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increase in the population of 
patients with neovascular Age-
Related Macular Degeneration 
Who Underwent Long-term Active 
treatment
Seung Kook Baek  1, Jae Hui Kim  2, Jong Woo Kim2 & chul Gu Kim2

to investigate changes in the size of the population of patients who are receiving long-term, active 
treatment for neovascular age-related macular degeneration (AMD). this retrospective, observational 
study included 3,380 patients who received anti-vascular endothelial growth factor injections (3,974 
eyes). The injections performed were divided into the following three groups: group 1, injections 
performed right after the initial diagnosis; group 2, injections performed <24 months; and group 3, 
injection performed ≥24 months. Time-dependent changes in the proportion of injections in each group 
were analyzed. The total number of injections markedly increased from 431 in the 1st quarter of 2014 to 
1,323 in the 4th quarter of 2018. There were significant changes in the proportion of injections in each 
group over time (p < 0.001). The proportions of group 1, group 2, and group 3 in the 1st quarter of 2014 
were 17.4%, 65.4%, and 17.2%, respectively. The proportions changed to 10.6%, 50.2%, and 39.5% in 
the 4th quarter of 2018, respectively. The marked increase in the proportions of group 3 may suggest 
an increase in the patient population that underwent long-term active treatment. the socioeconomic 
influence of this trend should be considered when establishing future strategies for neovascular AMD.

Age-related macular degeneration (AMD) is one of the primary global causes of vision impairment1. With the 
aging of global population, AMD is emerging as a very important disease, and the increasing socioeconomic 
burden of AMD has been raised as an important issue in global health2–4.

Among various presentations of AMD, neovascular AMD requires active treatment to prevent blindness5. 
However, anti-vascular endothelial growth factor (VEGF) therapy, a gold-standard treatment, is usually expen-
sive. Additionally, frequent hospital visits are required to preserve vision. For this reason, long-term treatment 
of neovascular AMD may accompany an increase in economic and time constraints6,7. Severe deterioration of 
vision to the point where further treatment leads to insignificant outcomes is a disastrous outcome for the patient. 
However, the patients can be followed up less frequently without additional injections, suggesting reduced treat-
ment burden to the patient, caregivers, and society.

Considering these factors, patients receiving long-term active treatment may have a much greater impact on 
the treatment burden of neovascular AMD than do those who are not receiving treatment. Therefore, information 
on the size of this patients’ population and how the size changes over time may provide important information in 
establishing future strategies for the treatment of neovascular AMD. To the best of our knowledge, no previous 
studies have focused on this subject.

The present study aimed to investigate changes in the size of the population of patients who were diagnosed 
with neovascular AMD and are receiving long-term active anti-VEGF treatment. We additionally discuss the 
potential reasons and the significance of these changes.
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Materials and Methods
This retrospective, observational study was conducted at a single center (Kim’s Eye Hospital, Seoul, South Korea). The 
study was approved by the Institutional Review Board of Kim’s Eye Hospital and was conducted in accordance with the 
tenets of the Declaration of Helsinki. The need for informed consent was waived by Institutional Review Board.

patients. We secured the list of patients who received anti-VEGF injection in our institution between January 
1, 2014 and December 31, 2018. Among them, medical records of patients who registered to the “Registration 
Application for the Exempted Calculation of Health Insurance” and who received ranibizumab or aflibercept 
injection as an initial treatment were reviewed. In the Korean national insurance system, neovascular AMD is 
considered as an “intractable disorder”; hence, the Korean national insurance system implements a special medi-
cal expense support system. The national health insurance covers 90% of the expenses of ranibizumab or afliber-
cept treatments for the number of times as specified in the regulation. Although this system does not support the 
expense for bevacizumab treatment, almost of all the patients who are newly diagnosed with neovascular AMD 
are registered to this system.

outcome measure. The total number of anti-VEGF injections, including ranibizumab, aflibercept, and 
bevacizumab, performed between January 1, 2014 and December 31, 2018, were recorded. Then, the number of 
injections performed in each quarter was counted. The primary analysis was performed based on the number of 
the quarterly injections. The injections were divided into three groups, according to the following criteria.

