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Purpose: To evaluate the ocular hypotensive efficacy and safety of razuprotafib, a novel
Tie2 activator, when used as an adjunct to latanoprost in patients with open-angle
glaucoma (OAG) or ocular hypertension (OHT).

Methods: Subjects with OAG or OHT and an unmedicated IOP from ≥22 mm Hg to
<36 mm Hg were randomized to one of three treatment arms: razuprotafib every
day (QD) + latanoprost; razuprotafib twice daily (BID) + latanoprost; or latanoprost
monotherapy. The primary endpoint was change in mean diurnal IOP from baseline at
day 28.

Results:A total of 194 subjects were randomized, and 193 (99.5%) completed the study.
Razuprotafib BID+ latanoprost resulted in a significantly larger reduction in diurnal IOP
than latanoprost alone (7.95 ± 0.26 mmHg vs. 7.04 ± 0.26 mm Hg, P < 0.05). A smaller
improvement was observed after 14 days of treatment (7.62 ± 0.26 mm Hg vs. 7.03 ±
0.26 mm Hg, P = 0.11). Razuprotafib QD dosing did not demonstrate additional IOP
lowering compared to latanoprost alone. Conjunctival hyperemia on Day 28 increased
by 1.1 units on the four-point Efron scale two hours post dose from a baseline value of
0.6 units, and decreased thereafter.

Conclusions: Topical ocular razuprotafib as an adjunct to latanoprost therapy was well
tolerated and significantly reduced IOP in patients with OAG/OHT.

TranslationalRelevance: Thesedata support the IOP loweringefficacyof targetingTie2
activation in Schlemm’s canal in the relevant patient population.

Introduction

Open-angle glaucoma (OAG) is a leading cause
of irreversible blindness affecting approximately 44.7
million people worldwide with an estimated preva-
lence in the United States of 2.7 million in 2011,
which is expected to increase to 7.3 million by 2050.1–3
OAG is characterized by optic nerve and neuroretina
anomalies and progressive visual field defects. Elevated
intraocular pressure (IOP)/ocular hypertension (OHT)
is the primary modifiable risk factor and reducing IOP
is the only clinical approach shown to slow/prevent
vision loss.4–7 Despite the availability of effective IOP
lowering drugs, many patients require multiple agents
to control IOP that together often fail to achieve a
“target” IOP.8

Razuprotafib ophthalmic solution is in development
as an adjunctive treatment to prostaglandins for treat-
ing OAG. Razuprotafib is a novel small molecule which
selectively inhibits VE-PTP (vascular endothelial-
protein tyrosine phosphatase) and enhances Tie2
(tyrosine kinase with immunoglobulin-like and Epider-
mal Growth Factor (EGF)-like domains 2) activa-
tion and signaling.Angiopoietin (Angpt)/Tie2 pathway
activation may have therapeutic benefit in patients
with OAG and OHT by directly targeting the conven-
tional outflow (CO) pathway. In a recent study,
razuprotafib was shown to increase Tie2 activation
in endothelium of Schlemm’s canal (SC), reduce IOP,
and increase outflow facility in mouse eyes.9 VE-
PTP was localized to SC endothelial cells in human
and mouse eyes.9–12 Mechanistically, razuprotafib
increased the filtration area of SC for aqueous
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humor efflux in both wild-type and in Tie2+/−
mice.9

In previous clinical trials of subcutaneously deliv-
ered razuprotafib for the treatment of diabetic eye
disease, IOP was lowered by 1 to 1.5 mm Hg in
normotensive eyes.9 In this article, we report the results
of a randomized placebo controlled clinical trial to test
the efficacy of 4% razuprotafib ophthalmic solution
dosed daily (QD) or two times daily (BID) adjunc-
tive to QD latanoprost in patients with OAG or ocular
hypertension (OHT).

Methods

Study Design

This was a phase 2, double masked, randomized,
multicenter, parallel-group study. Subjects participated
in the study for up to approximately 11 weeks (screen-
ing visit, washout period for four to six weeks, two
qualification visits [two to seven days apart], and treat-
ment period for 28 days).

