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laucoma continues to exert a heavy disability and economic burden and is the most
frequent cause of irreversible blindness worldwide.1 In 2015, 57.5 million people globally
were affected by open-angle glaucoma and this is predicted to increase to 65.5 million by
2020.2 The prevalence of glaucoma increases with age in all populations and generally more men
and people of Hispanic and Black race are affected. Effective treatments to lower and maintain
intraocular pressure (IOP) and convenient means of continuously monitoring it remain substantial
unmet medical needs. In this expert interview Kin Sheng Lim from Guy’s and St Thomas’ Hospitals,
London, UK, discusses the new developments to improve this situation and are therefore of great
interest to ophthalmologists and to the wider population who are at risk from glaucoma.
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Q: What have been the major developments in pharmacotherapy
for glaucoma in 2017?
One of the most exciting developments in glaucoma pharmacotherapy over the past 12 months
has been the progress in the development of rho kinase inhibitors. The mechanism of action
of these treatments has not been fully elucidated but it is entirely different to those of existing
medications for glaucoma such as prostaglandins and beta-blockers. Rho kinases are serine/
threonine kinases that have multiple functions within various different cell types throughout the
body and are key components in regulating cell shape, motility, proliferation and apoptosis.3–5 Rho
kinases achieve these effects by regulating smooth muscle contraction, which results from their
interaction with multiple actin cytoskeletal-related targets. Various studies have shown that loss
of rho kinase activity is associated with micromechanical relaxation of cells and disassembly of
stress fibres and focal adhesion complexes.6,7 In the eye, rho kinase increases the contractile
properties of trabecular meshwork (TM) outflow tissue. Inhibition of rho kinase activity therefore
allows increased aqueous outflow via the TM and decreased intraocular pressure.5
A variety of different rho kinase inhibitors are in development for use in glaucoma of which,
ripasudil and netarsudil are at the most advanced stage.5 In a one-year open-label study (n=354),
ripasudil also produced notable reductions in IOP when given as monotherapy, as adjunctive
therapy with prostaglandins, beta-blockers or with fixed combination drugs, and was well
tolerated.8 In two phase III studies (n=1,167), treatment with netarsudil 0.2% once daily, produced
significant reductions from baseline IOP (p<0.001) and was non-inferior to timolol twice daily.9 This
treatment was well tolerated, with transient conjunctival hyperaemia being the most frequent
adverse event. Based on this evidence, the US Food and Drug Administration (FDA) has recently
approved Rhopressa® (netarsudil) for the treatment of glaucoma in the US.10
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A further exciting development is the appearance of slow-release
formulations and methods for less frequent dosing of prostaglandins.
Examples include ENV515, which is travoprost in a biodegradable
polymer for intracameral injection.11 A recent phase II study showed
that one injected dose of ENV515 maintained an IOP reduction of 26%
for up to 9 months with no serious adverse events or corneal effects.
Another development is an ocular ring insert containing bimatoprost,
which is placed on the eye to release the drug over extended
durations. Its efficacy was demonstrated in a phase II study in which
the insert produced similar IOP-lowering performance over 6 months
to that of a placebo insert and twice daily 0.5% timolol twice daily, and
was well tolerated.12
The iDose® (Glaukos, San Clemente, CA, US) delivery system is another
device that is being evaluated in glaucoma. This is an intraocular implant
that is injected during a micro-invasive procedure after which it elutes
0.5% travoprost over extended periods. The iDose is currently being
compared with topical timolol maleate 0.5% in the treatment of glaucoma
in a randomized double-blind, phase II trial (n=154).13 Recruitment was
completed in May 2017. The trial was expected to conclude by the end
2017 and phase III trials will commence in early 2018. A bimatoprost
slow-release (SR) formulation (Allergan, Dublin, Ireland) for intracameral
administration is also in development for glaucoma. A recent phase I/
II study (n=75) compared 6, 10, 15 or 20 µg versions of this SR implant
in one eye of each patient with topical bitamoprost 0.03% in the fellow
eye over a 24-month period. Six-month results show that bimatoprost-SR
reduced IOP by 7.2, 7.4, 8.1 and 9.5 mmHg, respectively, compared with
8.4 mmHg for topical bimatoprost.14,15 Conjunctival hyperaemia within 2

Other changes in understanding come from the EAGLE study (n=419).21
Although the study findings were published in 2016, its implications are only
now becoming fully appreciated. The results showed that in patients with
primary angle closure glaucoma, clear-lens extraction produced greater
reductions in IOP (p=0.004), higher scores for quality of life measures
(p=0.005) and was more cost effective than laser peripheral iridotomy
(incremental cost effectiveness ratio was £14,284 for initial lens extraction
versus standard care). Based on this, the authors suggested that clear-lens
extraction should be considered as an option for first-line treatment for
better outcome and cost effectiveness in this subgroup of patients.
For many ophthalmologists the central 24-2 threshold test has become
the standard method for investigating visual field defects in glaucoma.
However, in a recent study in the US22 in patients with suspected
glaucoma, 79 of the 200 eyes (39.5%) classified as normal on the 24-2 test
were classified as abnormal on 10-2 visual fields. In ocular hypertensive
eyes, 28 of the 79 eyes (35.4%) classified as normal on the 24-2 test were
classified as abnormal on the 10-2 test. These findings suggest that it
may be necessary to switch from the 24-2 to the 10-2 test in the next few
years to more reliably detect visual defects in some patients.

