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A
ge-related macular degeneration (AMD) is the most 
common cause of vision loss and blindness among peo-
ple aged 60 years and older in industrialized nations.1-3 

Characterized initially by a blurred area in the center of vision, 
the vision loss that occurs with inadequately treated AMD has 
profoundly negative effects on patients’ independence, pro-
ductivity, and quality of life. The condition is associated with 
increased risks of cognitive dysfunction, depression, and falls 
and related injuries, along with requirements for extensive and 
costly caregiving services.4-8 Loss of central vision in AMD 
affects patients’ abilities to drive, read, write, recognize faces, 
and participate in social activities. 

The condition is defined by 2 main types: (1) non-
neovascular, also called dry or nonexudative, AMD and  
(2) neovascular, also called wet or exudative, AMD (nAMD). 
The clinical manifestations of early disease are macular pig-
mentary changes and the formation of extracellular lipid 
deposits, called drusen, under the retinal pigment epithelium 
(RPE). In the AMD classification scheme developed by the 
Age-Related Eye Disease Study (AREDS) research group, large 
drusen indicate intermediate AMD, which poses a high risk of 
progression to nAMD.9 Advanced stages are characterized by 
geographic atrophy of retinal tissue (advanced non-neovascular 
AMD) and/or choroidal neovascularization (CNV; advanced 
nAMD). The latter condition, which is the clinical manifesta-
tion of nAMD, results from the upregulation of pro-inflamma-
tory and angiogenic cytokines, including vascular endothelial 
growth factor (VEGF).10 VEGF is an important signaling protein 
involved in angiogenesis. In nAMD, blood vessels grow from 
the choroid into the subretinal or sub-RPE space (Figure 1).10  
If inadequately treated, nAMD leads to vision loss or blindness 
caused by leakage, hemorrhage, RPE detachments, and scar 
formation.

Beyond a dilated ophthalmic examination, the main technol-
ogy for detecting nAMD is optical coherence tomography (OCT), 
and the diagnosis may be confirmed by fluorescein angiography  
(FA), which assesses the extent of CNV lesions, leakage, and 
fluid presence. Combined approaches and advanced tech-
nologies, such as spectral-domain OCT and OCT-angiography, 
can improve diagnostic accuracy and monitoring and inform 
clinical decision making.11-13 Whereas these modalities are 
essential for nAMD diagnosis and monitoring, they contrib-
ute to the burden and costs of office visits. Moreover, given 
the brief time over which CNV lesions can grow and cause 
vision loss, even monthly office-based assessments may not be 
sufficient for identifying treatment needs in some patients.13 
Several home-based methods of detecting nAMD are notewor-
thy, including Amsler charts, near-vision charts, preferential  
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ABSTRACT

BACKGROUND: The introduction of anti-vascular endothelial growth factor 

(anti-VEGF) drugs to ophthalmology has revolutionized the treatment of 

neovascular age-related macular degeneration (nAMD). Despite this signifi-

cant progress, gaps and challenges persist in the diagnosis of nAMD,  

initiation of treatment, and management of frequent intravitreal injections. 

Thus, nAMD remains a leading cause of blindness in the United States.

OBJECTIVE: To present current knowledge, evidence, and expert perspec-

tives on anti-VEGF therapies in nAMD to support managed care profes-

sionals and providers in decision making and collaborative strategies to 

overcome barriers to optimize anti-VEGF treatment outcomes among nAMD 

patients.

