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REVIEW ARTICLE

Glaucoma Drugs in the Pipeline
Paul L. Kaufman, MD, Mary E. Mohr, BS, Scott P. Riccomini, BS, and Carol A. Rasmussen, MS

Abstract: Glaucoma is a chronic disease that can be challenging to 
treat for both patients and physicians. Most patients will require more 
than 1 medication over time to maintain their intraocular pressure (IOP) 
at a physiologically benign level. Patients may become refractory to ex-
isting compounds and many struggle with adherence to multiple topical 
drop regimens. The field of glaucoma therapeutics has been advancing 
rapidly with an emphasis on compounds comprising multiple molecules/
mechanisms of action that offer additivity and are complementary to cur-
rent therapeutics. Several new topical drop compounds directly target-
ing the trabecular meshwork (TM)/Schlemm canal/conventional outflow 
pathway to reduce outflow resistance have obtained US Food and Drug 
Administration approval in the past year. These include rho kinase in-
hibitors and nitric oxide donating compounds. Alternative therapies that 
offer long-term IOP lowering while removing the patient from the drug 
delivery system are moving forward in development. These include gene 
therapy and stem cell strategies, which could ease or eliminate the bur-
den of topical drop self-administration for several years. Additionally, a 
variety of novel formulations and devices are in development that aim for 
controlled, steady state delivery of therapeutics over periods of months. 
The future of glaucoma therapy is focusing on an increase in specifici-
ty for the individual patient: their type of glaucoma; underlying mecha-
nisms; genetic make-up; comorbid conditions; and rate of progression. 
Maintaining functional vision and improving patient outcomes remains 
the goal in glaucoma therapeutics. The current collection of novel thera-
peutics offers an expanded set of tools to achieve that goal.

Key Words: glaucoma, therapeutics, pipeline, outflow, alternative 
therapies

(Asia-Pac J Ophthalmol 2018;7:345–351)

Glaucoma is a complex disease that requires lifelong indi-
vidualized treatment. Most patients are placed on ocular 

hypotensive eyedrop therapy and over time, multiple classes of 
drugs will likely be needed to maintain their intraocular pressure 
(IOP) at a safe level. Currently available drug classes often do 
not adequately modulate/control patient IOP, and consequently, 
the search continues for drugs with novel mechanisms of action 
that could lead to better treatment. Current glaucoma therapeutics 
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function by reducing aqueous humor production [β-adrenergic 
antagonists, α2-adrenergic agonists, carbonic anhydrase inhib-
itors (CAI)], reducing conventional outflow pathway resistance 
(cholinomimetics, β2-adrenergic agonists), and increasing aque-
ous humor outflow through the uveoscleral pathway (prosta-
glandin agonists and α2-adrenergic agonists). β-antagonists act 
on β-adrenergic receptors in the ciliary processes, CAIs inhibit 
carbonic anhydrase in the ciliary process epithelium, cholinomi-
metics act on m3 muscarinic receptors to induce ciliary muscle 
contraction and thus deform the trabecular meshwork (TM), and 
prostaglandin analogs bind and activate prostaglandin F recep-
tors in the ciliary smooth muscle, increasing synthesis and re-
lease of certain matrix metalloproteinases and thus remodeling 
the extracellular matrix (ECM) between the muscle bundles.1 M3 
muscarinic agonists and β2-adrenergic agonists are seldom used 
because of their local/systemic adverse effects. However, several 
exciting new drugs are in the development pipeline.

