Ophthalmic Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)
Addendum to Class Review-Focus on Agents with Less Frequent Dosing
VHA Pharmacy Benefits Management Services, Medical Advisory Panel and VISN Pharmacist Executives

Objectives
The purposes of this document are two-fold: 1) to review the efficacy and safety of the six commercially available ophthalmic/topical nonsteroidal anti-inflammatory drugs (NSAIDs) that are administered less frequently than four times daily and 2) to determine if there are substantive differences between the agents to support addition of one or more of these agents to the VA National Formulary. 

The conclusions of the ophthalmic NSAIDs class review, completed in July 2009 (included flurbiprofen, diclofenac, nepafenac, twice daily dosage form of bromfenac and three forms of ketorolac [0.4%, 0.5%, 0.5% preservative free, all given four times daily]) were that there were no substantive advantages or disadvantages of one ophthalmic NSAID product over the other to justify changes in the VA National Formulary. However, there was interest in addition of a product that requires less frequent dosing than current formulary products (< four times daily). In this review, only those ophthalmic NSAIDs with FDA approved dosing frequencies of < four times daily will be considered. 


Table 1: Ophthalmic NSAIDs with Dosing Frequency < Four Times Daily1-4, 40
	Generic Name 
	Trade Name®
	Formulation/
Preservative
(Package size)
	Manufacturer
	FDA Approval Date
	Patent Expiration Date

	
Bromfenac*
	
Generics
	0.09% sterile solution/ BAK chloride (2.5 and 5 ml)
	
Coastal Mylan and Luitpold
	
May 2011
	
N/A

	
  Bromfenac** 
(Manufacturer d/c product as of August 15, 2013)
	
Bromday
	0.09% sterile solution/ BAK chloride (1.7 ml)
	
Bausch & Lomb 
	
10-16-10
	
10-16-13

	
Bromfenac
	
Prolensa
	0.07% sterile solution/ BAK chloride (1.6 and 3 ml)
	Bausch & Lomb
	4-5-13
	2025

	
Ketorolac Tromethamine 
	
Acuvail
	0.45% sterile solution/
Preservative free, CMC
(30 or 60 single use vials containing 0.4 ml each)
	
Allergan
	
7-22-09

	
Exclusivity: 
7-22-12  
Patent Data: 
8-15-29

	
Nepafenac

	
Nevanac
	0.1% sterile suspension/
BAK chloride 0.005% 
(3 ml)
	
Alcon
	
8-19-05
	
6-6-14
Exclusivity: 
8-19-10

	Nepafenac
	Ilevro
	0.3% sterile suspension/BAK chloride 0.005% (1.7 ml)
	
Alcon
	
10-16-12
	
6-8-24
Exclusivity:
10-16-15


*Bausch-Lomb acquired Ista Pharmaceuticals in June 2012.6 Xibrom (twice daily dosing formulation of bromfenac) is no longer marketed (FDA approved 3-05) by the original manufacturer but is available as a generic product. **Bausch-Lomb has announced market withdrawal of Bromday due to rapid adoption of Prolensa. Unsure if generics are in development. 
BAK=benzylalkonium 0.005% (preservative), CMC=carboxymethylcellulose (to provide greater ocular retention)




FDA APPROVED INDICATIONS AND OFF-LABEL USES
Table 2: FDA Approved Indications1-4
	Product
	FDA Approved Indication

	Bromfenac (all 3 products)
	· Treatment of postoperative inflammation and reduction of ocular pain in patients who have undergone cataract extraction/surgery. 

	Ketorolac Tromethamine
	· Treatment of pain and inflammation following cataract surgery

	Nepafenac (Both products)
	· Treatment of pain and inflammation associated with cataract surgery



Off-Label Uses
Since not all ophthalmic NSAIDs are approved for the same indications (e.g. intraoperative miosis, postoperative inflammation after cataract surgery, etc.), the term “off-label” is dependent upon the individual product (Table 2).  None of the available products are FDA approved for the prevention or treatment of cystoid macular edema (CME). Although other strengths/formulations of ketorolac (administered four times daily) are approved for treatment of additional ophthalmic indications (e.g., allergic conjunctivitis, corneal or incisional refractive surgery and cataract surgery), ketorolac 0.45% PF is only approved after cataract surgery (see table 2). The other products with less frequent dosing (<4 times daily) are only approved for reducing pain and inflammation association with cataract surgery.

DOSAGE/ADMINISTRATION/STORAGE1-4
Table 3: Dosage, Administration and Storage (Product Label)
	Indication-Dose
	Bromfenac (Generics)
	Bromfenac (Bromday)
	Bromfenac (Prolensa)
	Ketorolac
(Acuvail
	Nepafenac
(Nevanac)
	Nepafenac
(Ilevro)

	
Cataract Surgery
	Instill 1 drop in the affected eye twice daily beginning 24 hrs after cataract surgery and continuing through the first 2 weeks post-surgery.
	Instill 1 drop in the affected eye once daily beginning 1 day prior to surgery, continued on the day of surgery and for14 days post-surgery
	Instill 1 drop in the affected eye once daily beginning 1 day prior to surgery, continued on the day of surgery and for14 days post-surgery
	Instill1 drop in the affected eye twice daily beginning 1 day prior to surgery and continued through the first two weeks post-surgery
	Instill 1 drop in the affected eye three times daily beginning 1 day prior to cataract surgery and continued on the day of surgery and through the first two weeks post-surgery
	Instill 1 drop in the affected eye once day beginning on the day prior to surgery, continued on the day of surgery and through the first 2 weeks post-surgery. An added drop should be administered 30-120 min prior to surgery

	
Storage Requirements
	15-25ºC/59-77ºF
	15-25ºC/59-77ºF
	15-25ºC/59-77ºF
	15-30ºC/59-86ºF (protect from light)
	2-25ºC/36-77ºF
	2-25ºC/36-77ºF
(protect from light)



METHODS
1. All of the available topical ophthalmic NSAIDs approved by the U.S. FDA and with dosing frequencies of < four times daily were included in this review. The products include ketorolac 0.45% PF, bromfenac (once and twice daily dosing) and nepafenac (once and three time daily dosing).
2.  A literature search was performed of MEDLINE (1966 through June 2013) using all of the generic names of the relevant products as well as the following terms: cataract surgery, ocular NSAIDs and ophthalmic NSAIDs.
3. Reference lists from review articles were examined for additional clinical trials and other pertinent information. 

CURRENT VA NATIONAL FORMULARY AGENTS
· Diclofenac ophthalmic solution (available as a generic)
· Flurbiprofen ophthalmic solution (available as a generic)
· Ketorolac ophthalmic solution (no concentration specified. Available: 0.4 % LS, 0.5%, 0.5% PF and 0.45% PF [Acuvail®])



PHARMACOLOGY AND PHARMACOKINETICS
Pharmacology7-9
Prostaglandins released in the eye may cause 1) increased intraocular pressure (IOP) leading to local vasodilation and altered permeability of the blood-aqueous humor barrier; 2) surgery induced miosis creating access difficulties for cataract removal and an increased risk for postoperative inflammation, vitreous loss and potentially rupture of the posterior capsule; and 3) increased vascular permeability and conjunctival hyperemia.

Nonsteroidal anti-inflammatory drugs (NSAIDs) act by inhibiting cyclooxygenase enzymes (COX-1 and COX-2) thereby limiting prostaglandin production and providing both analgesic and anti-inflammatory activity. In the eye, topical ophthalmic NSAIDS are preferred over systemic NSAIDs because they produce higher ocular drug concentrations while avoiding some of the systemic adverse events. Ophthalmic NSAIDs are used to limit pain, discomfort, inflammation and edema associated with ocular conditions (e.g. noninfectious ocular inflammation or allergic conjunctivitis) or following ophthalmic surgeries (e.g. cataract and corneal refractive surgeries) or trauma.

Pharmacokinetics1-5
Table 4: Pharmacokinetics of Ophthalmic NSAIDs
	Ophthalmic NSAID
	Pharmacokinetic Properties

	Bromfenac
	· Plasma conc. of topically administered bromfenac is not known. Based upon pharmacokinetic estimates, plasma conc. after topical administration of one drop, the systemic conc. is expected to be below the detectable limit (50 ng/mL) at steady state in humans.

	Ketorolac
	· Instillation of 1 drop in each eye 3 x daily in 26 patients resulted in 5/26 (19.2%) with detectable plasma levels of ketorolac (10.7-22.5 ng/mL) after 10 days. Systemically administered ketorolac 10 mg every 6 hrs results in a steady state plasma conc. of approximately 960 ng/mL. In an animal study, ocular administration of ketorolac 0.45% vs. ketorolac 0.4% resulted in a 2-fold increase in the bioavailability of ketorolac 0.45% in aqueous humor and a 3-fold increase bioavailability in iris-cilliary body. Based upon this information, authors concluded that similar effectiveness could be obtained with use of a reduced dosing schedule (from 4 times daily to twice daily) for the 0.45% product. The bioavailability of multiple dosing was simulated using data from a single dose. 

