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Background: We wanted to develop a new topical ocular anesthetic with good bioavailability in anterior segment tissues. Given 
concerns about contamination and sterility in multi-dose products, we selected a unit-dose, nonpreserved presentation of AG-920 
(articaine ophthalmic solution) in blow-fill-seal containers (similar to currently marketed pharmacological therapies for dry eye 
disease).
Methods: Consistent with US Food and Drug Administration guidance, two pivotal, Phase 3, randomized, placebo-controlled, 
double-masked, parallel design studies conducted at two US private practices in 240 healthy subjects. A single dose of AG-920 or 
identical looking placebo into one (study) eye (2 drops 30 s apart). Subjects underwent a conjunctival pinch procedure and assessment 
of the pain associated with the pinch. The main outcome measure was the proportion of subjects with rating of “No pain at 5 minutes”.
Results: AG-920 provided a rapid onset of local anesthesia (less than one minute) with clinically and statistically significantly greater 
effect in AG-920 (68% and 83%) than placebo (3% and 18% for Study 1 and Study 2, respectively, P<0.0001). The most frequent 
adverse event was instillation site pain (27% vs 3%) followed by conjunctival hyperemia (probably related to the pinch, 9% vs 10%) in 
the AG-920 and placebo groups, respectively.
Conclusion: AG-920 was found to be have a rapid onset and useful duration of local anesthesia with no major safety issues, and may 
be useful for the eye-care professional. Registered with clinicaltrials.gov as NCT04513652 and NCT04829344.
Keywords: local anesthesia, articaine, controlled trial

Plain Language Statement
The authors conducted two, large, well-controlled clinical studies to evaluate the efficacy of a novel local anesthetic drug solution for 
use in diagnostic and therapeutic procedures of the eyes. The authors found the new drug solution was much more effective than a 
“placebo” solution. The most frequent adverse events were brief stinging and red eyes. This new drug, still investigational, may 
provide eye care professionals with an additional option for use in patients.

Introduction
Eye-care professionals use topical ocular anesthetics for a myriad of uses in their clinical practice for numerous 
procedures – diagnosis, external disease surgery, and more recently, as the sole anesthetic for cataract surgery1 and for 
intravitreal injections. There are numerous local anesthetics available for clinicians.2

Although there are many available topical anesthetics, their intraocular penetration is poor, as expected based upon 
their design to anesthetize the external surface of the eye and conjunctiva. More current innovations in ophthalmology 
have demanded the injection of drugs through the eye wall and in particular the internal aspect of the pars plana. Existing 
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anesthetics function less than optimally in this regard, sometimes necessitating multiple applications of drug over 
variable periods of time to achieve a fair to poor internal anesthetic effect.

Based on the use of articaine in dental procedures to penetrate solid tissues (eg bone),3 its use in peribulbar anesthesia 
during cataract surgery,4 and the presence of a phenol ring which theoretically conveys its deeper tissue penetration, we 
selected articaine. We developed a sterile, room-temperature stable ophthalmic formulation of articaine, called AG-920 
ophthalmic solution. In preclinical models, AG-920 ophthalmic solution elicited a rapid onset and potentially clinically 
useful duration of corneal anesthesia (as measured by aesthesiometry), was well tolerated, and did not cause any clinical 
or histopathological toxicity. In both preclinical and clinical ocular administration, there was limited systemic exposure.5

Based upon this early development, we aimed to further evaluate the clinical anesthetic efficacy of AG-920 
ophthalmic solution, as well as its ocular safety and tolerability. Herein, we report the results of two Phase 3, randomized, 
placebo-controlled, double-masked, parallel design studies. The selection of response to a binary conjunctival pinch 
efficacy test (Yes/No) and placebo-control was based upon regulatory guidance from the US Food and Drug 
Administration (FDA).

Materials and Methods
The vehicle-controlled study was performed in accordance with the guidelines outlined in the Declaration of Helsinki and 
was approved by Institutional Review Boards (WGC/WIRB and Sterling IRB, Study Numbers AG920-CS301 and 
AG920-CS302), and all individuals provided written informed consent. Subjects were recruited from daily practice 
patients, previous clinical study subjects, or word of mouth in the community.