BACKGROUND ON THE FUNCTIONALITY 
AND REGULATORY ASPECTS OF 
THE HYDRODYNAMIC SYSTEM

The ECM of the TM is composed of an intricate arrangement 
of fibronectin, laminin, proteoglycans, glycosaminoglycans, and 
matricellular proteins.2 Trabecular meshwork and Schlemm canal 
(SC) endothelial cells have well-developed actin cytoskeletons. 
Cross-linked actin networks (CLANs) are found in glaucomatous 
TM cells and may contribute to increased outflow resistance.3 β1 
and β3 integrin signaling pathways converge and cooperate to en-
hance CLAN formation.4 The mechanism for increased stiffness 
is currently unknown, but data suggest that transforming growth 
factor beta-2 (TGF-β2), elevated in the aqueous humor of glauco-
ma patients, is involved.5 TGF-β2 exposure results in the accumu-
lation of fibrillar material in the juxtacanalicular tissue (JCT) and 
increased outflow resistance6 in experimental models. Cochlin is 
an ECM protein that has been identified in human glaucomatous, 
but not normal, TM tissue.7 Cochlin expression is increased in 
monkey organ culture anterior segment (MOCAS) models after 
TGF-β2 treatment. Cochlin expression alone increases outflow 
resistance and IOP in MOCAS experiments.8 Secreted frizzled 
related protein-1 (sFRP-1) is an antagonist of the Wnt signaling 
pathway that is differentially expressed in glaucomatous human 
TM cells compared with normal TM cells. Studies in both rodent 
and perfusion-cultured human anterior segment models suggest 
Wnt signaling plays a role in regulating IOP, and elevation of 
sFRP-1 levels in the TM are associated with increased outflow 
resistance and IOP.9 As aqueous humor passes through the con-
ventional outflow pathway, it must navigate through the contin-
uous endothelial monolayer of the inner wall of SC. The bulk of 
transendothelial flow passes through paracellular or transcellular 
pores, which allow and may modulate fluid movement across the 
otherwise continuous endothelial layer with cells connected by 
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tight junctions.10,11 The increased subcortical cell stiffness found 
in glaucomatous eyes correlates with the decreased density of both 
types of pores in the inner wall endothelium12–14 relative to nor-
mal eyes. Latrunculin, an actin depolymerizing agent, decreases 
outflow resistance and IOP in live monkey eyes and decreases SC 
cell stiffness15 and outflow resistance in enucleated human eyes, 
with a subsequent increased density of SC inner wall pores.16 
Pore formation may function as a pressure release valve and a 
physiological mechanism to regulate outflow resistance.17 Nitric 
oxide (NO) decreases IOP via relaxation of the TM and decreases 
in TM cell volume, reducing outflow resistance.18–20 Nitric oxide 
also plays a role in the assembly and disassembly of interendothe-
lial adherens junctions, which affects endothelial permeability.21 
Compounds that augment the NO signaling pathway or liberate 
NO significantly enhance conventional outflow in rabbits, pigs, 
monkeys, and humans.18,21,22 Endothelial NO synthase (eNOS) 
expression and location in vascular endothelia is shear-sensitive, 
so that as IOP rises, SC narrows and shear stress levels increase; 
eNOS activation also increases suggesting a mechanoregulatory 
system to regulate aqueous humor outflow.23 

PHARMACOLOGIC AGENTS  

Rho Kinase Inhibitors
Rho kinase inhibitors (ROCKs) are serine/threonine kinases 

that regulate contraction of smooth muscle, vascular endotheli-
al, and other cell types. Selective ROCK inhibitors can enhance 
fluid outflow through the TM by inhibiting TM/SC cellular con-
traction. This is likely the natural efferent arm of a homeostatic 
IOP-regulating mechanism, with IOP, shear stress within the TM, 
cytokines, and hormones as the afferent stimuli; NO acting as a 

mediator/signaling arm; the ROCK-rho kinase/myosin light chain 
kinase (MLCK) pathways are farther downstream; and finally the 
cytoskeleton/cell adhesion/contractility alterations that actually 
generate physical changes that alter the outflow resistance com-
prise the efferent arm of the reflex.24

Ripasudil hydrochloride hydrate (K-115) is a specific ROCK 
inhibitor that has been approved for use in Japan since 2014.25 Ne-
tarsudil (Rhopressa 0.02% ophthalmic solution; Aerie Pharmaceu-
ticals Durham, NC), formerly known as AR-13324, is a once-daily 
small molecule inhibitor of ROCK and norepinephrine transport-
ers (NET). Inhibition of NET provides persistent stimulation of 
α2-adrenergic receptors, resulting in a decreased intracellular con-
centration of cyclic adenosine monophosphate in the nonpigment-
ed ciliary epithelium and thus decreased aqueous humor produc-
tion by the ciliary body. Inhibition of ROCK possibly possesses 
a third mechanism to decrease IOP, by decreasing episcleral ve-
nous pressure (EVP) as shown in rabbits.26 This latter mechanism 
is hypothesized for humans, based on subsets of normotensive 
subjects who attained posttreatment IOP less than or equal to 
10 mm Hg.27 Recent preclinical studies have also shown that ne-
tardusil could have an antifibrotic effect on the TM. Although 
Rocket 1, the first phase 3 trial of Rhopressa, did not meet its pri-
mary endpoint, Rocket 2, the second phase 3 trial met its primary 
efficacy endpoint of noninferiority to timolol twice daily.28 Aerie 
recently reported 90-day topline efficacy results from Rocket 4, a 
6-month safety data study to support future filings for regulatory 
approval in Europe. Approximately 40% of patients experienced 
hyperemia, of which 85% was mild. There were no drug-related 
systemic or serious adverse events.28 Rocket 3 is a phase 3 
12-month safety-only study in Canada29 (Fig. 1). Rhopressa was 
granted US Food and Drug Administration (FDA) approval on 
December 18, 2017.30

