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The Future of  
Long-Term AMD 
Treatment
Could a novel drug-delivery platform be a new standard of care?

BY ALLEN C. HO, MD

A
s we approach the 10-year mark in our 
near-ubiquitous use of anti-VEGF agents to treat 
wet age-related macular degeneration (AMD), 
it is interesting to step back and remember 

a time when our days as retina specialists were mainly 
spent performing surgery and when “injection days” or 
dedicated injection lanes were nonexistent. We have 
most certainly come a long way from AMD treatments 
involving photodynamic therapy, laser photocoagulation, 
and transpupillary thermotherapy—all modalities that 
focused on destroying leaky vessels (and usually healthy 
tissue along with them). 

We now face new challenges, most of which stem from 
our desire to give patients the best care without straining 
the health care system beyond its limits. But is our current 
standard of care sustainable in the long term?

AMD TREATMENT: INJECT OFTEN TO 
MAINTAIN VISUAL GAINS 

We know from the pivotal studies of ranibizumab 
(Lucentis, Genentech) that monthly injections of this 
anti-VEGF drug have been shown to halt vision loss and 
even produce visual gains.1,2 Although these studies 
were groundbreaking in terms of improvement in care 
for AMD, rigorous and often burdensome treatment 
regimens, compounded by potential injection risks 
(eg, endophthalmitis, intraocular inflammation, 
rhegmatogenous retinal detachment, elevation in intra-
ocular pressure, ocular hemorrhage), have led physi-
cians to look for ways to reduce injection frequency. 

Several alternative regimens, including as-needed 
(PRN) injections and, more recently, treat-and-extend 
(TAE) protocols, have been evaluated. According 
to the 2015 Global Trends in Retina survey of 586 
US retina specialists, more than 90% of respondents 

utilize alternative treatment regimens or a combina-
tion of approaches. Specifically, 12% treat PRN, 66% 
follow TAE, and 19% use a combination of these 
approaches.3

PRN treatment schemes can work, but they require 
monthly patient monitoring and strict retreatment 
guidelines to avoid declines in vision. TAE regimens 
have also been proven to reduce cost and treatment 
burden with increases in visual acuity; however, this 
approach still requires close and frequent monitoring 
and relies heavily on trial and error.

The HORIZON, CATT, and SEVEN-UP trials sug-
gested that the most efficacious treatment strategy 
for sustained gains in visual acuity consists of at least 
seven to eight intravitreal injections of anti-VEGF 
medication during the first year and at least five 
to six injections during the second year, coupled 
with frequent follow-up examinations with optical 
coherence tomography (OCT).4-6

At a Glance

•	 Despite evidence of the effectiveness of 
frequent intravitreal anti-VEGF injections, 
many patients are not receiving the number 
of injections necessary to achieve the best 
visual outcomes.

•	 The sustained dose of drug emitted into the 
vitreous with encapsulated cell therapy (ECT) 
may minimize local and systemic adverse 
events that can occur with bolus injections.

•	 ECT is safe, reversible, and has the potential to 
ease treatment burden on all parties involved.
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ARE PATIENTS UNDERTREATED? 
Despite the overwhelming evidence of the effective-

ness of frequent treatments, a large survey of Medicare 
beneficiaries showed that many patients are not 
receiving the number of injections required to achieve 
the best visual outcomes.7 The study reviewed claims 
of 459 237 Medicare beneficiaries from between 2006 
and 2010 and showed that the frequency of anti-VEGF 
injections was lower than that recommended in clinical 
studies. The study also revealed high discontinuation 
rates (71% within 24 months). In the first year after 
initial treatment, 59% of treated eyes received one to 
four injections, and 22% received seven or more injec-
tions, with an overall mean of 4.3 injections. 

Another claims database analysis of more than 19 000 
newly diagnosed neovascular AMD patients from 
between 2006 and 2011 revealed that the mean annual 
number of ranibizumab or bevacizumab (Avastin, 
Genentech) injections was between 4.6 and 6.9.8 Again, 
this is markedly lower than the monthly frequency 
that provided excellent visual outcomes in controlled 
clinical trials. This apparent “undertreatment” and 
“underevaluation” in the real-world setting was cor-
roborated in yet another independent claims analysis 
of more than 10 000 newly diagnosed AMD patients,9 
authored by Szilárd Kiss, MD. 