SUMMARY: Three anti-VEGF therapies currently form the mainstay of treat-

ment for nAMD, including 2 therapies approved by the FDA for treatment 

of nAMD (aflibercept and ranibizumab) and 1 therapy approved by the FDA 

for oncology indications and used off-label for treatment of nAMD (bevaci-

zumab). In clinical trials, each of the 3 agents maintained visual acuity (VA) 

in approximately 90% or more of nAMD patients over 2 years. However, in 

long-term and real-world settings, significant gaps and challenges in diag-

nosis, treatment, and management pose barriers to achieving optimal out-

comes for patients with nAMD. Many considerations, including individual 

patient characteristics, on-label versus off-label treatment, repackaging, 

and financial considerations, add to the complexity of nAMD decision mak-

ing and management. Many factors may contribute to additional challenges 

leading to suboptimal long-term outcomes among nAMD patients, such 

as delays in diagnosis and/or treatment approval and initiation, individual 

patient response to different anti-VEGF therapies, lapses in physician regi-

mentation of anti-VEGF injection and monitoring, and inadequate patient 

adherence to treatment and monitoring. These latter factors highlight the 

considerable logistical, emotional, and financial burdens of long-term, 

frequent intravitreal injections and the vital importance of personalized 

approaches to anti-VEGF treatment decision making and management for 

patients with nAMD. To address these challenges and reduce the number 

of yearly injections, studies have examined alternative dosing regimens, 

including extended fixed intervals, as needed, and treat-and-extend strat-

egies in specific nAMD patient populations. New clinical evidence and 

insights into expert clinical practice discussed in this article can support 

managed care professionals in the key role they play in addressing chal-

lenges in nAMD treatment and management and optimizing patient out-

comes through appropriate management of anti-VEGF treatment.

J Manag Care Spec Pharm. 2018;24(2-a):S3-S15
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off-label status of bevacizumab for neovascular AMD should be 
included in the discussion.”3 

Neovascular AMD Management Gaps,  
Challenges, and Opportunities

As demonstrated in extensions to the key clinical trials sum-
marized above, rates of maintained or improved VA remained 
high among study patients who were treated with ranibizumab, 
aflibercept, or bevacizumab over 96 weeks or 2 years.24,26,39 
Similarly low risks of treatment-related adverse ocular or 
systemic events were also reported in the extension trials. 
However, long-term observational studies and clinical experi-
ences have revealed that a substantial proportion of nAMD 
patients who begin treatment with anti-VEGF agents experi-
ence significant vision loss over periods of 3 to 8 years.40-42 

The SEVEN-UP study evaluated VA and anatomic measures 
in 65 patients who participated in key clinical trials on ranibi-
zumab.40 For example, after a mean of 7.3 years following entry 
into the MARINA or ANCHOR trials, 23% of study eyes had a 
Snellen VA score of 20/40 or better; however, 37% of study eyes 
were legally blind, defined as VA of 20/200 or worse. Better 
visual outcomes were identified among patients in the highest 
quartile for the number of anti-VEGF injections received (≥ 11 
injections at the time of the SEVEN-UP evaluation).40,41

Suboptimal long-term outcomes among nAMD patients who 
receive anti-VEGF treatment may be attributable to many com-
plex factors. These include inexorable CNV progression due to 
increased activation of VEGF or other angiogenic mediators, 
effects of other AMD- and age-related ocular conditions, lack 
of patient adherence to treatment, lack of patient monitoring, 
and lapses in physician regimentation of anti-VEGF injections 
and monitoring. Many nAMD patients present with advanced 
disease and experience long delays between CNV formation 
and anti-VEGF treatment initiation, which predicts poor out-
comes.12,13 Moreover, nAMD management is complicated by 
age- and disease-related comorbidities that can compromise 
quality of life and treatment outcomes.7 

Among all stakeholders, the costs associated with nAMD 
management raise challenges. For a newly diagnosed patient, 
the estimated costs of monthly anti-VEGF treatment can range 
from $65,000 to more than $250,000 over 20 years.43 A central 
issue involves disparity in cost between off-label bevacizumab 
and the 2 FDA-approved agents. Using data from compara-
tive clinical trials including CATT, studies have concluded 
that bevacizumab is more cost-effective than ranibizumab.43,44 
However, comparative and cost-effectiveness evidence is either 
inconsistent or lacking to address the influences of many 
patient-specific factors on anti-VEGF treatment outcomes. 
These include inter-individual differences in age and general 
health; starting VA scores and anatomic characteristics, includ-
ing the location and extent of CNV lesions, and presence 
of retinal fluid leakage, hemorrhage, and fibrotic scarring; 