To be included in the study, patients were required
to be adults with a diagnosis of OAG or OHT (based
on IOP, visual fields, and optic nerve cupping) with
visual acuity of 0.5 logMAR or better in each eye
(20/63 Snellen). Eligible subjects must have been on
a stable dose of topical prostaglandin eye drops for
at least two weeks before screening with on-treatment
IOP≥ 18mmHg at screening. After screening, subjects
entered a four-week washout period. Post-washout,
final IOP at a second qualification visit was required
to be ≥24 mm Hg at 8:00 and ≥22 mm Hg at 10:00,
12:00, and 16:00 hours.

Eligible subjects were randomized 1:1:1 to
razuprotafib ophthalmic solution 4.0% QD (mornings
[AM]) and placebo for razuprotafib ophthalmic
solution QD (afternoons [PM]) + latanoprost
ophthalmic solution 0.005% QD (PM); razuprotafib
ophthalmic solution 4.0% BID (AM & PM) +
latanoprost ophthalmic solution 0.005% QD (PM);
or placebo for razuprotafib ophthalmic solution BID
(AM & PM) + latanoprost ophthalmic solution
0.005% QD (PM) for 28 days. Randomization was
stratified by mean diurnal IOP (IOP averaged over
08:00, 10:00, 12:00, and 16:00 hours) on qualification
visit 2/day −1 (<26 mm Hg vs. ≥26 mm Hg) in the
study eye (qualified eye with highest IOP). A random-
ization code for treatment allocation was prepared by
an independent biostatistician, who was not involved
in the day-to-day conduct of the study. Eligible subjects
were assigned to one of the three treatment groups
using a central interactive web response system. Study

medication kits were allocated via the interactive web
response system.

During the treatment period, patients self-
administered study medication (razuprotafib
ophthalmic solution or placebo for razuprotafib) daily
in the AM and PM and also administered latanoprost
daily in the PM. Patients dosed each eye by the topical
ocular route using dropper bottles to deliver eye drops.
Daily AM dose administration of study medication
occurred between 07:00 and 10:00 hours and PM
dose administration occurred between 19:00 and 22:00
hours. Latanoprost PM dose administration occurred
at least five minutes before administration of the PM
dose of study medication. Patients began dosing with
the AM dose of study medication on the morning of
day 1 and concluded dosing after administration of
the AM dose of study medication on day 28; there
was no PM dose administration on day 28. At study
clinic visits conducted on days 14 and 28, subjects
administered the AM dose of medication at the clinic
after the 08:00 hour ophthalmic assessments had been
completed. No ocular medication (other than non-
medicated lubricating drops) was allowed during the
study.

During the treatment period, subjects were seen in
the clinic on days 7, 14 and 28; ocular safety assess-
ments were conducted on all days, and IOP measure-
ments were conducted on days 14 and 28 at the follow-
ing time points: 08:00, 10:00, 12:00 and 16:00 hours.

At each study visit during the treatment period,
multiple ocular safety assessments were conducted
including some or all of the following: adverse
events, visual acuity, conjunctival hyperemia assess-
ment, objective findings of biomicroscopic examina-
tions (i.e., lids, conjunctiva, cornea, anterior chamber,
iris and lens), cup-disc ratio measurements, and dilated
ophthalmoscopic examination.

This study was registered on ClinicalTrials.gov
(NCT04405245), approved by Alpha Independent
Review Board, San Clemente, CA, and all patients
provided written informed consent consistent with
standards of the Declaration of Helsinki.

IOP Assessment

IOP was measured with a calibrated Goldmann
tonometer by a licensed ophthalmologist or
optometrist who was masked to the treatment assign-
ment. A separate staff member read the dial setting and
recorded the reading. Two consecutive measurements
of IOP in each eye were obtained at each time point. If
the two measurements differed by >2 mm Hg, a third
measurement was obtained. IOP was recorded as the
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mean of two measurements or as the median of three
measurements.

