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Pharmacological treatment of presbyopia may be an alternative for those who want a spectacle-free scenario and
an easy-to-use method with lower risk of irreversible ocular adverse events. There are two main agents, miotics
and lens softeners, investigated as agents for the pharmacological treatment. Miotic agents treat presbyopia by
creating a pinhole effect which may increase the depth of focus at all working distances. Lens softeners increase

the elasticity of the lens, which is targeted at one of the etiologic mechanisms of presbyopia.

presbyopia pharmacological medical correction treatment

| 1. Introduction

Presbyopia is a physiologically age-related reduction of accommodation leading to unsatisfied clarity of the near
vision [, This condition usually starts after age of 45. In 2015, it was estimated that approximately 1.8 billion
people were affected by presbyopia globally which was about 25% of the world population, and approximately 826
million people lacked proper visual correction. In the year 2030, the number of people with presbyopia is expected

to be increasing to 2.1 billion people globally 2.

Accommodation is a mechanism enabling eyes to adjust their refraction power to focus on near objects. There are
three main processes involved in accommodation. They are (1) ciliary muscle contraction, which in turn reduces
the zonular tension and results in increased lens thickness, (2) pupillary constriction, and (3) convergence of both

eyes Bl The widely accepted cause of presbyopia is the stiffening of the lens, which limits lens thickening 2.

Presbyopia does not only affect the near vision, which is the distance between 20 and 40 cm from the eyes, but

also affects the intermediate vision, which is the distance between 50 to 100 cm from the eyes (81,

Treatment and correction of presbyopia are still challenging since there are no drugs or procedures that can cause
perfect vision at all distances without risk. Currently, there are several options to treat presbyopia: optical
correction, including bifocal or progressive spectacles, monofocal or multifocal contact lenses, corneal or

intraocular surgical procedures, and pharmacological treatment.

For optical correction with spectacles, such as monofocal, bifocal or multifocal lenses, they are common options
because of easy access and non-invasive approach. However, spectacles are perceived by many patients as
inconvenient &I Monovision contact lenses may deteriorate stereopsis since the lens is put on only one eye for

near tasks. When there is a difference between focusing power of both eyes, the depth discrimination is affected
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(201 Monovision associated with anisometropia of +2.00 diopters or higher may decrease stereoacuity 11,
Multifocal contact lenses may be an alternative to spectacles, however, they may cause discomfort, or
inconvenience for some patients, particularly those who have never worn contact lens [12. Contact lenses may also

be related with a risk of serious ocular surface infections 131,

Surgical options, corneal or intraocular, are of increasing interest since they are based on most modern
technologies. Corneal surgery, such as corneal monovision, corneal inlays, collagen shrinkage, or multifocal
LASIK, was one of the common methods for presbyopia correction. They have shown successes in improving near
vision, however, there are disadvantages, such as, reduction of intermediate or distance vision, decreased contrast
sensitivity, dysphotopsia, or refractive regression. Due to these, some patients still need spectacles after the
procedures @14l |ntraocular lenses (IOLs), such as monovision IOLs or multifocal 10Ls, were also used for
correction of presbyopia, with disadvantages, such as, dysphotopsia, or poorer intermediate vision, similar to

corneal surgeries 14113],

There are still risks of surgical complications, which are hardly reversible, and the best results are based on careful
selection of patients. Moreover, good understanding of the limitation of the present technologies by patients and
their trade-off nature are very important, for example, patients who gain spectacle-free of near or intermediate
vision may experience some dysphotopsias in different lighting conditions or lose some sharpness of vision or
stereopsis depending on the offered technology 18l Finally, none of the present surgical technologies can offer full

spectacles independence for the whole time of all activities.

Pharmacological treatment of presbyopia has been studied in recent years based on different drugs and different
treatment regimens. Pharmacological treatment, in theory, may offer a benefit of having a spectacle-free condition
with a lower risk of irreversible ocular complications, compared to surgery. In November 2021, U.S. FDA has
approved 1.25% pilocarpine hydrochloride ophthalmic solution (AGN-190584) as an eye drop for treating
presbyopia 7. This is the first eye drop treatment of presbyopia that obtained U.S. FDA approval. It is possible
that this approval may cause more interest in research on pharmacological treatment for presbyopia. On the other
hand, there will be more data on efficacy and safety of the drug from the real-world experience, which may lead to

better understanding of presbyopia.

| 2. Pharmacological Treatment in Presbyopia

Until now, proposed mechanisms of action for pharmacological treatment of presbyopia were inducing miosis and
softening the lens [BI28I19] a5 shown in Figure 1. The ongoing trials on pharmacological treatment of presbyopia

were summarized in Table 1.
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Normal

Miotic agents
pilocarpine, phentolamine,
carbochol, aceclidine,
AGMN-241622, CSF-1

Lens softener

1.5% lipoic acid choline ester

Accommodation

Figure 1. Pharmacological treatment for presbyopia mechanism of action.