Eligible for entry were adults 18 years and older who were able to follow instructions and meet the required study 
visits. Also required in each eye was a minimum best corrected visual acuity of 20/200, intraocular pressure of 7–30 
mmHg, and ability to tolerate bilateral instillation of over-the-counter (OTC) artificial tear product based on investigator 
judgement.6 Female subjects of childbearing potential were not to be pregnant or nursing and must have had a negative 
urine pregnancy test at screening (Visit 1).

Excluded were individuals who had recently participated in an investigational study, had contraindications to local 
anesthetics, had known decreased corneal or conjunctival sensitivity (eg, sequelae of herpetic eye disease, corneal graft), 
had ocular surgery (intraocular, refractive, extraocular muscles, eyelid) or general surgery in either eye within the past 90 
days, had an intravitreal injection in either eye within 14 days of randomization, or a diagnosed corneal pathology which 
might have led to decreased sensitivity and other relevant ocular disease. Subjects were not allowed to wear contact 
lenses on the dosing day. Concomitant medications which might have an effect on cornea sensitivity or ocular pain were 
prohibited (eg, recent systemic opioids or opiate analgesics, topical NSAIDs or over-the-counter (OTC) artificial tear 
lubricant products).

AG-920 ophthalmic solution 8.0% used in this study was an isotonic, nonpreserved aqueous sterile solution contain-
ing Articaine HCl 8% and the standard ophthalmic excipients boric acid, mannitol, sodium acetate trihydrate, glacial 
acetic acid, and edetate disodium dihydrate. The product formulation is adjusted to pH 4.5 to 5.0 for optimum stability 
and low impurity profile. The placebo (also referred to as vehicle) was the same formulation, with the exception of the 
active ingredient, and was formulated to the same pH as AG-920. Both products were packaged in a masked fashion.

These studies were registered with www.clinicaltrials.gov as NCT04513652 and NCT04829344. We conducted two 
double-masked, (equal) randomized placebo-controlled, parallel Phase 3 trials, AG-920-CS301 (Study 1, oculoplastics 
sub-specialty private practice in California) and AG-920-CS302 (Study 2, retina sub-specialty private practice in Texas). 
In each study, 120 healthy subjects were randomized to receive a single dose of AG-920 or identical looking placebo into 
one (study) eye (2 drops 30 s apart). Subjects underwent a conjunctival pinch procedure and the pain associated with the 
pinch assessed. A priori, the primary endpoint was “no pain at 5 minutes”.

After a screening ophthalmic examination, subjects were randomized to receive either AG-920 ophthalmic solution 
8.0% or its vehicle in one randomly selected eye based upon computer-generated randomization codes (SAS Institute, 
Cary NC, Version 9.0 or higher). The single dose was administered by the clinic staff as two drops in the study eye 30 s 
apart.
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Consistent with a previous evaluation of a local anesthetic,7 subjects were asked to look up, and the investigators used 
a 0.3 mm forceps to quickly “pinch” and release the inferior bulbar conjunctiva of the study eye. Clinical staff explained 
to subjects that the feeling of pressure is not to be judged as pain. Immediately after the release, subjects were asked 
“Was that painful?”. Subjects were to answer yes or no. All subjects were pinched at 20, 40, 60 s and 5 minutes post 
dose. If the subject felt no pain at 5 min, the subject was considered “anesthetized”. Pinching of anesthetized subjects 
continued at 10 min and every 5 min for up to 30 min or until pain resumed. Once pain resumed, pinching stopped. If the 
subject experienced pain at 5 min, pinching was concluded, and the subject was considered to not have reached 
anesthesia at 5 min (Figure 1).

Statistics
The primary efficacy endpoint (the proportion of subjects with no pain, ie, anesthetized, at 5 min) was to be performed on 
the intent-to-treat population (all randomized subjects who received at least one dose of study medication), and then on 
the per-protocol population to determine robustness of results. However, as there were no subjects excluded from the per- 
protocol population in either study, this was moot. Additional endpoints included the onset of anesthetic effect, the 
duration of anesthetic effect, and the proportion of subjects with no pain within 5 min. The proportion of subjects who 
were anesthetized at each time point was also summarized. Based upon the known safety profile of local anesthetics, 
temporary stinging or burning upon instillation was listed a priori as an expected risk.