Group 1.  Injections performed right after the diagnosis of neovascular AMD: The number of injections in this 
group is exactly the same as the number of patients who are newly diagnosed with neovascular AMD.

Group 2. Injections performed <24 months after the diagnosis, excluding the first injection.
Group 3.  Injections performed ≥24 months after the diagnosis: This suggests that the patients are still receiv-

ing active treatment even 24 months after the diagnosis, suggesting that the value reflects the size of 
the population of patients who underwent long-term treatment.

The time-dependent changes in the proportion of injections in each group among the total injections were 
estimated. In addition, the time-dependent changes in the interval between the diagnosis of neovascular AMD 
and the last anti-VEGF injection were calculated. If both eyes are diagnosed with neovascular AMD simultane-
ously or the neovascularization developed in the initially uninvolved eye during the follow-up period, all these 
cases are considered to have a new diagnosis of neovascular AMD and are thus analyzed separately.

Patients who registered with the “Registration Application for the Exempted Calculation of Health Insurance” 
during the study period but received bevacizumab injection as an initial treatment, were included in the beva-
cizumab group. In this group, the time-dependent changes in the interval between the diagnosis of neovascular 
AMD and the last anti-VEGF injection were calculated.

Statistical analysis. Data are presented as mean ± standard deviation or number (%) where applicable. 
Statistical analyses were performed using a commercially available software package (Statistical Package for the 
Social Sciences for Windows, version 21.0; IBM, Armonk, NY, USA). Time-dependent changes in the proportion 
of injections in each group among the total injections were analyzed using the Friedman test. Time-dependent 
changes in the interval between the diagnosis of neovascular AMD and the last anti-VEGF injection were ana-
lyzed using Spearman’s correlation analysis. A P-value < 0.05 was considered to be statistically significant.

Meeting presentation. Part of this study was presented at the Korean Retina Society Winter Symposium, 
Incheon, South Korea (February 23, 2019).

Results
During the study period, a total of 19,262 anti-VEGF injections were performed on 4,412 eyes. Among them, 
3,974 eyes (90.1%) of the 3,380 patients were initially treated with ranibizumab or aflibercept. Characteristics of 
these patients are summarized in Table 1. The mean age of the patient was 71.1 ± 8.5 years, and the mean duration 
between the diagnosis of neovascular AMD and the last injection was 18.2 ± 18.3 months.

Table 2 shows the changes in the number of injections and proportion of injections in each group (groups 1, 2, 
and 3). The number of injections markedly increased from 431 injections in the 1st quarter of 2014 to 1,323 injec-
tions in the 4th quarter of 2018 (Fig. 1 and Table 2). The number of injections within the three groups also shows 
an increasing trend over time. Additionally, there was a significant difference in the proportion of injections in 
each group over time (P < 0.001, Fig. 2 and Table 2). More specifically, the proportion of injections in group 3 
(injection performed ≥24 months after diagnosis of neovascular AMD) markedly increased from 17.2% in the 
1st quarter of 2014 to 39.2% in the 4th quarter of 2018. In contrast, there was a decreasing trend of the proportion 
of injections in groups 1 and 2 over time.

Figure 3 and Table 3 shows the time-dependent changes in the interval between the diagnosis of neovascular 
AMD and the last anti-VEGF injection. There was a tendency of the interval to significantly increase over time 
(P < 0.001, r = 0.991).

