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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 205388 are owned by Omeros or are data for which 
Omeros has obtained a written right of reference. Any information or data necessary for 
approval of NDA 205388 that Omeros does not own or have a written right to reference 
constitutes one of the following: (1) published literature, or (2) a prior FDA finding of 
safety or effectiveness for a listed drug, as reflected in the drug’s approved labeling.  
Any data or information described or referenced below from reviews or publicly 
available summaries of a previously approved application is for descriptive purposes 
only and is not relied upon for approval of NDA 205388.

Reference ID: 3493269

(b) (4)

(b) (4)



NDA # 205388                                         Reviewers: María I Rivera & Ilona Bebenek

2

TABLE OF CONTENTS

1 EXECUTIVE SUMMARY ......................................................................................... 4

1.1 INTRODUCTION .................................................................................................... 4
1.2 BRIEF DISCUSSION OF NONCLINICAL FINDINGS ...................................................... 4
1.3 RECOMMENDATIONS ............................................................................................ 5

2 DRUG INFORMATION ............................................................................................ 6

2.1 DRUG ................................................................................................................. 6
2.2 RELEVANT INDS, NDAS, BLAS AND DMFS........................................................... 6
2.3 DRUG FORMULATION ........................................................................................... 7
2.4 COMMENTS ON NOVEL EXCIPIENTS....................................................................... 7
2.5 COMMENTS ON IMPURITIES/DEGRADANTS OF CONCERN ......................................... 7
2.6 PROPOSED CLINICAL POPULATION AND DOSING REGIMEN .................................... 11
2.7 REGULATORY BACKGROUND .............................................................................. 11

3 STUDIES SUBMITTED.......................................................................................... 11

3.1 STUDIES REVIEWED........................................................................................... 11
3.2 STUDIES NOT REVIEWED ................................................................................... 11
3.3 PREVIOUS REVIEWS REFERENCED...................................................................... 11

4 PHARMACOLOGY................................................................................................ 11

4.1 PRIMARY PHARMACOLOGY ................................................................................. 13
4.2 SECONDARY PHARMACOLOGY ............................................................................ 15
4.3 SAFETY PHARMACOLOGY ................................................................................... 16

5 PHARMACOKINETICS/ADME/TOXICOKINETICS .............................................. 16

5.1 PK/ADME........................................................................................................ 16

6 GENERAL TOXICOLOGY..................................................................................... 17

6.1 SINGLE-DOSE TOXICITY ..................................................................................... 17

7 GENETIC TOXICOLOGY ...................................................................................... 24

8 CARCINOGENICITY ............................................................................................. 28

9 REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY ................................ 29

11 INTEGRATED SUMMARY AND SAFETY EVALUATION................................. 33

Reference ID: 3493269



NDA # 205388                                         Reviewers: María I Rivera & Ilona Bebenek

3

Table of Tables

Table 1: Composition of OMS302 Dosage Form and Admixed Solution......................... 7
Table 2: Maximum Amount and Estimated Systemic Human Exposure of Stopper 
Extractables .................................................................................................................... 9
Table 3: Estimated Systemic and Ocular Exposure of Leachables/Extractables .......... 10
Table 4: Mean Slit Lamp Flare Results ......................................................................... 20
Table 5: Mean Flare Photometry Results ...................................................................... 21
Table 6: Mean Pachymetry Results............................................................................... 22
Table 7: Ketorolac and Phenylephrine Process Impurities ............................................ 25
Table 8: Summary of Specified Impurities in the OMD302 Drug Product...................... 26
Table 9: Comparison of OMS302-Related Substances with the Threshold of 
Toxicological Concern for Impurities with Genotoxic Potential ...................................... 27
Table 10: Exposure Margins - Section 8.1 of Proposed Label ...................................... 32
Table 11: Comparison of Phenylephrine (PE) Exposure in Nonclinical and Clinical 
Ophthalmological Pharmacokinetic Studies .................................................................. 34
Table 12: Comparison of Ketorolac (KE) Exposure in Nonclinical and Clinical 
Ophthalmological Pharmacokinetic Studies .................................................................. 34

Reference ID: 3493269



















NDA # 205388                                         Reviewers: María I Rivera & Ilona Bebenek

12

Phenylephrine is an α1-adrenergic receptor agonist and, in the eye, acts as a
potent vasoconstrictor and mydriatic agent by constricting ophthalmic blood vessels and 
the radial muscle of the iris. Ketorolac is an NSAID that inhibits both cyclooxygenase 
enzymes (COX-1 and COX-2), resulting in a decrease in tissue concentrations of 
prostaglandins to reduce pain and inflammation due to surgical trauma. Ketorolac, by 
inhibiting prostaglandin synthesis secondary to ocular surgical insult or direct mechanical 
stimulation of the iris, also prevents surgically induced miosis.

The safety profile of phenylephrine and ketorolac are well known based on the 
extensive clinical experience. The sponsor provided a review of the literature for both 
phenylephrine and ketorolac. Some excerpts are presented below.

Phenylephrine causes constriction of most vascular beds, which is the basis for its 
decongestant action. It reduces renal, splanchnic, cutaneous and limb blood flow, and
increases coronary blood flow. Other well-known pharmacological effects include 
increased systolic and diastolic blood pressure after intravenous, subcutaneous or oral 
administration, and decreased intestinal motility. 

Phenylephrine ophthalmic solutions (Phenylephrine Hydrochloride Ophthalmic 
Solution, 2.5% or 10% USP) are approved in the US as mydriatic agents for use in 
ophthalmic procedures, including ocular surgery, to provide refraction with minimal 
cycloplegia. Phenylephrine is also approved in a lower concentration (1%) in 
combination with the anti-muscarinic drug cyclopentolate for the induction of mydriasis 
(Cyclomydril®).

