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Glaucoma, a progressive optic neuropathy, is a leading
cause of irreversible blindness worldwide [1]. The disease
is characterized by distinctive optic nerve damage, often
accompanied  by  elevated  intraocular  pressure  (IOP).
Consequently,  reducing  IOP  remains  the  cornerstone  of
glaucoma management, a goal achieved primarily through
pharmacological  interventions  [2].  While  established
therapies are effective, the future of glaucoma treatment
is rapidly evolving. Recent advances are pioneering novel
mechanisms  of  action,  enhancing  patient  adherence
through innovative drug delivery systems, and shifting the
focus  toward direct  neuroprotection.  This  editorial  high-
lights state-of-the-art advancements and promising future
trends in glaucoma pharmacotherapy.

The current glaucoma treatment is founded on several
classes of drugs that effectively lower IOP. Prostaglandin
analogues  (PGAs)  are  typically  first-line  agents  that
enhance uveoscleral outflow, while beta-blockers and car-
bonic  anhydrase  inhibitors  (CAIs)  work  by  reducing  the
production  of  aqueous  humor  [3].  Alpha-2  adrenergic
agonists, such as brimonidine, also play a crucial role by
both decreasing aqueous production and modestly increa-
sing uveoscleral outflow. Although these medications are
mainstays  in  managing  glaucoma,  challenges  related  to
side  effects,  tolerability,  and  patient  adherence  neces-
sitate  continuous  innovation.  A  significant  limitation  in
current  therapy  is  the  reliance  on  patient  adherence  to
complex  daily  dosing  schedules,  which  can  compromise

treatment efficacy.
Recent  breakthroughs  have  introduced  new  drug

classes that target different physiological pathways. Rho-
associated  protein  kinase  (ROCK)  inhibitors,  such  as
netarsudil,  represent  a  significant  advance  by  directly
targeting  the  trabecular  meshwork  to  increase  aqueous
outflow [4]. Furthermore, emerging drugs, such as nitric
oxide-donating prostaglandins  and dual  FP/EP3 receptor
agonists,  aim  to  provide  superior  IOP  reduction  by  en-
gaging  multiple  outflow  pathways  simultaneously  [5].
These  novel  mechanisms  not  only  offer  new  options  for
lowering  IOP  but  may  also  provide  secondary  benefits,
including improved ocular blood flow.

Perhaps the most significant challenge in patient care
is adherence to daily eye drop regimens. To address this,
sustained-release drug delivery systems are transforming
treatment paradigms. Biodegradable implants, such as the
bimatoprost  implant  (Durysta™),  can  deliver  medication
steadily over several months from a single administration,
thereby freeing patients from the burden of daily dosing
[6]. Similarly, fixed-combination therapies, which combine
multiple  medications  into  a  single  product,  reduce  the
number  of  daily  drops,  improving  adherence  and  mini-
mizing  exposure  to  preservatives.  Concurrently,  nano-
technology-based platforms, including advanced hydrogels
and  nanoformulations,  are  being  developed  to  optimize
drug  bioavailability,  prolong  corneal  contact  time,  and
minimize  systemic  side  effects  [7].
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Beyond  IOP  control,  the  ultimate  goal  of  glaucoma
therapy is to preserve vision by protecting retinal ganglion
cells (RGCs) from damage. This has opened new frontiers
in  neuroprotective  and  regenerative  strategies.  Orally
administered  nicotinamide  (Vitamin  B3)  has  shown  sig-
nificant promise, with a recent clinical trial demonstrating
improved inner retinal function in patients with glaucoma
[8].  More  advanced  approaches  are  also  under  active
investigation. Gene therapies using adeno-associated virus
(AAV) vectors aim to provide sustained neuroprotection by
modulating  key  cellular  pathways  [9],  while  stem  cell
therapies  seek  to  replace  damaged  RGCs  or  create  a
supportive  microenvironment  to  foster  neuronal  survival
[10]. While these cutting-edge therapies face considerable
challenges  in  clinical  translation,  including  delivery,
safety, and cost, they hold promise for preserving sight.