Conjunctival Hyperemia Assessment

Conjunctival hyperemia was assessed on days 14
and 28 at pre-dose and two, four, and eight hours
post-dose using the five-point Efron bulbar conjunctiva
hyperemia scale (0 = Normal, 1 = Trace, 2 = Mild, 3
= Moderate, 4 = Severe). An increase of two or more
grades on the hyperemia scale when compared to the
lowest score recorded at any previous timepoint for
an individual eye was reported as an adverse event. If
a subject complained of hyperemia, an adverse event
(AE) was recorded regardless of grade on the hyper-
emia scale.

Statistical Analysis

The planned sample size of 65 subjects per arm
completing 28 days of treatment gave 80% power to
conclude statistical superiority of razuprotafib (QD
or BID) + latanoprost to latanoprost monotherapy
assuming a two-sided alpha = 0.05, a true difference in
mean diurnal change from baseline IOP of 1.5 mmHg,
a common standard deviation (SD) of 3.5 mm Hg at
each time point, and a correlation of 0.60 among time
points within a subject’s study eye (leading to an SD
of the mean diurnal IOP of 3.0 mm Hg). All statistical
output was produced with SAS Software, version 9.2
(SAS Inc, Cary, NC, USA). Hypothesis testing, unless
otherwise indicated, was performed at a 5% signifi-
cance level.

Results

Disposition

Between July 2020 and November 2020, a total of
194 patients were randomized and treated; 193 (99.5%)
completed the study. One subject in the razuprotafib
BID+ latanoprost treatment group discontinued study
participation due to an adverse event (Fig. 1). The
safety and the intent-to-treat populations included
all 194 randomized patients. The outcomes of the
trial were based on the intent to treat population (all
randomized patients with at least one dose of study
drug).

Demographics and Baseline Characteristics

The demographics of the study population are
shown in Supplementary Table S1 (available at

Figure 1. Disposition of patients within the REAL study
(Razuprotafib Tie 2 Activation as adjunct to Latanoprost) in
patients with OAG or OHT.

www.aaojournal.org). The population was 62% female
(n = 120) and had a mean age (± standard deviation)
of 66.6± 10 years (range 34–89 years). The population
was 72%white, 27% black, and 1%Asian. Nine percent
of patients self-identified as Hispanic. There were no
clinically or statistically significant differences among
treatment groups.

The baseline characteristics for the study population
are shown in Table 1. A similar proportion of subjects
in the razuprotafib BID + latanoprost arm and the
latanoprost monotherapy arm had a diagnosis of
OAG in the study eye (66.2% and 65.6%, respectively);
however, the proportion was lower in the razuprotafib
QD + latanoprost arm (50.8%). Similarly, corneal
thickness at screening was comparable in the study eyes
of subjects in the razuprotafib BID + latanoprost arm
and the latanoprost monotherapy arms, but slightly
lower in the razuprotafib QD + latanoprost arm. The
diurnal mean IOP in the study eyes of all three treat-
ment arms was comparable at the screening visit, as
was the study eye diurnal mean IOP at baseline (quali-
fication visit 2). There were no clinically or statistically
significant differences among treatment groups.

Efficacy

After 28 days of dosing, subjects treated with
razuprotafib BID adjunctive to latanoprost had a
significantly greater reduction in mean diurnal IOP
than subjects treated with latanoprost monotherapy
(7.95 ± 0.26 mm Hg vs. 7.04 ± 0.26 mm Hg, P < 0.05,
see Fig. 2A). A smaller improvement was observed
after 14 days of treatment that was not statistically
significant (7.62 ± 0.26 mm Hg vs. 7.03 ± 0.26 mm
Hg, P = 0.11). Adjunctive therapy with razuprotafib
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Table 1. Baseline Characteristics (ITT Population) of Patients in the Study of Tie 2 Activator (Razuprotafib) as
Adjunct to Latanoprost in Patients With OAG or OHT (ITT and Safety Population).