Q: What advances have there been in minimally
invasive glaucoma surgery (MIGS) in 2017 and
which approaches appear most promising?

Q: How has our understanding of glaucoma
advanced in 2017?

The recent FDA approval of the CyPass® trabecular micro-stent (Alcon/
Novartis, Fort Worth, TX, US) is a key development that is likely to change
practice in glaucoma surgery.23 This was supported by the 2-year results
from the pivotal COMPASS trial on patients (n=505) with unmedicated IOPs
in the range 21–33 mmHg and receiving pharmacoemulsification cataract
surgery.24 Study findings showed an early and sustained reduction in IOP
in 77% of microstent subjects achieving ≥20% unmedicated IOP lowering
versus baseline at 24 months compared with 60% of controls (p=0.001).
In addition, mean 24-month medication was 67% lower in patients
receiving CyPass (p<0.001) and there were no CyPass-related adverse
events. No vision-threatening CyPass-related adverse events occurred;
long-term safety data from the COMPASS trial will become available
during 2018. The availability of CyPass may therefore encourage greater
adoption of MIGS techniques for glaucoma treatment.

A recent change in perception concerns the practice or iridotomy for
glaucoma treatment. In 2014, a study by Vera et al. (n=208),16 showed that
temporal placement of laser peripheral iridotomy was safe and less likely
to result in linear dysphotopsia than superior placement (10.7% versus
2.4%). This finding influenced many ophthalmic surgeons to switch
from superior to temporal placement. More recently, however, a larger
study by Srinivasan et al. in India (n=559)17 showed that dysphotopsia
incidence was similar regardless of iridotomy location (8.4% for superior
versus 9.5% for temporal; p=0.7). This finding may persuade ophthalmic
surgeons to revert back to using superior iridotomy for glaucoma
treatment, as was their previous practice.

A further development in MIGS is the HydrusTM Schlemm canal microstent
(Ivantis, Dublin, Ireland) for which FDA licensing application for use in
glaucoma is ongoing. In the HORIZON study 556 patients with cataract and
mild to moderate glaucoma were randomly assigned to cataract surgery
with the Hydrus or to cataract surgery alone.25 Two-year results show
that 77.2% of patients who received the Hydrus microstent achieved
a 20% reduction in IOP versus 57.8% who received cataract surgery
alone. The SUMMIT trial has been recently approved by the FDA and will
evaluate Hydrus Microstent in refractory glaucoma which will add to the
data gained from mild-to-moderate glaucoma cases in previous studies.26

days of administration was the most common adverse event occurring in
6.7% of SR-treated eyes and 17.3% of topically treated eyes. Overall, the
SR treatment showed favourable efficacy over 6 months.
In addition to reducing treatment burden, these new implantable SR and
wearable devices have the potential to improve patient adherence and
enable better continuous control of IOP.

A further interesting development comes from the Primary Tube versus
Trabeculectomy (PTVT) study (n=117).18–20 One-year results showed that
for patients with uncontrolled glaucoma, who did not have any previous
intraocular surgery, trabeculectomy with Mitomycin-C had a higher
success rate and lower IOPs compared with those receiving tube shunt
placement. Furthermore, the greater IOP reduction was achieved with
fewer glaucoma medications (p<0.001 at 1 week, 1 month, 3 months, 6
months and 1 year for both IOP and medications). In this study, there were
no significant differences in the rates of intraoperative complications,
late postoperative complications or serious complications between the
two groups, and most were transient and self limited.
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These new devices may have great potential in glaucoma treatment,
but they are limited by a lack of head-to-head studies comparing their
performance. It will take some years before their relative merits are fully
appreciated and those that provide optimal patient outcomes emerge.

Q: What other emerging technologies have
interested you this year?
One other emerging technology is the MicroShunt® (Innfocus, Miami, FL,
US).27 This device is the first ‘minimally invasive’ standalone procedure
introduced in recent years for open angle glaucoma of any stage or
severity. Data from a 3-year long-term study showed that after the
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MicroShunt procedure, mean IOP was reduced by 55% to 10.7 mmHg
and more than 80% of the 22 patients had an IOP below 14 mmHg.28 In
addition, 64% of patients did not require any glaucoma medication during
the third year of the study. A phase II/III study with a planned population
of 857 patients is currently ongoing (NCT01881425). This will compare the
safety and efficacy of MicroShunt to standard trabeculectomy in subjects
with primary open angle glaucoma and the data are intended to support
an FDA filing for use of the device in glaucoma.

Q: What future developments can we look
forward to in 2018?
In most patients with glaucoma, IOP monitoring is usually conducted
irregularly at clinic visits and consequently cannot capture diurnal
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