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T opical modes of delivery are being 
evaluated by a variety of research-
ers for their potential in retinal 
disease treatment. The ability to 
use the topical route of adminis-

tration would convey important advan-
tages in contrast to intravitreal injec-
tions, including greater convenience, 
less invasiveness, and less discomfort.

If efficacious topical delivery 
becomes possible, drops might be 
used prophylactically to reduce the 
formation of new blood vessels. Or, at 
the onset of macular edema—when 
it is desirable to avoid injections but 
treatment could be beneficial to halt 
progression—drops might be used 
instead of intravitreal injections. 
Topical medication might also be a 
plus in patients with choroidal neovas-
cularization in only one eye but high-
risk drusen and pigment alterations in 
the other eye.

For topical medications to be viable 
for the treatment of retinal disease, 
however, they must be able to pen-
etrate the cornea or sclera with suffi-
cient drug levels to deliver a biological 
effect to the posterior segment. At the 
same time they must not be so strong 
that they present a risk of toxicity on 
the way to their target.

Several companies are conducting 
phase 1 or preclinical studies, develop-
ing vehicles to allow a topically applied 
drug to penetrate the eye better or to 
remain in contact with the cornea and 
the sclera for longer periods.

 ACHIEVING SUFFICIENT PENETRATION 
Current ophthalmic topical formula-

tions do not achieve sufficient drug 
levels in the posterior segment to be 
efficacious. After instillation of a drop, 
most of it is cleared from the ocular 
surface by the nasolacrimal duct, tear 
turnover, and blinking.1 Moreover, the 
corneal epithelium acts as a barrier, 
and so the amount of drug reaching 
the aqueous humor is severely lim-
ited.2 It is estimated that only about 
5% of a topically applied medication 
penetrates the cornea and sclera. And 
from there, it still has a distance to 
travel to the posterior segment.

Strategies that have been 
employed to increase topical drug 
bioavailability can be broadly 
divided into those that enhance 

drug penetration and those that 
provide sustained-release drug deliv-
ery (Table).3 Nanoparticles, gels, 
and ointments have been used in 
attempts to keep drugs in contact 
with the anterior cornea long enough 
to achieve adequate penetration.

In the field of drug delivery, nano-
technology is being used to enhance 
absorption and penetration of drugs 
across membranes; to allow con-
trolled release of the drug; and to 
target drugs toward distinct tissues 
to enhance their bioavailability.4,5 
Advances in nanotechnology have 
led to investigation of topical lipo-
somes, emulsions, and microspheres.

Liposomes are nanoparticles that 
may prove useful in the quest for 
topical retinal treatments. Liposomes 

TOPICAL DRUG DELIVERY FOR 
RETINAL DISEASE MANAGEMENT 

The cornea and sclera stand in the way of this more convenient, less invasive drug delivery modality.

 BY DAVID S. BOYER, MD 

AT A GLANCE

s

 �For topical medications to be feasible for the treatment of retinal disease they 
must be able to penetrate the cornea or sclera with sufficient drug levels to 
deliver a biological effect to the posterior segment.

s

 �Ideally, topical drugs would either replace or significantly reduce the treatment 
burdens of intravitreal injections on patients, caregivers, and physicians. 

s

 �For the foreseeable future, topical treatments will likely remain relegated to 
adjunctive roles and will not replace anti-VEGF therapy.



DRUG DELIVERY  s

JULY/AUGUST 2018 |  RETINA TODAY   51

are small vesicles composed of a 
phospholipid bilayer with both aque-
ous and lipid phases. Water-soluble 
drugs can be incorporated into their 
aqueous phase, and lipid-soluble 
drugs can be incorporated into 
their lipid phase.6 Their versatility 
makes it possible to deliver drugs 
across a wide spectrum of biological 
membranes. Liposomes are being 
investigated in studies of topical 
bevacizumab,7 topical diclofenac,8 
nucleic acids, and gene therapy.9

 CELL PENETRATING PEPTIDES 
Felicity de Cogan, MD, and 

colleagues at the University 
of Birmingham’s Institute of 
Inflammation and Ageing, in the 
United Kingdom, are working on a 
novel method of topical delivery that 
appears to be achieving outcomes 
similar to those achieved with intravit-
real injections, albeit this work is in the 
early proof-of-concept phase. Work to 
date has been in cultured human eye 
cells and rat, pig, and mouse models; 

investigations have not yet advanced 
to human trials. This method relies on 
cell-penetrating peptides (CPPs) to 
deliver drug within minutes. CPPs are 
able to cross, or penetrate, cell mem-
branes and gain access to the interior 
of almost any cell.10 CPPs have high 
penetrating capabilities for biological 
barriers in the eye, with low toxicity, 
and have been used to deliver clinically 
relevant concentrations of anti-VEGF 
drugs to the posterior segment of ani-
mal eyes in vivo.10