FIGURE 1. Comparison of rho kinase inhibitor Rhopressa (netarsudil) with 0.5% timolol and NO donor Vyzulta (latanoprostene bunod) with 0.5% timolol. 
A, Molecular structure of netarsudil 0.02%. B, Patients treated with Rhopressa exhibit similar IOP reduction with once-daily treatment compared with 
twice-daily treatment with timolol. C, Chemical structure of latanoprostene bunod 0.024%. D, Vyzulta demonstrates greater IOP reduction compared 
with timolol over several months.
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Netarsudil/latanoprost 0.02%/0.005% (Roclatan) is another 
Aerie product in phase 3 trials. Roclatan combines Rhopressa 
with latanoprost, the most widely prescribed prostaglandin ana-
log. In a 28-day study, once-daily Roclatan provided greater IOP 
reductions than its individual components at the same concentra-
tions. Mercury 1, a 12-month safety and efficacy trial, achieved 
its primary efficacy endpoint of demonstrating statistical supe-
riority over each of its components at all measured time points. 
In Mercury 2, a 90-day efficacy study comparing once-daily Ro-
clatan to its individual components, Roclatan lowered IOP by an 
average of 1.8 mm Hg more than latanoprost monotherapy and 
2.7 mm Hg more than Rhopressa monotherapy.31

Nitric Oxide Donors
Latanoprostene bunod 0.024% (BOL-303259 or LBN) com-

bines 2 mechanisms and 2 targets into 1 molecule. Latanopro-
stene bunod is a NO donating prostaglandin F2α agonist that is 
metabolized in situ to latanoprost acid and butanediol mononi-
trate, an NO donating moiety. Nitric oxide serves as a signaling 
molecule using cyclic guanosine monophosphate (GMP) as a sec-
ond messenger to initiate a series of events that results in struc-
tural/functional changes that result in an overall relaxation of the 
TM and inner wall of SC.24,32,33 Latatanoprost reduces IOP primar-
ily by increasing uveoscleral outflow.34 In a phase 3 clinical trial, 
APOLLO, once daily LBN 0.024% provided more significant 
IOP reductions than twice daily timolol maleate 0.5% throughout 
the course of a 3-month long treatment (P < 0.002)32 (Fig. 1). 
In another phase 3 clinical trial, LUNAR, LBN 0.024% dosed 
once daily in the evening was noninferior to timolol maleate 0.5% 
dosed twice daily over 3 months of treatment. Additionally, LBN 
0.024% had greater IOP reductions at nearly all time points and 
demonstrated a good safety profile.33 In the phase 2 clinical trial 
VOYAGER, LBN lowered IOP by over 1 mm Hg more than la-
tanoprost.34 Latanoprostene bunod (Vyzulta, Bausch and Lomb, 
Rochester, NY) was approved by the FDA on December 18, 2017. 

NCX 667 (Nicox) is another NO donor shown to reduce 
IOP while being well-tolerated in both normotensive rabbits and 
laser-induced ocular hypertensive cynomolgus monkeys. NCX 
667 showed no signs of tachyphylaxis or ocular discomfort in 
a study dosing rabbits up to 4 times daily and showed effective 
IOP reductions over the 5-day treatment period.35 NCX 470 is an 
NO donating bimatoprost analog scheduled for a phase 2 study 
beginning in 2018 and lasting 1 year. In 3 preclinical models of 
glaucoma, NCX 470 seemed to be well-tolerated and more effec-
tive than equimolar bimatoprost in lowering IOP.36