In the future, the management of glaucoma is poised
to  become  increasingly  sophisticated  and  personalized.
Future  directions  will  focus  on  developing  a  compre-
hensive  and  holistic  treatment  strategy.  This  involves
developing  highly  targeted  therapies  for  IOP  reduction,
such as novel small-molecule drugs that modulate specific
outflow  pathways  with  greater  efficacy  and  fewer  side
effects.  For  the  management  of  neurodegeneration,  the
focus  will  be  on  advancing  gene  therapies  that  can  be
delivered  via  safe,  minimally  invasive  routes  and  deve-
loping  regenerative  medicine  techniques  to  restore  lost
neuronal  function.  Silencing  RNA  (siRNA)  technology
offers the potential to suppress disease-related genes with
high  specificity  and  precision.  Meanwhile,  artificial
intelligence  (AI)  is  being  leveraged  to  analyze  complex
patient data, predicting treatment responses and enabling
the  development  of  tailored  therapeutic  regimens  that
optimize efficacy and tolerability for each individual [11].
While cannabinoids have been investigated for their IOP-
lowering  effects,  their  clinical  utility  remains  limited  by
psychotropic  side  effects  and a  short  duration  of  action,
and  they  are  not  currently  recommended  for  glaucoma
treatment by major ophthalmological societies [12].

It  is  also  important  to  acknowledge  that  while  this
editorial  focuses  on  pharmacotherapy,  non-pharmaco-
logical options, such as laser therapy (e.g., Selective Laser
Trabeculoplasty  -  SLT)  and  surgical  interventions,  are
critical components of glaucoma management, particularly
when medication fails to achieve target IOP levels.

CONCLUSION
In  conclusion,  the  pharmacological  landscape  of

glaucoma is undergoing a profound transformation. While
lowering IOP remains central, the field is moving toward a
more holistic approach that integrates novel drug targets,
advanced  sustained-release  delivery  systems,  and  direct
neuroprotective interventions. By harnessing the power of
precision medicine, innovative molecular biology, and data
analytics,  we  are  entering  an  era  where  individualized
treatment  protocols  have  the  potential  to  dramatically
improve  outcomes  and  enhance  the  quality  of  life  for
millions  of  patients  with  glaucoma  worldwide.

AUTHORS’ CONTRIBUTIONS
It  is  hereby  acknowledged  that  all  authors  have

accepted responsibility  for  the manuscript's  content  and
consented  to  its  submission.  They  have  meticulously
reviewed all  results  and  unanimously  approved  the  final
version of the manuscript.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
Declared none.

DECLARATION
This  editorial,  title  “Glaucoma  Management:  A

Pharmacological  Perspective,”  has  been  professionally
edited for English language clarity, grammar, punctuation,
spelling,  and  syntax  to  meet  international  publication
standards.