Four-hundred and thirty-eight eyes (9.9%) of 389 patients were initially treated with bevacizumab and were 
included in the bevacizumab group. Patient characteristics of the bevacizumab group are summarized in Table 4. 
Time-dependent changes in the number of injections are shown in Table 5. Changes in the interval between the diag-
nosis of neovascular AMD and the last injection are additionally presented in Table 5. There was a tendency of the 
interval to significantly increase over time (P < 0.001, r = 0.834).
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Discussion
The primary findings of the present study are as follows. First, a total number of anti-VEGF injections for neovas-
cular AMD continuously increased over time. Second, the number of patients who are newly diagnosed with neo-
vascular AMD also increased, but only slightly, over time. Third, the number of injections performed for patients 

Characteristic

Age, years 71.1 ± 8.5

   50–59, No. 352 (9.6%)

   60–69, No. 993 (29.4%)

   70–79, No. 1,481 (43.8%)

   80–, No. 544 (16.1%)

Sex

Men 2,302 (68.1%)

Women 1,078 (31.9%)

Laterality

Right 1,416 (41.9%)

Left 1,370 (40.5%)

Both 594 (17.6%)

Total number of anti-VEGF injections 18,165

No. of anti-VEGF agents used

Ranibizumab 7,660

Aflibercept 8,546

Bevacizumab 1,959

Duration between the diagnosis of neovascular 
AMD and the last injection, months 18.2 ± 18.3

Table 1. Characteristics of the 3,380 patients (3,974 eyes) who were initially treated with ranibizumab or 
aflibercept. The data are presented as mean ± standard deviation or number (%) when applicable. Abbreviations: 
AMD = age-related macular degeneration, VEGF = vascular endothelial growth factor

Years

Groups

Total (%)
Group 1 Group 2 Group 3
No. % No. % No. %

2014 1st 75 17.4 282 65.4 74 17.2 431 (100)
2nd 72 14.9 313 65.1 96 19.9 481 (100)
3rd 105 20.0 320 60.9 100 19.1 525 (100)
4th 116 16.7 433 62.5 144 20.8 693 (100)
2015 1st 134 16.5 516 63.6 162 19.9 812 (100)
2nd 133 14.6 559 61.4 219 24.0 911 (100)
3rd 128 13.3 565 58.7 269 27.9 962 (100)
4th 117 12.1 567 58.8 281 29.1 965 (100)
2016 1st 100 12.0 488 58.7 243 29.2 831 (100)
2nd 99 11.5 507 59.1 252 29.4 858 (100)
3rd 110 11.9 526 57.3 282 30.7 918 (100)
4th 87 9.7 503 56.0 308 34.3 898 (100)
2017 1st 123 13.1 471 50.0 348 36.9 942 (100)
2nd 114 11.9 488 50.9 356 37.2 958 (100)
3rd 121 11.7 527 51.0 385 37.3 1033 (100)
4th 127 11.7 544 50.2 412 38.0 1083 (100)
2018 1st 114 10.7 526 49.4 424 39.9 1064 (100)
2nd 155 12.5 620 50.1 462 37.4 1237 (100)
3rd 122 9.8 622 50.2 496 40.0 1240 (100)
4th 140 10.6 664 50.2 519 39.2 1323 (100)

Table 2. Total number of anti-vascular endothelial growth factor injections and proportion of injections in 
three groups according to the duration between the diagnosis of neovascular age-related macular degeneration 
(AMD) and the injection. 1st = 1st quarter, 2nd = 2nd quarter, 3rd = 3rd quarter, 4th = 4th quarter. Group 1, 
injections performed right after the initial diagnosis of neovascular age-related macular degeneration; group 
2, injections performed <24 months after the initial diagnosis, excluding the first injection; group 3, injection 
performed ≥24 months after the diagnosis.
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who underwent ≥24 months of long-term active anti-VEGF treatment markedly increased over time. As a result, 
the proportion of these injections to the total injections in patients receiving long-term treatment was dramati-
cally increased from 17.2% to 39.2% during the 5-year study period. Interval between the diagnosis of neovascu-
lar AMD and the last anti-VEGF injection has also increased over time. This result suggests that the increase in 
the number of patients undergoing long-term treatment is the primary contributor to the overall increase in the 
number of entire injections. The former two findings are somewhat predictable. In fact, these are similar to the 
recent studies showing increase in AMD patients and ranibizumab/aflibercept administration in South Korea8,9. 
However, the third finding is a new trend that according to the authors’ knowledge has not been reported in the 
English literature. It would be of great value to address the following questions: “Why did this trend occur?” “Will 
this trend continue in the future?” “How will this trend be taken into account when establishing future strategies 
for the treatment neovascular AMD?”