	Nepafenac
	· Nepafenac is a prodrug. After instillation, nepafenac penetrates the cornea and is converted by ocular tissue hydrolases to its active form, amfenac.
· Low but detectable plasma conc. was observed for both nepafenac and amfenac in most patients 2-3 hrs after installation of nepafenac in both eyes.



EFFICACY
Efficacy Measures
1. Cataract Surgery (Inflammation): Despite advances in surgical techniques used to perform extracapsular cataract extraction (ECCE) as well as improvements in intraocular lens (IOL) materials and placement; inflammation can still occur in association with cataract surgery. Inflammatory complications after cataract surgery may include posterior synechias, chronic uveitis, secondary glaucoma, cystoid macular edema (CME) and pain. Risk factors for inflammatory complications may include those patients with anterior segment pathology, uveitis-related damage to the blood aqueous barrier, diabetes, glaucoma or those eyes previously exposed to surgery.10 In clinical trials assessing the efficacy of topically applied NSAIDs on inflammation, there are a number of methods used to compare the degree of inflammation or the response to treatment with ophthalmic NSAIDs. 
a. Summed ocular inflammation score (SOIS): anterior chamber cell count was graded on a 6-point scale (0 [none], 0.5[trace: 1-5], 1 [6-15], 2 [16-25], 3 [26-50] or 4 [>50 cells]) and anterior chamber flare on a 5-point scale (O [none], 1 [slight], 2 [moderate], 3[marked] or 4 [intense]). The sum of those two scores is used to calculate the SOIS. Percentage of patients with a SOIS of zero on day 14 was the primary endpoint in the ketorolac 0.45% PF trial.
b. Evaluation of the blood aqueous barrier (BAB) after cataract surgery (prostaglandins released in response to cataract surgery may alter the permeability of the BAB):10 During cataract surgery, there are several variables that may affect the BAB. These variables include trauma from cataract removal, characteristics and placement of the IOL and anti-inflammatory medications used during surgery. Postoperative inflammation can be measured using slit lamp bio microscopy, anterior segment fluorophotometry and laser cell and flare meter (LCFM). The more reliable and reproducible methods of measurement used in clinical trials include the fluorophotometry and LCFM. Both methods help determine the permeability of the BAB and correlate with ocular inflammation. With mild increases in BAB permeability, some evidence supports a higher sensitivity of the fluorophotometry vs. LCFM method.10
c. Best corrected visual acuity (BCVA): Best visual acuity score that can be achieved with glasses. Also used Early Treatment Diabetic Retinopathy Study (ETDRS) letters.
d. Descemet folds: The Descemet membrane is a specialized membrane of epithelial cells located between the stroma and the epithelial cell layer. Conditions causing inflammation of the cornea or anterior chamber can lead to Descemet folds. Symptoms may include pain, foreign body sensation, blurred vision, excessive tearing, etc.

Cataract Surgery (Pain): In clinical trials assessing the effect of ophthalmic NSAIDs on postoperative pain, questionnaires have been used.  It is unclear if the questionnaires used have been validated or are similar between trials.
a. Subject reported Ocular Comfort Grading Assessment (OCGA); Measures 7 ocular symptoms. Eye pain, tearing, itching, foreign body sensation, photophobia, discharge and haziness. The severity of each of the symptoms is rated as none (0), mild (1), moderate (2) or severe (3) within 1 hr after instillation of the ocular study medication. 

Optical Coherence Tomography (OCT): A technique used for performing high-resolution cross-sectional imaging. It is very similar to ultrasound but uses light instead of sound.18

2. Cystoid Macular Edema (CME): CME is a painless condition affecting the central retina or macula. When present, it appears as multiple cyst-like areas of accumulated fluid in the macula causing retinal swelling or edema. CME can present as blurred or impaired central vision. It is the most common cause of reduced vision after cataract surgery. Although the pathophysiology of CME is not well understood, inflammation associated with the surgical trauma as well as alteration in the blood aqueous barrier (BAB) may be partially responsible for this post-operative complication.26-27 The incidence of “angiographically” diagnosed CME is higher than “clinically significant or symptomatic” CME. In one study of 252 patients undergoing uncomplicated cataract surgery, 0% developed clinical CME vs. 9.1% angiographic CME.35 One editorialist commenting on findings from a study of the incidence of CME post cataract extraction recommended that the primary endpoint of studies evaluating CME should be visual function since eyesight is the most clinically important parameter to both patients and physicians after cataract surgery.28

The peak incidence of CME is estimated to occur 4-6 weeks post cataract surgery. There are a number of pre-operative factors that may place patients at a higher risk for developing post-operative CME and include pre-existing ocular inflammation, diabetes, ocular vascular or cardiovascular disease, retinitis pigmentosa, diabetic retinopathy, epiretinal or vitreoretinal interface membrane issues and previous ocular surgery. Intra-operative risk factors include complicated cataract extraction, capsular rupture, etc.26-27 Acute CME is defined as retinal edema of less than 4 months duration and often resolves spontaneously. Chronic CME persists for four months or greater.
a. Angiographic CME: Fluorescein angiography (FA)-diagnostic gold standard but does not necessarily correspond to visual function. Optical coherence tomography (OCT) may also be used to assess.
b. Clinical CME: Poor visual outcome accompanied by angiographic findings. BCVA, visual contrast sensitivity (sine-wave gratings of a given spatial frequency demonstrates the ability to discern low contrast targets over a range of target sizes and orientations) and/or Snellen visual acuity (eye chart) or ETDRS eye charts. ETDRS eye charts are accepted in studies sponsored by the National Eye Institute. They are designed for use in clinical trials and low vision evaluations where repeatable and accurate measurements are required.
3. Refractive Surgery
a. Pain, photophobia: assessed using visual analogue scales, four-point graded scales and/or questionnaires.

Summary of Efficacy
All trials evaluating clinical outcomes of one or more of the ophthalmic NSAIDs, requiring dosing/administration less than four times daily, and published in English were included. Trials comparing these ophthalmic NSAIDs to another ophthalmic NSAID or placebo were considered. Trials comparing an ophthalmic NSAID to a topical corticosteroid as the only comparator were not included. 

Cataract Surgery-Although surgical techniques and materials used in performing cataract surgery and IOL placement have evolved (resulting in a reduced incidence and degree of inflammation), there is sufficient evidence supporting the use of ophthalmic NSAIDs to further reduce pain and inflammation associated with cataract surgery. 

Twelve clinical trials examining the efficacy and safety of ophthalmic NSAIDs (with less frequent dosing regimens-ranging from 1-3 times daily dosing) in patients undergoing cataract surgery with intraocular lens implantation have been included in this review. In the majority of included trials, dosing was initiated on the day prior to surgery, continued on the day of surgery and for 14 days after surgery.15,17, 19-24, 41 Only one of the studies initiated the study medication postoperatively.11 The primary endpoint in most of the trials was the presence of inflammation in the study eye as assessed by summed ocular inflammation score (SOIS) at designated time points. The most common secondary endpoints were ocular pain and cumulative proportion of patients with SOIS equal to zero at each visit. In general, ophthalmic NSAIDs were superior to placebo but no consistent or substantive advantages or disadvantages between topical NSAIDs were shown (See table 5). 

Table 5. Clinical Trials of Ocular NSAIDs with Dosing Frequencies of <4 Times Daily in Cataract Surgery (See Appendix 1 for detailed summary of the trials)

	Topical Ophthalmic NSAID
	Trials and Outcomes

	



Bromfenac 0.09% BID Dosing
	Donnenfeld 200711 (N=527)
Bromfenac > placebo (SOIS and ocular pain)

Kawaguchi 200313  (N=49 eyes/38 patients)
Bromfenac > diclofenac QID dosing (post-op aqueous flare, no difference corneal damage (blinded?; single site)

O’Hara 200414  (N=127 eyes/111 patients)
Bromfenac = diclofenac QID dosing (flare and corneal epithelial disorder)

	

Bromfenac 0.09% QD Dosing
	Henderson 201115 (N=872 [4 studies included in a single publication])
Bromfenac > placebo (SOIS by day 15 and no ocular pain at day 1)
Cable 201217 (N=20)
Bromfenac = Nepafenac 0.1% TID dosing (Measures of macular volume/retinal thickness, SOIS, BCVA, safety and IOP measurements)

	
Bromfenac 0.07% QD Dosing
	Pivotal studies (FDA) [unpublished]41
Bromfenac > placebo (SOIS equal to 0 at day 15, proportion of patients pain free on day 1)

	
Ketorolac 0.45% BID Dosing
	Donnenfeld 201119 (N=511) [Two trials included in same publication]
Ketorolac > placebo (SOIS score of 0 on day 14, proportion of patients with no ocular pain on post-op day1)

	








Nepafenac 0.1% TID Dosing
	Lane 200720  (N=487)
Nepafenac > placebo (Proportion of patients with no ocular inflammation at day 14 and % of patients reporting no pain at various visits)

Maxwell 200821 (N=212) [Nepafenac 0.1% TID, BID and QD dosing vs. placebo]
Nepafenac > placebo (Treatment failure through day 14 as ocular inflammation score of 3 or >, flare of 3 or > or ocular pain of 4-more treatment failures in placebo group)
No differences reported between active treatment groups for resolved ocular inflammation by day 14. TID dosing resulted in most clinical success and higher % of patients that were pain free by post-op day 1. QD dosing resulted in less ocular inflammation and pain by day 3 vs. placebo.