Table 1. Ongoing studies on pharmacological treatment for presbyopia from clinicaltrials.gov (at th

writing).

Drugs

1.25%
pilocarpine 29

1.25%
pilocarpine 24

N Study Design

Multi-center,
double-masked,
randomized,
vehicle-controlled,
parallel-group
study

230

54 Randomized,
double-masked,
crossover study

Instillation
Method

Primary Outcome

Miotic agents

Twice daily
binocularly
for 14 days

Twice daily
binocularly
for 14 days

Percentage of
participants gaining 3
lines or more in
mesopic, high
contrast, binocular
DCNVA at day 14

Overall Composite
Driving Z score
approximately 1 h

NCTID

NCT04983589

NCT04837482

Phase

e time of
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Drugs

AGN-241622
22]

CSF-1 23

CSF-1 [24

1%
phentolamine
[25]

Carbachol and

brimonidine
[26]

PBOHB
compound 27

Pilocarpine
cream [28]

144

300

300

150

450

11

120

Study Design

Phase 1/2, dose-
ascending, multi-
center,
randomized,
double-masked,
vehicle-controlled
study

4-visit, multi-
center,
randomized,
double-masked,
vehicle-controlled
study

4-visit, multi-
center,
randomized,
double-masked,
vehicle-controlled
study

Randomized,
quadruple-
masked, parallel-
group study

Multi-center,
randomized,
double-masked
study

Single group study

Multi-center,
randomized,
double-masked,
placebo-controlled,
parallel group
study

Instillation

Method

Single drop
binocularly

Twice daily
binocularly
for 2 weeks

Twice daily
binocularly
for 2 weeks

Single drop
binocularly

Single drop
binocularly

Single drop
binocularly

Once daily
binocularly
for 28 days

Primary Outcome

after study
intervention instillation

Number of patients
experiencing a
treatment emergent
adverse event after
single administration
of AGN-241622 at day
2 and day 14

Percentage of
subjects with a = 3-
line gain in BDCVA at
40 cm and no loss in
BDCVA =5 letters at 4
m at day 8

Percentage of
subjects with a = 3-
line gain in BDCVA at
40 cm and no loss in
BDCVA =5 letters at 4
m at day 8

Percentage of
subjects with =15
letters of improvement
in photopic binocular
DCNVA after 6 h

Percentage of
subjects with 3-line
gains in near VA with
the loss of at least 1
line in DVA

Jaeger near
uncorrected visual
acuity improvement
after 1 h

Binocular DCNVA
after 28 days

NCTID

NCTO04403763

NCT04599933

NCT04599972

NCT04675151

NCT05135286

NCT05006911

NCT05124275

Phase

1/2
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Drugs N Study Design R Primary Outcome NCTID Phase
Method
Randomized, Prc')p'oruon of subjec'ts
triple-masked gaining = 15 letters in
Pilocarpine ' Single drop mesopic, high ;
29] 139 crossover, : . NCT05114486 3 in. Eye
Spray placebo-controlled binocularly contrast, binocular
DCNVA at 120 min
study post-treatment
Y.;
Lens softeners al
Multi-center,
1.5% lipoic Iaézgg?crgﬁgl’led Twice daily ~ C1ange in Binocular >s
acid choline 225 pdouble-masked ' binocularly DNCVA From NCT04806503 2 [
ester 29 o y Baseline at Month 3
dose-ranging
stud :
Hey ichael-

Titus, A., Revest, P.,, Shortland, P., Eds.; Elsevier: Amsterdam, The Netherlands, 2010; pp. 121-

140. ISBN 978-0-7020-3373-5. ) _ _ . .
Abbreviation: BDCVA—Best-distance corrected visual acuity, DCNVA—Distance corrected near visual acuity, DVA

S.DNeikertyibhdP A pgars o Bimsaibualpini eineisioina) catmmeat s enalGiunic @piarkaphdhaimat. 2006,
17, 62-67.

2.1. Miotic Argents o : -
6. Vargas, V.; Radner, W.; Allan, B.D.; Reinstein, D.Z.; Burkhard Dick, H.; Alio, J.L. Methods for the

MoSIHHRS REAENNTRIDBESIAIS MR B AP GURMOABLRRA LAY SHVISH Gh S WHSSIIUR AnB SDIEEINSy a
pinRARGREDRSnerRsARNHBIMAN 1 & QL InBhg? BarkdDmpathetic pathway.

