0%) 8 (18.6%) 14 (16.9%)

PCO 5 (12.5%) 6 (14.0%) 11 (13.3%)

Eye pain 5 (12.5%) 4 (9.3%) 9 (10.8%)

Corneal edema 2 (5.0%) 4 (9.3%) 6 (7.2%)

Photophobia 2 (5.0%) 3 (7.0%) 5 (6.0%)

(Continued)
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Rescue Medications
The administration of rescue medication occurred in half of the subjects in the ITT population (n=41/82 [50.0%]). 
Rescue medications were administered to treat a higher proportion of subjects in the vehicle group (n=25/43 [58.1%]) 
compared to subjects in the SURF-201 group (n=16/39 [41.0%]). All patients who discontinued the study drug/vehicle 
received rescue medication (predominantly prednisolone, nepafenac, difluprednate, ketorolac, bromfenac, or sodium 
chloride).

IOP
The mean IOP mmHg value at baseline was similar in both treatment groups (16.1±2.80 mmHg in the SURF-201 
treatment group and 15.9±2.84 mmHg in the vehicle treatment group).

Clinically significant increases in IOP of 10 mmHg or more from baseline or prior visit occurred in the SURF-201 
treatment group at Day 1 (n=2/40 [5.0%]), Day 8 (n=2/39 [5.1%]), and Day 15 (n=1/39), and in 1 subject in the vehicle 
treatment group only at Day 22. There were no subjects with clinically significant increases in IOP at the Day 32 
assessment. In the SURF-201 group, the greatest increases in IOP (18 mmHg and 17 mmHg) were seen in 2 subjects at 
Day 1; both subjects were treated with IOP-lowering medication, and the events resolved. The other 3 occurrences of 
increased IOP were transient, considered mild and were not treated. Table 7 presents the mean IOP in each safety group 
at each follow-up point.

Table 7 Mean Intraocular Pressure at Each Study Visit, Safety Population

Mean IOP SURF-201 (N=40) Vehicle (N=43)

Baseline 16.1±2.8 mmHg 15.9±2.84 mmHg

Day 1 17.2±5.49 mmHg 14.7±3.29 mmHg

Day 8 15.4±3.76 mmHg (n=39) 13.6±3.40 mmHg (n=41)

Day 15 14.5±3.06 mmHg (n=39) 13.8±2.72 mmHg (n=41)

Day 22 14.5±2.78 mmHg (n=39) 14.2±2.58 mmHg (n=41)

Day 32 14.1±3.06 mmHg (n=38) 14.2±2.33 mmHg (n=41)

Table 6 (Continued). 

Adverse Events SURF-201 (N=40) Vehicle (N=43) Overall (N=83)
n (%) n (%) n (%)

Conjunctival hyperemia 1 (2.5%) 3 (7.0%) 4 (4.8%)

Iritis 3 (7.5%) 1 (2.3%) 4 (4.8%)

Vitreous detachment 3 (7.5%) 1 (2.3%) 4 (4.8%)

Eye irritation 3 (7.5%) 0 (0.0%) 3 (3.6%)

Vitreous floaters 2 (5.0%) 1 (2.3%) 3 (3.6%)

General disorders

IOP increase 4 (10.0%) 1 (2.3%) 5 (6.0%)

Note: *Reporting only those events that occurred in 5.0% or more of patients in either group. 
Abbreviations: AE, adverse event; TEAE, treatment-emergent adverse event; SAE, serious adverse event; VA, 
visual acuity; PCO, posterior capsule opacification; IOP, intraocular pressure.
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BCVA
At baseline, BCVA was 0.355 logMAR in the SURF-201 group and 0.358 logMAR in the vehicle group. Throughout the 
study period, BCVA remained similar between the two groups. At Day 15, 18/39 eyes in the SURF-201 group (46.2%) 
and 14/40 eyes in the vehicle group (35%) gained 3 or more lines, and 8/39 eyes in the SURF-201 group (20.5%) and 11/ 
40 eyes in the vehicle group (27.5%) lost at least one line. At the final study visit on Day 32, gains of ≥3 lines were 
observed in 21/40 in the SURF-201 group (55.3%) and 24/43 in the vehicle group (58.5%). Differences in BCVA 
logMAR score were not statistically significantly different between groups.

Discussion
This phase 2, randomized, vehicle-controlled study evaluating the efficacy and safety of SURF-201 dosed BID for 1 day 
prior to cataract surgery, the day of cataract surgery, and 14 days post-cataract surgery, found the study drug produced 
a statistically significant proportion of patients achieved an ACC score of 0 on Day 15 compared to patients in the vehicle 
group: 66.7% to 40% (P=0.019). Further, a higher percentage of patients in the SURF-201 group were pain-free at Day 1 
compared to those in the vehicle group, and the proportion of patients in the SURF-201 group who remained pain-free 
throughout the study period was consistently higher than the proportion of patients in the vehicle group who remained 
pain-free. By Day 8, 94.3% of patients in the SURF-201 group and 80.6% of those in the vehicle group were pain free 
before the morning dose, and 91.2% of patients in the SURF-201 group and 93.8% of those in the vehicle group were 
pain free before the evening dose.

Overall, the study drug was well tolerated, with no new safety signals identified. A higher incidence of AEs occurred 
in patients in the SURF-201 group (67.5%) compared to the vehicle group (53.5%), but the incidence of TEAEs was 
similar: 5% and 7% in the SURF-201 and vehicle groups, respectively.

