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Purpose: This review summarizes recent advances in peptide- and nanomaterial-based drug-eluting contact lenses (DECLs)
as alternatives to conventional eye drops, focusing on sustained drug delivery, bioresponsive release, antimicrobial surface
functionalization, and therapeutic—diagnostic convergence. Glaucoma is discussed as a major chronic ocular indication, but the
scope also includes dry eye disease, ocular allergy, infectious keratitis, corneal neovascularization, and anterior-segment
inflammation. Methods: A structured narrative/scoping review was conducted with reference to the PRISMA 2020
framework. PubMed, Web of Science, Scopus, and Google Scholar were searched for studies published from January 2014 to
September 2025. Search terms included drug-eluting contact lens, drug-loaded contact lens, ocular drug delivery, nanoparticle
contact lens, peptide or peptoid contact lens, molecular imprinting, supercritical CO, contact lens, ROS-responsive contact
lens, theranostic lens, and smartphone colorimetry. Original articles and reviews directly related to contact lens-based drug
delivery, antimicrobial surface functionalization, or sensing were included. Results: A total of 349 records were found, and 32
studies were finally included after duplicate removal, title/abstract screening, and full-text assessment. Soaking, embedding,
nanocarrier incorporation, coating, molecular imprinting, and supercritical CO, infusion have been investigated to improve
drug loading and sustained release. Hydrogels, silicone hydrogels(including silicone hydrogels), nanocarrier-loaded lenses, and
peptide/peptoid-functionalized surfaces showed different advantages and limitations according to disease indication and
intended function. ROS-responsive contact lenses have been reported in preclinical ocular inflammation and injury models;
however, long-term safety, reproducibility, and clinical validation remain limited. Smartphone-based colorimetric analysis and
correction algorithms suggest the feasibility of remote monitoring, but clinical validation in contact lens-based tear biomarker
assessment remains insufficient. Conclusions: DECLs represent the next-generation ocular therapeutic platform that may
improve ocular drug residence time, dosing convenience, and patient adherence. Their evolution toward theranostic contact
lenses will require bioresponsive release mechanisms, robust sensor calibration, preservation of optical and oxygen-
transmission properties, long-term clinical evidence, and harmonized regulatory standards.
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Fig. 1. PRISMA 2020 flowchart for the literature selection process.
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Table 1. Example literature search strategy

Database Search string / terms Filters and purpose
((drug-eluting contact lens) OR (drug-loaded contact lens) OR (therapeutic .
PubMed contact lens) OR (contact lens drug delivery)) AND (ocular OR ophthalmic January 2014-September 2025;

OR glaucoma OR keratitis OR dry eye)

original articles and reviews

Web of Science /
Scopus

TITLE-ABS-KEY (contact lens AND drug delivery) AND (nanoparticle OR
liposome OR micelle OR molecular imprinting OR supercritical CO2 OR
ROS-responsive OR theranostic)

Title/abstract screening after
duplicate removal

Google Scholar

"drug releasing contact lenses", "ROS-responsive contact lens", "smartphone
colorimetry CIELAB AE", "peptide contact lens antimicrobial"

Supplementary search, citation
tracking, and recent-literature
screening

Manual search

Reference lists and citing articles of major reviews

Additional core studies and 2024-
2025 literature

Table 2. Inclusion and exclusion criteria

Category

Content

Original articles and reviews directly addressing contact lens-based drug delivery, antimicrobial surface

Inclusion criteria

functionalization, or sensing; studies with clear ophthalmic relevance; studies including at least one

domain related to materials, release, sensing, or theranostic integration.

General ocular drug-delivery studies not directly related to contact lenses; abstract-only records; theses

Exclusion criteria

or dissertations; duplicate reports; studies with insufficient material or release information; simple product

or device reports outside the review scope.

Author/year, study type, disease/model, lens material, drug or functional agent, loading/release strategy,

Data extraction items

release duration or key performance, optical transparency and oxygen-transmission properties,

biocompatibility/toxicity assessment, and major limitations.