Duong 200722 (N=193 eyes/183 patients) [ketorolac 0.4% vs. nepafenac 0.1% both given TID]
Ketorolac = Nepafenac (BCVA, inflammation, pre-op pain, discomfort and eye complaints.
Ketorolac > Nepafenac (post-op pain, patient satisfaction and compliance)

	










Nepafenac 0.3% QD Dosing
	Two Study [unpublished]23 (N=1257) [Nepafenac 0.3% vs. Nepafenac 0.1% vs. Nepafenac vehicle 0.3%]

Primary: % cured at 14 days 
	NF 0.3%
	NF 0.1%
	NV 0.3%

	64.6%
	65.3%
	25%


Secondary: % cured at 7 days: 
	NF 0.3%
	NF 0.1%
	NV 0.3%

	31.3%
	30.8%
	10.3%


No stats provided.

Cumulative % cured by visit: 
	
	NF 0.3
	NF 0.1
	NV 0,3

	Day 1
	0.4%
	1.8%
	0.4%

	Day 3
	6.4%
	7.1%
	3.2%

	Day 7
	31.3%
	30.8%
	10.3%

	Day 14
	64.6%
	65.3%
	25%


 No stats provided

Cumulative % with no pain by visit: 
	
	NF 0.3
	NF 0.1
	NV 0,3

	Day 1
	65.2
	61.9
	17.5

	Day 3
	77.3
	75.9
	25.8

	Day 7
	84.8
	83
	31.7

	Day 14
	89.1
	89
	40.1


No stats provided
Confirmatory Study [unpublished]24 (n=2022) [Nepafenac 0.3% QD vs. Nepafenac vehicle 0.3% QD vs. Nepafenac 0.1% TID vs. Nepafenac vehicle 0.1% TID]

Primary: % Cure at 14 days (no aqueous cells or flare)
	NF 0.3
	NF 0.1
	NV 0.3
	NV 0.1

	68.4
	70
	34
	35.6


No stats provided
Secondary: % with no pain at 14 days
	NF 0.3
	NF 0.1
	NV 0.3
	NV 0.1

	91
	90.9
	49.7
	56.1


No stats provided


ADEs=adverse events, BCVA=best corrected visual acuity, BID=twice daily dosing, QD=once daily dosing, SOIS=Summed Ocular Inflammation Score, TID=three times daily dosing

Cystoid Macular Edema (CME)-CME is the most common cause of poor visual outcomes following cataract surgery and can be classified as angiographic and/or clinical. The incidence of angiographic CME is higher than clinically determined CME since angiographic CME is not always associated with visual decline. The reported incidence of CME can vary widely due to differences in surgical techniques, diagnostic methods used and yet to be identified risk factors. Acute CME is defined as lasting less than four months and often resolves spontaneously; while chronic CME lasts four months or longer.

Presently, none of the topical ophthalmic NSAIDs, including those with dosing frequencies of less than four times daily, have been approved by the FDA for either prevention or treatment of CME. There are a limited number of placebo-controlled and topical NSAID comparator studies examining the use of ophthalmic NSAIDs, with dosing frequencies of less than four times daily, in prevention of CME. In one study, nepafenac 0.1% was administered three times daily in addition to postoperative standard of care (topical antibiotic + topical steroid) vs. standard postoperative care for one month in low risk patients having cataract surgery. In this study, the addition of nepafenac did not result in any significant changes or differences in macular thickness and visual outcomes were similar between groups.29 The second study involved diabetics with nonproliferative diabetic retinopathy who required cataract surgery. Two hundred and twenty-six patients were randomly assigned to receive nepafenac 0.1% or placebo vehicle three times daily for 90 days. Significantly fewer patients developed macular edema in the nepafenac vs. placebo group (3.2% vs. 16.7%, respectively, p<0.001); fewer patients had reduction in best corrected visual acuity of more than five letters on days 30, 60 and 90, favoring nepafenac; and mean macular thickness and change from baseline was statistically less in the nepafenac vs. placebo group at 14 through 90 days.30 

The Cochrane Collaboration has a developed a protocol for a systematic review that will seek to determine if prophylactic NSAIDs will prevent CME after cataract surgery.31 Additionally, a Cochrane Systematic Review for the treatment of CME after cataract extraction has been published. In that review, seven trials of NSAIDs in CME were identified; 4 in chronic CME and 3 in acute CME. Most of the included trials had sample sizes of less than 40 for a total of 266 participants. The authors of the systematic review found two trials that demonstrated the topical NSAID ketorolac 0.5% to have a positive effect on chronic CME. However, an effect on acute CME could not be concluded and requires further study.32 Finally, there is one protocol for a Cochrane Systematic Review that will explore the effectiveness of topical NSAIDs in treating all types of diabetic cystoid macular edema.33 

Refractive Surgery-Following corneal refractive surgery, pain, photophobia and discomfort are commonly encountered in the early postoperative period. Ophthalmic NSAIDs are often used to manage these symptoms with none of the topical NSAIDs with dosing frequencies of <4 times daily being FDA approved for this indication. 
There are six clinical trials comparing one or more ophthalmic NSAIDs to alternative ophthalmic NSAIDs or to placebo for corneal epithelial healing, pain, photophobia and discomfort following refractive/laser vision corrective surgeries. Visual analogue scales were used most commonly for assessment of pain and discomfort. Overall, the ophthalmic NSAIDs were equally effective in reducing pain and discomfort following laser vision corrective surgery with minimal differences observed (See table 6).

Table 6: Clinical Trials Comparing Two or More Ophthalmic NSAIDs or to Placebo in Refractive/Laser Vision Corrective Surgeries (Topical NSAIDs with dosing frequencies of < 4 times daily)
	Clinical Trial /Sponsor/Comparators
	
N=Eyes/N=Patients
	Main Outcome Measurement  (Pain, photophobia/burning-stinging)
	
Conclusion

	Caldwell, et al. 200834
R, DB, PC (single study site)
Alcon (PRK)
Nepafenac 0.1% three times daily vs. balanced salt solution in the contralateral eye.
(Until corneal epithelial healing was achieved)
	

N=66 (132 eyes)
	

Corneal healing and eye pain
	Nepafenac 0.1% > Balanced salt solution for pain within first 3 days post-op and no difference between groups for time to achieve corneal epithelial healing (all healed by post-op day 4)

	Colin, et al. 200635
R, DB, 2-site study (Phase II study) (excimer PRK)
Alcon
Diclofenac 0.1% vs. Nepafenac 0.03% vs. Nepafenac 0.1% 
(24 hours)
	

N=60

	Pain, sensitivity and photophobia
	Nepafenac 0.1%= Diclofenac, except on post-op day 2 mean pain score at bedtime favoring nepafenac


	Trattler, et al. 200736
R, DB, single center study
Allergan (epi-LASIK)
Ketorolac 0.4% vs. Nepafenac 0.1% (paired eye comparison
(One drop three times daily for 5 days)
	

N=30 (60 eyes)

	Pain, photophobia, stinging and foreign body sensation
	Trial not fully enrolled, so not adequate power to draw conclusions
N eyes exhibited significantly greater mean hazing scores at week 2 (p=0.024) and 1 month (p=0.039) vs. K (STUDY WAS HALTED DUE TO THIS FINDING)

	Donnenfeld, et al. 200737
R, DB, MC
Alcon (PRK)
Ketorolac 0.4% vs. Nepafenac 0.1% (paired eye comparison) 
(One drop three times daily for 3 days)
	

N=40 (80 eyes)

	Corneal epithelial healing, post-op pain before drops and pain, irritation, burning/stinging after drops
	Nepafanac=Ketorolac for all measurements except Nepafenac >Ketorolac for overall after-drop comfort on post-op day 3. 

	Sher, et al. 200838
R, OL (Single site?)
ISTA (PRK)
Ketorolac 0.4% 4 times daily vs. Bromfenac 0.09% twice daily (In patients randomized to one treatment and surgery involving both eyes, the contralateral eye was given the alternative drug) (NSAIDs drops were used until corneal epithelial healing was achieved)
	

N=149 (212)
(63 one eye, 86 both eyes)
	Pain, photophobia, burning and foreign body sensation. During post-op follow up, corneal epithelial healing was measured. 
	Ketorolac=Bromfenac

	Wang, et al. 201139
R, DB, Single center
ISTA (LASEK and epi-LASEK)
Ketorolac 0.5% 4 times daily vs. Bromfenac 0.09% twice daily through post-op day 4 (First eye randomized to one drug, the second eye given the alternative drug)
	

N=40 (80 eyes)
	Pain and visual blurriness in both eyes. 
	Bromfenac> Ketorolac for post-op pain at day 4.
Bromfenac=Ketorolac visual blurriness and visual acuity
Corneal epithelial healing was complete for all eyes by day 6.