To the authors’ knowledge, this is the first study to report on 0.2% BSP in a proprietary vehicle for the treatment of 
postoperative inflammation and prevention of pain after cataract surgery. There is a multitude of studies in the literature 
on the use of corticosteroids (dropless, submicron suspension, or topical) and NSAIDs post-cataract 
surgery,7,8,10,11,13,16,19,25,49–56 with topical corticosteroid use much more common than other forms. Topical corticosteroid 
therapy in the postoperative period remains the standard of care, despite concerns about patient adherence/compliance 
and potential bottle tip contamination.18,19 However, no statistically significant differences have been found when 
comparing “dropless surgery”—where the surgeon is responsible for delivering postoperative medications at the end 
of the cataract procedure—to topical steroid use in the postoperative period.57,58

Although we did not conduct any head-to-head studies between SURF-201 and another topical corticosteroid, our 
findings are similar to other published studies on postoperative corticosteroid use. Donnenfeld et al found intracameral 
dexamethasone suspension in two different doses cleared inflammation at a much higher rate than placebo at Day 8 
postop (63.1% and 66% compared to 25%),52 which was also a higher rate than in this study at Day 8 (33.3% in the study 
drug eye). In a separate study on the same formulation of dexamethasone, at Day 8, 51.6% had an ACC grade of 0.3 

These findings are in alignment with a real-world observational study on the dexamethasone intraocular suspension 9%, 
where an ACC grade of 0 was achieved by 49/71 patients (69%) at Day 8 and 30/32 patients (93.7%) at Day 14 for 
patients who received intraocular dexamethasone only.59

Lee et al evaluated a different formulation of dexamethasone (an intracanalicular plug) and found more patients with 
complete ACC clearance at Day 8 (22.4%) and at Day 14 (42.7%) than placebo;60 our study had a much higher 
percentage at Day 8 (33.3%) and at Day 15 (66.7%). Pain scores fared similarly: at Day 8, 79.2% and at Day 14, 80.6% 
were pain free with the insert60 (in our study, 82.1% at Day 8 and 89.7% at Day 15 were pain-free). The plug is designed 
for a tapered release over 28 days,60 however, while our topical formulation is under evaluation to be used for 14 days 
post-surgery, although our study results suggest treatment may not be necessary beyond Day 8 postoperatively.

A European study on a combination of dexamethasone 0.1%/netilmicin 0.3% (the latter is an antibiotic) ophthalmic 
gel BID found 88.2% of patients had an ACC score of 0 at Day 7 in the ITT group (89.7% in the PP group), but that 
study did not address the prevention of pain.61

Another corticosteroid, loteprednol etabonate (LE) ophthalmic suspension 1%23–25 is approved for the more generic 
“ophthalmic surgery”, but results from Kim et al on postoperative cataract surgery showed patient ranges from 20.7% to 
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31.2% of complete ACC resolution at Day 8 that was maintained through Day 15; 53.6% to 57.1% of patients had 
complete resolution of pain at Day 8 that was maintained through Day 15.23 Fong et al compared a twice-daily submicron 
LE gel formulation (n=133) to 3-times daily gel (n=139) and found complete ACC resolution on Day 8 of 26.9% and 
28.7%, respectively, and 73.7% and 73.1%, respectively, with grade 0 pain on Day 8.25 Fong et al conducted 
a subsequent study that pooled data from two Phase 3 studies (n=742 ITT population) and found more patients in the 
LE gel 0.38% TID group compared with the vehicle group had complete resolution of AC cells (29.6% vs 15.1%) and 
grade 0 pain (74.4% vs 48.8%) at day 8 (P<0.0001 for both).24

Korenfeld et al evaluated difluprednate to vehicle and found 33/110 (30%) in the BID group and 36/103 (34.9%) in 
the QID group achieved ACC grade of 0 at Day 8, increasing to 55.5% in the BID group and 63.1% in the QID group.26 

Similarly, a higher percentage of patients were pain-free at Day 8 and 15 in the QID group compared to the BID group.26 

Garg et al62 reported similar findings (but dosing was 6 times daily): at week 1, 50% (n=25) had ACC grade of 0; at week 
2, 82% had ACC score of 0 at week 1, 86% (n=43) had pain score of grade 1; at week 2, 90% had pain score of grade 1.

Still others have investigated betamethasone in particular: Dieleman et al showed single subconjunctival betametha-
sone acetate injection (5.7 mg/mL) appears to be a useful alternative to prolonged postoperative administration of 
dexamethasone eyedrops in controlling intraocular inflammation and development of macular edema after 
phacoemulsification.58 [It is important to note BSP—the formulation we evaluated—acts within hours, whereas beta-
methasone acetate is a suspension that is slowly absorbed over approximately 2 weeks].48

As with most other corticosteroid formulations, the most frequently reported ocular AEs in our study (namely, 
increased IOP and anterior segment inflammation) are consistent with the type of events typically observed after cataract 
surgery.

It is well accepted that older patients have difficulty instilling topical medications properly,11,18,63 and the reduced 
dosing schedule (twice daily) of our formulation may be able to help alleviate those obstacles to proper dosing.

There are few limitations to this study, one of which is the length of the study period. Other studies evaluating topical 
corticosteroids have had a longer postoperative evaluation,3,11 but the authors of this study believe our findings would 
remain the same even with a longer follow-up. At the last visit (Day 32) in our current study, 91.9% of those in the 
SURF-201 group and 95% of those in the vehicle group were pain-free, and 86.5% of those in the SURF-201 group and 
95% of those in the vehicle group had an ACC score of 0.

This limitation is more than overcome by the rapid clearance of ACC and ACF, as well as the diminution of pain in 
the SURF-201 group.

Conclusion
SURF-201 is an effective topical, preservative-free corticosteroid (dosed BID) for the treatment of postoperative 
inflammation and prevention of pain in a post-cataract population.
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