Changes in blood pressure and heart rate have been noted following the 
administration of eye drops containing 2.5% or 10% phenylephrine hydrochloride. In 
general, greater effects on both parameters were observed with 10% phenylephrine 
hydrochloride. Adverse reactions noted on the package inserts of ophthalmologic 
medications containing phenylephrine include hypertension, which can be severe in 
preterm infants, adults with orthostatic hypotension, and the elderly. In the elderly, 
cardiovascular adverse events including syncope, myocardial infarction, tachycardia, 
ventricular arrhythmia, and fatal subarachnoid hemorrhage have been reported. Ocular 
adverse reactions after topical administration include eye pain and stinging on instillation, 
temporary blurred vision, photophobia, rebound miosis, pigmented floaters, and 
conjunctival sensitization. Acute angle-closure glaucoma does occur rarely following the 
administration of phenylephrine for mydriasis but this is due to the mydriatic effect of 
phenylephrine. 

The systemic effects of ketorolac are those common to the NSAIDS drug class. 
These include inhibition of platelet aggregation and prolongation of bleeding time, the 
potential to cause gastric damage and ulcers, serious cardiovascular thrombotic events,
myocardial infarction, and stroke, and renal damage. 

Ketorolac topical ophthalmic solutions are approved for the reduction of ocular 
pain and burning/stinging following corneal refractive surgery (Acular LS® [0.4% 
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ketorolac tromethamine]) and for the temporary relief of ocular itching due to seasonal 
allergic conjunctivitis (Acular® [0.5% ketorolac tromethamine]), and are also indicated for 
the treatment of postoperative inflammation in patients who have undergone cataract 
extraction (Acular® and Acuvail® [0.45% ketorolac]). In addition to hypersensitivity or 
cross-hypersensitivity reactions, serious adverse reactions to topical ocular NSAIDs 
include ocular bleeding and hyphemas. More commonly observed reactions include 
inflammation and/or edema of the cornea, iris, or conjunctiva. Keratitis has occurred and 
can be sight threatening. When used prior to or following cataract surgery, ketorolac
does not induce significant increases in intraocular pressure (IOP). However, in some 
studies, increased IOP was reported as an adverse event with higher frequency in 
ketorolac versus vehicle groups, and instances of increased IOP have been recorded in 
the AERS database. On this regard, the label for Acuvail® reports increased IOP as one 
of the most common adverse reactions, although it indicates that some reactions may be 
the consequence of the cataract surgical procedure.  

In addition to the extensive background literature that exists on the pharmacology 
of phenylephrine and ketorolac, Omeros conducted a series of studies evaluating the 
single agents and their combination in an in vivo surgical model relevant to the proposed 
clinical use. Three nonclinical primary pharmacology studies (Section 4.1) were 
conducted to support the distinct pharmacology of phenylephrine and ketorolac and their 
complementary modes of action during intraocular lens replacement with 
phacoemulsification in the African green monkey.

4.1 Primary Pharmacology

Concentration-Ranging and Pharmacokinetic Study of Phenylephrine and 
Ketorolac following Intraoperative Irrigation in a Primate Cataract 
Phacoemulsification Surgical Model: Mydriasis, Intraocular Inflammation and 
Systemic Exposure of Report (Study # RX06.02) The study consisted of two phases 
conducted in African green monkeys (Chlorocebus aethiops); treatment was done during 
a 20 minute (non-continuous) irrigation period of a phacoemulsification surgical model 
where either phenylephrine or ketorolac were delivered through the phacoemulsification 
needle (in buffered saline solution [BSS]).  Phase I evaluated the mydriatic and anti-
inflammatory effect of phenylephrine and four monkeys per group (2 males and 2 
females) were treated with either BSS or phenylephrine (3, 10, 30 or 90 µM in BSS); only 
two monkeys per group (one per sex) were assigned to the 3 or 90 µM treatments.  
Phase II evaluated the mydriatic and anti-inflammatory effects of ketorolac and four 
monkeys per group (2 males and 2 females) were treated with BSS or ketorolac (3, 10, 
30 µM) with the addition of 30 µM of phenylephrine for minutes 2 through 20 (the total 
treatment duration was 20 minutes). Efficacy endpoints included mydriasis (video pupil 
assessment), pachymetry, slit lamp, and inflammatory measures including laser flare 
photometry; a clinical exam and pharmacokinetic analysis were also performed. Maximal 
pupil dilation was achieved within approximately five minutes for all treatment groups. 

In the phase I study, phenylephrine caused a dose-dependent increase in pupil 
diameter. Animals in groups treated with 10 µM, 30 µM and 90 µM phenylephrine 
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exhibited significantly higher mydriasis (pupil diameter) as compared to animals treated 
with low phenylephrine (3 µM) or tropicamide at the 14- and 18-minute timepoints (F= 
6.62, p <0.0002; F= 9.26, p<0.0001 respectively; Student Newman-Keuls test α= 0.05, df 
= 23). 

In the phase II study, there was a rapid 1-2 mm increase in pupil diameter within 
30 seconds of the start of perfusion followed by a less rapid concentration-independent 
rise between 30 seconds and 2 minutes. Given that no statistical differences were seen 
between the ketorolac and BSS-treated animals, initial dilation is thought to be a result of 
viscoelastic clearance and the hydrodynamic effects of irrigation/aspiration. After 
introduction of 30 µM phenylephrine, maximal dilation was observed within 4 minutes. 
Significant differences in pupil dilation were seen between the ketorolac high-dose and 
BSS groups and the ketorolac low-dose and mid-dose groups at the 14- and 18-minute 
timepoints, however the difference was attributed to the limited sample size and 
reflective of inter-animal and inter-procedure differences. At both phases, the pupil 
constricted following lens replacement at the end of the procedure.

In the phase II study, there was a consistent trend for a reduction in the flare 
measurements in the mid-dose and high-dose ketorolac groups (statistically significant 
only at 4.5 hours for combined mid-dose and high-dose ketorolac groups) as compared 
to the BSS control group. 