Why did this trend occur? Severe visual deterioration where further treatment is not beneficial is one of the 
primary causes of treatment discontinuation in neovascular AMD10,11. Generally, in the case of a patient who vis-
its a hospital continuously and receives active treatment, it can be assumed that the loss of vision is not complete 
and that the remaining vision needs to be maintained throughout the course of the treatment. Thus, as shown 
in the present study, increase in the number of patients receiving long-term active treatment may suggest that 
the number of patients without complete loss of vision is increasing. We cautiously postulate that this tendency 

Figure 1. Changes in the number of anti-vascular endothelial growth factor (VEGF) injections over time, 
when divided into groups, according to the duration between the diagnosis of neovascular age-related macular 
degeneration and the injection. 1st = 1st quarter, 2nd = 2nd quarter, 3rd = 3rd quarter, 4th = 4th quarter, group 
1, injections performed right after the initial diagnosis of neovascular age-related macular degeneration; group 
2, injections performed <24 months after the initial diagnosis, excluding the first injection; group 3, injection 
performed ≥24 months after the diagnosis. Data were acquired from patients whose eyes were initially treated 
with ranibizumab or aflibercept.

Figure 2. Changes in the proportion of anti-vascular endothelial growth factor (VEGF) injections over time, 
when divided into groups according to the duration between the diagnosis of neovascular age-related macular 
degeneration and the injection. 1st = 1st quarter, 2nd = 2nd quarter, 3rd = 3rd quarter, 4th = 4th quarter, group 
1, injections performed right after the initial diagnosis of neovascular age-related macular degeneration; group 
2, injections performed <24 months after the initial diagnosis, excluding the first injection; group 3, injection 
performed ≥24 months after the diagnosis. Data were acquired from patients whose eyes were initially treated 
with ranibizumab or aflibercept.
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is primarily caused by improved treatment outcomes due to the long-term, gradual changes in the method of 
anti-VEGF treatment.

With the introduction of anti-VEGF therapy, the treatment outcomes of neovascular AMD have been mark-
edly improved. In early clinical trials, monthly fixed dosing of ranibizumab for 2 years prevented vision loss and 
improved mean visual acuity5. The more recently introduced anti-VEGF agent aflibercept also showed long-term 
efficacy comparable to that of ranibizumab12. Despite this remarkable success, the two major huddles in the 
application of anti-VEGF therapy in the real-world practice were high cost of the drug and the need for frequent 
hospital visits and injections. Since the monthly injection regimen used in clinical trials was associated with great 
treatment burden, investigators had focused on the development of more efficient treatment regimens. As-needed 
regimen13 was probably the first widely adopted regimen to decrease the frequency of injection. The key point 
of as-needed regimen is that after initial treatment, re-treatment is performed only when the fluid accumula-
tion persists or recurs. Treat-and-extend regimen14,15 is another widely used treatment regimen. In this regimen, 
continuous injections are performed on every follow-up visit, regardless of the fluid status. The difference with 

Figure 3. Changes in the interval between the diagnosis of neovascular age-related macular degeneration 
(AMD) and the last anti-vascular endothelial growth factor injection. Data were acquired from patients whose 
eyes were initially treated with ranibizumab or aflibercept. 1st = 1st quarter; 2nd = 2nd quarter; 3rd = 3rd 
quarter; 4th = 4th quarter.

Years

Interval between the diagnosis of 
neovascular AMD and the last anti-
VEGF injection