DB=double-blind, DS=diclofenac sodium, epi-LASEK=epithelial keratomileusis, K=ketorolac, LASEK=laser subepithelial keratomileusis, LASIK=laser in situ keratomileusis, MC=multicenter, N=nepafenac, OL=open-label, PC=placebo-controlled, PRK=photoreactive keratectomy, R=randomized, RK=radial keratotomy

SAFETY AND TOLERABILITY
Refer to the VA Ophthalmic NSAID class review (2009) for a summary of adverse events https://vaww.cmopnational.va.gov/cmop/PBM/Clinical%20Guidance/Drug%20Class%20Reviews/Ophthalmic%20NSAIDs-Drug%20Class%20Review-FINAL.doc From the results of the clinical trials involving the ophthalmic NSAIDs included in this addendum, evidence is lacking for substantive differences in safety or tolerability between agents. 

WARNINGS AND PRECAUTIONS
All topical ophthalmic NSAIDs contain similar class warnings which include the potential for prolonged bleeding times, slow or delayed wound healing, and for cross-sensitivity with acetylsalicylic acid, phenylacetic acid derivatives and other NSAIDs. Use of ophthalmic NSAIDs in combination with ophthalmic steroids may increase the possibility of impaired healing.  Bromfenac differs from other topical NSAIDs in that it contains sodium sulfite, which can cause allergic reactions including anaphylactic symptoms, asthmatic episodes and life-threatening reactions in susceptible patients. 

Topical NSAIDs may cause keratitis. Continued treatment with ophthalmic NSAIDs may result in epithelial breakdown, corneal thinning, corneal infiltrates, corneal erosion, corneal ulceration and corneal perforation in certain susceptible patients. If evidence of corneal epithelial breakdown is identified, NSAIDs should be discontinued immediately and the patient closely monitored. 

Based upon post-marketing evidence, corneal adverse outcomes may be increased in patients having complicated eye surgery, corneal denervation, corneal epithelial defects, diabetes, dry eye syndrome, rheumatoid arthritis or multiple eye surgeries potentially leading to loss of sight. Additionally, in patients using ophthalmic NSAIDs more than 24 hours prior to ocular surgery or for more than 14 days after surgery, the risk for occurrence and severity of corneal adverse events may increase.

Table 7:  Additional Warnings/Precautions 
	Ophthalmic NSAID
	Warnings/Precautions

	Bromfenac
	· Contains sodium sulfite, which could cause allergic-type reactions in susceptible patients. Sulfite sensitivity occurs more frequently in patients with asthma.
· Do not use while wearing contact lenses
· Post-marketing surveillance of topical NSAIDs suggests that use more than 24 hours before surgery and beyond 14 days after surgery may increase the risk for occurrence of corneal adverse events and also the severity of these events. 

	Ketorolac
	· Do not use while wearing contact lenses
· Post-marketing surveillance of topical NSAIDs suggests that use more than 24 hours before surgery and beyond 14 days after surgery may increase the risk for occurrence of corneal adverse events and also the severity of these events.

	Nepafenac
	· Do not use while wearing contact lenses
· Post-marketing surveillance of topical NSAIDs suggests that use more than 24 hours before surgery and beyond 14 days after surgery may increase the risk for occurrence of corneal adverse events and also the severity of these events.



CONTRAINDICATIONS
Table 8:  Contraindications
	Ophthalmic NSAID
	Contraindications

	Bromfenac
	· None

	Ketorolac
	· Demonstrated previous hypersensitivity to any of the ingredients in the formulation

	Nepafenac
	· Demonstrated previous hypersensitivity to any of the ingredients in the formulation or to other NSAIDs



DRUG-DRUG INTERACTIONS
Table 9: Drug Interactions
	Ophthalmic NSAID
	Drug-Drug Interactions

	Bromfenac
	· May be administered in conjunction with ophthalmic beta-blockers, carbonic anhydrase inhibitors, alpha-antagonists, cycloplegics and mydriatics. Topical ophthalmic medications should be administered at least 5 minutes apart.

	Ketorolac
	· Has been safely given in conjunction with other ophthalmic drugs including alpha-agonists, beta-blockers, cycloplegics and mydriatics. Topical ophthalmic medications should be administered at least 5 minutes apart.

	Nepafenac
	· May be administered in conjunction with ophthalmic beta-blockers, carbonic anhydrase inhibitors, alpha-antagonists, cycloplegics and mydriatics. Topical ophthalmic medications should be administered at least 5 minutes apart.



CONCLUSIONS
There are currently six topical ophthalmic NSAIDs with dosing frequencies of less than four times daily that were considered in this review. Three of the products are bromfenac, two of them having a concentration of 0.09% (with different dosing frequencies, one administered once daily, one administered twice daily) and the other with a lower concentration of 0.07% (administered once daily). Two other products contain nepafenac with different concentrations (0.1% and 0.3%) and recommended dosing frequencies (0.1% administered three times daily, 0.3% administered once daily). The final product contains ketorolac at a concentration of 0.45% and is administered twice daily. The manufacturer of the once daily dosing bromfenac product discontinued their product in August because of the rapid adoption of its newest once daily dosing, lower concentration product, bromfenac 0.07%. The manufacturer of the twice-daily dosing bromfenac (formerly Xibrom) discontinued their product several years ago, but generic products continue to be available. 

All of the available topical NSAIDs with dosing frequencies of less than four times daily are approved for the treatment of pain and inflammation after cataract surgery. All of the products are initiated one day prior to surgery, continued on the day of surgery and administered for fourteen days after surgery, with the exception of twice daily bromfenac. In the twice daily bromfenac product labeling, bromfenac drops are initiated 24 hours after surgery and continued for two weeks. 

Twelve clinical trials evaluating the efficacy and safety of these products to another topical ophthalmic NSAID or to placebo were included. Results of the trials showed a greater benefit of the topical NSAIDs when compared to placebo in reducing post-operative pain and inflammation associated with cataract surgery but no consistent or substantive advantage or disadvantage of any of the available topical NSAIDs. The warnings, precautions, adverse events and drug-drug interactions are similar with no significant differences with the exception of bromfenac, which contains sodium sulfite and may cause allergic-type reactions in susceptible patients. 
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Detailed Results of Included Clinical Trials (Pain and Inflammation Post Cataract Surgery)
	Clinical Trial
	Population/Inclusion and Exclusion
	Intervention/Outcome Measures
	Results
	Adverse Drug Events/ Comments

	Donnenfeld, et al. 200711
R, DB, MC, PC
(N=527)
(Two separate phase III studies, results pooled for analysis)

Bromfenac 0.09% vs. placebo (BID dosing)

Sponsored by ISTA
	Population: Adults patients scheduled for unilateral cataract surgery (PE or extracapsular cataract extraction) with posterior chamber IOL implantation. 

Inclusion:  BCVA of 20/200 in the nonstudy eye, no topical, inhaled or systemic NSAIDs within 1 wk of or steroids within 15 days of surgery. IOP >5 mmHg and <22 mmHg in the study eye and a negative pregnancy test. Within 16-32 hrs after surgery, ocular inflammation was assessed using SOIS, patients were eligible if surgery was uncomplicated and had a SOIS of >3.

Exclusion: use of anticoagulants or prohibited medications, uncontrolled chronic ocular or systemic disease, had active corneal pathology or scarring noted in either eye, had extraocular inflammation, surgical complications or elevated LFTs.
	Intervention: BF or P: 1 drop twice daily continued for 14 days for a total of 28 doses. First dose started 16-32 hrs after surgery (Day 1).
Outcome Measures: 
Primary: Proportion of subjects with cleared ocular inflammation determined by cells in the anterior chamber (Grade 0=none or 1-5 cells), plus a flare grade of 0 in the study eye on day 15 (24-48 hr after completion of dosing).
Secondary: 
-Proportion of SOIS=0 (assigned treatment only)
-Proportion of protocol compliant pts with SOIS=0
-Evaluation of primary outcome at each study visit (days 1, 3, 8, 15, 22, 29)
-Marked improvement (SOIS <1) at each study visit.
-Mean cells and flare at each visit
-Time to resolution of ocular pain and proportion pain free
-Photophobia
	743 subjects screened, 527 randomized.
BR=356 vs. P=171
Before treatment, patients had achieved a mean SOIS of 3.7 in the study eye.
Primary: Ocular inflammation cleared (SOIS=0)-Pooled results from 2 studies
BR=228/356 (64%)
P=74/171 (43.3%), p<0.001
Secondary:
· SOIS=0 for assigned treatment: BR=211/356 (59.3%) vs. P=46/171 (26.9%), p<0.0001
· More patients protocol compliant in BR vs. P (89.4% vs. 80.3%, p=0.038
· More pts in BR vs. P had marked improvement in inflammation (85.1% vs. 52.6%, p<0.0001)
· Cell and flare grade was better in BR vs. P group (p<0.05)
· Time to ocular pain free: 2 days BR vs. 5 days P (p<0.0001)
Other:
· More patients receiving P d/c early due to lack of effect (BR=11/356, 3.1% vs. P=37/171, 21.6%, p<0.0001)
· Higher proportion required rescue anti-inflammatory meds in the P vs. BR group (B=37/356, 10.4% vs. P=66/171, 36.6%)
· More patients completed full 28 doses in the BR vs. P group (BR=290/356, 81.5% vs. P=93/171, 54.4%, P<0.001)
	· More patients receiving P d/c from the study early due to an ADE (BR=10/356, 2.8% vs. P=25/171, 14.6%, p<0.0001)
· No serious ADEs were reported in either group.
· Systemic ADEs reported in a separate publication. Patients did not experience treatment related systemic ADEs or liver toxicity.12
· Dosing did not occur until after surgery was completed. 
· SOIS was slightly different in that a score of zero was assigned for 0-5 (trace) cells in the anterior chamber.