Plasma samples were collected at time 0, 20, 50, 80 and 140 minutes after 
initiation of irrigation. For phase I, only the 10 µM and 30 µM phenylephrine treatments 
resulted in detectable levels at the 20 minute timepoint (mean of 0.44 and 1.12 ng/mL, 
respectively); whereas no phenylephrine was detected at the high dose of 90 µM. These 
levels were below the lower limit of quantitation of 2 ng/mL. For phase II, measurable 
levels of ketorolac were observed at the 20 minute timepoint at the low (3 µM), mid (10 
µM) and high (30 µM) concentrations (mean of 1.17, 1.68 and 4.61 ng/mL). At the 3 µM
and 10 µM concentrations, ketorolac levels declined from 50  to 140 min after initiation of 
irrigation. Ketorolac levels at the high dose (30 µM) peaked in monkey plasma at the 80 
minute timepoint with mean concentrations reaching 10.45 ng/mL, with levels decreasing
to 2.21 ng/mL at the 140 min timepoint. 

Efficacy and Pharmacokinetic Study of OMS302 Following Intraoperative Irrigation 
in a Primate Cataract Phacoemulsification Surgical Model: Mydriasis, Intraocular
Inflammation, Intraocular Pressure, and Systemic Exposure (Study # RX07.03)
Three to four monkeys (Chlorocebus aethiops)/sex/group were treated with either
tropicamide (1 drop of 0.5%), BSS and placebo (20 mM sodium citrate buffer, pH 6.5, 
vehicle used for dilutions) or BSS and OMS302 (90 µM phenylephrine and 30 µM 
ketorolac) during the perfusion period of a phacoemulsification procedure (total perfusion 
duration 13 minutes).  Efficacy endpoints included mydriasis, intraocular pressure and 
inflammatory measures including laser flare photometry up to one week after the 
initiation of the irrigation); a clinical exam and pharmacokinetic analysis (up to 140 
minutes after the initiation of irrigation) were also performed. 
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Monkeys treated with OMS302 exhibited statistically significant (p < 0.05; Student 
Newman-Keuls test) increase in dilation (as compared to the tropicamide/placebo group) 
from the baseline until the last measured timepoint (13 minute timepoint) at almost all 
timepoints measured. The OMS302 treatment group had lower values of flare measures 
over time relative to the tropicamide control group, but did not achieve statistical 
significance (p< 0.0097; Student Newman-Keuls test) until the exclusion of animal X932 
(which exhibited a more limited pupil dilation during anterior chamber irrigation, 
complicating lens removal) during the 2, 4.5, 24 and 48-hour timepoints. There was a 
trend toward lower pachymetry values (indicating less corneal swelling) at all timepoints 
in the OMS302-treated groups compared to the tropicamide controls when the data were 
normalized to change from baseline, but statistical significance was only observed at the 
4.5 hour timepoint (p<0.05; student’s T test). While levels of phenylephrine were 
undetectable 20, 50, 80 and 140 minutes after initiation of irrigation (lower limit of 
quantitation = 2 ng/mL), levels of ketorolac were measurable from the 20 minute 
timepoint up to the last timepoint of 140 minutes (2.89 and 0.40 ng/mL, respectively).

A Time Course and Dose Response Study of Mydriasis following Intracameral 
Administration of OMS302 Drug Product (Study # RX07.06) – Three groups of four 
monkeys (Chlorocebus aethiops; 2/sex) were treated with OMS302 at three different 
concentrations of phenylephrine:ketorolac combination (90:30 µM; 268:89 µM; 1165:89 
µM) via intracameral injection. According to video pupil data (measured for 10 minutes), 
OMS302 delivery into the anterior chamber resulted in a rapid onset of mydriasis (first 60 
seconds), which was maintained throughout the ten minute period during which the video 
occurred. The observed differences between the low- and high-dose groups and the 
overall observed impact of all doses on mydriasis confirmed a dose-dependent effect of 
the OMS302 combination product containing phenylephrine and ketorolac on the 
amplitude of post-administration mydriasis. Pupil diameter returned to baseline within 24 
hours in all animals.

Pharmacokinetic results indicated that systemic phenylephrine and ketorolac 
levels were below the lower limit of quantitation of 2 ng/mL at baseline, 10 and 30-minute 
timepoints for all animals that received the mid-dose and all but 2 animals that received 
the low dose. The exceptions were low dose animal X819 at the 30 minute timepoint and 
low dose animal Y173 at the baseline The sponsor stated the anomalous levels of 
phenylephrine and ketorolac at baseline may reflect a sample contamination, mislabeling 
or analytic error. The sponsor stated these possibilities may also explain the 30 minute 
data for animal X819. For animals treated with the highest dose of OMS302, the highest 
levels in plasma were detected at baseline, not consistent with expectations. Retests 
indicated a possible contamination of unknown origin in the current samples. Therefore, 
the pharmacokinetic data from this study is not considered reliable.

4.2 Secondary Pharmacology

See summary presented under Section 4.
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4.3 Safety Pharmacology

See summary presented under Section 4.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

The systemic exposure after ocular administration of OMS302 is presented under 
Sections 4.1 and 6.1 of this review. The following are excerpts of published literature 
findings or label information from previously approved products provided by the 
applicant, considered of relevance to the current application.

Phenylephrine: 

 The PK of a single oral dose of 10 mg phenylephrine hydrochloride was evaluated 
in twelve healthy volunteers and the results showed a Tmax of less than one hour 
and mean maximum plasma concentration of 1.8 ng/mL7. 

 In human subjects undergoing vitreoretinal surgery, phenylephrine was detectable 
in plasma samples, with peak levels ten minutes after topical ocular 
administration. Drug levels after 10% drops (range: 1 to 24 ng/mL) were generally 
higher than after 2.5% drops (range: 1 to 6 ng/mL). In all subjects, phenylephrine
levels declined by > 80% after one hour8.