For the pre-specified primary endpoint and secondary endpoint of no pain within 5 min, a Pearson chi-squared test 
was used in Study 1 for the comparison of the proportions from the two treatment groups. Based upon results of Study 1, 
and the data in Study 2, a Cochran–Mantel–Haenszel (CMH) chi-squared test stratified by study-eye side (right or left) 
was used for this between-group comparison. These are essentially the same nonparametric analyses.

In addition, a two-sided 95% confidence interval (CI) for the difference in proportions between the two treatment 
groups was calculated. If the proportion of subjects (expressed as a percentage) was higher in the AG-920 group and the 

Figure 1 Study flow chart.
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P-value was statistically significant (P≤0.05), then superiority of AG-920 over placebo was claimed. Descriptive and 
inferential statistics were performed using SAS, V 9.4 or higher, SAS Institute, Cary NC.

For the secondary endpoints of onset and duration of anesthesia, a two-sample t-test was used in Study 1 to compare 
the two treatment groups. In Study 2, these endpoints were compared between the two groups using analysis of variance 
(ANOVA) with treatment and study-eye side (right or left) as factors.

MedDRA version 23.0 and above was used for coding of the adverse events (AE). WHO ATC Index 2020 was used 
for coding of concomitant and prior medications taken by the subject.

Results
Disposition and Pre-study Characteristics
Between September 2020 and May 2021, each study enrolled 120 subjects, equally randomized into AG-920 and vehicle 
treatment groups. All 240 subjects received study medication and completed the study. None was excluded from analysis. 
Within each study, for the most part, there were no statistically or clinically significant differences between treatment 
groups. Between studies, however, there were more Asians in Study 1 (17%, 20/120) compared to Study 2 (2%, 2/120), 
and more subjects of Hispanic ethnicity in Study 2 (98%, 118/120) compared to Study 1 (22%, 26/120, Table 1).

Efficacy
Primary efficacy endpoint: Study 1: Of the subjects in the AG-920 treatment group, 68.3% (41/60) achieved the primary 
efficacy endpoint of “no pain at 5 minutes”, compared to 3.3% (2/60) in the vehicle group. This difference of 65% (95% 
CI: 52.4–77.6%) was statistically significant (P<0.0001). Study 2: Of the subjects in the AG-920 treatment group, 83.3% 
(50/60) achieved the primary efficacy endpoint of “no pain at 5 minutes”, compared to 18.3% (11/60) in the placebo 
group. This difference between groups of 65% (95%CI: 47.5–75.3%) was statistically significant (P<0.0001, Table 2, 
Figure 2).

Additional efficacy endpoints: Study 1: Of the subjects in the AG-920 treatment group, 98.3% (59/60) achieved an 
efficacy endpoint of “no pain within 5 minutes”, compared to 3.3% (2/60) in the vehicle group. This difference of 95% 
(95%CI: 89.4–100.0%) was statistically significant (P<0.0001). Study 2: Of the subjects in the AG-920 treatment group, 
98.3% (59/60) achieved the efficacy endpoint of “no pain within 5 minutes”, compared to 35.0% (21/60) in the placebo 
group. This difference of 63.3% was statistically significant (P<0.0001).

Study 1: At each time point from 20 s (0.33 min) through 25 min, a substantially greater proportion of subjects in the 
AG-920 treatment group responded (no pain) than in the vehicle group. Note that everyone was tested at all timepoints 
through 5 min. At 10 min, subjects who were not anesthetized at 5 min were not tested, and similarly at subsequent time 
points. Thus, the number of subjects pinched decreased over time. Study 2: At each time point from 20 s (0.33 min) 
through 15 min, a substantially greater proportion of subjects in the AG-920 treatment group responded no pain than in 
the vehicle group. At 10 min, subjects who were not anesthetized at 5 min were not tested, and similarly at subsequent 
time points. Thus, the number of subjects pinched decreased over time (Figure 3).

Study 1: The mean onset of anesthesia in the AG-920 treatment group was 0.44±0.6 (mean ±SD) minutes. Five 
subjects in the vehicle group also experienced anesthesia at the first test (20 s). Study 2: The mean onset time of 
anesthesia in the AG-920 treatment group was 0.43±0.61 (mean ±SD) minutes. Twenty-one (35%) subjects in the 
placebo group also experienced anesthesia, with an onset time of 1.0±1.67 min. This finding indicates that for those 
subjects who experienced anesthesia, subjects treated with AG-920 had an early onset of the anesthetic effect by 
approximately a half minute.