TABLE. A SNAPSHOT OF TOPICALLY APPLIED DRUGS FOR  
THE TREATMENT OF RETINAL DISEASE

Microemulsions Penetration enhancer Lipid based Surfactants increase membrane  
permeability

Nanoemulsions Sustained release Lipid based Positive charge allows binding with 
mucin

Liposomes Sustained release Lipid based Allows slow release of drug and  
fewer toxic effects

Solid lipid nanoparticles Sustained release/ 
penetration enhancer Lipid based Interacts with lipid layer of tear film

Hydrogel Sustained release Polymeric Used as drug reservoir

Contact lens Sustained release Polymeric Used as drug reservoir

Nanoparticles Sustained release Polymeric Nanospheres or nanocapsules  
contain drug for delivery

Dendrimers Sustained release Polymeric Repetitively branched molecules  
in the nanometer scale

Iontophoresis Penetration enhancer Physical method Improves drug bioavailability using 
electric current

Sonophoresis Penetration enhancer Physical method Improves drug bioavailability using  
ultrasound

Adapted from: Gibson JM, McGinnigle S. Recent advances in topical therapeutics for vitreoretinal diseases. US Ophthalmic Review . 2015;8(1).
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Noteworthy attempts at delivering 
topical medication to the back of the 
eye have ended prematurely in several 
cases. Ohr Pharmaceutical initiated 
a phase 3 trial of topical squalamine 
(squalamine lactate ophthalmic 
solution, 0.2%) in combination with 
injections of ranibizumab (Lucentis, 
Genentech) for treatment of wet 
age-related macular degeneration 
(AMD).11 However, topical squalamine 
failed to reduce the average number 
of ranibizumab injections required by 
the clinical trial participants. Similarly, 
an inhibitor of complement activation 
known as PPADS appeared to offer 
promise in prevention of choroidal 
neovascularization,12 but the study was 
halted after unsatisfactory proof-of-
concept results were reported in 2014.

Several rabbit studies suggested 
that inroads were being made in the 
challenging area of scleral penetration. 
However, the conjunctival fornix is 
large in rabbits, so their ocular anato-
my allows drug to be in contact with a 
large portion of the sclera. This allows 
better penetration of the molecule 
through the sclera in a way that would 
not be possible in a human eye.13

Recently, a mouse model study 
at the Medical University of South 
Carolina showed promise for iden-
tifying a successful topical retina 
treatment. Researchers were able to 
bypass the outer blood-retina barrier 
and deliver a treatment that reduced 
VEGF-dependent pathophysiology in 

the retinal pigment epithelium. They 
foresee potential application of this 
modality in wet and dry AMD.14

 REDUCING TREATMENT BURDEN 
At present, the topically applied 

drugs that have shown the most 
promise are potential adjunctive 
therapies—that is, drugs that would 
serve to boost the effect of, for 
example, anti-VEGF drugs delivered 
by intravitreal injection. An effica-
cious topical adjunctive therapy 
might allow physicians to reduce the 
number of intravitreal injections in a 
patient’s regimen.

Researchers at Wills Eye Hospital 
in Philadelphia are examining the 
use of a combination of the glau-
coma drugs dorzolamide and timolol 
(Cosopt, Merck) as an adjunctive 
therapy for patients who do not 
respond sufficiently to anti-VEGF 
treatments alone. In a pilot study, 
the researchers gave a small group 
of patients with neovascular AMD 
combination dorzolamide-timolol 
drops in addition to their monthly 
anti-VEGF injections. The investiga-
tors observed significant improve-
ments on OCT and visual acuity in 
patients with neovascular AMD.15

In a similar vein, investigators at the 
University of Sassari, Italy, saw reduc-
tions in central macular thickness with 
topical bromfenac (various) given 
twice a day in patients with newly 
diagnosed diabetic macular edema.16

As promising as these recent 
findings may be, eye drops used as 
adjuvant therapies along with injec-
tions are not likely to be considered 
for approval by the US FDA. Ideally, 
topical drugs would either replace 
or significantly reduce the treatment 
burdens of intravitreal injections on 
patients, caregivers, and physicians. 

For the foreseeable future, it seems 
that topical treatments will remain 
relegated to adjunctive roles and will 
not replace anti-VEGF therapy.  n
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