7. Socea, S.; Mimouni, M.; Andreja, V.; Blumenthal, E.Z. Drops for Presbyopia: Results of CSF-1, a
Mo RS R P TR 28 L AR e MRARISLPPYARE o SCBIRIGHISE L08R LIS BRI VR, IRt PLIRNBE"
age\Vltg fgrctireﬁmgﬁtég piefé)gopia. Whereas most of them were used in combination therapy, the only two agents

studied for monotherapy were pilocarpine and phentolamine.
8. Montés-Mico, R.; Charman, W.N. Pharmacological Strategies for Presbyopia Correction. J.

2.1RefRitbcampiné HCI Bplihahmic Solution 1.25%—The U.S. FDA Approved Agent for

Bf%?r%){gr?,'g.; Benozzi, G. Pharmacological strategies for treating presbyopia. Curr. Opin.

PnoQQJBFH@lE*‘an%%%gQ% tﬁ&ﬁw_a%zg’een used and studied in different concentrations, different forms and also as

19 CSRHMRtCIENIA IRESH dRIGS ToIRSERIPRIE. R RIUCH/MIvRIn SV IBHATT BRde RRFRSES ToV Hidbypuld also
help st éstrasIromeratins Gidparities. Exp. Eye Res. 2019, 183, 62—67.

LnHaystile!or st Vhydianabae Dptty@Rn sl QP B8 AMMERLEAIFBBETARE Ofhe regimen

WhiE’ﬁﬂHgBBQﬁg&pM%}P&ﬂH@ 'Lﬂsﬁfé@%ﬂ(%érrgin%%ﬂ?a?m?&ss?ﬁﬁ%%‘Was stored at a pH between 3.5 to 5.5
1for RUEADIEMIRe ReERaLRYIR TRy BiaioRKAllRDIGN RA S DO HB HREVIN. [ WeS tiRj@y Giakedpgrypine HC
ophthwiRe selefienVi/@are erine alRaRISf BERYgPD SR ARt S ihe PN gg UL sugERe within 1 min B2,

13- frife s GhluieS GRIGIONy e MABRIRI % SnER BERMP LS AMRA WS B STR GRS HTPUSAHRS thYEye drop
wag%ﬁgd Irriegg’cﬁ‘é.ygggﬂf frcﬁ'%o%%]yg’al%’ c%i"n_p%;le% with placebo [33)34] The key inclusion criteria of these

studies were patients with presbyopia aged 40-55 years old, distance-corrected near visual acuity (DCNVA)
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1etaek & anoriatoR20/S0a N & HhédariaseA chrrastienvahilee s urgitaicoptionstfaptizeecantebtioveeh —2.00 to

+2.poeSlybpder. Bradicipahthabreota@@d6iz20nt6 2ke @reatment group (n = 375) and placebo group (n = 375).

1BSCBIEER, T SLAEPHISE 1L nta TSRO0, R3S R Er SR Sy rgfcebo rov
: 1o . ; :

es er(étg/t?%&naﬂ tgye/srpgfﬁgtl){co ea\FHS ' %{‘ﬁsd(ﬁfe/{’%\%ﬁa féﬁ%acs)a‘aﬂandomized Controlled Trials. Adv. Ther.

2017, 34, 1815-1839. _ _ . .
Since presbyopia affects %oth near and intermediate vision, outcome measures of both studies included four

16utt@bassfotnpdoliisin Retentefod infdtortjd; Koaabolist Md3efosysiantatiereeitawnohqsatdifpleakicours
postiastbiasiarofothprasibydgiatosreations Lisie h€rphuttealntbe 20awingGsedBhces, ‘hours’ means hour post-

igstillation on the_30th .day of continuqus use, The outcomes for neay vision. were (1) the primary outcome, a
19.t|'—larr|son, .eFE)AAp roves yecBrops for Presbyopia. Aval ablEonline: @ P y

PSR, Sl PSRRI Sk DTOEIRN 13 P Ble PRI R AR VA vt

losing more than 5 letters of mesopic, high contrast, binocular corrected-distance visual acuity (CDVA) at 3 h, (2) a
186 rE&Hagd O phRIASHED Fitd alRi6es fne GrhpfaoEAZAVIn BreddBYdnigh- BatRE o MdHNNA from 0.25
to PANEBNERIHEs RERSRBIR=N RRYIIK AiENTEeRbhreain@ni ©Rtiang a)hEBRIRGE BERPIRPants
ach@\iﬁhgqpmbﬁiwgiﬂ%’IﬂéN@AQ)?‘Z%;‘:ﬂz)Bor better at 1 h and 3 h. The outcome for intermediate vision was
191200 EOD . PRSSING R NEIRDIC AN FRORIraSE:; AAARY, (R DS dIRSINEAR DY RIS R 6VA)
at 1Atk 34 K&t Classification System Based on a Review of the Literature. Clin. Ophthalmol. 2021,