 A study in human subjects with healthy eyes reported plasma levels ranging from 
0 to 3.3 ng/mL 20 minutes after instillation of 10% phenylephrine hydrochloride
drops9. There was a trend toward lower levels with a smaller drop size (10 µL vs. 
30 µL).

Ketorolac:

The ocular pharmacokinetics of ketorolac is summarized in the 
“Pharmacokinetics” section of the both the Acular® and Acuvail® labels as follows 
[Acular® PI 2012; Acuvail® PI 2012]:

 Two drops of 0.5% ketorolac tromethamine ophthalmic solution instilled into the 
eyes of patients 12 hours and 1 hour prior to cataract extraction achieved a mean 
ketorolac concentration of 95 ng/mL in the aqueous humor of 8 of 9 eyes tested 
(range 40 to 170 ng/mL).

 One drop of 0.5% ketorolac tromethamine ophthalmic solution was instilled into 1 
eye and 1 drop of vehicle into the other eye TID in 26 healthy subjects. Five (5) of 

                                           
7

Ptácek P et al., J Chromatogr B Analyt Technol Biomed Life Sci, 858(1-2):263-268(2007). Epub 2007 Sep
14.
8

Kumar V et al., Arch Ophthalmol, 104(8): 1189-1191 (1986)
9

Whitson JT et al., Am J Ophthalmol, 115(3): 357-359 (1993)
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The test solutions in the 500-mL irrigation bottles were 
administered into the anterior chamber of the eye over a 30-
minute period by continuous irrigation using the 
phacoemulsification  instrument. Total irrigation volumes 
were on average ~200 mL for the duration of the surgery.

Formulation/Vehicle: 20 mM sodium citrate buffer (pH 6.5±0.5)
Species/Strain: African green monkey (Chlorocebus sebaeus)

Number/Sex/Group: 3
Age: At least 4 years old

Weight: 4.15 – 5.81 kg for males; 3.18 - 4.36 kg for females
Satellite groups: None

Unique study design: All animals underwent a surgical procedure on Day 0 to 
replace the intraocular lens. The animals were maintained on 
study for a 14-day recovery period.

To allow sufficient pupil dilation to perform 
phacoemulsification surgery in BSS control group, animals 
were pre-treated with two drops of 1% tropicamide 20 
minutes prior to the initiation of anterior chamber irrigation 
with BSS alone.

An 8:1 fixed-concentration ratio of the active pharmaceutical 
ingredients in the OMS302 (45:15 mM) test article was 
evaluated. To achieve the 8:1 fixed-concentration ratio, 
Phenylephrine CF drug product (phenylephrine HCl: 450 
mM) was also prepared and used to increase the 
concentration of phenylephrine in the irrigation solutions.

The OMS302 and Phenylephrine CF were diluted with 
balanced salt solution (BSS) to provide for approximate final 
concentrations in the 500-mL irrigation bottles.

The study report states that the African green monkey was 
selected for this study because the size of the instruments 
and lenses needed to perform lens removal and replacement 
surgery preclude the use of smaller primate species.

Deviation from study 
protocol:

None with an impact on data interpretation

Observations and Results

Mortality (2x/day) - None

Clinical Signs (Daily) – It was stated in the study report that there were no test article-
related effects. 
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There were no test article-related findings in heart rate, respiratory rate, changes 
in pO2, or rectal temperature measured during the surgery (intraoperative).

Body Weights (Prior to surgery and pre-sacrifice on Day 14) – No test article-related 
effects were observed in mean body weights. 

Feed Consumption (Conducted with the daily clinical observations) – It was stated in the 
study report that feeding was transiently reduced for 36 hours in 3 animals following 
the surgical procedure (doses not identified), after which feeding returned to baseline. 

Ophthalmoscopy (Slit Lamp at ~2, 4.5, and 24 hours and Day 14 in the operative [right]
eye following the surgical procedure) - Flare assessments were consistent with laser 
flare photometry measures (see below). The mid-dose showed higher anterior 
chamber flare compared to BSS control or low and high-dose groups at the 2-24 hour 
evaluations (Table 4). The flare was reduced by Day 14. 

Table 4: Mean Slit Lamp Flare Results

Likewise, mean scale values of anterior cell assessments revealed time-related 
differences – reflecting the effect of surgical intervention – but no difference between 
groups. Increased number of cells was observed during the 2-24 hour evaluation period 
in all groups including BSS controls. Recovery was observed by Day 14. 

The pupil diameter was higher (36-87%) than that observed in BSS controls
(pretreated preoperatively with tropicamide) in all OMS302-treated groups at the 2 and 
4.5 hour evaluations. There was no statistically significant difference in the degree of 
mydriasis among all OMS302-treated groups. The values returned to baseline in 
tropicamide control as well as in OMS302-treated groups by 24 hours, indicating minimal 
residual treatment-associated mydriatic effect. 

Additional Ocular Evaluations:

Video Pupil Assessment - The time course of the mydriatic effect was documented 
through video recording of the pupil during the perfusion procedure. 
Measurements were made at baseline and at 30 second to 2 minute intervals up 
to 33 minutes after the initiation of the perfusion procedure. In the case of the 
control group, pupil dilation was achieved with preoperative topical application of 
tropicamide eye drops. The control animals were pre-treated with two drops of 1% 
tropicamide 20 minutes prior to the initiation of anterior chamber irrigation with 
BSS alone.
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Intracameral delivery of  OMS302 resulted in a rapid pupil dilation within 30 
seconds, with dilation increasing to 6.76 ± 0.15, 7.03 ± 0.25, and 7.29 ± 0.15 mm 
(± SD), at the low, mid, and high-dose, respectively, compared to a pupil diameter 
of 5.18 ± 0.18 mm in the control group (all changes were statistically significant
compared to control). Subsequently, mean pupil diameter was greater in all 
OMS302 treatment groups than the control group at all timepoints following the 
initiation of the anterior chamber perfusion. However, statistical significance was 
only observed at the mid-dose at the 3:30, 4:00, 4:30 and 10:00 minute 
timepoints. 