Dr. Kiss, who is director of clinical research and an 
associate professor of ophthalmology at Weill Cornell 
Medical College, New York-Presbyterian Hospital, 
commented, “Data from recent studies by our group 
and other groups suggest that patients treated with 
anti-VEGF therapy are monitored less frequently and 
receive significantly fewer injections in clinical prac-
tice compared with patients in major clinical trials. 
Moreover, as our group and others have shown, these 
less frequent dosing and follow-up strategies, in turn, 
lead to inferior visual acuity results in the real-world 
setting. As a result, an intense area of AMD research 
has focused on sustained delivery of anti-VEGF agents, 
both to reduce treatment burden and to perhaps 
improve visual outcome.”

Because these studies evaluated only claims (not 
treatment patterns), the association between observed 
frequency of injections and patient monitoring and 
clinical outcomes, such as visual acuity, were not 
assessed. Nevertheless, it has become common knowl-
edge that the number of injections given often cor-
relates with the number of letters gained. And as injec-
tions drop off, maintenance of these gains becomes 
an issue. In fact, recent studies of visual outcomes in 
the real-world setting of treatment of newly diagnosed 
wet AMD patients are beginning to show that the 

visual acuity gains are far less than those seen in large 
prospective clinical trials. In an analysis of nearly 340 
eyes with newly diagnosed AMD between 2007 and 
2012, the mean number of letters gained was 5.3 over 
the first 12 months, with a mean of 5.5 injections.10 A 
separate single-center real-world analysis showed even 
fewer letters (1.9) gained after the first year and a loss 
of 2.4 letters over 5 years of treatment with ranibi-
zumab in newly diagnosed patients with wet AMD.11 
This leads us to ask, “Is it possible to maximize visual 
outcomes and minimize treatment burden in the long 
term for our wet AMD patients?”

A NEW TREATMENT PARADIGM 
As we attempt to find ways to reduce the number of 

injections while continuing to provide optimal visual ben-
efits for our patients, it may be time to look for different 
ways to deliver AMD therapy. A treatment that delivers 
continuous, long-term therapy to the posterior segment 
may be advantageous for patients, physicians, and care-
givers. An option that could maintain vision over the 
long term and minimize systemic risk while being more 
cost-effective and less burdensome could potentially lead 
to a significant paradigm shift in AMD treatment. Several 
companies have been working to achieve this goal.

Encapsulated Cell Therapy
Encapsulated cell therapy (ECT; Neurotech 

Pharmaceuticals) is one treatment approach that has 
a long track record of delivery to the back of the eye. 
The ECT platform utilizes a proprietary, immortalized, 
nontumorigenic human retinal pigment epithelial cell 
line that has been genetically engineered to produce 
a wide array of therapeutic proteins, including cyto-
kines, monoclonal antibodies, FAB fragments, fusion 
proteins, and peptides. The cells are housed in indi-
vidual cartridges, each surrounded by a semipermeable 
membrane that enables the outward passage of drug 
and the inward diffusion of oxygen and nutrients with-
out eliciting an inflammatory response (Figure 1). The 
implant is inserted through a small scleral incision and 
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“A treatment that delivers 
continuous, long-term therapy 
to the posterior segment may 
be advantageous for patients, 

physicians, and caregivers.” 
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sutured to the scleral wall (Figure 2) using a titanium 
clip. It can be easily removed, if necessary.

The ECT platform has many potential advantages 
over other long-term delivery therapies. It can sup-
port the continuous production of therapeutic 
proteins into the vitreous, singly or in combination 
with another drug or drugs. ECT has been shown 
to consistently deliver proteins for at least 2 years 
to treat a broad range of retinal diseases, although 
more recent explant data have suggested sustained 
delivery persists for at least 5 years.12 In addition, the 
relatively low sustained dose of drug emitted into 
the vitreous with an ECT implant may minimize local 
and systemic adverse events that can occur from 
bolus injections. 