Patients in the bromfenac group had less anterior chamber inflammation as assessed by SOIS and ocular pain resolved quicker than those receiving placebo.

	Kawaguchi, et al.13 2003
R, blinded assessments? single center
N=27 eyes/19 patients BF
N=22 eyes/19 patients DS

Diclofenac 0.1% QID vs. Bromfenac 0.09% (BID dosing)
	Population: Patients undergoing age-related cataract extraction and IOL implantation.
Inclusion: Cataract extraction with PE and IOL placement.

Exclusion: Uveitis, glaucoma, DM, barrier function of corneal epithelium, cases with 5 mm or less by modified Schirmer I Test.
	Intervention: DS or BF instilled in surgical eye prior to surgery. DS 3, 2, 1 and ½ hrs before, BF 3, 2 before surgery. Post-op DS 1 d 4 times daily or BF 1 d 2 times daily for 4 wks.
Outcome Measures: Aqueous flare using LCFM before surgery, days 1 and 3 and wks 1, 2, 4 and 12 after surgery to measure anterior chamber inflammation.
Corneal epithelial damage: barrier function of corneal epithelium measured using an anterior fluorophotometer at wks 1, 2, 4 and 12.
	Authors noted significant difference in aqueous flare level in favor of BF in the first 2 post-op wks. No difference thereafter. 
Fluoroscein uptake concentration did not differ at any time point between groups.
	· No baseline aqueous flare noted between groups.
· Unsure if assessments were blinded.
· Difference only up to 2 wks after surgery. 
· Single center study, unsure if assessments were blinded?
· No mention of factors such as BCVA.
· Has method to test for corneal epithelial damage been validated using fluorescein and associated fluorescence uptake?
Diclofenac<Bromfenac in first 2 wks post-op in aqueous flare, no difference in corneal epithelial damage.

	O’Hara, et al.14 2004
OL (unsure if randomized)
N=127 eyes/111 patients

Diclofenac 0.1% vs. Bromfenac 0.09% (BID dosing)
	Population: Patients undergoing age-related cataract extraction and IOL implantation

Inclusion: Cataract surgery with PE and IOL implantation.

Exclusion: Glaucoma, uveitis, central or branch retinal vein occlusion or history of having such complications.
	Intervention:  1 d DS or BF 60 and 30 minutes prior to surgery. Post-op: DS 1 d 3 times daily or BF 1 d twice daily for 4 wks.

Outcome Measures: Inflammation (flare/cell) measured via slit lamp biomicroscope at day 3, 7, 14 and 28 post-op for protein and cells. Day 1 post-op was considered as the baseline value. Changes in score on day 3 and 7 were rated on a 4-grade scale correlating with improvement. Cases rated as having no cells or flare on day 1 were excluded. 
Corneal epithelial damage
	Inflammation:
· Anterior chamber protein (flare)=improvement favored BF at day 3, NS day 7 (n eyes=39-40)
· Anterior chamber cells=favored BF at day 3, NS day 7 (n eyes=60-65)
· Flare assessed by flare meter: NS
· Corneal epithelial disorder/damage: NS
	· Unclear if subjects were randomly assigned.
· Open-label study
· Baseline measurements were taken on the first post-operative day. Inflammation process could have begun.
· Patients with no cell or flare on post-op day 1 (before intervention) were excluded from analysis
· Has 4-grade scale used for determining improvement in cell/flare between groups been validated? Not all patients were included in this analysis.
Diclofenac=Bromfenac flare and corneal epithelial disorder, bromfenac statistically less protein/cells in anterior chamber on post-op day 3 only.

	Henderson, et al.15 2011
R, DB, MC, PC, Phase 3 studies.
(4 trials-single publication)
N=1192 pts screened, 872 randomized

Bromfenac 0.09% once daily vs. placebo (3 studies) or Bromfenac 0.18% (1 study)

Supported by ISTA pharma

(Bromday)
	Population:
Adult patients having unilateral cataract surgery (phaco-emulsification or extra-capsular cataract extraction) with no other planned ophthalmic surgery.

	Intervention:
1 study: BR 0.09% vs. BR 0.18% (active control-data not provided)
3 studies: BR 0.09% vs. placebo vehicle
In all 4 studies, once daily dosing began the day prior to surgery (day-1), day of surgery (day 0) and continued for 14 days after surgery (1-14).
Follow up visits were conducted on days 1, 3, 8 and 15 days after surgery and final follow up at 22 days.
Outcome Measures:
Primary:
SOIS of zero by day 15
Secondary:
-Proportion of pts with no ocular pain as assessed using OCGA at day 1 (OCGA=0)
-ADEs
-BCVA


	N=584 BR and N=288 P
Mean age: 68.7-68.9 yrs
Majority of subjects were female. Sig. more males randomized to BR than P (p=0.0227)

Primary:
BR=298/584 (51.1%)  
P=79/288 (27.4%), p<0.0001

Secondary:
-No ocular pain at day 1:
BR=84% vs. P=67%, p<0.001
Incidence of itching, eye discharge and haziness were comparable in both groups
-ADEs: see column to right
-BCVA: visual acuity was improved > 1 line at days 3, 8, 15 and 22 in the BR vs. P group (p<0.002) and >3 lines at days 3, 8, 15 and 22 as well in favor of BR (p<0.02)
	ADEs:
BR=196/584 (35.1%)
P=153/288 (55%), p<0.0001
Most common eye ADEs were inflammation, conjunctival hyperemia, eye pain and foreign body sensation.
Systemic ADEs: 8.1% BR vs. 5.8% P (NS)
Serious ADEs: BR=5 pts vs. P=3 pts. Only 1 was considered related to treatment (acute pancreatitis in the P group)
D/C due to lack of efficacy by day 15: BR=2.9% vs. P=32.7%
Comments:
Use of steroid eye drops was not permitted. Another publication by Silverstein, et al. pooled results of 2 of the 3 placebo-controlled trials and showed similar results.16

Bromfenac>placebo

	Cable 201217
R, Investigator blinded, single center, single surgeon.
N=20

Bromfenac 0.09% Once daily vs. Nepafenac 0.1% three times daily

(Bromday)

Sponsored by: ISTA Pharma
	Population: Adults patients scheduled for unilateral cataract surgery by PE with posterior chamber IOL implantation. 

Inclusion: Adult patients having unilateral cataract extraction and no other eye surgeries. BCVA of 20/200 or better in either eye. IOP >5 mmHg and <22 mmHg in study eye. 

Exclusion: Patients with preexisting macular or retinal edema or more than two microaneurysms. Intraocular inflammation of the study eye at screening, known blood dyscrasias, uncontrolled peptic ulcer disease, inflammatory bowel disease, unstable pulmonary, cardiac, vascular, autoimmune, hepatic, renal or central nervous system. Active corneal pathology of study eye at screening, used topic, systemic or ocular steroids within 14 days of screening, etc.
	Intervention: BR 0.09% once daily vs. NF three times daily. Dosing began 3 days prior to surgery and continued on day of surgery and through day 21 post-op.

Outcome measures: 
Primary: BCVA, optical coherence tomography (OCT) measurements of macular volume and retinal thickness and SOIS

Secondary: Safety and IOP measurements.

Follow-up assessments: day after surgery (day 1) and then at 1, 3 and 6 weeks.

*Cumulative dissipated energy from an INFINITI Vision System was recorded to report the amount of energy dissipated in the eye during cataract surgery.


	N=20 (10 men and 10 women, mean age 69.9 yrs. 85% of patients were Caucasian)

Primary:
-BCVA: NS at 6 weeks between groups.
Author notes a significant increase from baseline in the BR group (5.8 letters read vs. 1.7 in the NF group, p=0.04). However, mean number of letters read did not differ between groups at any time point. 
-OCT: Minimal increases in macular volume and retinal thickness were noted. 
The author comments that there was a statistically significant increase in macular volume from baseline to week 6 in the NF group but not BR. However, no mention that changes were different between groups. No statistically sig change from baseline in retinal thickness in either group.
-SOIS-NS between groups
Secondary: Changes in IOP not reported. A summary of ADEs was not provided. 