Study 1: The mean duration of anesthesia in the AG-920 treatment group was 4.8±3.8 (mean ±SD) minutes, 
compared to the vehicle treatment group which was 0.27±1.4 min (P<0.0001). Study 2: Among the 59 subjects in the 
AG-920 group and 21.7% subjects in the placebo group who experienced anesthesia, the mean duration of anesthesia was 
12.8±8.0 (mean ±SD) min in the AG-920 group and 6.6±10.2 min in the placebo group. The LS-adjusted mean difference 
from the ANOVA model was 5.68 min (95%CI: 1.30–10.07 min) and this difference was statistically significant 
(P=0.0117).
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Table 2 Proportion of Subjects with No Pain at 5 min (ITT Population)

Study 1 Study 2

AG-920 
(n=60)

Vehicle 
(n=60)

AG-920 
(n=60)

Vehicle 
(n=60)

Anesthetized 41 (68.3%) 2 (3.3%) 50 (83.3%) 11 (18.3%)

Treatment effect (95% confidence interval, P-value) 65.0% (52.4–77.6%, P<0.0001) 65.0% (47.5–75.3, P<0.0001)

Notes: P-value and 95%CI calculated using Pearson's chi-squared test for between treatment group comparison (Study 1) and Cochran–Mantel– 
Haenszel chi-squared test stratified by study-eye side (right or left, Study 2).

Table 1 Demographics

Characteristics Study 1 Study 2

AG-920 Placebo All AG-920 Placebo All

Age (years)

n 60 60 120 60 60 120
Mean 32.6 30.0 31.31 34.9 37.0 35.9

SD 13.7 11.3 12.6 15.6 14.4 15.0

Median 27.0 27.0 27.0 28.0 33.0 30.5
Minimum 18.0 19.0 18.0 18.0 18.0 18.0

Maximum 64.0 65.0 65.0 74.0 63.0 74.0

P-value* 0.4700 0.4424
≥65 years of age, n (%) 0 (0.0) 1 (1.7) 1 (0.8) 4 (6.7) 4 (3.3)

Gender, n (%)

Female 33 (55.0) 34 (56.7) 67 (55.8) 31 (51.7) 36 (60.0) 67 (55.8)
Male 27 (45.0) 26 (43.3) 53 (44.2) 29 (48.3) 24 (40.0) 53 (44.2)

P-value 0.8541 0.3580

Race, n (%)
American Indian or Alaska Native 1 (1.7) 0 (0.0) 1 (0.8) – – –

Asian 10 (16.7) 10 (16.7) 20 (16.7) 1 (1.7) 1 (1.7) 2 (1.7)

Native Hawaiian or other Pacific Islander 0 (0.0) 1 (1.7) 1 (0.8) 1 (1.7) 1 (1.7) 2 (1.7)
White 49 (81.7) 49 (81.7) 98 (81.7) 58 (96.7) 58 (96.7) 116 (96.7)

Other – – – 2 (1.7) 1 (1.7) 1 (1.7)

P-value 0.5724 1.0000
Ethnicity, n (%)

Hispanic 13 (21.7) 13 (21.7) 26 (21.7) 59 (98.3) 59 (98.3) 118 (98.3)

Non-Hispanic 47 (78.3) 47 (78.3) 94 (78.3) 1 (1.7) 1 (1.7) 2 (1.7)

P-value 1.0000 1.0000

Color of iris, n (%)
Blue 12 (20.0) 14 (23.3) 26 (21.7) – – –

Brown 33 (55.0) 28 (46.7) 61 (50.8) 56 (93.3) 50 (83.3) 106 (88.3)

Green 4 (6.7) 5 (8.3) 9 (7.5) – 2 (3.3) 2 (1.7)
Hazel 11 (18.3) 13 (21.7) 24 (20.0) 4 (6.7) 6 (10.0) 10 (8.3)

P-value 0.8395 0.1919

Study eye, n (%)
Left 31 (51.7) 29 (48.3) 60 (50.0) 24 (40.0) 37 (61.7) 61 (50.8)