Razuprotafib QD
+ Latanoprost

(N = 65)

Razuprotafib BID
+ Latanoprost

(N = 65)

Latanoprost
Monotherapy

(N = 64)

Diagnosis
OAG - Study Eye 33 (50.8%) 43 (66.2) 42 (65.6)
OHT - Study Eye 32 (49.2%) 22 (33.8) 22 (34.4)
OAG - Fellow Eye 33 (50.8%) 42 (64.6) 42 (65.6)
OHT - Fellow Eye 32 (49.2%) 23 (35.4) 22 (34.4)

Randomization IOP (Study Eye)
Diurnal Mean <26 mm Hg 49 (75.4%) 49 (75.4) 48 (75.0)
Diurnal Mean ≥26 mm Hg 16 (24.6%) 16 (24.6) 16 (25.0)

Study Eye Screening Corneal Thickness (μm)
Mean (SD) 544.8 (30.27) 554.0 (28.57) 554.7 (30.58)
Min, Max 483, 609 483, 598 482, 599

Study Eye Screening IOP (mm Hg)
Mean (SD) 20.34 (1.981) 20.54 (2.283) 20.11 (2.003)
Min, Max 18.0, 26.0 18.0, 27.0 18.0, 26.5

Study Eye Baseline Diurnal Mean IOP (mm Hg)
Mean (SD) 24.83 (1.559) 25.16 (2.039) 25.11 (1.967)
Min, Max 22.5, 29.5 22.5, 31.8 22.5, 31.0

N in the headers represents the total number of subjects in each treatment group for the population being analyzed.
Baseline diurnal mean IOP is defined as the average of 4 IOP values across 8:00-, 10:00-, 12:00-, and 16:00-hour time points
at qualification visit 2.

Figure 2. Change in mean diurnal IOP by treatment group after 14 and 28 days of treatment. (A) Overall effect. (B) Subgroups with IOP of
<26mmHgand≥26mmHgafterwashout. The numbers below the SEMbars indicate themean reduction in IOP in eachgroupor subgroup.
Numbers at the top of the bars indicate number of patients in each group or subgroup. * P = 0.01 versus Latanoprost.

QD dosing did not demonstrate additional IOP lower-
ing compared to latanoprost alone. In a planned sub-
group analysis, subjects with mean diurnal IOPs of
≥26 mm Hg after washout showed a greater reduc-
tion of IOP with adjunctive razuprotafib BID therapy
than those with washout IOPs <26 mm Hg. For the
subgroup with higher washout IOPs, razuprotafib BID
provided an additional 1.79 ± 0.92 mm Hg reduc-
tion in mean diurnal IOP compared to latanoprost

after 14 days of treatment and an incremental benefit
of 1.68 ± 0.89 mm Hg after 28 days of treatment
(Fig. 2B).

IOP results for individual time points by treatment
group are shown in Figure 3. After the washout of
prostaglandin therapy there was an approximately 6
mm increase in IOP compared to the screening value.
The effect of adjunctive razuprotafib began by seven
days of treatment and increased over time to reach
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Figure 3. Mean IOP by time point and treatment group. The
numbers 8, 10, 12, and 16 on the x-axis refer to the individual post-
dose time points, 8:00 (pre-dose), 10:00, 12:00, and 16:00 hours,
respectively, comprising the diurnal IOP at baseline, day 14, and day
28. Only a single IOPmeasurementwas taken at screening, qualifica-
tion 1, and day 7 visits.

statistical significance for the razuprotafib BID group
compared to latanoprostmonotherapy at the 12:00 and
16:00 hour time points on day 28.

Safety

There were no deaths or other serious adverse
events reported in the study. A single subject in the
study experienced an ocular adverse event (conjuncti-
val hyperemia) leading to discontinuation of treatment
(razuprotafib BID + latanoprost) and ultimately study
discontinuation.