15, 3733-3745.
2.1.2. Other Miotic Agents

20. Clinicaltrials.gov. A Study to Assess Safety and Efficacy in Participants Age 40 to 55 With
ANQhes fRFBRA RESIERERRS (ARG REE 9% 2RBRRITY0X8eRR BERYES/EsYT{RIcE ESaHoPIR 2 aRBIRS diffRestudied.
Theie % AL RRRANGI AR ER ¢/ IR HBWNC DAY BT alIRScRISEEIPEACATPING PR riFoippical cream on their

safety and efficacy after using the medication twice a day for 28 days and assessing DCNVA as the primary
Z&Ut%méc@nals.gov. A Study to Assess the Impact and Adverse Events of Topical Eyedrops of AGN-

190584 on Night-Driving Performance in Participants, 40 to 55 Years of Age. Available online:

A phtips A dinigalinialsgoyMicta S NHARARBARHRT a9 sther alternative mode of delivery, has been
contACREYHFARE TRIRFP YARGRE rYE ARG (RACASSRIMARA die NMATIRANZ021).

22. Clinicaltrials.gov. Phase 1/2 Study of AGN-241622 in Healthy Participants and Participants with
PR B e R I S RS R P VA AR RS SINE 164 403783 (AR G2l Fprap!mic
SO“I\tlion of 1% %Eﬂamine mesylate could decrease pupil diameter and create pinhole effect. The results from a

ovember .
phase 2b study by Pepose et al., using this drug once daily in the evening for 14 days, compared with placebo,

Zshdniai Gl IRV EVRMARAN Rb RS Edfigaed ANdina iR Qb 1n B EM/ASIN B Y. FREFEH no
diff@HeREETPYOR M ENB i pete MYAHBRIBLINR tRERRHEURIFBILLAED, YRYIFEAENOW/NCTO45999727

term=medication&cond=Presbyopia&draw=2&rank=8 (accessed on 5 December 2021).
Z2 R AR BRG0 8 AR 9B h B RO ERRE QL9 S AP LU Rty BPLE S RS TR R SERSH LB BB
oot B PR A - ) A SR AR eSS R i IR £ b v/ ct2/show/NC T045999337

term:medication&cond:Presbyogia&drasz&rank;Q (accessed on 5 December 2021). o
There are several studies evaluating pilocarpine in combination with anti-inflammatory agents or vasoconstrictive

2y otinicalitinilsige \advafety avrdtEfiicaoyjofdlyxoingthidiilocarqunre kylebinapsiniBubjestowithiduced by
piloRaashy omanysritphkledoning titpeilelisicatiaihgen/atfisitni/Oda padaralban(acergsadmoflmiotic
agdnecemib@e 204bination of two miotic agents. There were four treatment groups for the comparison in this
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26uGfinteliridisngey. B et cadifficheynBlhrdyof BREY GOEHITM dviSu bjet tpladshE osvapic these

tred®hakigaodsResradopipakid BreabslorianAwababklonline:
https://clinicaltrials.gov/ct2/show/NCT051352867

2.2¢ lkensceitRnersnd=Presbyopia&draw=4&rank=29 (accessed on 5 December 2021).

ALl ialsgqy Rilgsaynings Ritmamiding c Qoametpanlitly dFiB Chhfs angost chiQi&eOrtr increase in
disifigSRPRBSHRRIAMSHA\RIlabke enigrightns Heligigaltialnanydatis BRMYNET ORReRMiosis might
be RLERSSHA PRENRIRSANREE AL of presbyopia by creating a pinhole effect but it might not address the

2R CAItI SISV OB at S HH L) JIPAGERLIANS EHIThEENAT GIPEANIREROMA (A oS fr'ts
patfoehyelagent of Presbyopia. Available online: https://clinicaltrials.gov/ct2/show/NCT05124275

(accessed on 5 December 2021).
There was in vitro evidence showing that lipoic acid, an antioxidant, could reduce disulfide bonds in the lens

2fofelNicaliralsomeraatetads Eiisacy ERineamvae fiBRhalmigisiyas fap T8 RAE N RFANEMSiar

perfNERT DESIOBBMEERRY QBIHNELES. AyailabIfeRIRE with choline allows the drug to better penetrate into
the 4ped(linicaials.gov/ct2/show/NCT05114486 (accessed on 5 December 2021).