risks of AMD in the second eye; willingness and ability to 
adhere to treatment and monitoring regimens; initial treatment 
responses; and threats to quality of life associated with vision 
loss. These factors highlight the vital importance of individual-
ized approaches to anti-VEGF treatment decision making and 
management for patients with nAMD. With study evidence 
and insights into expert clinical practices that directly address 
these challenges, managed care professionals can play key roles 
in optimizing outcomes through appropriate management and 
monitoring of anti-VEGF treatment. 

Promoting Early AMD Detection,  
Diagnosis, and Treatment 

Through clinical trials and studies on the natural history of 
AMD, researchers have identified the importance of early 
detection, diagnosis, and treatment.12,13,45 Subanalyses of anti-
VEGF clinical trials have demonstrated that the key predictors 
of better long-term outcomes are higher VA scores and smaller 
CNV lesion areas at treatment initiation.46-48 In addition, better 
outcomes are associated with a shorter duration between ini-
tial symptoms and anti-VEGF treatment initiation.12,13,49 Even 
minor delays in anti-VEGF treatment can have profoundly 
negative effects within days or weeks. These include severe 
vision loss or blindness (due to new CNV lesions growing and 
causing leakage), hemorrhage, and other complications.45 Based 
on an analysis of CNV lesion sizes among patients who par-
ticipated in key anti-VEGF clinical trials, researchers have esti-
mated that the earliest enrolled patients had nAMD for nearly  
8 months before entering the studies.50 Early detection of CNV 
in an affected eye is also important because the condition 
subsequently develops in the second eye in a substantial pro-
portion of patients. In a meta-analysis of 4,362 patients with 
nAMD, the second eye developed AMD in 12.2% of patients by 
1 year and in 26.8% of patients by 4 years.51

A number of studies have reported underdiagnosis of AMD 
and long delays between initial symptoms and treatment initia-
tion for nAMD.12,13,49,52 A recent U.S.-based study investigated 
the accuracy of AMD diagnosis among 644 older adults (1,288 
eyes) who received a dilated comprehensive eye examina-
tion from a primary care ophthalmologist or optometrist.53 
Participants were eligible if they had no indication of an AMD 
diagnosis in their medical records. In follow-up exams using 
color fundus photography, expert graders identified AMD in 
25% of the eyes. Among these undiagnosed cases, 30% had 
large drusen. As determined through the extensive AREDS 
research program, the use of antioxidant vitamins and miner-
als (i.e., daily high doses of vitamins C and E, beta-carotene, 
zinc, and copper) can reduce the risk of progression from 
intermediate to advanced AMD by approximately 25% over 
a 5-year period.3,9,54 As reasoned by the authors of the study 
indicating a high rate of AMD underdiagnosis, if the patients 
with large drusen had been diagnosed correctly, they might 
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have benefited from AREDS-based nutritional supplements.53 