Adverse events for the safety population are shown
in Supplementary Tables S2 and S3 (available at www.
aaojournal.org). The most common adverse events in

the study (occurring in >5% on any treatment arm)
were conjunctival hyperemia, dysgeusia and instilla-
tion site pain (Table 2). There were no adverse events
considered severe in intensity and the majority of
events reported were considered mild in intensity (91%
mild). A significantly greater percentage of subjects in
the razuprotafib QD + latanoprost and razuprotafib
BID + latanoprost treatment arms had conjunctival
hyperemia compared with the latanoprost monother-
apy arm (40.0% vs. 14.1%, P = 0.0014, and 60.0% vs.
14.1%,P< 0.0001, respectively). It is important to note
that of the 74 subjects reporting 114 adverse events
of conjunctival hyperemia, 89 events were triggered
by a ≥2 grade increase on the Efron five-point scale,
and only 25 events were due to a subject complaint.
The mean hyperemia score in the razuprotafib BID +
latanoprost treatment group increased by 1.1 units two
hours post dose from a baseline value of 0.6 units, and
decreased steadily thereafter (Fig. 4).

Additionally, a greater percentage of subjects in
the razuprotafib BID + latanoprost treatment arm
reported dysgeusia compared with subjects in the
latanoprost monotherapy arm (12.3% vs. 1.6%; P =
0.0327). Importantly, there were no other significant
non-ocular AEs reported.

Discussion

The results of this study show that topical ocular
administration of the Tie2 activator razuprotafib, as
an adjunct to standard of care latanoprost, was well
tolerated and significantly reduced IOP in patients
with glaucoma. This confirms and extends results in

Table 2. Most Common Treatment-Emergent Adverse Events*

Preferred Term (PT)
Razuprotafib QD +
Latanoprost (N = 65)

Razuprotafib BID +
Latanoprost (N = 65)

Latanoprost
Monotherapy

(N = 64) P Value†

Any treatment-emergent AE 30 (46.2%) 43 (66.2%) 19 (29.7%)
Conjunctival hyperemia 26 (40.0%) 39 (60.0%) 9 (14.1%) 0.0014/<0.0001
Dysgeusia 3 (4.6%) 8 (12.3%) 1 (1.6%) 0.6191/0.0327
Instillation site pain 0 2 (3.1%) 4 (6.3%) 0.0577/0.4401

N in the headers represents the total number of subjects in each treatment group for the population being analyzed.
Percentages are basedonN in each treatment groupunless otherwise noted. Adverse events are codedusingMedDRAVersion
23.0. Subjects having more than one AE within a PT are counted only once for that PT. SOCs and PTs within SOCs are listed in
alphabetical order.

*Reported in >5% of Subjects in Any Treatment Group) in the Study of Tie 2 Activator (Razuprotafib) as adjunct to
Latanoprost in Patients with OAG or OHT (Safety Population)

†P values expressed as p1/p2 are from Fisher’s exact test comparing the incidence between razuprotafib QD+ latanoprost
and razuprotafib BID + latanoprost versus latanoprost monotherapy.
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Figure 4. Mean worst eye conjunctival hyperemia grade at
Baseline and Days 14 and 28 using the five-point Efron bulbar
conjunctiva hyperemia scale (0 = Normal, 1 = Trace, 2 = Mild, 3 =
Moderate, 4 = Severe).

two consecutive clinical trials assessing subcutaneous
administration of razuprotafib for the treatment of
diabetic retinopathy, where significant IOP reduction
was observed in ocular normotensive patients.9 In the
current trial, adjunctive topical ocular razuprotafib
BID dosing was more effective than QD dosing with
increasing IOP lowering effect in both the QD and
BID group between day 14 and day 28, reaching
statistical significance at 28 days in the BID group.
Moreover, the adjunctive IOP lowering effect was
larger in patients with baseline IOP ≥26 mm Hg. The
time- and pressure-dependence of IOP lowering are
consistent with razuprotafib’s proposed mechanism of
action to increase conventional outflow facitlity by
targeting Schlemm’s canal function and repair.9