Adenosine Agonists
Trabodenoson (INO-8875; Inotek) is a highly selective ade-

nosine A1 receptor agonist that engenders an upregulation of pro-
tease A and matrix metalloproteinase-2 (MMP-2) in target cells. 
The proteases digest and remove hydrolyzed collagen type IV, 
a major component of the resistive ECM in the TM.37–39 Levels 
of MMP-2 increase in response to mechanical stretch, induced 
by increased pressure in perfused human anterior segment or-
gan cultures (HOCAS).40 Treatment with trabodenoson does not 
affect the rate of aqueous humor production.37 Initial ocular hy-
pertension induced by topical adenosine agonists in cynomolgus 
monkeys is likely associated with the activation of adenosine 
A2 receptors, whereas subsequent hypotensive effects seem to 
be mediated by adenosine A1 receptors and are due to increased 

outflow facility.41 
In a 28-day phase 2 study, trabodenoson was well-tolerated 

by adults with ocular hypertension or primary open-angle glau-
coma (POAG), with no clinically meaningful ocular or system-
ic side effects. Trabodenoson demonstrated dose-dependent IOP 
reduction, with improving IOP reduction up to the highest dose 
tested (500 µg twice daily), where effects persisted for 24 hours 
after the final dose. Mean IOP reductions at day 28 were statis-
tically greater than at day 14. Reductions in IOP were a mean of  
−4.1 mm Hg in the 500 µg group compared with −1.6 mm Hg for 
the placebo group.42 Another phase 2 trial was reportedly com-
pleted in June 2017, but at this writing we are unable to find any 
reported results. In its first phase 3 trial, MATrX-1, trabodenoson 
failed to achieve its primary endpoint of superiority in IOP reduc-
tion compared with timolol.43

Prostaglandin Analogs
Other prostaglandin analogs (PGAs) currently in devel-

opment target the prostaglandin EP2 and EP4 receptors. Ag-
onist-sensitive EP1, EP2, and EP4 receptors are present in TM 
cells and EP1–EP4 receptors are present in SC cells. EP1 and EP3 
receptor activation increase cell stiffness, whereas EP2 and EP4 
agonists dose-dependently decrease cell stiffness. As TM and SC 
from glaucomatous eyes are stiffer than age-matched normal con-
trols, EP2 and EP4 agonists became candidates for IOP lowering 
via decreasing cell stiffness and enhancing of outflow through the 
conventional drainage pathway.44 The selective EP4 receptor ag-
onist 3,7-dithia-PGE1 reduced IOP and total outflow resistance in 
monkeys without affecting uveoscleral outflow or aqueous flow, 
indicating that the reduced total outflow resistance represented 
enhanced trabecular outflow.45 Omidenepag isopropyl (DE-117, 
Santen Pharmaceuticals) is an EP2 receptor agonist that has com-
pleted phase 2a trials and is currently undergoing phase 2b/3 trials 
to be completed in October 2018. In its phase 2a trials, the 0.002% 
dosage proved more effective than latanoprost 0.005% at week 
1 and provided similar reduction in IOP to latanoprost through 
week 4. Conjunctival hyperemia, episcleral hyperemia, mild and 
transient photophobia, and eye pain were reported in 14.3% of 
patients in the trial, with no adverse events reported in the control 
eyes.45 Sepetaprost (DE-126, Santen Pharmaceuticals), currently 
in phase 2b clinical trials, is an FP- and EP3 receptor dual ago-
nist. Targeting EP3 receptors in the TM and ciliary muscle may 
facilitate outflow of aqueous humor through the TM pathway 
(although this seems counter-intuitive to the EP3 TM-stiffening 
effects described above) in addition to the uveoscleral pathway, 
for an additive effect to lower IOP. In a phase 2 clinical trial con-
ducted to compare the safety, tolerability, and mean IOP reduction 
effects of sepetaprost versus latanoprost, sepetaprost achieved a 
greater reduction in mean diurnal IOP compared with latanoprost 
(−7.2 mm Hg versus −6.6 mm Hg).46

DRUG DELIVERY IMPLANTS FOR 
GLAUCOMA MANAGEMENT

For patients with poor adherence to topical drop manage-
ment and those around the globe with limited access to an oph-
thalmologist, drug delivery implants that provide sustained IOP 
management hold promise and are currently in development. The 
bimatoprost ring (Allergan) is a device that rests on the surface 
of the eye, under the eyelids, and releases bimatoprost for up to 
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6 months. In a phase 2 randomized, controlled study, the ring met 
the noninferiority definition at only 2 of 9 time points compared 
with treatment with timolol. Adverse events were consistent with 
bimatoprost exposure, and no unexpected ocular adverse events 
were observed. The ring was kept in place without clinician as-
sistance in 88.5% of patients at 6 months.47 Also in development 
by Allergan is a bimatoprost sustained-release (SR) biodegrad-
able, intracameral implant, currently in a phase 3 trial. In its phase 
1/2 trial, a single bimatoprost SR implant reduced IOP in 92% 
of glaucoma patients at 4 months by 7.2–9.5 mm Hg, where-
as pooled fellow eyes receiving once-daily topical bimatoprost 
0.03% had a reduction of 8.4 mm Hg. The implant demonstrated 
a favorable safety profile.48