The AAO guidelines recommend AREDS-based nutritional 

supplements for patients with intermediate or advanced AMD 

to reduce progression.3 When AREDS-based supplementation 

is used, care must to taken in the dosage and forms of supple-

mentation to avoid complications. For example, copper should 

be supplemented as cupric oxide to avoid zinc-induced copper 

deficiency anemia, and lutein and zeaxanthin may be substi-

tuted for beta-carotene.3

A key factor that contributes to delays in AMD detection, 

diagnosis, and treatment initiation is a lack of awareness and 

knowledge about the disease among the public and nonspecial-

ist health care professionals.55,56 In primary care settings, the 

AREDS authors recommended more advanced training in iden-

tifying AMD, along with the use of high-quality retinal imaging 

modalities. In a study associated with the National Health and 

Nutrition Examination Survey, 84% of people with AMD were 

unaware of their condition.56 

Accounting for Treatment Burden  
and Other Patient-Centered Factors

Patients generally understand the severe implications of inad-

equate AMD treatment and many initially express fears of 

having injections in the eye, anticipating pain or discomfort.8 

In addition, due to age-related challenges, many patients have 

difficulty arranging and traveling to appointments for treat-

ment and monitoring. In a survey of 75 patients with nAMD 

(mean age = 79 years), the reported mean time per visit was 

11.7 hours, accounting for appointment preparation, travel, 

waiting time, treatment time, and post-appointment recovery.57 

Most patients (72%) reported that they were driven to their 

appointments by a caregiver, requiring a significant amount of 

caregiver time away from work or personal activities. 

Treatment and follow-up monitoring for patients with 

nAMD can also pose considerable burdens on physicians and 

their clinical staff. In a multicenter survey conducted in the 

United States, 57 retina specialists reported time requirements 

for care provided to patients with nAMD.57 The mean dura-

tion for a patient visit was 90 minutes, and AMD patient care 

accounted for 20% of office staff time per week. Most physi-

cians (58%) reported that billing and filing for reimbursement 

placed a major burden on staff resources. Moreover, 67% of the 

physicians indicated that it would be very desirable to reduce 

the number of office visits for the treatment and monitoring of 

patients with nAMD.57 

Optimizing Anti-VEGF Therapeutic Strategies

In response to the burdens and high costs of anti-VEGF 

treatment dosed by the schedules in registration clinical tri-

als, retina specialists have developed alternative regimens in 

which patients receive injections at extended fixed intervals, 

PRN based on disease activity, and/or by the treat-and-extend 
strategy.58-60 The goals of these approaches are to minimize 
evidence of exudative disease activity such as intraretinal fluid, 
subretinal fluid, and hemorrhage as efficiently and safely as 
possible and maintain or improve VA while also reducing the 
number of yearly injections. Comparisons across the studies 
are somewhat limited by differences in patient characteristics, 
baseline VA and disease activity, treatment methods, re-treat-
ment thresholds, and study duration. Nonetheless, consistent 
patterns in the evidence are noteworthy and useful for guiding 
decisions about anti-VEGF dosing for effective outcomes and 
reduced burden and costs. 

Extended Fixed-Interval Treatment

Several early studies on alternative anti-VEGF dosing strate-
gies investigated the effects of quarterly fixed-interval injec-
tions.61,62 The PIER trial included patients (n = 184) who 
received 3 monthly injections of sham or ranibizumab (0.3 mg  
or 0.5 mg) followed by quarterly injections.61 At 1 year, mean 
VA scores decreased by 16.3, 1.6, and 0.2 letters in the 3 groups, 
respectively (P ≤ 0.0001 for comparisons of sham and both 
ranibizumab groups). These losses occurred after mean gains of 
2.9 and 4.3 letters in the 2 ranibizumab groups. These results 
indicate that quarterly fixed-interval dosing is not sufficient to 
maintain the initially gained BCVA from the monthly treatment. 