NT-501 ECT
The ECT platform has been used to produce 

NT-501 ECT (Neurotech Pharmaceuticals), which 
consists of encapsulated human cells genetically 
modified to secrete therapeutic doses of ciliary 
neurotrophic factor (CNTF) into the back of the eye 
for treatment of several retinal degenerative diseases. 
Early pilot data in patients with glaucoma suggest an 
improvement in visual field index and correspond-
ing macular and nerve fiber layer volume as early as 

1 month and lasting for at least 18 months.13 To date, 
NT-501 ECT has been generally safe, with approxi-
mately 1000 person-years of cumulative exposure.14

Figure 1.  Cross-section of the ECT implant.

Figure 2.  ECT sutured to scleral wall.
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NT-503 ECT
Neurotech’s lead ECT product candidate is NT-503 

ECT, a soluble VEGF receptor (sVEGFR) fusion protein 
for the treatment of wet AMD and other neovascular 
diseases of the retina. In vitro, NT-503 ECT-produced 
sVEGFR protein binds with picomolar affinity to human 
VEGF-A, similar to the reported values for aflibercept 
(Eylea, Regeneron) and with approximately 700 times 
greater affinity than ranibizumab. 

An ongoing dose-escalation study of NT-503 ECT is 
evaluating three doses and two ECT configurations. 
Preliminary results in the highest-dose group have 
shown a clinically meaningful dose response in visual 
acuity and reductions in macular thickening for at 
least 20 months, along with a lower injection rate fre-
quency than was seen in the other treatment groups. 
Additionally, it appears to be safe and well-tolerated. 

A phase 2 randomized, active-controlled, masked 
multisite study was recently initiated to evaluate the 
safety and efficacy of NT-503 ECT compared with 
intravitreal aflibercept injections. Approximately 
150 patients who have demonstrated a good clinical 
response to at least three anti-VEGF injections will be 
enrolled. This study will compare maintenance of vision 
in patients randomized to receive a single NT-503 ECT 
implant or aflibercept injection every 8 weeks. Efficacy 
will be evaluated using a combination of endpoints 
including change in visual acuity, change in retinal 
thickness, rate of treatment failures, and rate of rescue 
medication. A primary analysis will be conducted at 
1 year, and patients will be followed for 2 years. Results 
are expected in early 2017. This represents a shift in 
how we have traditionally run clinical trials. Most tri-
als are conducted in treatment-naïve patients, and the 
main outcome is an improvement in vision. Now that 
we have entered an era in which most patients are not 
naïve and often require a lifetime of treatment, we 
must test the durability and longevity of a treatment 
in maintaining vision over the long term. This is where 
ECT may play a role.

ECT: THE FUTURE OF LONG-TERM RETINAL 
TREATMENT?

ECT is a versatile drug delivery platform capable 
of producing a wide range of therapeutic proteins at 
constant levels for multiple years. Not only does it have 
the ability to treat long term with single and combi-
nation therapies for at least 2 years, but it is safe and 
reversible, and it may ease the treatment burden on 
patients, caregivers, the health care system, and our 
offices. ECT could very well be the next-generation 
treatment platform for chronic ocular diseases. 

Recent data suggesting improvements in visual field 
and corresponding improvements in macular and 
nerve fiber layer volume with NT-501 ECT (CNTF) in 
glaucoma are intriguing. NT-503 ECT (sVEGFR) has 
been well-tolerated and achieved clinical meaning-
ful improvements in visual acuity and reductions in 
macular thickening for at least 20 months following 
surgical implantation in patients with wet AMD. 
NT-503 ECT is expected to have efficacy at least as 
comparable to existing anti-VEGF therapies, and 
it will be compared with aflibercept in an upcom-
ing randomized, double-masked, controlled phase 2 
trial. This is an exciting time for retina specialists 
as we determine the best way to treat our patients 
adequately in the long term. I look forward to the 
future of ECT.  n
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“ECT is a versatile drug delivery 
platform capable of producing a 

wide range of therapeutic proteins at 
constant levels for multiple years.” 