*Mean cumulative dissipated energy was similar between groups (5.452 sec. BR vs. 5.853 for NF).
	· Dr. Cable is an “appointed clinical expert” by ISTA pharma.
· Single site, single surgeon study
· Small sample size (n=20), pilot study.
· Study was not powered to demonstrate superiority for either treatment group.
· Study drug was kept in original FDA packaging, patients not blinded.
· All patients received timolol 0.5%, prednisolone 1%, gatifloxacin ophthalmic intraoperatively, intracameral moxifloxacin and post-op moxiflox 0.5% three times daily for 1 week. No steroids or NSAIDs were permitted before, during or after surgery.
· Pts treated with study ophthalmic drugs for just over 3 weeks vs. only 2 weeks in other studies (FDA approved dosing post-op cataract surgery)
· One pt in the NF group complained of worsening vision, increasing SOIS and ocular pain at week 3 and was unmasked and changed to BR once daily and topical difluprednate 0.05% for two weeks. This patient may have negatively influenced the “NS” result of increase from baseline in BCVA.
· BR group-all Caucasian, NF group-7 Caucasian, 2 African American and 1 American Indian
Bromfenac=Nepafenac

	Donnenfeld, et al.19 2011
R, DB, MC, PC
(N=511) (Two separate trials with identical design)

Ketorolac 0.45% vs. placebo vehicle (BID dosing)

Supported by: Allergan

	Population: Adult patients scheduled to undergo unilateral phacoemulsification with posterior chamber intraocular lens implantation

Inclusion: Patients having cataract surgery with IOL implantation and who were 18 years or older and likely to complete all study visits.

Exclusion: Uncontrolled eye disease, active eye inflammation, hx of chronic or recurrent eye disease, prior ocular surgery other than refractive surgery, known contraindications to study meds, and use of ocular analgesics, steroids, immunosuppressants, NSAIDs or prostaglandins within 14 days of surgery. And, use of current or past use of tamsulosin
	Intervention: K 0.45% or P (vehicle) twice daily for 16 days starting 1 day prior to surgery continuing through post-op day 14. On the day of surgery, a total of 6 drops were instilled (1 drop upon awakening, 3 drops [each 20 min apart] starting 2 hrs before surgery, 1 drop before discharge and 1 drop 12 hours after the morning dose).

Acetaminophen was used as rescue therapy. Topical steroids weren’t permitted.

Outcome measures: 
Primary: SOIS of 0 for anterior chamber cell and flare on day 14. 

Secondary: Percentage of patients with no pain on post-op day 1. Others include time to post-op resolution of pain, proportion of patients completing study without need for additional meds for pain or inflammation, treatment failure rate, pupil size after irrigation and aspiration and safety. Visual acuity was evaluated as an ad hoc analysis.

Follow-up assessments: On post-op days 1, 3, 7 and 14
	Data were pooled from the two clinical trials. Median age: 68-70, >80% white and nearly 60% were females

K 0.45% N=340, P N=171
(Approx 95% of patients were included in intent to treat pop.)

Primary: SOIS of 0 in the anterior chamber at day 14. 
K 0.45% 167/318 (52.5%) vs.
P 41/155 (26.5%), p<0.001)
Day 7: K 0.45% 102/318 (32.1%) vs. 
P 26/155 (16.8%), p<0.001)

Secondary:
SOIS of <0.5: K 0.45% 37.7% vs. P 23.9% on day 3, p=0.003. On day 14: K0.45% 79.2% vs. P 47.1%, p<0.001

Pain score=0 on day 1: K 0.45%: 233/322 (72.4%) vs. P: 62/156 (39.7%), p<0.001)
Median time to pain resolution was 1 day for K 0.45% vs. days for P, p<0.001)

Proportion of patients completing study that didn’t require additional meds for pain or inflammation: K 0.45% 81.2% vs. P 57.1% (p=0.001)

Ad hoc analysis of BCVA: +3 line or greater improvement in visual acuity at day 14: K 0.45% 60.5% vs. P 44%, p=0.002)
	Just over 80% of patients completed the study. Primary reason for withdrawal were ADEs in both groups (17.5% P vs. 3.5% K 0.45%) and lack of efficacy in the P group (5.8% P vs. 0% K 0.45%)

Increased IOP was the only ADE that was higher in the K 0.45% group vs. P (5.8% vs. 1.8%, p=0.48)

Ketorolac 0.45% > placebo vehicle

	Lane, et al.20 2007
R, DB, MC, PC
(N=487)

Nepafenac 0.1% three times daily vs. Placebo vehicle

(Funded by Alcon)
	Population: Adult patients scheduled to undergo unilateral cataract surgery with posterior chamber IOL implantation.

Inclusion: Patients having unilateral cataract surgery with posterior chamber IOL implantation and who were 18 years or older. 

Exclusion: Use of topical or systemic steroids within 14 days and use of topical or systemic NSAIDs within 7 days of surgery. active pain or inflammation in the operative eye at screening, if IOP could not be measured or multiple surgeries were planned, lens pseudoexfoliation syndrome with glaucoma or zonular compromise in the operative eye, ocular or systemic inflammatory or  diabetic disease or prior trauma to the operative eye.
	Intervention: NF or P instilled in the operative eye three times daily beginning 1 day prior to surgery, continued on the day of surgery and for 14 days post-op.  On the day of surgery, an additional dose was administered 30-120 minutes before surgery. 

Topical moxifloxacin for 1-2 days pre-op and 1 week post-op were instilled three times daily

Outcome Measures:
Primary: Percentage of patients cured of ocular inflammation at day 14. (Cure was defined as aqueous cells + aqueous flare score=0)

Secondary: By-visit comparison of cure rates, % of patients reporting no pain as each visit, % of patients reporting no pain at all visits vs. % of patients reporting pain at 1 or > visits. 
Assessments done on day 1, 3, 7 and 14 days post-op
	487 patients enrolled, 476 patients analyzed (11 patients withdrew before or at the time of surgery) (n=243 NF, n=233 P). Mean age 70 years.

Primary: Cure at 14 days: NP 152/243 (62.6%) vs. 40/233 (17.2%) P, p<0.0001)

Secondary: 
Higher % cure rates at all visits in NP vs. P, p<0.005) (% not provided)
Higher % pain free at all visits) in NP vs. P, p<0.0001 (% not provided)
More patients reported to be pain free in the NP vs. P group through all visits (83.1-93% NP vs. 41.6-46/4% P) (no p-value provided)

	ADEs were similar between NP and P groups. 

Nepafenac > Placebo vehicle


	Maxwell, et al 2008 21
R, DB, MC, PC
(N=212)

Nepafenac 0.1% once, twice or three times daily dosing vs. placebo,

((Funded by Alcon Research)
	Population: Adult patients scheduled to undergo cataract surgery with posterior chamber IOL implantation.

Inclusion: Patients having cataract surgery with posterior chamber IOL implantation and who were 18 years or older. 

Exclusion: Use of topical or systemic steroids within 14 days and use of topical or systemic NSAIDs within 7 days of surgery. Intraocular inflammation or pain prior to surgery in the surgical eye, if IOP could not be measured or multiple surgeries were planned, lens pseudoexfoliation syndrome with glaucoma or zonular compromise in the operative eye, ocular or systemic inflammatory or diabetic disease or prior trauma to the operative eye.
	Intervention: NF or P instilled in the operative eye once, twice or three times daily beginning 1 day prior to surgery, continued on the day of surgery and for 14 days post-op.  On the day of surgery, an additional dose was administered 30-120 minutes before surgery. (6 treatment groups)

Topical antibiotic was administered according to each surgeon’s standard of care. ASA 81 mg was permitted.

Outcome Measures:
Primary: Incidence of treatment failure through day 14 (defined as ocular inflammation score of 3 or >, flare score of 3 or ocular pain of 4)

Secondary: Cumulative % treatment failure at each post-op visit. Exploratory analyses included % of patients with no ocular pain and % with resolved ocular inflammation by visit. (Clinical success=aqueous cells grade 1 or < and aqueous flare=0)

Assessments done on day 1, 3, 7 and 14 days post-op
	48 patients per treatment group was expected to provide 80% power to detect estimated incidence of treatment failure by day 14. (Placebo groups were combined and analyzed in comparison to active treatments.) 

Primary: 
Treatment failure through day 14:
NF once daily: 12/48 (25%), p=0.0007
NF twice daily: 15/50 (30%), p=0.002
NF three times daily: 11/56 (19.6%), p<0.0001
P: 35/58 (60.3%)
All statistical tests vs. placebo

Secondary:
All active treatment groups had statistically lower rates of treatment failure through days 7 and 14 vs. placebo. 
% of patients reported as having clinical success was significantly higher by 3 days in the once daily dosing NF group vs. P and as early as the first post-op day for three times daily dosing vs. P (No differences were observed between active treatment groups)
% of patients with no ocular pain was statistically better in all 3 NF dosing groups vs. placebo at 3 days through day 14 (p<0.0220). At post-op day 1, a greater % of patients in the BID and TID NF dosing groups had no ocular pain vs. placebo<0.0150

	ADEs were reported with a greater frequency in the P groups vs. the NF dosing groups. No serious ADEs were reported. 