Pro Re Nata 

In the PRN strategy, patients receive a series of monthly load-
ing injections of anti-VEGF therapy and then have regular 
office visits for assessment of VA and anatomic measures based 
on OCT, FA, or other imaging modalities. The CATT trial 
included 1,208 patients (mean age = 78.4-80.1 years; baseline 
VA = 60.1-61.5 letters) who were treated with ranibizumab or 
bevacizumab on monthly or PRN dosing schedules.21,26 Based 
on re-treatment criteria, only patients with active disease 
received subsequent anti-VEGF injections. Patients in the PRN 
groups were evaluated every month and received treatment if 
their affected eye had retinal fluid on OCT, new or persistent 
hemorrhage, decreased VA, or dye leakage on FA. Mean VA 
scores increased in all 4 groups at 1 year (Table 2). However, 
compared with monthly ranibizumab and bevacizumab, the 
1-year improvement in VA was 1.7 letters and 2.1 letters less 
in the PRN groups, respectively. Over 2 years, VA scores 
increased more in the monthly versus PRN groups, with a 
mean difference of 2.4 letters (P = 0.046). The proportion of 
eyes without retinal fluid was higher for monthly versus PRN 
treatment, with a mean difference of 19% (P < 0.0001). Over 
2 years, patients in the ranibizumab and bevacizumab PRN 
groups received 12.6 and 14.1 injections (P = 0.01), respectively, 
of a maximum 26 injections.21,26 Thus, whereas the treatment 
burden was reduced relative to monthly injections, the VA and 
anatomical outcomes were worse. Moreover, as stated above, 
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CATT PRN subjects still required the substantial burden of 
monthly visits for evaluation. Hence, a conscientious PRN 
approach may require monthly visits.

Findings from other representative trials that included PRN 
arms are summarized in Table 3. These include the PRONTO 
trial, which demonstrated that under rigorous assessment and 
re-treatment criteria, the PRN strategy can elicit substantial 
improvements in VA scores and anatomic measures while 
sharply reducing the number of yearly injections compared 
with monthly dosing.63,64 In this trial, 40 patients received  
3 monthly loading injections of ranibizumab before switching 
to PRN dosing. The extensive re-treatment criteria were a loss 
of 5 letters with retinal fluid on OCT, an increase in central ret-
inal thickness (CRT) of at least 100 µm, new-onset classic CNV, 
new macular hemorrhage, or persistent retinal fluid on OCT 
at least 1 month after the previous injection. At 2 years, mean 
VA scores increased by 11.2 letters, and mean CRT decreased 
by 212 µm (P < 0.001 for both results); 43% of patients gained  
15 letters or more. These improvements occurred with a mean 
of 9.9 injections over the 2-year PRONTO study.64

The HARBOR trial further investigated the potential for 
PRN dosing to promote effective treatment outcomes and 
reduce injection burden (n = 1,098 patients; mean age = 79 
years; mean baseline VA = 53.5-54.5 letters).65 Among  
550 patients who received ranibizumab 0.5 mg monthly or 
PRN, 1-year improvements in mean VA scores were 10.1 letters 
and 8.2 letters, respectively. Despite these large improvements, 
compared with monthly dosing, the PRN regimen did not 
meet the prespecified noninferiority margin of 4 letters. The  
2 groups received a mean of 11.3 and 7.7 injections over 1 year. 
The HARBOR and PRONTO trials had rigorous re-treatment 
criteria and required monthly office visits for assessing VA and 
disease activity in the PRN groups. Contrasting PRN assess-
ment protocols and outcomes were reported in the SAILOR 
trial, which included patients who received ranibizumab  
0.5 mg (n = 1,209).66 These patients had monthly office visits for  
3 months and quarterly visits thereafter. The re-treatment cri-
teria were a loss of 5 letters and/or an increase in CFT of at least 
100 µm with retinal fluid. From baseline to 3 months, mean 
VA increased by 7.0 letters in this group of patients; however, 
from 3 months to 1 year, they lost 4.7 letters. Over 1 year, the 
mean number of injections was 4.9. The authors concluded that 
the reduced VA benefits may have been due to the relatively 
long (quarterly) interval between office visits for assessment 
and PRN treatment.66