No. of 
eyes

2014 1st 11.45 ± 15.91 431

2nd 13.04 ± 16.80 481

3rd 12.28 ± 16.97 525

4th 13.90 ± 19.23 693

2015 1st 13.53 ± 18.64 812

2nd 14.53 ± 19.72 911

3rd 17.24 ± 21.41 962

4th 17.40 ± 21.49 965

2016 1st 18.91 ± 22.56 831

2nd 19.23 ± 22.53 858

3rd 19.16 ± 22.32 918

4th 21.60 ± 24.00 898

2017 1st 21.18 ± 23.99 942

2nd 21.60 ± 24.77 958

3rd 21.81 ± 24.84 1033

4th 22.71 ± 26.18 1083

2018 1st 24.68 ± 27.78 1064

2nd 23.71 ± 27.26 1237

3rd 24.89 ± 27.52 1240

4th 26.43 ± 30.71 1323

Table 3. Mean (±standard deviation) interval between the diagnosis of neovascular age-related macular 
degeneration (AMD) and the last anti-vascular endothelial growth factor (VEGF) injection in patients whose 
eyes were initially treated with ranibizumab or aflibercept. 1st = 1st quarter, 2nd = 2nd quarter, 3rd = 3rd 
quarter, 4th = 4th quarter.
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fixed-dosing regimen is that the follow-up and injection interval is adjusted based on the macular finding; if there 
is a fluid, the interval is shortened, whereas the interval is extended if macula remains dry. In clinical practice, the 
3 regimens, fixed dosing, as-needed, and treat-and-extend, are considered the basic methods in treating neovas-
cular AMD.

More than 12 years have passed since the introduction of anti-VEGF therapy. During that period, each phy-
sician has established his/her own treatment method for the patient, through the experiences of success and 
failure in treating the disease and following the lessons from clinical studies. During this period, a number of 
studies showed two important facts. First, starting from mid-2010, studies based on large data from real-world 
setting have shown that long-term prognosis of neovascular AMD is relatively unfavorable compared with that 
reported in clinical trials16,17 visual improvement is noted only during the early period of treatment, and slow 
but continuous deterioration in visual acuity is noted thereafter. In particular, less frequent monitoring and 
injection were found to be the primary factors that contributed to this trend18. Second, the excellent efficacy of 
treat-and-extend regimen has been proven. Previous studies have shown that the outcome of treat-and-extend 

Characteristic

Age, years 68.04 ± 10.12

   50–59, No. 77 (19.79%)

   60–69, No. 126 (32.39%)

   70–79, No. 130 (33.42%)

   80-, No. 56 (14.40%)

Sex

Men 229 (58.87%)

Women 160 (41.13%)

Laterality

Right 184 (47.30%)

Left 156 (40.10%)

Both 49 (12.60%)

Total number of anti-VEGF injections 1,097

Duration between the diagnosis of neovascular 
AMD and the last injection, months 4.75 ± 7.58

Table 4. Characteristics of the 389 patients (438 eyes) who were initially treated with bevacizumab. The data 
are presented as mean ± standard deviation or number (%) when applicable. Abbreviations: AMD = age-related 
macular degeneration, VEGF = vascular endothelial growth factor.

Years
Interval between the diagnosis of 
neovascular AMD and the last injection

No. of 
eyes

2014 1st 2.06 ± 3.03 20

2nd 3.15 ± 3.20 20

3rd 3.35 ± 3.13 14

4th 2.73 ± 2.63 13

2015 1st 2.73 ± 2.49 12

2nd 2.04 ± 2.73 27

3rd 2.86 ± 3.66 42

4th 2.42 ± 3.44 45

2016 1st 2.12 ± 3.44 49

2nd 2.83 ± 4.67 69

3rd 3.94 ± 5.82 64

4th 5.26 ± 6.95 61

2017 1st 3.61 ± 5.50 90

2nd 4.38 ± 6.73 89

3rd 3.94 ± 6.32 108

4th 5.04 ± 8.46 73

2018 1st 6.84 ± 9.93 73

2nd 6.08 ± 8.97 80

3rd 6.91 ± 9.74 76

4th 9.03 ± 11.22 72

Table 5. Mean (±standard deviation) interval between the diagnosis of neovascular age-related macular 
degeneration (AMD) and the last injection in patients whose eyes were initially treated with bevacizumab. 
1st = 1st quarter, 2nd = 2nd quarter, 3rd = 3rd quarter, 4th = 4th quarter.
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regimen is generally comparable to that of the fixed-dosing regimen19 and even better than that of the as-needed 
regimen20,21. Moreover, changing from the as-needed to treat-and-extend regimen is also found to be effective in 
improving and stabilizing patient outcomes22,23.