ENV515 (Envisia) is an intracamerally injected biodegrad-
able proprietary Particle Replication In Non-Wetting Templates 
(PRINT) nanoparticle with an extended release formulation of 
travoprost. In a phase 2 trial in glaucoma patients, a single ad-
ministration of ENV515 demonstrated IOP lowering comparable 
with the topical prostaglandin analogs latanoprost and bimato-
prost and topical timolol maleate 0.5% ophthalmic solution for 
the entire 9-month evaluation period. ENV515 was well-tolerated 
with no serious adverse events or changes in corneal endothelial 
cell counts or corneal thickness.49 

iDose (Glaukos) is another sustained release travoprost intra-
ocular implant at the phase 2 clinical trial stage. The titanium im-
plant is comparable in size to the company’s proprietary microin-
vasive glaucoma surgery devices. To implant, the device is passed 
across the anterior chamber, and the anchor portion is advanced 
through the TM into scleral tissue where it is designed to elute 
therapeutic levels of medication for extended periods of time.50 

The topical ophthalmic drug delivery device (TODDD) 
(Amorphex Therapeutics) is a soft, flexible device that floats on 
the tear film, completely concealed under the eyelid. It can be 
easily replaced by patients themselves and has the potential for 
carrying not only IOP management drugs, but also treatment for 
ocular allergies and other ocular disorders. The TODDD load-
ed with timolol has completed phase 2a clinical trials, where it 
demonstrated safety, comfort, retention, and uninterrupted effica-
cy in reducing IOP for 180 days.51

GENE THERAPY
The goal of gene therapy is to reprogram target cells to up- 

or downregulate a biochemical/physiological process by up- or 
downregulating production of a specific substance within spe-
cific cells.52 Adenoviral (AdV), adeno-associated viral (AAV), 
self-complementary adeno-associated viral (scAAV), herpes sim-
plex viral (HSV), and retroviral vectors (RV) for genetic therapy 
each have pros and cons depending on their properties and on the 
target tissue (Fig. 2).53,54 For example, the transduction efficiency 
of conventional AAV in the TM is very low due to the inability to 
convert single-stranded DNA into double-stranded DNA. Thus, 
the rate-limiting step of AAV transduction is not viral entry fail-
ure but, at least in part, host downregulation of DNA replication, 
which can be overcome by use of scAAV vectors.55 Lentiviral 
vectors such as feline immunodeficiency virus (FIV) have good 
TM transduction efficiency in perfusion-cultured human and pig 
eyes56 and long-term expression of over 2 years in live monkeys57 
and 854 days in domestic cats58 (Fig. 3).59 Indeed, FIV and scAAV 
vectors have expressed GFP for over 2 years in live cynomolgus 

macaques, and small but consistent IOP reduction has been 
achieved for in monkeys for 5 months with FIV vectors encoding 
bovine PGF synthase.60 However, in experiments targeting spe-
cific genes that change TM cells’ functional machinery, such as 
C3 or caldesmon that inhibit actomyosin contractility and reduce 
outflow resistance in MOCAS when transfected via an AV vector, 
we thus far see no consistent physiological effect in live monkeys 
with attempted transfection using scAAV or FIV vectors. Feline 
immunodeficiency virus vectors containing the cDNA for both 
GFP and C3 showed faint GFP expression but no reduction in IOP 
or outflow resistance in live monkeys. In another experiment in-
jecting FIV vectors encoding elements of the prostaglandin path-
way (COX-2, PGF synthase, FP receptor) transcorneally to nor-
motensive domestic cats, substantial long-term expression of the 
transgenes and decreased IOP lasting the entire 5-month duration 
of the experiment were observed.61 In nonhuman primates, a sig-
nificant reduction in IOP (2 mm Hg) was noted for 5 months after 
intracameral delivery of the cDNA for bovine PGF synthase.60 

Nonviral gene delivery, such as through naked small interfer-
ing RNAs, can suppress targets in human TM cells but function 
is limited to 48 hours and systemic exposure can be detected.62 
Nanoparticles can provide noninvasive gene delivery to ocular 
tissues at greater efficacy than naked DNA.63 Advantages of non-
viral gene delivery include low immunogenicity, low mutagen-
icity, and a large capacity for packaging, but transfection is tran-
sient and inefficient.64