The 96-week VIEW extension trial compared outcomes of 
among 2,419 patients who, at Week 52, were switched from 
monthly ranibizumab (0.5 mg) or aflibercept (0.5 mg every  
4 weeks, 2 mg every 4 weeks, or 2 mg every 8 weeks) to PRN 
dosing with a capped 12-week maximum treatment interval.39 
The re-treatment criteria were new or persistent retinal fluid, 
an increase in CRT of 100 µm or more, a loss of 5 or more letters 

with retinal fluid presence, new-onset CNV, new or persistent 
leak, new hemorrhage, or a lapse of 12 weeks since the previ-
ous injection. From baseline to 96 weeks, mean VA increased 
by 7.9, 6.6, 7.6, and 7.6 letters in the 4 groups, respectively; the 
mean numbers of injections were 16.5, 16.2, 16.0, and 11.2. In 
all groups, the proportions of patients who gained 15 or more 
letters were similar during the fixed-interval (29.8%-33.4%) 
and PRN phases (28.1%-33.4%). However, across the 2 phases, 
the proportion of patients with no intraretinal or subretinal 
fluid on OCT decreased by 16.5%, 18.0%, 15.7%, and 17.6% in 
the 4 groups, respectively.39 

In the studies that have compared monthly and PRN dos-
ing, statistically similar proportions of patients experienced 
ocular or systemic serious adverse events, the rates of which 
were comparable to those reported in the key clinical trials 
reviewed above.39,67

Treat and Extend

In a 2007 commentary that addressed the challenges and 
potential high costs of frequent assessment for disease activity 
in the PRN approach, Spaide (2007) described a treat-and-
extend regimen, which is now used by many ophthalmologists 
and retina specialists.59 In this approach, patients receive a 
series of loading anti-VEGF injections, usually at 4-week inter-
vals, with VA and anatomic assessment. When criteria indicat-
ing no disease activity are met, patients receive an injection 
and the treatment interval is extended, usually by 2 weeks at a 
time, until a maximum interval of 12 to 16 weeks is reached. If 
CNV lesions are reactivated, the treatment interval is similarly 
reduced. Findings from key clinical trials that have included 
treat-and-extend arms are summarized in Table 3. 

The LUCAS trial compared outcomes of patients who 
received ranibizumab 0.5 mg (n = 218) or bevacizumab  
1.25 mg (n = 213) according to a treat-and-extend regimen 
similar to the one described above.68,69 Treatment intervals 
were extended by 2 weeks at a time when OCT and fundus 
examination indicated no signs of active neovascular disease. 
The maximum treatment interval was 12 weeks. Re-treatment 
criteria were retinal fluid on OCT, new or persistent hemor-
rhage, dye leakage, or increased lesion size on FA. At 2 years, 
there were no significant differences between the 2 groups, 
respectively, for mean changes in VA scores (+6.6 and +7.4 let-
ters) or CRT (-122 and -113 µm).68 Significantly more injections 
were given to patients treated with bevacizumab (18.2 injec-
tions) compared with ranibizumab (16.0 injections; P ≤ 0.001). 
The proportion of patients who received treatment every 12 
weeks was greater in the ranibizumab (17%) compared with 
the bevacizumab (10%) group.

In the TREX-AMD trial, patients received ranibizumab  
0.5 mg monthly (n = 20) or in a treat-and-extend regimen 
after 3 monthly loading doses (n = 40). Upon inactive disease, 
patients in the latter group received an injection, and the  
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For patients who have developed nAMD, managed care profes-
sionals can educate and support patients for consistent adher-
ence to therapy and monitoring to optimize patient outcomes.

Current Debates in AMD Treatment and Management

While the anti-VEGF therapies have revolutionized manage-
ment, we have a long way to go to achieve optimal outcomes for 
all nAMD patients. To address these challenges, authors of this 
manuscript, consisting of 3 retina specialists, Dr. Lloyd Clark, 
Dr. Jared Nielsen, and Dr. Charles Wykoff, and an expert in 
health care management, Dr. Joel Brill, share their perspectives 
and viewpoints on key questions relating to contemporary 
considerations in a candid and open discussion.

How can modifiable risk factors for AMD development and 
progression be recognized and addressed earlier?