Because study designs and outcomes were heterogeneous, qualitative appraisal focused on in vitro/

Quality appraisal approach

animal/clinical status, control groups, release conditions, long-term stability, and biocompatibility

evaluation rather than quantitative risk-of-bias scoring.
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Table 3. Comparison of drug loading and release methods in contact lenses

Release method Description Advantages Disadvantages Ref
. Lens is soaked in a drug solution Simple, low cost, applicable to Severe initial burst release; limited
Soaking . . . 4.5
for absorption. various drugs sustained release
. Drug is incorporated into the Uniform drug distribution; Possible reduction Ot? Fransparency
Embedding . . L and oxygen permeability; complex 7
polymer matrix during fabrication. controllable release .
manufacturing
. . . . High nanomaterial concentration
. Nanoparticles, liposomes, micelles, Prolonged release; improved
Nanocarrier . . . . may reduce transparency and 9,16,
. . etc. are incorporated into or onto the  drug stability; co-delivery o
incorporation . oxygen permeability; regulatory 18,28
lens. possible :
complexity
. Multilayer film or drug coating is Release proﬁle‘ can be tgned; Coating uniformity and durability
Surface coating . surface-specific function T 5,6,19
applied to the lens surface. . need validation
possible
Molecular Drug-specific recognition sites are  Selective binding; potential Complex process; scale-up remains 517
imprinting formed in the lens matrix. suppression of burst release challenging ’
Supercritical CO, Drug is infused into the lens using Uglffoor:nailoizd;giier:g l.lcbei;;e Reglsl;g]seegfip;?ne;;?glgii?on; 5,10,
infusion supercritical carbon dioxide. 5 y P 5 vy 29,30
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Table 4. Material properties of drug-eluting contact lenses

Material type Description Advantages

Disadvantages Applications Ref

High transparency;

Hydrophilic drugs may show Timolol,

Hydrogel / HEMA, PHEMA, and comfort; compatibility burst release; hydrophobic latanoprost, anti-
Silicone silicone hydrogel-based  with vision correction;  drug loading may be limited; allergic and anti- 4,5,33,34
hydrogel transparent lens materials oxygen permeability can  surface wettability should be inflammatory
be improved controlled drugs
‘ PLA, PLGA. chitosan, Degradation-controlled Mechanical strength, Cyclosporine A:
Biodegradable . long-term release; transparency, comfort, and ) .
gelatin, and other . oo . I sustained timolol  11,15,35
polymers biocompatibility manufacturing reproducibility
degradable polymers S release
advantages need validation
. Nar}op articles, llposomgs, Improved drug stability; Possible reduction of Glaucoma therapy,
Nanomaterial-  micelles, and magnetic prolonged release; co- "
. . . transparency and oxygen keratitis treatment, 9,10,12,1
composite components incorporated delivery and L .
) . . ; . permeability; toxicity and and theranostic 8,28
lenses into the lens matrix or bioresponsive design Do .
. . regulatory validation required platforms
coating possible
Peptlde/ Antimicrobial peptides or  Potential inhibition of Closgr to surface Prevention of
peptoid- . 1 . . functionalization than drug 20,31,32,
b . peptoids immobilized bacterial adhesion and ) e contact lens-related
functionalized . . release; sterilization and long- . . . 36
onto the lens surface biofilm formation - . microbial keratitis
surfaces term activity must be verified
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Table 5. Research gaps in therapeutic—diagnostic contact lens development

Category Current evidence Remaining issues Future research needs Ref
Soaking, embedding ..
L= § Initial burst release . . .
nanocarrier, coating, molecular ’ Combine sustained release with 4-7,

sterilization/storage stability,

Drug release imprinting, and supercritical and lens property trade-offs bioresponsive release; validate long-  9,10,15-17,
CO, strategies are actively proper term release and storage stability. 19,29,30
. remain.
studied.
ROS-responsive
. . d th d adapti Mostl linical; long-t . .
Bioresponsive examethasone and acapive OSTY prectimical, JONEEM o fne biomarker thresholds and verify
levofloxacin/diclofenac release safety and repeated-wear . . . 13,14,35
release . s . . clinical efficacy in human studies.
have been reported in reproducibility are insufficient.
preclinical models.
S . Lo e Y Optimize immobilization chemi
Antimicrobial ~ Peptide/peptoid immobilization Long-term antimicrobial I;ri(rimezjallua teornli(l:fzbli(:ll liereeigi:ry
surface can reduce bacterial adhesion  activity after sterilization and L 20,31,32,36
L . prevention in clinically relevant
functionalization on contact lenses. repeated wear is unclear. .
settings.
. Smart contact lens sensing and Tear biomarker variability, lens- o .
Sensing and . . Standardize imaging conditions,
. smartphone-based color induced cytokine changes, . - 8, 21-27,
optical . o I o correction algorithms, and tear
e correction/quantification are  lighting/device differences, and . . . 37,38
quantification . ; biomarker interpretation.
progressing. deposits may affect accuracy.
. Th tic 1 ts and P icati
Therapeutic- CTAnosie TeNs concepts an ower, communication, Develop closed-loop platforms and
. . individual component miniaturization, long-term L Sy 8,21,27,37,3
diagnostic . o conduct long-term clinical validation
technologies have been wearability, and regulatory 8,39,40
convergence . . under regulatory standards.
proposed. pathways remain uncertain.
5. n& o+ 7154 A= g AdAge] o, oFEo] =X
2 d7e dgels ¥ ykaa) 7w ofE e 29 A& o2 HEHE A" de FRE w2 A
Eq gL : d, o