REFERENCES
Allison K, Patel D, Alabi O. Epidemiology of glaucoma: The past,[1]
present,  and  predictions  for  the  future.  Cureus  2020;  12(11):
e11686.
http://dx.doi.org/10.7759/cureus.11686 PMID: 33391921
Liu P, Wang F, Song Y, Wang M, Zhang X. Current situation and[2]
progress  of  drugs  for  reducing  intraocular  pressure.  Ther  Adv
Chronic Dis 2022; 13: 20406223221140392.
http://dx.doi.org/10.1177/20406223221140392 PMID: 36479139
Subbulakshmi S, Kavitha S, Venkatesh R. Prostaglandin analogs[3]
in ophthalmology. Indian J Ophthalmol 2023; 71(5): 1768-76.
http://dx.doi.org/10.4103/IJO.IJO_2706_22 PMID: 37203029
Asrani S, Bacharach J, Holland E, et al. Fixed-dose combination of[4]
netarsudil and latanoprost in ocular hypertension and open-angle
glaucoma:  Pooled  efficacy/safety  analysis  of  phase  3  mercury-1
and -2. Adv Ther 2020; 37(4): 1620-31.
http://dx.doi.org/10.1007/s12325-020-01277-2 PMID: 32166538
Irkec M, Konstas AG, Holló G, Dikmetaş Ö, Algedik Tokyürek MÖ,[5]
Bozkurt B. Investigational drugs for glaucoma: Novel mechanistic
approaches  of  preclinical  agents.  Expert  Opin  Investig  Drugs
2025; 34(3): 231-43.
http://dx.doi.org/10.1080/13543784.2025.2472409  PMID:
40000961
Shirley  M.  Bimatoprost  implant:  First  approval.  Drugs  Aging[6]
2020; 37(6): 457-62.
http://dx.doi.org/10.1007/s40266-020-00769-8 PMID: 32447639
Iqbal  H,  Razzaq  A,  Zhou  D,  et  al.  Nanomedicine  in  glaucoma[7]
treatment;  Current  challenges  and  future  perspectives.  Mater
Today Bio 2024; 28: 101229.
http://dx.doi.org/10.1016/j.mtbio.2024.101229 PMID: 39296355
Hui  F,  Tang J,  Williams PA,  et  al.  Improvement in  inner retinal[8]
function  in  glaucoma  with  nicotinamide  (vitamin  B3  )
supplementation: A crossover randomized clinical trial. Clin Exp
Ophthalmol 2020; 48(7): 903-14.
http://dx.doi.org/10.1111/ceo.13818 PMID: 32721104
Castro B, Steel JC, Layton CJ. AAV-mediated gene therapies for[9]
glaucoma  and  uveitis:  Are  we  there  yet?  Expert  Rev  Mol  Med
2024; 26: e9.
http://dx.doi.org/10.1017/erm.2024.4 PMID: 38618935
Hu BY, Chen M, Yu P, Zeng L-Z, Zeng LZ. Mesenchymal stem cells[10]
for repairing glaucomatous optic nerve.  Int  J  Ophthalmol 2024;
17(4): 748-60.
http://dx.doi.org/10.18240/ijo.2024.04.20 PMID: 38638254
Tonti  E,  Tonti  S,  Mancini  F,  et  al.  Artificial  intelligence  and[11]

http://dx.doi.org/10.7759/cureus.11686
http://www.ncbi.nlm.nih.gov/pubmed/33391921
http://dx.doi.org/10.1177/20406223221140392
http://www.ncbi.nlm.nih.gov/pubmed/36479139
http://dx.doi.org/10.4103/IJO.IJO_2706_22
http://www.ncbi.nlm.nih.gov/pubmed/37203029
http://dx.doi.org/10.1007/s12325-020-01277-2
http://www.ncbi.nlm.nih.gov/pubmed/32166538
http://dx.doi.org/10.1080/13543784.2025.2472409
http://www.ncbi.nlm.nih.gov/pubmed/40000961
http://dx.doi.org/10.1007/s40266-020-00769-8
http://www.ncbi.nlm.nih.gov/pubmed/32447639
http://dx.doi.org/10.1016/j.mtbio.2024.101229
http://www.ncbi.nlm.nih.gov/pubmed/39296355
http://dx.doi.org/10.1111/ceo.13818
http://www.ncbi.nlm.nih.gov/pubmed/32721104
http://dx.doi.org/10.1017/erm.2024.4
http://www.ncbi.nlm.nih.gov/pubmed/38618935
http://dx.doi.org/10.18240/ijo.2024.04.20
http://www.ncbi.nlm.nih.gov/pubmed/38638254


Glaucoma Management 3

advanced  technology  in  glaucoma:  A  review.  J  Pers  Med  2024;
14(10): 1062.
http://dx.doi.org/10.3390/jpm14101062 PMID: 39452568
Saraiva SM, Martín-Banderas L, Durán-Lobato M. Cannabinoid-[12]

based  ocular  therapies  and  formulations.  Pharmaceutics  2023;
15(4): 1077.
http://dx.doi.org/10.3390/pharmaceutics15041077  PMID:
37111563

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.

http://dx.doi.org/10.3390/jpm14101062
http://www.ncbi.nlm.nih.gov/pubmed/39452568
http://dx.doi.org/10.3390/pharmaceutics15041077
http://www.ncbi.nlm.nih.gov/pubmed/37111563

	[CONCLUSION]
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	DECLARATION
	REFERENCES