Dr. Charles Wykoff: While over half of one’s risk of develop-
ing AMD may be genetically determined, there are specific 
lifestyle changes that can slow the progression of this com-
mon disease: smoking cessation, optimal cardiovascular risk 
factor control, and AREDS supplementation in appropriate 
patient populations. Identical twin studies have reported that 
smoking in one twin leads to nAMD diagnosis about 1 decade 
earlier than in a nonsmoking twin. Once someone has nAMD, 
smoking is associated with a more aggressive disease course. 
In the appropriate patient population, consumption of the  
6 specific supplements within the AREDS formation can also 
help mitigate risk. It is important to understand that AREDS 
supplements have only been proven valuable in modifying the 
AMD disease course among patients with a diagnosis of inter-
mediate dry AMD or advanced AMD in 1 eye. Toward this end, 
appropriate ocular screening exams for patients at risk of AMD, 
which can be asymptomatic in its intermediate dry stage, is 
important and should be encouraged. Furthermore, primary 
eye care teams should be educated regarding which patients 
should be prescribed AREDS supplements and the possible 
side effects and contraindications to supplement use.

When and how should patients be treated?

Dr. Charles Wykoff: Once diagnosed with nAMD, earlier 
treatment leads to better absolute visual outcomes with a 
reduced treatment burden. To achieve earlier treatment ini-
tiation, patients and caregivers need to be educated about the 
signs and symptoms of AMD, and appropriate screening eye 
exams should be encouraged. Once nAMD is diagnosed, effi-
cient transfer of care to a retina specialist skilled in managing 
nAMD is important.  

Dr. Jared Nielsen: Individuals with nAMD may live with this 
disease for 20 years or longer. Permanent vision loss, quality 
of life, and financial considerations are at stake in managing 
nAMD. The burden of management can be high and, unfortu-
nately, many patients do not receive the intensity of treatment 

required to achieve optimal outcomes. Efforts to reduce treat-
ment burden using advanced imaging and a customized treat-
ment approach, along with patient education and support, can 
help minimize disease burden and improve patient outcomes.

Dr. Lloyd Clark: Yes, initial studies pointed toward monthly 
therapy as the best choice for patients with nAMD. However, 
early on, it was recognized that this dosing strategy, employed 
indefinitely, would be difficult to maintain. Therefore, investi-
gators and clinicians sought to evaluate alternative dosing strat-
egies to reduce treatment burden. Initially, changes to treat-
ment intervals were made independent of disease activity using 
either fixed quarterly intervals or PRN schedules. Regardless of 
anti-VEGF agent chosen, these strategies were unsatisfactory in 
maintaining vision gains achieved with early monthly dosing.

The breakthrough occurred when nAMD disease activity 
was accounted for in extending treatment intervals. Treat-and-
extend dosing is based on the concept of disease-free intervals 
between treatments to maintain VA gains. As we have learned 
from a number of natural history and interventional studies, the 
disease severity and response to anti-VEGF therapy of patients 
with nAMD is highly variable. Thus, if outcomes approaching 
monthly therapy are to be achieved with treat-and-extend dos-
ing, a personalized approach to therapy must be employed that 
minimizes or eliminates recurrent CNV activity.

This concept will drive future therapies in nAMD. Newer 
agents targeting different cytokines used either alone or in con-
junction with anti-VEGF agents may reduce treatment burden, 
and their effective use will likely require a treat-and-extend 
approach. Longer-acting molecules, extended drug-delivery 
devices, and gene therapy platforms that offer long-acting 
control of CNV will also require careful monitoring of break-
through disease. Currently, and in the near future, mainte-
nance of disease-free intervals between treatments is key to 
optimal management of nAMD.

What are the considerations for on-label versus off-label 
treatment of AMD?