Flare Photometry - Laser flare photometry, a measure of anterior chamber 
inflammatory protein abundance, was performed at baseline, and ~2, 4.5, and 24 
hours and 14 days after the initiation of the surgical procedure. Flare was 
increased in all groups including controls reflecting inflammation induced by the 
surgery (Table 5). The OMS302 mid-dose group had higher flare relative to the 
control (2.6 to 4-fold) at all post-surgical timepoints, achieving significance at 2, 
4.5, and 24 hours. This effect resolved by Day 14. It was stated in the study report 
that the finding reflected greater surgery associated trauma compared to the other 
groups and therefore, it was not considered test article related. According to page 
32 of the study report, each animal underwent the surgical procedure on a 
different day, which makes it difficult to expect that all animals will show the same 
surgical associated trauma. However, given the lack of a similar effect at the high 
dose, this reviewer agrees it is difficult to attribute the finding to the test article.

Table 5: Mean Flare Photometry Results 

Corneal Pachymetry (Baseline, and at ~2, 4.5, and 24 hours after the initiation of the 
surgical procedure and at Day 14 on the operative [right] eye; baseline and Day 
14 on the non-operative control eye) - In all groups including controls, corneal 
thickness was increased in the operative eye at all evaluations timepoints, with 
peak effect occurring at 24 hrs.  There was no significant difference between 
control and test article-treated groups (with the exception noted below), 
suggesting the increased in corneal thickness reflected surgery-associated 
corneal edema. 
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The only significant difference between groups was observed at the 4.5 hour 
timepoint when the mean pachymetry measure in the mid-dose group was reduced 
relative to the mean measures in all other treatment groups (Table 6). As noted 
above for flare photometry, given the lack of a similar effect at the high dose, this 
reviewer believes it is difficult to attribute the finding to the test article.

Table 6: Mean Pachymetry Results

Tonometry (Baseline, and at ~2, 4.5, and 24 hours after the initiation of the surgical 
procedure and at Day 14 on the operative [right] eye; baseline and Day 14 on the 
non-operative control eye)   - Compared to baseline, all groups including controls 
showed reduced intraocular pressure at all timepoints. There were no 
toxicologically significant differences between control and test article-treated 
groups.

ECG (ECG, heart rate, respiratory rate, pO2 and rectal temperature recorded throughout 
the phacoemulsification procedure at pre-perfusion and at 0-10, 10-20, 20-30, and 
30-40 min after initiation of the irrigation) – No test article-related effects

Hematology and coagulation (Pretest, 24-96 hours and 12-14 days after completion of 
the irrigation procedure) – No test article related effects were observed. Three control 
and 2 low-dose animals showed high APTT values (95.8-212 sec vs. 21.7-31.9 sec in 
normal controls) at pretest and/or on Day 11-14 post-irrigation, suggesting a problem 
with the assay and/or samples. The elevation in APTT was accompanied by elevated 
PT values (106 sec vs. 9.8-14.7 sec in normal controls) in one control and one low-
dose animal.  

Clinical Chemistry (Pretest, 24-96 hours and 12-14 days after completion of the irrigation 
procedure) – AST was elevated in most animals from all groups including tropicamide
controls at the 24-96 hour timepoint. The elevation returned to baseline by 11-14 
days. It was stated in the study report that the elevation resulted from the surgical 
intervention and repeated ketamine sedation rather than from treatment with the test 
article. Given the observation of the finding in control animals, this explanation is 
considered plausible. -GT was above baseline range in one low-dose and one mid-
dose male at the 24-96 hour timepoint. However, the lack of a similar effect at the 
high-dose suggests the elevation was not test article-related.
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Urinalysis (Prior to terminal sacrifice) – Overall, females at all OMS302-treated groups 
showed decreased urine volumes compared to control group values (4.5-5.0 mL, 2.5-
5.0 mL, 2.5-5.0 mL, 1-5.5 mL in controls, low, mid, and high OMS302 dose,
respectively). Given the lack of any effect in any other urine or clinical chemistry 
parameters, the decrease was considered unrelated to the test article.

Gross Pathology (All animals, Day 14) – It was stated in the study report that no test 
article-related gross abnormalities were observed. 

Organ Weights (heart, kidneys, liver, lungs, spleen, brain, and eyes with optic nerve from 
all animals and all gross lesions) – No test article-related effects were observed in 
mean absolute and relative to body weight values. 

Histopathology (Both eyes with attached optic nerves from all animals) –

Adequate Battery – Yes, given that the systemic exposure was within the range of 
the levels observed in humans after administration of ocular phenylephrine drops 
(0.86-24 ng/mL; Table 10) or oral, intramuscular, or intravenous ketorolac (870-
4650 ng/mL; Toradol®  label).

Peer Review - No

Histological Findings - No test article-related microscopic findings were observed in the 
eye tissues. All microscopic findings were consistent with those expected 14 days
post-phacoemulsification surgery, and all findings were observed with similar 
incidence and severity in eyes of treated versus control animals. There were no 
microscopic findings in the left eye or in optic nerves of either eye.

Toxicokinetics (Pre-irrigation and 0.5, 2, 4.5, and 24 hours after the initiation of the 
irrigation) – Plasma phenylephrine and ketorolac levels were measurable across 
treatment groups. At the low and mid-dose, phenylephrine was detected in the
plasma only at the 0.5 hr timepoint. At the high-dose, Tmax also occurred at 0.5 hr 
with plasma levels declining following irrigation to levels below the lower limit of 
quantitation (<2 ng/mL) by 24 hours. An exception was a high-dose female (#X944) 
with phenylephrine levels of 123 ng/mL at the 24-hr timepoint. Given lower values at 
earlier timepoints (22.9 ng/mL at 0.5 hr down to 8.48 ng/mL at 4.5 hrs) in this female, 
this seems to reflect a problem with the assay.  At Cmax, phenylephrine levels ranged 
from 0 to 6.9 ng/mL at the low-dose group, 5.1 to 9.2 ng/mL at the mid-dose group 
and 15 to 38 ng/mL at the high-dose group.