The rhoA and rho kinase pathway may be an effective target 
for gene therapy. This pathway modulates the actin cytoskeleton, 
cell adhesive interactions, ECM formation, and TM actomyosin 
contraction.65 Outflow resistance decreased in 2 experiments using 
exoenzyme C3 (Rho GTPase inhibitor) and dominant-negative 
rho-carrying adenoviral vectors in MOCAS and HOCAS, re-
spectively.66,67 Another experiment showed that scAAV-mediated 
dominant-negative RhoA gene transfer intracamerally prevented 
nocturnal elevation of IOP for more than 4 weeks in rats by inhib-
iting the TM RhoA pathway.68

Accessing SC to transfect the inner canal wall endothelium 
and JCT cells without exposing other cell types bordering the 
anterior chamber may be possible via ab externo or ab interno 

Kaufman et al

FIGURE 2. Diagram showing different ocular target tissues and 
strategies for glaucoma gene therapy. C, indicates conjunctiva; CM, 
ciliary muscle; CP, ciliary process; ON, optic nerve; R, retina. Eye 
diagram adapted from National Eye Institute, National Institutes of 
Health Ref#: NEA04. Reprinted with permission from Surv Ophthalmol 
2009;54:472–486.
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canalostomy.69 Although to date, intracameral delivery of scAAV 
or FIV vectors encoding GFP has shown no deleterious effects in 
the cornea, lens, or retina in live monkey eyes, monitored over time 
with slit lamp exams, noncontact specular microscopy (NCSM)  
and both anterior chamber and retinal optical coherence tomog-
raphy imaging, the ab externo or ab interno SC strategies may 
reduce off-target transduction and allow for smaller volumes and 
lower titers to be injected into the eye. It is possible that the fail-
ure thus far to achieve IOP reduction in live animals with vectors 
carrying C3 or caldesmon, genes that interfere with cellular con-
tractility and secondarily disrupt the actin cytoskeleton and cell-
ECM attachments and decrease outflow resistance in MOCAS, 
is due to an “all hands on deck” response to the vector’s assault on 
all the cell types bordering the anterior chamber. Restriction of ex-
posure to principally the Schlemm canal inner wall and JCT may 
fly under the radar of these defenses and give a greater chance for 
efficacy. In monkeys, trypan blue dye injected intracanaliculary 
via 125–175 µm diameter catheters can give strong and even dye 
distribution over 360 degrees. A potential drawback is that micro-
catheters can potentially cause trauma to the walls of SC that may 
affect vector/transgene expression.69

If the outflow resistance is located downstream from the 
TM, genetic alterations in the TM may not provide any thera-
peutic benefit. The majority of outflow resistance is produced by 
the juxtacanalicular TM ECM, and possibly the pores of the in-
ner wall endothelium of SC. Pressure-dependent outflow vessel 
kinking70 or contraction, and valve-like suspended structures at 
collector channel openings71 may have pressure and outflow regu-
latory functions72 and represent novel structural treatment targets. 
Viral toxicity, regulation of gene expression (turning it on/off), 
immune/inflammatory responses, and localization of transfection 
and/or gene activity remain issues in ocular gene therapy.53

STEM CELL THERAPY
Ultimately, the goal of stem cell therapy is to replace or 

regenerate damaged and dead tissue. Trabecular meshwork and 
JCT cell counts are lower in medically untreated POAG eyes than 
in age-matched normals and decrease with age in both at essen-
tially the same rate.73–75 Thus, the resistance and consequential 
IOP increase are both greater in POAG eyes. In ex-vivo HOCAS 
models, controlled cell loss by saponification compromises IOP 
homeostatic function. Differentiated induced pluripotent stem 
cells (iPSCs) grown in TM cell culture medium could repopulate 
the cell depletion model. When transplanted, the TM-medium 
conditioned iPSCs became similar to TM cells in morphology and 
expression patterns, leading to the restoration of IOP homeostatic 
function.76 In the future, iPSCs developed from patient-specific 
skin fibroblasts to avoid immune rejection phenomena could be a 
treatment option for older patients with more advanced glaucoma.

Ophthalmologists will continue to make complex decisions 
for each patient. Individual plans depend on the type of glaucoma, 
underlying mechanisms, genetic make-up, comorbid conditions, 
and rate of progression. Advances in glaucoma therapy will better 
equip ophthalmologists to reduce the impact of glaucoma on their 
patients’ lives.
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