Dr. Charles Wykoff: While we have 3 distinct pharmaceuti-
cals that all block the activity of VEGF, some patients appear 
to respond optimally to one agent more than another. In 
some patients with nAMD, it appears that the FDA-approved 
products may be more effective at achieving optimal anatomic 
and/or visual outcomes. It is important to recognize that the 
bevacizumab used in the CATT trial discussed in this manu-
script and the large DRCR.net Protocol T trial comparing the 
3 anti-VEGF agents in patients with diabetic macular edema 
employed bevacizumab delivered in glass, whereas the beva-
cizumab that most retina physicians use regularly is delivered 
in plastic syringes, which may affect safety and efficacy. Ideally 
patients and physicians would have access to all of the avail-
able pharmaceuticals so that therapy can be individualized as 
needed. It is valuable for insurance plans to communicate to 
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physicians any restrictions or requirements for use of pharma-
ceutical therapies to treat AMD. 

Dr. Jared Nielsen: Yes, we are fortunate to have 2 FDA-
approved and 1 off-label treatment for nAMD. With disparities 
in cost, there may be a tendency to use the least expensive 
option. However, in nAMD decision making, it is important 
to consider other factors. Repackaged anti-VEGF therapy is 
not identical to the drug used in comparative effectiveness tri-
als. In addition, results from clinical trials, which evaluate the 
efficacy and safety of agents within a select patient population 
over a relatively short period of time, may not be generaliz-
able to all patients who suffer from nAMD. Biopharmacologic 
response can differ between patients, with some demonstrating 
resistance to one anti-VEGF agent but responding to another. 
Preserving treatment options and removing barriers to appro-
priate treatment are essential to keeping patients seeing and 
living well with AMD.

Dr. Joel V. Brill: Health care costs continue to increase. The 

Centers for Medicare & Medicaid Services projects that U.S. 

health care spending will reach nearly $5.5 trillion by 2025 and 

will account for 19.9% of the gross domestic product by 2025, 

up from 17.8% in 2015.74 To mitigate costs, treatment of nAMD 

with off-label anti-VEGF therapy has been incorporated into 

some health plan formularies. Although concerns have been 

raised about repackaging of off-label anti-VEGF therapy for 

use in nAMD, additional oversight has been implemented over 

the repackaging process since the passage of the Drug Quality 

and Security Act in 2013. Physicians and payers have a duty 

and obligation to work together to provide medically necessary, 

value-based therapies that are safe and effective. I agree with 

my colleagues that preserving options and removing barriers to 

appropriate treatment are essential to keeping patients seeing 

and living well with nAMD. Medicare has multiple avenues, 

including the Center for Medicare and Medicaid Innovation 

and the Physician-Focused Payment Model Technical Advisory 

Committee, to innovate and propose reimbursement policies 

that equalize physician reimbursement for the administration 
of nAMD agents.

Conclusions 

A key theme that emerges from studies on anti-VEGF agents 

and therapeutic strategies is that optimal outcomes depend 
on individualized approaches to treatment decision mak-

ing and management. For example, in the PIER trial, after 3 
monthly injections of ranibizumab, mean VA scores decreased 

in patients who switched to quarterly injections; however, 40% 
of the cohort maintained the vision gains that they achieved 

during the first 3 months.61 As noted in Table 3, some clinical 

trials have reported high standard deviations and wide ranges 
for the number of injections received by patients in PRN and 
treat-and-extend groups. Through clinical experience, nAMD 

experts have learned that, to dry affected eyes and arrest 
CNV growth, some patients may need injections even more 
frequently than recommended in FDA labels for ranibizumab 
or aflibercept. However, the VIEW studies demonstrated the 
potential to extend anti-VEGF treatment with aflibercept to 
once every 8 weeks in some patients and achieve similar out-
comes compared with monthly dosing.

The efficacy of anti-VEGF therapy for nAMD has been con-
sistently demonstrated in clinical trials; however, real-world 
gaps and challenges can pose significant barriers to achieving 
treatment goals. In collaboration with ophthalmologists and 
retina specialists, managed care professionals can play key 
roles in overcoming barriers associated with underdiagnosis of 
nAMD, delays between CNV growth and anti-VEGF treatment 
initiation, lack of awareness about AMD among the public, 
and the logistic, emotional, and financial burdens of frequent 
intravitreal injections.
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