Right 29 (48.3) 31 (51.7) 60 (50.0) 36 (60.0) 23 (38.3) 59 (49.2)

P-value 0.7150 0.0176

Notes: P-value calculated using chi-squared test; *P-value calculated using Wilcoxon test.
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Safety
There were no serious AEs in either study. In both studies, AE reports were mild and transient. Study 1: 55 AEs were 
reported in 47 subjects. The incidence of subjects with at least one AE was 56.7% (34/60) in the AG-920 group and 22% 
(13/60) in the vehicle group. Most of these AEs were ocular. The proportion of subjects reporting ocular AEs were 53.3% 
(32/60) and 21.7% (13/60) for the AG-920 and vehicle groups, respectively. The relationship of AE to the study drug was 
judged as related for all AEs. Study 2: In this study, 14 AE were reported in 14 subjects. The incidence of subjects with at 
least one AE was 16.7% (10/60) in the AG-920 group and 6.7% (4/60) in the vehicle group. All but one of these AEs 
were ocular (study eye). The only systemic AE was a single report of headache in the AG-920 group. The relationship of 
AEs to the study drug was judged as unrelated for all AEs in the AG-920 group, and unrelated for all but one event (eye 
pain) in the placebo group (Table 3).

In Study 1, the most frequently reported AE was instillation site pain, seen in 53% (32/60) subjects in the AG-920 
group and 7% (4/60) subjects in the vehicle group. Dysgeusia was reported in 7% (4) subjects in the AG-920 treatment 
group and none of the subjects in the vehicle group. In Study 2, the most frequently reported AE was conjunctival 
hyperemia, seen in 11.7% (7/60) and 3.3% (2/60) subjects in the AG-920 and placebo groups, respectively.

In both studies, at screening, mean visual acuity in each treatment group was 0.0 logarithm of the minimum angle of 
resolution (logMAR (20/20 Snellen) in the study eye and non-study eye. Throughout the study, mean changes in visual 
acuity were less than 0.1 logMAR (1 line). There were no subjects who lost three or more Early Treatment of Diabetic 
Retinopathy Study (ETDRS) lines of visual acuity.

The incidence of positive changes (ie, findings) in biomicroscopy was tabulated for both study and fellow eye. Study 
1: Conjunctival hyperemia, which was absent in all eyes at screening, was noted at Visit 2 (day of instillation) in the 
study eye in four subjects in the AG-920 group (three mild, one moderate) and nine subjects in the vehicle group (all 
mild). In Study 2, there were no changes of note in the study or fellow eye.

Figure 2 Anesthetization rate (% of subjects with no pain at 5 min).

Figure 3 Time-response (percentage of subjects anesthetized).
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Discussion
The primary objective of these Phase 3, randomized, placebo-controlled, double-masked, parallel design studies in 
healthy subjects was to evaluate anesthetic efficacy of AG-920. In both studies, more than two-thirds of subjects were 
anesthetized at 5 min. The treatment effect (difference from placebo) was 65% in both studies (P<0.0001). In both 
studies, subjects treated with AG-920 achieved clinically and statistically significant effects on secondary endpoints of 
anesthetized within 5 min (98.3% in both studies), a rapid mean onset of anesthesia in less than 30 s in both studies, and a 
mean duration of anesthesia of 4.8 min in Study 1 and 12.8 min in Study 2.

The two studies, each at a geographically different site, differed in the vehicle response rate: 3.3% in Study 1 and 
18.3% in Study 2. We found one published paper using this same methodology at a different site 15 years prior 
(Massachusetts) in which the vehicle response rate was 22%.7 After completion of our work, a new local anesthetic was 
approved by the US FDA (Iheezo™, chloroprocaine gel). The vehicle response rate in the studies supporting that 
approval ranged from 12% to 20%.8 Thus, our observations are consistent with others. The difference in placebo 
response rate in our two studies are probably due to multiple factors including previous treatment experience, subject 
and investigators expectations, and socioeconomic level.