Author conclusions: NF 0.1% when administered once, twice or three times daily were effective in the treatment of inflammation and ocular pain associated with cataract surgery. 

NF three times daily dosing resulted in the highest incidence of resolved ocular inflammation (clinical success) and percentage of patients that were pain free at day 1 and the least number of treatment failures by day 3. NF once daily dosing resulted in a greater resolution of ocular pain and ocular inflammation vs. P at day 3. No differences were observed for resolution of ocular inflammation through day 14 between the active treatment groups. 

Nepafenac 0.1% QD, BID, TID >Placebo, no differences between active treatment groups in the primary endpoint. 

	Duong HVQ, et al.22 2007
R, DB, single center, single surgeon
N=100 eyes/94 patients NP
N=93 eyes/89 patients K

Ketorolac 0.4% vs. Nepafenac 0.1% (three times daily dosing)

(Study drug provided by Alcon and Allergan)
	Population: Patients with visually significant cataract

Inclusion: Cataract surgery and IOL implantation. 

Exclusion: Allergy to topical NSAIDs, corneal thinning, erosion, ulcer or perforation, serious or advanced ocular diseases.
	Intervention: 
· Pre-op=1 d 4 times daily K vs. 1 d 3 times daily NP for 3 days prior to surgery.
· Post-op=K 1 d 4 times daily for 7 days, gatifloxacin 0.3%, prednisone acetate 1%(Pred Forte); NP 1 d 3 times daily for 7 days, moxifloxacin 0.5%, prednisone acetate (Econopred)

Outcome Measures: Anterior chamber inflammation, IOP, BCVA at 1 day, 1 wk, 1 month post-op. Questionnaire on day 1 post-op to assess preoperative pain/discomfort, post-op pain, subjective eye symptoms, compliance, satisfaction.
(outcome measures weren’t stated as primary or secondary)
	Anterior chamber inflammation: NS at any time point.
BCVA: NS at any time point.
Posterior Capsule Opacification (PCO): 5 cases in K vs. 13 cases NP (p=0.019)
Questionnaire: Subjective eye complaints, pre-op pain/discomfort were similar between groups. Post-op pain control (p=0.025) and compliance (p=0.023) was significantly better in K vs. NP. Patient satisfaction favored K vs. NP (p=0.022).

	· Why were the antibiotics and topical corticosteroids used different between groups?
· No difference between K and NP in anterior chamber inflammation, BCVA.
· Post-op pain control, patient satisfaction and compliance favored K vs. NP. However, subjective eye complaints and pre-op complaints did not differ.
· Was patient satisfaction lower due to higher cases of PCO in NP vs. K?
· Cases of PCO were higher than expected in the NP group, reasons unclear.
Ketorolac=Nepafenac for BCVA, inflammation, pre-op pain/discomfort, subjective eye complaints. 
Ketorolac>Nepafenac for post-op pain control, patient satisfaction, compliance and PCO development.

	Nepafenac 0.3% Two Study23
[Unpublished]
R, DB, MC, PC
(n=1342 enrolled, 1257 analyzed)
(Phase 2)

Nepafenac 0.3% vs. Nepafenac 0.1% vs. Nepafenac vehicle 0.3% (all once daily dosing)

(Funded by Alcon Research)
	Population: Adult patients planned to have cataract extraction with implantation of an IOL in the posterior chamber.

Inclusion: Planned cataract extraction by phacoemulsification with the implantation of a posterior chamber intraocular lens and expected to have improvement in BCVA after surgery

Exclusion: Use of topical ocular, inhaled or systemic nonsteroidal anti-inflammatory drugs within 7 days of surgery, with the exception of the allowed low dose of aspirin (up to 100 mg) prior to surgery and through study exit; use of topical ocular, inhaled or systemic steroids within 14 days prior to surgery and through study exit; history of chronic or recurrent inflammatory eye disease (iritis, scleritis, uveitis, iridocyclitis, rubeosis iridis) in the operative eye; diabetic retinopathy in the operative eye; known or suspected allergy or hypersensitivity to non-steroidal anti-inflammatory drugs (NSAIDs), or to any component of the study drug or vehicle. 
	Intervention: NF 0.3%, 0.1% or vehicle 0.3%. One drop in affected eye once daily, for 16 days, beginning one day prior to surgery, continuing on the day of surgery, and for 14 days following surgery. An additional drop was administered between 30-120 minutes prior to surgery.

Outcome Measures:
Primary: Percentage of Patients Cured at Day 14, NF 0.3% vs. NV 0.3% (Score of 0 indicating no aqueous cells or flare)

Secondary: Percentage of Patients Cured at Day 7, NF 0.3% vs. NF 0.1%;
Cumulative Percentage of Patients Cured by Visit 
Cumulative Percentage of Patients Pain Free by Visit

Assessments done on days 1, 3, 7 and 14

Analyses were done by “per-protocol”, intent to treat (defined as population having at least 1 post-op assessment) or other method (not specified). Statistical analyses are not provided.
	Analyses were done by “per-protocol”, intent to treat (defined as population having at least 1 post-op assessment) or other method (not specified). Statistical analyses are not provided.. Mean age was 69 years.

Number randomized, number completing study, %:
N 0.3% 540, 475, 88%
N 0.1% 534, 458, 86%
Vehicle 0.3% 268, 121, 45%

Number stopping treatment due to:
	
	NF0.13
	NF0.1
	NV0.3%

	ADE
	16
	11
	6

	TX Failure
	19
	19
	101

	Study med not used
	18
	28
	14

	Non-compliant
	2
	3
	0

	Unknown
	7
	10
	22



Primary: % cured at 14 days 
	NF 0.3%
	NF 0.1%
	NV 0.3%

	64.6%
	65.3%
	25%



Secondary: % cured at 7 days: 
	NF 0.3%
	NF 0.1%
	NV 0.3%

	31.3%
	30.8%
	10.3%


No stats provided.
Cumulative % cured by visit: 
	
	NF 0.3
	NF 0.1
	NV 0,3

	Day 1
	0.4%
	1.8%
	0.4%

	Day 3
	6.4%
	7.1%
	3.2%

	Day 7
	31.3%
	30.8%
	10.3%

	Day 14
	64.6%
	65.3%
	25%


 No stats provided
Cumulative % with no pain by visit: 
	
	NF 0.3
	NF 0.1
	NV 0,3

	Day 1
	65.2
	61.9
	17.5

	Day 3
	77.3
	75.9
	25.8

	Day 7
	84.8
	83
	31.7

	Day 14
	89.1
	89
	40.1


No stats provided
	Unpublished report with findings available on clinicaltrials.gov. No statistical tests have been applied so interpretation of the findings is limited. Serious ADEs were reported in the active treatment groups but were determined not to be treatment-related. 

Study information included for completeness, consideration and for information only. Must wait for final published study results for complete interpretation of results and formulary consideration.


	Nepafenac 0.3% study (Confirmatory Study)24
[Unpublished]
R, DB, MC, PC
(n=2120 enrolled, 2022 analyzed)
(Phase 3)

Nepafenac 0.3% vs. Nefafenac 0.3% vehicle (once daily dosing) vs. Nepafenac 0.1% vs. Nepafenac 0.1% vehicle (three times daily dosing)

(Funded by Alcon Research) 

	Population: Planned cataract extraction by phacoemulsification with the implantation of a posterior chamber intraocular lens in adult patients

· Inclusion: Planned cataract extraction by phacoemulsification with implantation of a posterior chamber IOL and who are expected to have improvement in BCVA after surgery. 
· Exclusion: Use of topical ocular, inhaled or systemic nonsteroidal anti-inflammatory drugs within 7 days of surgery, with the exception of the allowed low dose of aspirin (up to 100 mg) prior to surgery and through study exit; and use of topical ocular, inhaled or systemic steroids within 14 days prior to surgery and through study exit. 
· History of chronic or recurrent inflammatory eye disease (eg, iritis, scleritis, uveitis, iridocyclitis, rubeosis iridis) in the operative eye; diabetic retinopathy in the operative eye; known or suspected allergy or hypersensitivity to non-steroidal anti-inflammatory drugs (NSAIDs), or to any component of the study drug.
	Intervention: 
NF 0.3% or NV 0.3%: one drop in affected eye once daily for 16 days, beginning one day prior to surgery, continuing on the day of surgery, and for 14 days following surgery. An additional dose was administered between 30-120 minutes prior to surgery.
NF 0.1% or NV 0.1%: one drop in affected eye three times daily, beginning one day prior to surgery, continuing on the day of surgery, and for 14 days following surgery.