30. Clinicaltrials.gov. A Dose-Ranging Study to Evaluate the Safety and Efficacy of UNR844 in
" SR BRI oBia AVAIBBIE SR SSHET AR SoUERD ARD AT GaBpE s v
Pl o DA A ST SE BYSTUR PG S IR, O YR U P o B AL SBUGnUR g5 <-55 vears.
monocular DCNVA worse than 20/40 in each eye, best-corrected distance visual acuity of 20/20 or better, and
3haRRERA Sph&ioa Jehuivfiatanawbdn Phaomacelogical tieatmenisif RresbyRiais deviRY, dhey were
ranB¥AIS40 IRET SREFENBSe YoM fParPhé flactbo group with 2:1 ratio, resulting in 50 patients in the former and

3% RHISVIE VUG RIRE (BIESHIRIRIe BRAT4NATE $6KRiIBRY iNSHAChe &irsP AVRF Ol £BA.And 514 +
3.0/(BRREGAE Iy e 573 AbPPHEAISWRI ARSI EIBITY Near Vision (Presbyopia), Is Now,
Available|AbbVie News Center. Available online: https://news.abbvie.com/news/press-
e A SIS R R LBl SR PR R Al a5 nnart
ey R ST Y AP T BRI ARl 20 A e it (AE eSS yamig e
DCEI&{% (.)m baseline in the treatment group compared with the placebo group over the course of 91 days (0.198
vs. 0.099 LogMAR VA units). Moreover, about a third of the patients with 1.5% lipoic acid had a sustained bilateral

SdhprdinisrttistnorYsELlirRY Syl Bilasarpine HCH QRARRIBIE o MR dACHHIRBA He irritation
at 635 GiRaMSHEh Prely iR GiRVIEY: BluAvrilahleerifiebody sensation. For ocular safety, there were
no BftRsA/ chaicRiE Al eRuiERE AR N RR8042h8 (@5arreamaB kI BRUANZHD), distance vision, o

2henpaeanfiningsin ApHeaE%e Aty Study of Pilocarpine HCI Ophthalmic Solution (AGN-190584)
in Participants with Presbyopia (GEMINI 2). Available online:

I 31t ohchusiongct2/show/results/NCT03857542 2term=agn-
190584&cond=Presbyopia&draw=2&rank=5 (accessed on 14 January 2022).

With the recent U.S. FDA approval of 1.25% pilocarpine for treatment of presbk/)(_)pia, this agent is becoming an
35. Waring IV, G.O.; McCabeF*], %M.; Wirta, D.L.; Safyan, E.; Guo, % obinson, M.R. PAOBJB— .
alternative”option for those In the US who may not want to wear spectacles for near tasks. It is possible that this
GEMINI 1 and 2 Pooleﬂ Phase 3 Saf%ty and Efficacy: A N-1b 0584 Prlma}q}/ and Ke Se?ondar%/ .
agent anay_ be a'%\pro_\lleglm ot I_er countries and more patients ‘may be able to access this agent in' the future. This
napoints. Availaple online;
WOL|J-:rd glve an opportunity tor}n_\/estigate on safety and efficacy of this agent in the real world, particularly for long-
https://reghs.tratlon.experlentevent.com/s owaao211/flow/Attendee#!/registrant//Showltems/
term use, whith Is essential.

(accessed on 15 January 2022).

https://encyclopedia.pub/entry/20526 7/8



Pharmacological Treatment in Presbyopia | Encyclopedia.pub

3Bhdreposiegitdd. rreilickntB gf Meysry dpial dhewifRouC lrardpahis, dte Slorien, droplisiagr fieldsMieDasakacM in
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for Presbyopia. Investig. Opthalmol. Vis. Sci. 2016, 57, 2851.

38. Cagini, C.; Leontiadis, A.; Ricci, M.A.; Bartolini, A.; Dragoni, A.; Pellegrino, R.M. Study of alpha-
lipoic acid penetration in the human aqueous after topical administration. Clin. Experiment.
Ophthalmol. 2010, 38, 572-576.

39. Korenfeld, M.S.; Robertson, S.M.; Stein, J.M.; Evans, D.G.; Rauchman, S.H.; Sall, K.N.;
Venkataraman, S.; Chen, B.-L.; Wuttke, M.; Burns, W. Topical lipoic acid choline ester eye drop
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