An important point revealed by these two findings was that more active, frequent anti-VEGF injections can 
improve treatment outcomes. As awareness regarding this aspect is increasing, it is presumed that they have 
influenced treatment patterns in clinical practice. In our institution, the concept of proactive treatment, such as 
treat-and-extend regimen, was first introduced in 2015 as a result of these consequences. Fortunately, changes 
in national insurance policy in South Korea also supported this trend. In South Korea, 90% of drug expenses 
of ranibizumab and aflibercept for neovascular AMD are covered by national health insurance. However, there 
has been a limit on the number of times these benefits can be given. During the recent years, the number of 
insurance-covered injections has been increased, reducing the economic burden of patients undergoing multiple 
injections9. This change is thought to have become one of the bases for more active treatment.

Considering the results of the previous studies, we carefully postulate that active and frequent anti-VEGF 
injections along with the adaptation of a proactive regimen may lead to better treatment outcomes compared 
to the previous outcomes. The similar hypothesis was previously suggested by Cohen et al.24. As a result, some 
patients whose vision might have already been deteriorated because of previous undertreatment may have ben-
efited from this new trend and have maintained their vision in the long-term. Sloan and Hanrahan previously 
showed the marked decrease in the incidence of visual loss after the introduction of anti-VEGF, suggesting that 
the technological advances led to important improvements in visual health25. We believe that a similar phenom-
enon occurs in our patients. In this case, it is not caused by the development of a new drug but by changing the 
method for using a drug. Eventually, the population of patients who underwent long-term active anti-VEGF 
treatment without experiencing blindness markedly increased in our study population despite the fact that there 
is only a slight increase in the number of newly diagnosed neovascular AMD cases over time. Figure 4 shows our 
hypothesis as a schematic diagram.

Previously, Korobelnik et al. estimated the number of eyes with treatable neovascular AMD yearly4. The 
incidence of new cases, treatment duration, probability of neovascularization in the fellow eye, death rate with 

Figure 4. Schematic diagram of a postulated mechanism involved in the widespread administration of active 
and frequent anti-VEGF treatment leading to increase in the population of patients who underwent long-term 
active treatment.
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advancing age, and population aging were taken into account to predict the number of eyes with treatable neovas-
cular AMD. As a result, a marked increase in the number of eyes with treatable neovascular AMD over time was 
predicted. Additionally, the treatment duration was the most sensitive parameter, which is associated with this 
trend. Based on this result, the authors suggested that “new drugs will have an impact on treatment duration, and 
this should be anticipated by public health decision makers4”. The study by Korobelnik et al. was performed based 
on the data before anti-VEGF agent was popularly administered. We believe that the results of the present study, 
which was performed based on the data in the era of anti-VEGF treatment, may provide some evidence that the 
hypothesis of Korobelnik et al. is valid.

Will this trend continue in the future? One important question is as follows: Will this trend be tempo-
rary, or will it continue in the future? When treating neovascular AMD with anti-VEGF, using the same method 
that was used in the initial clinical trials will be the most effective way. For ranibizumab, it is monthly fixed 
dosing5, and for aflibercept, it is bimonthly fixed dosing26. However, it is often difficult to apply these methods to 
clinical practice because of the economic and time constraints encountered when performing these procedures.

Fortunately, the patents for ranibizumab and aflibercept will expire within several years27 leading to the devel-
opment of biosimilars. Although there have been some concerns regarding the biosimilars, one advantage is that 
they can significantly reduce the cost of the drugs28. For this reason, it is possible that the introduction of the bio-
similars of ranibizumab and aflibercept will influence the practice pattern. More specifically, it may help to focus 
on more effective treatment rather than on efficient treatment.

One important focus of future drug development for neovascular AMD is development of a long-lasting drug 
that can reduce the number of hospital visits while providing appropriate treatment efficacy. A recent clinical trial 
on brolucizumab demonstrated that a 12-week treatment cycle for this new anti-VEGF drug may be viable in a 
relevant proportion of eyes29. Furthermore, experimental studies have suggested the possibility of introducing 
longer-lasting anti-VEGF drugs in the future30,31.