Supporting the proposed mechanism, mouse and
human genetic data have established a role for the
Tie2 pathway in the development and maintenance
of Schlemm’s canal.13–18 Importantly, human genetic
studies show that both Tie2 and Angpt1 loss-of-
function variants associate with risk of congenital
glaucoma, and single-nucleotide polymorphisms in the
Angpt1 promoter region significantly associate with
ocular hypertension and OAG risk.18–21 The molecu-
lar target of razuprotafib, VE-PTP, is expressed by SC
endothelium in mice and humans, and topical ocular
administration of razuprotafib in mice increased Tie2
activation, enhanced SC filtration area, and increased
outflow facility, resulting in reduced IOP.9–12 As a
genetic correlate to the studies with razuprotafib,
the developmental defect of SC size in Tie2+/− mice
could be partially compensated by removing one
VE-PTP allele in double hemizygous mice.16 Impor-
tantly, SC luminal area is smaller, and outflow facil-
ity is lower in glaucomatous eyes compared to age-
matched controls.22–24 Taken together, these findings

further support Tie2 activation with razuprotafib as
a potential disease modifying approach to treating
OAG mediated by the anatomical remodeling effects
on Schlemm’s canal. Moreover, because razuprotafib
works by increasing conventional outflow, it repre-
sents an ideal adjuvant therapy to standard of
care prostaglandins that reduce IOP primarily via a
secondary outflow route known as the uveoscleral or
unconventional outflow pathway.25

Overall, razuprotafibwaswell tolerated, withmostly
mild hyperemia as the main adverse effect. The hyper-
emia is likely due to the vasodilator effect of activating
endothelial nitric oxide synthase downstream of Tie2
activation.26,27 The hyperemia was transient, peaked
within two hours of dosing, and was not associated
with other adverse events such as conjunctival pain or
hemorrhage. Other than mild dysgeusia, no clinically
significant non-ocular adverse events were noted.

The main limitation of this study was the short
duration of treatment. The time dependent trend of
IOP lowering after one month of treatment supports
the proposed MOA involving increased conventional
outflow via the remodeling of Schlemm’s canal and
suggests that a longer study may have resulted in a
larger IOP lowering effect. Another limitation of this
study was study entry based on a relatively low post-
washout IOP (≥24 mm Hg at 8:00 and ≥22 mm Hg at
10:00, 12:00, and 16:00 hours). A conventional outflow
targeted agent would be expected to have a larger
IOP lowering effect in patients with higher baseline
IOP as illustrated by the larger IOP lowering effect
of razuprotafib in patients with baseline IOP ≥ 26
mm Hg. Based on these considerations, a longer study
including patients with higher post-washout IOP or
basing entry on IOP after a prostaglandin run-in period
may have resulted in a larger IOP lowering effect.

Netarsudil, another conventional outflow targeted
therapy available as a once-daily fixed-dose combi-
nation with latanoprost (Rocklatan), yields a ∼1.5
mm Hg reduction in IOP compared to latanoprost
alone.28,29 However, unlike razuprotafib, the IOP
lowering effect of netarsudil appears to be larger
in patients with IOP ≤ 25 mm Hg and the IOP
lowering effect appears to wane over time. The
differences between razuprotafib and netarsudil could
be due to the specific component of conventional
outflow targeted, Schlemm’s canal remodeling versus
episcleral venous pressure, respectively. In particular,
the reduced performance of netarsudil in patients
with highly elevated IOP could be secondary to
severe outflow limitation proximal to the episcle-
ral veins (i.e., Schlemm’s canal or the trabecular
meshwork). Thus combining razuprotafib or possibly
Vizulta (latanoprostene bunod), a once daily nitric
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oxide donating prostaglandin that targets the trabec-
ular meshwork, with netarsudil could be optimal
for patients with advanced disease.30 Nonetheless,
continued requirement of BID dosing of razuprotafib
would represent a relative disadvantage for patient
convenience due to additional dosing frequency and
decreased potential of creating a “one bottle” drug.
Thus further assessment of both BID and QD dosing
over a longer duration in patients with higher baseline
IOP will inform the potential for razuprotafib as a
Schlemm’s canal targeted OHT/OAG therapy.
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