Outcome Measures
Primary: Percentage of Patients Cured at Day 14

Secondary: Percentage of Patients Pain-Free at Day 14

Analyses were done by “per-protocol”, intent to treat (defined as population having at least 1 post-op assessment) or other method (not specified). Statistical analyses are not provided.
	Analyses were doe by “per-protocol”, intent to treat (defined as population having at least 1 post-op assessment) or other method (not specified). Statistical analyses are not provided.  Mean age was 69 years.

Number randomized, number completing study, %:
NF 0.3%: 851, 763, 90%
NF 0.1%: 845, 759, 90%
NV 0.3%: 211, 110, 52%
NV 0.1%: 213, 120, 56%

Reason for failure to complete study:
(N)
ADE:
	NF 0.3
	NF 0.1
	NV 0.3
	NV 0.1

	15
	17
	9
	6


Treatment Failure:
	NF 0.3
	NF 0.1
	NV 0.3
	NV 0.1

	25
	32
	69
	64


Study Med not Used:
	NF 0.3
	NF 0.1
	NV 0.3
	NV 0.1

	34
	26
	11
	7


Non compliance:
	NF 0.3
	NF 0.1
	NV 0.3
	NV 0.1

	0
	1
	0
	0


Other:
	NF 0.3
	NF 0.1
	NV 0.3
	NV 0.1

	5
	4
	9
	14


No stats provided
Primary: % Cure at 14 days (no aqueous cells or flare)
	NF 0.3
	NF 0.1
	NV 0.3
	NV 0.1

	68.4
	70
	34
	35.6


No stats provided
Secondary: % with no pain at 14 days
	NF 0.3
	NF 0.1
	NV 0.3
	NV 0.1

	91
	90.9
	49.7
	56.1


No stats provided
	Unpublished report with findings available on clinicaltrials.gov. No statistical tests have been applied so interpretation of the findings is limited. Serious ADEs were reported in the active treatment groups only but were determined not to be treatment-related. 

Study information included for completeness, consideration and for information only. Must wait for final published study results for complete interpretation of results and formulary consideration.


	Bromfenac 0.07% (two pivotal studies submitted for FDA approval)
[Unpublished]41
R, DB, PC, MC (Eastern [ER] and Western regions [WR] of the US)
(N=222 bromfenac vs. N=218 Placebo-vehicle)
	Population: Adult patients undergoing cataract extraction and IOL implantation.

Inclusion: Adult patients having unilateral cataract extraction (phacoemulsification or extracaspular) with posterior chamber IOL implant.


Exclusion: No other surgical procedures in the operative eye were planned during the surgery. No other ocular surgery in the study or fellow eye within 15 days prior to start of this study. Hypersensitivity to NSAIDs or sulfites, ocular pain or inflammation prior to surgery, chronic or recurrent ocular disease that may interfere with healing, had used NSAIDs, anticoagulants, systemic gentamicin any pain medication with 7 days of the procedure. Used steroids within 15 days, had used an alpha-blocker or finasteride, etc. 
	Intervention:  BR 0.07% or placebo 1 drop in the surgical eye once daily beginning 1 day prior to surgery, continuing on the day of surgery and for 14 days after surgery.

Primary: Proportion of patients with cleared ocular inflammation by day 15 (defined as SOIS score of grade 0 [no cells and absence of flare] at any post-op visit prior to and including day 15. 

Secondary: Proportion of patients who were pain free at day 1 measured on the ocular comfort grading assessment [rates 7 symptoms: eye pain, tearing, itching, foreign body sensation, photophobia, eye discharge and haziness as 0=none, 1=mild, 2=moderate, 3=severe]. 
	The FDA and sponsor did not agree on the way the primary endpoint was analyzed. The FDA’s analysis resulted in a 2-4% lower proportion of patients meeting the primary endpoint vs. the applicant’s analysis. 

FDA analysis included:
Primary: % pts with SOIS=0:
ER study, Day 8: BR=24.1% vs. P=6.5%
ER study, Day 15: BR=45.5% vs. P=13%
WR study, Day 8: BR=30% vs. P=12.7%
WR study, Day 15: BR=45.5% vs. p=27.3%
Secondary: % pts pain free at day 1:
ER study, Day 1: BR=81.3% vs. P=43.5%
WR study, Day 1: BR=76.4% vs. p=55.5%
(Differences were statistically significant)
	The FDA reviewers concluded that the benefits of topical bromfenac 0.07% outweighed the risks and recommended approval based upon the pivotal trials. The ADEs in the clinical trials (no concerns with-more ADEs in the placebo vehicle group) and labeling include the warnings, precautions and ADEs of the topical NSAID class. 

Most common ADEs observed in 3-8% of patients were anterior chamber inflammation, eye pain and foreign body sensation

Bromfenac 0.07% > placebo vehicle


ADEs=adverse events, BR=bromfenac, BCVA=best corrected visual acuity, DB=double-blind, DS=diclofenac sodium, IOL=intraocular lens, IOP=intraocular pressure, K=ketorolac, LCFM=laser cell flare meter, LFTs=liver function tests, MC=Multicenter, NF=nepafenac, NV=nepafenac vehicle, OCGA=Ocular Comfort Grading Assessment, OL=open-label, P=placebo, PC=placebo-controlled, PCO=Posterior Capsule Opacification, PE=phacoemulsification, R=randomized, SOIS=Summed Ocular Inflammation Score
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Ophthalmic Nonsteroidal Anti

-

Inflammatory Drugs (NSAIDs)

 

Addendum to Class Review

-

Focus on Agents with Less Frequent Dosing

 

VHA Pharmacy Benefits Management Services, Medical Advisory Panel and VISN Pharmacist 

Executives

 

 

Objectives

 

The purposes of this document are two

-

fold: 1) to review the efficacy and safety of the six commercially 

available ophthalmic/topical nonsteroidal anti

-

inflammatory drugs (NSAIDs) that are administered less 

frequently than four times daily and 2) to determ

ine if there are substantive differences between the agents 

to support addition of one or more of these agents to the VA National Formulary. 

 

 

The conclusions of the ophthalmic NSAIDs class review, completed in July 2009 (included flurbiprofen, 

diclofenac,

 

nepafenac, twice daily dosage form of bromfenac and three forms of ketorolac [0.4%, 0.5%, 

0.5% preservative free, all given four times daily]) were that there were no substantive advantages or 

disadvantages of one ophthalmic NSAID product over the other t

o justify changes in the VA National 

Formulary. However, there was interest in addition of a product that requires less frequent dosing than 

current formulary products (< four times daily). In this review, only those ophthalmic NSAIDs with FDA 

approved dos

ing frequencies of < four times daily will be considered. 

 

 

 

Table 1: Ophthalmic NSAIDs with Dosing Frequency < Four Times Daily

1

-

4, 40

 

Generic Name 

 

Trade Name®

 

Formulation/

 

Preservative

 

(Package size)

 

Manufacturer

 

FDA Approval 

Date

 

Patent 

Expiration 

Date

 

 

Bromfenac*

 

 

Generics

 

0.09% sterile solution/ 

BAK chloride (2.5 and 

5 ml)

 

 

Coastal 

Mylan 

and Luitpold

 

 

May 2011

 

 

N/A

 

 

  

Bromfenac** 

 

(Manufacturer d/c 

product as of August 

15, 2013)

 

 

Bromday

 

0.09% sterile solution/ 

BAK chloride (1.7 ml)

 

 

Bausch & Lomb 

 

 

10

-

16

-

10

 

 

10

-

16

-

13

 

 

Bromfenac

 

 

Prolensa

 

0.07% sterile solution/ 

BAK chloride (1.6 and 

3 ml)

 

Bausch & Lomb

 

4

-

5

-

13

 

2025

 

 

Ketorolac 

Tromethamine 

 

 

Acuvail

 

0.45% sterile solution/

 

Preservative free, 

CMC

 

(30 or 60 single use 

vials containing 0.4 ml 

each)

 

 

Allergan

 

 

7

-

22

-

09

 

 

 

Exclusivity: 

 

7

-

22

-

12  

 

Patent Data: 

 

8

-

15

-

29

 

 

Nepafenac

 

 

 

Nevanac

 

0.1% sterile 

suspension/

 

BAK chloride 0.005% 

 

(3 ml)

 

 

Alcon

 

 

8

-

19

-

05

 

 

6

-

6

-

14

 

Exclusivity: 

 

8

-

19

-

10

 

Nepafenac

 

Ilevro

 

0.3% sterile 

suspension/BAK 

chloride 0.005% (1.7 

ml)

 

 

Alcon

 

 

10

-

16

-

12

 

 

6

-

8

-

24

 

Exclusivity:

 

10

-

16

-

15

 

*Bausch

-

Lomb acquired Ista Pharmaceuticals in June 2012.

6

 

Xibrom (twice daily dosing formulation of bromfenac) is 

no longer marketed (FDA approved 3

-

05) by the original manufacturer but is available as a 

generic product. **Bausch

-

Lomb has announced market withdrawal of Bromday due to rapid adoption of Prolensa. Unsure if generics are in 

development. 

 

BAK=benzylalkonium 0.005% (preservative), CMC=carboxymethylcellulose (to provide greater ocular retention)

 

 

 

 

 