The Tmax for ketorolac also occurred at 0.5 hrs. For low- and mid-dose 
animals, measurable concentrations were still observed at 2 hrs or 4.5 hrs.  In 3 out 
of 6 high-dose animals, ketorolac was still detected at 24 hrs. Cmax levels ranged from 
11.6-47.9 ng/mL, 29.5-55.1 ng/mL, and 72.3-189.3 ng/mL in the low-, mid-, and high-
dose groups, respectively. 
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Dosing Solution Analysis – The percent label claim obtained for both phenylephrine HCl 
and ketorolac tromethamine in all the vials of OMS302 drug product ranged from 
100.8% to 106.6% and Phenylephrine CF drug product reserve samples ranged from 
99.9% to 102.8%. 

The test article irrigation solutions were also analyzed for potency. The 
percentage of each API recovered from the irrigation samples were below acceptable 
levels for most samples (i.e., between 45.3% – 69.1% below the label claim for 
phenylephrine HCl and 45.0%-76.0% for ketorolac tromethamine).

The irrigation samples were initially frozen at -20 ºC as per protocol and then 
transferred into in liquid nitrogen (approx. -200 ºC) and shipped to Omeros on dry ice 
(approx. -78 ºC) for analysis. The samples were held at 2-8ºC at Omeros for three 
days prior to analysis. These storage conditions were identified as protocol 
deviations. A new set of samples was obtained from . These retest 
samples were taken from the original irrigation solution bottles used in the toxicity 
study, which were stored at room temperature. Two mL of each of the samples were 
transferred with glass transfer pipettes into glass vials, shipped in glass vials on ice 
(2-8°C) and analyzed immediately upon arrival at Omeros.

Upon retesting, the irrigation solutions showed percent recovery 
concentrations of phenylephrine HCl that ranged from 93.0-108.0% and ketorolac 
tromethamine that ranged from 95.1-100.2% of the expected target concentration 
range.

7 Genetic Toxicology

No genotoxicity studies were performed by the sponsor with OMS302. The 
sponsor relied on findings from the published literature and/or labels for FDA approved 
products. The proposed label does not include any genotoxicity data (see comment 
under Section 8 Carcinogenicity).

Studies conducted by the National Toxicology Program10 demonstrated that 
phenylephrine was not mutagenic in Salmonella typhimurium (with or without S9 
activation). Mutagenicity assessments using the mouse lymphoma L5178Y/TK+/- assay 
were judged to be equivocal because the high doses of phenylephrine used were toxic to 
the cells and the results were not reproduced in a second study. A positive response was 
noted in the first trial without metabolic activation at the high dose of 1,500 µg/mL
(relative total growth was 12.2%). Phenylephrine induced sister-chromatid exchange at 
≥1500 µg/mL (-S9 fraction) but was negative for the formation of chromosomal 
aberrations in Chinese hamster ovary cells at doses up to 2,500 µg/mL (-S9 fraction) and 
10,000 µg/mL (+S9 fraction).

                                           
10

National Toxicology Program Technical Report No. 322, Toxicology and Carcinogenesis Studies of 
Phenylephrine Hydrochloride in F344/N Rats and B6C3F1 Mice, NIH Publication No. 87-2578, January 
1987, http://ntp.niehs.nih.gov/ntp/htdocs/LT_rpts/tr322.pdf#search=phenylephrine%20hydrochloride
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 The specification limit for  of  is the same as that 
on a previously approved ocular ketorolac tromethamine product.

 The specification for both  and  of 
 is similar to that found on a previously approved phenylephrine product.

The specification limit for  of  in the drug product is 
higher than that in previously approved ocular ketorolac tromethamine products. Given 
the findings in clinical lots under accelerated conditions of up to  the reviewer 
recommends lowering the specifications.

Note: See CMC review for more detail information about specifications for phenylephrine
and ketorolac drug substances and OMS302 drug product.

8 Carcinogenicity

No carcinogenicity studies were performed by the sponsor with OMS302. The 
sponsor relied on findings from the published literature and/or labels for FDA approved 
products, as noted below. Consistent with the labels for NDA 203-510 (Phenylephrine 
Hydrochloride Ophthalmic Solution 2.5% and 10%; approved on March 2013) and NDA 
203-826 (Phenylephrine Hydrochloride IV Injection; approved on December 2012), both 
indicated for short-term use, the sponsor has not included Section 13 Carcinogenicity in
the proposed OMS302 label. Data for ketorolac was also not included in the proposed 
label. Given the single day use of the product, lack of a reason for concern from the 
available genetic toxicity and carcinogenicity data, and long history of clinical use, the 
inclusion of these data in the label is not considered clinically relevant.

Regarding phenylephrine, the sponsor made reference to carcinogenicity studies 
conducted by the National Toxicology Program (Ref. 10 above). Briefly, the 
carcinogenicity of phenylephrine was studied in two-year studies in mice and rats. The 
doses used were 0, 620, and 1,250 ppm phenylephrine in the diet in rats and 0, 1,250, 
and 2,500 ppm in mice. There was no evidence of carcinogenicity in mice or rats. Based
on the feed consumed, the maximum doses correspond to 50 mg/kg/day (rats) and 270 
mg/kg/day (mice). The following non-neoplastic lesions were considered related to 
phenylephrine hydrochloride: chronic focal inflammation of the liver and perivascular 
cuffing of the lung at both doses in male and female rats, inflammation of the prostate at 
both doses in male rats, and focal cellular change in the liver in high-dose male mice.

Regarding ketorolac, the sponsor summarized the information in the labels for 
Acular®, Acuvail®, and Toradol®. 