As noted in the introduction, the design was informed by regulatory precedents and communication with the US FDA. 
Previous product approvals were based upon a vehicle-controlled study using the conjunctival pinch method used in this 
study.7,8 This study design supported an indication for a “local anesthetic indicated for ocular surface anesthesia during 
ophthalmologic procedures”, which includes intravitreal injections. While there was not a positive control in the study, 
the magnitude of efficacy reported for AG-920 in this controlled study relative to its vehicle, 65%, is similar to that 
reported with a marketed local anesthetic in a placebo-controlled study.7

Table 3 Adverse Events

System Organ Class Preferred 
Term

Study 1 Study 2

AG-920 
(N=60)

Placebo 
(N=60)

All 
(N=120)

AG-920 
(N=60)

Placebo 
(N=60)

All 
(N=120)

Overall 34 (56.7) 41 13 (21.7) 14 47 (39.2) 55 10 (16.7) 10 4 (6.7) 4 14 (11.7) 14

Eye disorders 5 (8.3) 5 10 (16.7) 10 15 (12.5) 15 9 (15.0) 9 4 (6.7) 4 14 (11.7) 13

Conjunctival hyperemia 4 (6.7) 4 9 (15.0) 9 13 (10.8) 13 7 (11.7) 7 2 (3.3) 2 9 (7.5) 9

Eye pain 0 (0.0) 0 1 (1.7) 1 1 (0.8) 1 – 1 (1.7) 1 1 (0.8)1

Ocular hyperemia 1 (1.7) 1 0 (0.0) 0 1 (0.8) 1

Conjunctival hemorrhage – – – 1 (1.7) 1 1 (1.7) 1 2 (1.7) 2

Vision blurred – – – 1 (1.7) 1 1 (0.8) 1

Gastrointestinal disorders 4 (6.7) 4 0 (0.0) 0 4 (3.3) 4

Dysgeusia 4 (6.7) 4 0 (0.0) 0 4 (3.3) 4

Nervous system disorders – – – 1 (1.7) 1 – 1 (0.8) 1

Headache – – – 1 (1.7) 1 – 1 (0.8) 1

General disorders and administration  

site conditions

32 (53.3) 32 4 (6.7) 4 36 (30.0) 36 – – –

Instillation site pain 32 (53.3) 32 4 (6.7) 4 36 (30.0) 36 – – –

Notes: Shown in each cell are the number of subjects, (percent of subjects) and number of events. Medical Dictionary for Regulatory Activities (MedDRA). 
Abbreviations: E, number of events; N, number of subjects in the safety population for each treatment and overall; n, number of subjects with an adverse event within a 
particular category; %, calculated using the number of subjects in the safety population as the denominator ((n/N) × 100).
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The nature of the AE differed in the two studies. In one study, approximately half of the subjects treated with AG-920 
reported mild instillation site pain, and 7% (4/60) reported dysgeusia. In the companion study, subjects treated with AG-920, 
conjunctival hyperemia was seen in 11.7% (7/60) and 3.3% (2/60) subjects in the AG-920 and placebo groups, respectively. 
As noted for placebo response rate, the nature of these safety reports may have to do with the investigators, the manner in 
which the staff reported AE related to the pinching, the subject population, and the consideration as to whether patient reports 
were judged as adverse reactions. Nonetheless, the AEs were mild, and all subjects recovered without any further treatment or 
sequelae. There were no other safety findings of note. Further, the AEs reported with AG-920 were no worse than, and 
possibly more limited (eg, no corneal epithelial changes) than a marketed product.9 According to the package insert for a 
product approved after our work was completed, AEs, including mydriasis, were 26%, versus a vehicle rate of 2%.8

The efficacy results from the two studies in this present report support US regulatory policy. Since 1962, at least two 
well controlled studies demonstrating the safety and efficacy of the new product have been required for approval. The 
two studies do not have to be exactly the same in design, nor in results, but they have to be confirmatory. In our report, 
the design was the same for both studies. While the vehicle response rate was different, 3.3% vs 18.3, the treatment effect 
was the same, 65%. Thus, we find the two studies confirmatory of each other.

We recognize that the pivotal studies conducted for regulatory approval for novel agents do not always address the 
wealth of concerns from clinicians. Future studies may compare AG-920 to a marketed product (most likely requiring a 
larger study for adequate power), using a continuous measure of anesthesia (eg Cochet-Bonnet esthesiometer), and 
experience in clinical conditions such as intravitreal injection.10

Conclusion
In conclusion, AG-920 was found to be have a rapid onset and useful duration of local anesthesia with no major little or 
no safety issues, and may be useful for the eye-care professional.
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