i
>,
)
Yo &
o wr
flo
o

g
z.
=
o
o%

>
E
>£
o 4
SRV
L

[
hins
X
o

K

oy
_FL
2

%o

A o Ay 2 [N

:L

0% 2
ot

¢

21, supercritical CO, 1nfus1on =
2 gy 1@[4-7,9,10,15]

al
)
frrt
%
[N
L
g:{
o>
:J_,
B
fr
%
ol
Ny

il
oX,
do 1
N,
$
o
lo
=1
ot
o,
)
12
il
%
i N

o
T
b

2
=
R
M
D)
2]
o
oje -
o
-
& oo
of
ok

u
P
>~

o8 o n 2

rd
tlo
N
M
o
ut
tl o
=
N N

)
O N ol 12 N o

of.

K o
>,

B>

i

A

F

oot

N

un.qo

ol
k1
ox
2
Jzi
o o
ox
SE
i)
=1
f
o
l—«O
o2
oX,
ftllo
i
X
ofl
N
L
2

A4, SEfol= & M Eol= 7|nk 7l»=§h
9l AAHE o3 B g0t} 7=
Ez At 2 oFE AAe WE
FATH, gt JEfolE B JEoE 3
dEd= Ad 709 AgS Eol7] 9%
=z 3 kel

of

i) _l“,
=2 o

B oz E
v to

k
2
N

Ir
2

B ol
I L= e

-

2 o

= =2

4 5 At ol ey e

e gy et o

,d
£ 4

oF
o

]
ot

Vol. 31, No. 2, June 2026

she] FF Lo H 753t ¢
7d oW dgke g HE =it
A, AR e A" e 53T §5Y
U Ed =g WAsE7] 938 4] 7]<&o|t}h ROS-responsive
contact lens 7= < AU BA BHAE7] A%}
= o

gomlll o]z 7]Eo] 3 WEoA A A
3170l ¥H-8-3}= adaptive drug release® WA 7154 S
HolEt) 28 7R E F2 in vitro BE B
Al MEY o, Abe EH” 7] 28 A, wh
28 A BE A9, A § e A, B P8
A Fa8 e Aol mepa] «AdE Faro]
= F8HTE «27] AAdA 3= HAaFE oL ¢
TAZE FES G R V)sshe Aol AR 7]Rke]
Aol 7Hg
A, X5 A §83 theranostic contact lens®] 3
H“HHL Al Ao} oFs WE 7]5o] Wes] §F 2
2229 o], Ast A& AAA|
ZA = Axf gAEA Y A
He dFry SAZO0R Ids)of it dA AntE
gl Ed == [OP, glucose, lactate, cytokine 5 TFFsH %]
o] 24 7HeAE BAFA JonBAiY AnEEZ 7]

"k colorimetric analysis®} B4 41 E]|5S 94 RUET

a0y
H

X
o
oﬁL

[.

== o.?; S R A i ru

—

¢

=

Bl W B"OIN mlo

J Korean Ophthalmic Opt Soc.



Recent Advances in Drug-Eluting Contact Lenses: Toward Nanomaterial-Integrated and Theranostic Platforms

171

Table 6. Technical and translational trade-offs in drug-eluting contact lenses

Design element Advantages Main trade-offs Ref
. . Initial burst release and short sustained-release
Soaking Easy fabrication; low cost u . ! 4,5
duration
Embeddin Uniform drug distribution and Possible reduction in transparency and oxygen 7
& controllable release permeability; manufacturing complexity
.. . Improved sustained release and dr Lens-property deterioration at high nanomaterial
Nanocarrier incorporation prov U .. e property . & . 9,16,18,28
stability concentrations; regulatory complexity
. Degradation-controlled long-term Mechanical strength, transparency, comfort, and
Biodegradable polymers & & . & 15pa 4 11,15,35
release manufacturing reproducibility must be secured
. . Potential response to pathophysiological Limited clinical evidence; long-term safety and
Bioresponsive release p .p PRy & o £ .. Y . 13,14,35
microenvironments repeated-wear reproducibility remain insufficient
Smart sensing and data Remote monitoring and smartphone-  Power supply, communication, miniaturization, and 8,21-
integration based quantification tear-lens interaction remain challenging 27,37,38
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