 An 18-month study in mice at oral doses of ketorolac equal to the parenteral 
maximum recommended human dose (MRHD; 2.4 mg/kg/day) and a 24-month 
study in rats at oral doses 2.5-times the parenteral MRHD showed no evidence of 
tumorigenicity (Acular® PI 2004).
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Note: According to the Acular® PI, the doses used in mice and rats were 2 
mg/kg/day and up to 5 mg/kg/day, respectively. The sponsor conversion factors 
are incorrect. Based on body surface area, the safety margins are 14.8-fold in 
mice and 2.96-fold in rats. 

 In a 78-week study in mice, at doses up to 1- and 3-fold of maximum 
intramuscular and oral doses, ketorolac did not increase the risk of developing 
tumors (Toradol PI 2007).

Note: According to the Toradol® PI, the maximum oral daily dose is 40 mg/day 
(0.67 mg/kg; 60 kg person). The oral dose in the mouse study was 2 mg/kg/day; 
or 0.24-fold the maximum oral human dose, based on body surface area. The 
maximum IM daily dose is up to 120 mg/day (2 mg/kg; 60 kg person), for a safety 
margin of 0.08-fold, based on body surface area. 

 Ketorolac was not carcinogenic in either rats given up to 5 mg/kg/day orally for 24 
months or in mice given 2 mg/kg/day orally for 18 months. These doses are 
approximately 900-times and 300-times higher, respectively, than the typical 
human topical ophthalmic daily dose given as twice daily to an affected eye on a 
mg/kg basis (Acuvail® PI 2012).

Note: According to the Acuvail® PI, the recommended dose of ketorolac was 
0.45% BID. Assuming a 35 µL drop and 60 kg person, this dose corresponds to 
5.25 µg/kg/day (unilateral dose).The safety margins are 30-fold and 155-fold the 
dose in mice and rats, respectively, based on body surface area. 

 Ketorolac induced adenoma of adrenal cortex in a 2-year study in rats at a dose 
that was 7-fold higher than the maximum oral dose in humans and at a dose 
which was 7-fold higher than the maximum intramuscular dose in humans. 
Percentages of male rats with cortical adenoma were 6%, 14%, and 12% at 0.8, 
2.0, and 5.0 mg/kg/day doses, respectively, and 4%, 10%, and 10% for female 
rats at the same doses. Five percent of male and female rats in the control group 
also showed cortical adenoma. The 0.8 mg/kg/day dose, which did not cause 
increased adenoma, corresponds to a Cmax of 4870 ng/mL (assuming linear PK, 
per the Toradol® label [Toradol® PI 2007]). This represents an exposure multiple 
of at least 300-fold over the maximum measured KE exposure after OMS302 
administration.

Note: The source of the data showing an induction of adenoma is not clear to the 
reviewer as it is not found in the labels for the cited ketorolac products. 

9 Reproductive and Developmental Toxicology

No reproductive or developmental toxicity studies were performed by the sponsor 
with OMS302 or with phenylephrine hydrochloride or ketorolac tromethamine. 
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Regarding phenylephrine hydrochloride, no formal regulatory-compliant 
reproductive toxicity studies have been conducted. The sponsor cited the published 
studies summarized in the National Toxicology Program report (Ref. 10 above). 
Phenylephrine given to pregnant rabbits during the last third of gestation produced fetal 
growth retardation and the onset of early labor (Shabanah, 1969). The use of 
medications containing phenylephrine during the first 4 months of pregnancy was 
associated with a greater than expected number of eye, ear, and other minor 
malformations in humans (Heinonen, 1977). Two other epidemiologic studies found no 
association between congenital disorders and use of phenylephrine during pregnancy 
(Jick, 1981; Colley, 1982). Para-sympathomimetic agents consistently caused external 
and cardiac malformations when administered to chick embryos, but phenylephrine did 
not cause similar defects (Hodach, 1975; Bruyere, 1983).

Regarding ketorolac tromethamine, the sponsor summarized the following 
information (note: this reviewer revised the exposure margins to be consistent with those 
in the approved labels):

COX-1 inhibition is associated with the disruption of heart development [Gupta 
2003]. In rats, ketorolac increased the incidence of ventral septal defects [Cappon 2003]. 
Reproduction studies have been performed in rabbits using daily oral doses at 3.6 mg/kg 
and in rats at 10 mg/kg during organogenesis. Results of these studies did not reveal 
evidence of teratogenicity to the fetus. Oral doses of ketorolac tromethamine at 1.5 
mg/kg, which was 0.14-times the human AUC, administered after gestation day 17 
caused dystocia and higher pup mortality in rats (Toradol® label). Ketorolac 
tromethamine did not impair fertility when administered orally to male and female rats at 
doses up to 225-times and 400-times, respectively, the maximum recommended human 
topical ophthalmic dose, assuming 100% absorption in humans and animals (Acular®

label). The exposures margins noted above for topical phenylephrine in Acular® label do 
not apply to the intraocular dose in OMS302. 

According to clinical study # OMS302-ILR-004 conducted under this NDA, 
detectable phenylephrine plasma concentrations were observed in 1 of 14 subjects. The 
maximum concentration observed in this subject was 1.7 ng/mL, occurred after 
instillation of topical preoperative phenylephrine drops and prior to exposure to Omidria; 
lower values of 1.2 to 1.3 ng/mL were observed over the subsequent 2 hours. These 
concentrations (observed in only one subject) are comparable or below those reported 
after oral administration of a 10 mg dose or topical ocular administration of 2.5% or 10% 
phenylephrine drops (overall plasma level range of 0.65-24 ng/mL). 