We believe that these two changes, reducing the cost of the drug and developing a longer-lasting drug, may 
lead to an increased patient adherence to treatment and improvement in treatment outcomes. Eventually, it may 
lead the increase in the number of patients who underwent long-term active treatment without experiencing 
blindness.

How will this trend be taken into account when establishing future strategies for the treatment 
of neovascular AMD? Economic impact. The cost of expensive drugs and frequent visits to hospitals can 
greatly increase the economic burden of treatment for neovascular AMD. If the patient is continuously treated 
without experiencing blindness, it may reduce social costs due to blindness. Conversely, however, the cost of 
treatment itself may markedly increase in this situation. To date, the predicted future incidence has been gener-
ally considered to estimate the future treatment burden of neovascular AMD2,32. However, since there must be a 
difference in the treatment burden between patients who underwent active treatment and who did not, the inci-
dence of disease alone may not accurately estimate the future treatment burden. We postulate that the increase 
in the number of patients receiving long-term active treatment may significantly contribute to the increasing 
treatment burden of neovascular AMD in the future.

Need for patient care strategy. To date, investigators usually have focused on the following question: “How are we 
going to treat the patients with AMD?” Although neovascular AMD is a refractory disease that requires long-term 
treatment, the issue on “how to care the patient?” has not received much attention. Patients with neovascular 
AMD may experience psychological depression and anxiety because of various reasons, including functional 
limitations due to decreased visual acuity, fear of injections, and fear of blindness33,34. However, psychiatric man-
agement of AMD patients has not been systematically implemented. Neovascular AMD usually develops in the 
elderly population8,35. Thus, the role of caregivers is very important for successful long-term treatment. However, 
treatment of neovascular AMD is associated with a considerable burden to caregivers36,37, with most caregivers 
experiencing distress even though they are the family members of the patients37. Therefore, to maintain long-term 
patient adherence to treatment, continuing education and care for the patients’ family and psychological care for 
patients will be necessary. With the growing population of patients undergoing long-term active treatment, the 
importance of this approach is expected to increase in the future.

In South Korea, reimbursement of the fee for ranibizumab and aflibercept treatment is not allowed for 
end-stage neovascular AMD by the national insurance system. For this reason, patients whose eyes show large 
fibrotic scars or diffuse geographic atrophy at initial presentation are usually treated with bevacizumab. In the 
bevacizumab group, the interval between the diagnosis of neovascular AMD and the last anti-VEGF injection 
has increased over time. However, unlike eyes initially treated with ranibizumab or aflibercept, an increasing 
trend of the total number of injections was not definitely noted after the 1st quarter of 2017 in the bevacizumab 
group. We postulated that the reason for this difference is that the vision of patients in the bevacizumab group 
was already severely impaired leading to discontinuing of the treatment after several injections due to a lack of 
treatment benefit.

The strength of the present study is that we first focused on the increasing population of patients receiving 
long-term active treatment for neovascular AMD. However, there are limitations of the present study. This study 
was retrospective, and analysis was performed based on the data from a single institution. Additionally, all the 
included patients were Korean. The timing of introduction of anti-VEGF therapy varies from country to country, 
and the preferred drugs and treatment regimen may also be different. Thus, further researches will be needed to 
identify whether similar trends are also noted in other countries. Lastly, patients who were initially treated with 
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bevacizumab were separately analyzed. Hence, the continuous increase in the number of anti-VEGF injections 
over time which was one of the main results of the study, may not be valid for end-stage neovascular AMD cases.

In summary, results of the present study show that the population of patients who underwent long-term active 
anti-VEGF treatment for neovascular AMD markedly increased over time. As a result, these patients have mainly 
accounted for a dramatic increase in the number of anti-VEGF injections over time. We suggest that this trend 
should be taken into account in establishing future strategies for the treatment of neovascular AMD.
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