The sponsor is not including any reproductive data for phenylephrine in the 
proposed labeling. This is consistent with the labels for NDA 203-510 (Phenylephrine 
Hydrochloride Ophthalmic Solution 2.5% and 10%; approved on March 2013) and NDA 
203-826 (Phenylephrine Hydrochloride IV Injection; approved on December 2012), both 
indicated for short-term use. Based on the expected low systemic exposure to 
phenylephrine, a similar label for the intended product is considered acceptable.
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11 Integrated Summary and Safety Evaluation

OMS302 is a combination drug product containing 12.4 mg/mL phenylephrine
hydrochloride and 4.24 mg/mL ketorolac tromethamine that is added to irrigation solution 
(e.g., balanced salt solution) for use during intraocular lens replacement procedures. 
OMS302 (4 mL) added to irrigation solution results in final concentrations of 480 μM 
phenylephrine hydrochloride and 89 μM ketorolac tromethamine. The intended use of 
OMS302 is for the  prevention of intraoperative 
miosis during intraocular lens replacement, and the reduction of  postoperative 
ocular pain.

Each of the active ingredients has been approved for topical ocular human use at 
higher concentrations than those in OMS302 but not for intracameral use (e.g.,  
Phenylephrine Hydrochloride Ophthalmic Solution, 2.5% and 10% indicated for pupil 
dilation [up to 3 drops; up to 10.5 mg/eye]; ACULAR® 0.5% topical ophthalmic ketorolac
tromethamine solution indicated for the treatment of inflammation following ocular 
surgery or temporary relief of ocular itching due to seasonal allergic conjunctivitis [1 drop 
4x/day; 0.7 mg/eye/day]. For comparisons to approved topical ophthalmologic products, 
the final phenylephrine and ketorolac concentrations of 480 μM and 89 μM in OMS302 in 
the irrigant correspond to approximate concentrations of 0.0098% (w/v) and 0.0034% 
(w/v), respectively. However, on a mg basis, a higher amount of both APIs is delivered 
to the eye with OMS302, i.e., up to 49.6 mg phenylephrine hydrochloride (12.4 mg/mL x 
4 mL) and up to 16.96 mg ketorolac tromethamine (4.24 mg/mL x 4 mL). 

The ocular safety of the combination is supported by the results of the ocular 
toxicity study in African green monkeys (Study RX07.07). The NOAEL was the highest 
dose administered (7200 μM phenylephrine hydrochloride: 900 μM ketorolac
tromethamine x 208 mL). The ocular exposure to phenylephrine and ketorolac at the 
NOAEL in ocular toxicology study # RX07.07 were, respectively, 7.2-fold and 4.2-fold 
above the maximum anticipated clinical exposures (Tables 10 and 11). Relative to the 
final concentrations of phenylephrine hydrochloride and ketorolac tromethamine in 
OMS302 intended for clinical use (480 μM phenylephrine hydrochloride: 89 μM ketorolac
tromethamine), the NOAEL concentrations represent 15-fold and 10-fold higher multiples 
for phenylephrine and ketorolac, respectively. The absence of any test article-related 
findings in assessments of ocular physiology and histopathology supports the ocular 
safety of this product.

In Study RX07.07, there was no systemic toxicity based on clinical signs, body 
weights, food consumption, ECG, hematology, clinical chemistry, selected organ weights 
and urinalysis. Systemic tissue histopathology was not conducted. However, the 
systemic exposure of phenylephrine (Table 11) and ketorolac (Table 12) observed in the 
monkey was within the range of the levels observed in humans after administration of 
ocular phenylephrine drops (0.86-24 ng/mL; Table 11) or oral, intramuscular, or 
intravenous ketorolac (870-4650 ng/mL; Toradol®  label). Therefore, it was not expected 
that these levels in the monkey would result in adverse findings. 
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Table 11: Comparison of Phenylephrine (PE) Exposure in Nonclinical and Clinical 
Ophthalmological Pharmacokinetic Studies

Table 12: Comparison of Ketorolac (KE) Exposure in Nonclinical and Clinical 
Ophthalmological Pharmacokinetic Studies
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The clinical PK of OMS302 was evaluated in 14 subjects in the Phase 3 trial 
OMS302-ILR-004. Plasma concentrations of phenylephrine were undetectable at all 
timepoints for all but one subject who received OMS302. The only subject with 
detectable phenylephrine had a value of 1.7 ng/mL at the pretreatment timepoint 
(presumably due to exposure to the preoperative phenylephrine 2.5% eye drops and not 
due to OMS302), and lower values of 1.2 to 1.3 ng/mL over the subsequent two hours. 
These levels are lower than those found in the published literature with clinical use of 
phenylephrine-containing eye drops (Table 11). 

In Phase 3 trial OMS302-ILR-004, ketorolac was detected in 10 of 14 subjects 
treated with OMS302 and 1 of 12 subjects treated with placebo. The sponsor believes 
that ketorolac measured in some subjects at the 24-hour postsurgery timepoint may
have been due to application of postoperative ketorolac ophthalmic eye drops scheduled 
to begin the day after surgery, e.g., the placebo-treated subject. The amount of ketorolac 
detected was low, in the 1 to 4 ng/mL range. These levels are lower than what is 
reported in the label for Acular® ketorolac 0.5% eye drops (11 to 23 ng/mL), and 
considerably lower than the average Cmax reported in the label for Toradol® (870 ng/mL 
after a single 10 mg oral dose, 1140-4550 ng/mL after a single 15-60 mg intramuscular 
dose, and 2470-4650 ng/mL after a single 15-30 mg intravenous bolus).

Therefore, the existent nonclinical and clinical pharmacokinetic data support the 
view that the systemic exposure of phenylephrine and ketorolac after the intended 
dosing regimen is not expected to be above the range of values already observed after 
ocular and/or oral administration of the FDA approved products. 

The recommendations for the reproductive as well as carcinogenicity information 
in the proposed Omidria label are discussed under Sections 8 and 9 of this review, 
respectively.

Four potentially genotoxic impurities in the drug substance/drug product and 
several leachables/extractables from the glass vial and elastomeric stopper were 
detected, primarily under accelerated conditions. The levels observed are not expected 
to be of main toxicological concern for the proposed dose regimen.  

Therefore, there are no nonclinical issues that will preclude the approval of 
Omidria. 
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