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ABSTRACT

Introduction: To present real-world outcomes
of neovascular age-related macular degenera-
tion (nAMD) management in Thailand.
Methods: This multicenter retrospective study
reviewed medical records of naive nAMD
patients diagnosed from 1 January 2016 until 31
December 2018. The patients received at least
one intravitreal anti-vascular endothelial
growth factor (VEGF) treatment and had

captured visual acuity (VA) at baseline and at
month 12. Treatment outcomes were assessed at
month 12, 24, and 36. The primary outcome
was a mean change in VA from baseline to
month 12.
Results: Five hundred seventy-two (572) eyes
were included in this study and of these eyes,
222 and 96 had 2- and 3-year follow-up periods,
respectively. At month 12, the mean improve-
ment of VA (ETDRS letter) was six letters
(P\0.0001), and central retinal thickness
(CRT) decreased on average by 104 microns
(P\0.0001). However, visual improvement by
0.1 letters at month 36 did not show statistical
significance. The presence of fluid was found in
approximately half of patients throughout the
study period (45.98%, 48.85%, and 50.91% at
month 12, 24, and 36, respectively). Mean
number of injections (SD) was 6.06 (3.00), 3.44
(2.94), and 2.71 (3.07) for years 1, 2, and 3,
respectively. The mean number of visits (SD) in
year 1 was 9.01 (2.60) and declined to 5.67
(2.69) in year 2 and 4.93 (2.49) in year 3.
Patients who had an average injection interval
of B 8 weeks were 74.46% in year 1, 51.28% in
year 2, and 45.24 in year 3; 35.31% of patients
were lost to follow-up.
Conclusions: This analysis reflects real-world
nAMD management with significant improve-
ment of outcomes. At the same time, the study
reveals unmet needs in anti-VEGF therapy in
nAMD including persistent disease activities,
inadequacy of available treatment, and lack of
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treatment adherence leading to visual deterio-
ration in the long-term.

Keywords: Aflibercept; Anti-VEGF; Bevacizu-
mab; nAMD; Neovascular age-related macular
degeneration; Ranibizumab; Real-world study

Key Summary Points

Why carry out this study?

Neovascular age-related macular
degeneration (nAMD) is one of the
leading causes of permanent visual loss in
elderly patients, and the gold standard
treatment is intravitreal anti-vascular
endothelial growth factor (anti-VEGF)
treatment. Treatment outcomes in the
real world differ from clinical studies
because of various factors, e.g., patient
characteristics, socioeconomics, etc.

We conducted this study to explore, for
the first time to our knowledge, the
outcomes and identify the unmet needs of
nAMD management in Thailand, where
polypoidal choroidal vasculopathy (PCV)
frequently presents and the national
health policy applies a stepwise anti-VEGF
approach.

What has been learned from the study?

This analysis reflects real-world nAMD
management with significant
improvement of outcomes in year 1 but
unmet needs including persistent disease
activities and lack of treatment adherence
leading to visual deterioration in the long
term.

The study reveals unmet needs in anti-
VEGF therapy in nAMD, e.g., persistent
disease activities or lack of treatment
adherence. The novel modalities and
patient adherence should be discussed
and considered by patients and clinicians.

INTRODUCTION

Age-related macular degeneration (AMD) is one
of the leading causes of permanent visual loss in
elderly patients. Among the 33.6 million adults
aged C 50 years who were blind in 2020, AMD
was found to be a cause in 1.8 million cases [1].
The first-line treatment for neovascular AMD
(nAMD) is anti-vascular endothelial growth
factor (VEGF) therapy. The evidence from clin-
ical trials has vastly shown the superiority of
anti-VEGF to other previous treatment modali-
ties [2–4]. However, treatment regimens in
landmark studies, monthly or bi-monthly
injection, are less likely to be used in real-world
practice. Clinicians favor a more flexible treat-
ment posology, such as an ‘‘as needed’’ or a
‘‘treat-and-extend’’ regimen, which have shown
impressive outcomes in many studies [5, 6].
However, treatment outcomes in the real world
are not like the results from clinical studies.
Fewer treatments and hospital visits in the real-
world result in less visual gains than those pre-
sented in most studies.

In Asians, polypoidal choroidal vasculopathy
(PCV) is a common disease in patients present-
ing with serosanguinous maculopathy [7]. The
prevalence of PCV in Thai patients who have a
clinical presentation of choroidal neovascular-
ization (CNV) has been reported as 77.50% [8],
and improvement in visual outcomes after
receiving anti-VEGF therapy has been shown in
clinical trials [9, 10]. However, suboptimal
response to anti-VEGF therapy can be found in
PCV and may lead to unfavorable long-term
outcomes. In such cases, combined treatment
with photodynamic therapy (PDT) may be
considered.

In Thailand, bevacizumab, indicated for
nAMD treatment, is the medication on the
national drug list. For Medicare reimbursement,
treatment of nAMD needs to be initiated with
bevacizumab. More than 80% of Thai patients
receive treatment under national health policy,
and most of them cannot afford high-cost
medications, i.e., ranibizumab, aflibercept, and
PDT [11]. To the best of our knowledge, there
has been no previous report on real-world out-
comes of nAMD treatment in Thailand.
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Therefore, we conducted this study to explore
the outcomes and identify the unmet needs of
nAMD management in Thailand.

METHODS

We conducted a retrospective, multicenter,
non-interventional real-world evidence study
about the management of nAMD with anti-
VEGF therapy in Thailand. All data were
extracted from medical records of five tertiary
referral government hospitals. Patients included
in the analysis were diagnosed with nAMD or
PCV and were either treatment-naive or had not
received anti-VEGF therapy within 6 months
before the index date. All participants were C

40 years old and were treated with intravitreal
anti-VEGF therapy between 1 January 2016 and
31 December 2018, allowing at least 1 year of
follow-up since starting the treatment. The
study end date was 31 December 2019. All
patients were required to have records of visual
acuity (VA) at baseline and 12 ± 2 months of
follow-up. We excluded eyes that received
intraocular injections of other medications in
the context of treatment intervention for
nAMD. These patients had intraocular surgery
within the first 12 months of anti-VEGF treat-
ment. Eyes with other macular conditions as per
the investigator, e.g., geographical atrophy,
fibrosis, retinal vein occlusion, diabetic macular
edema, diabetic retinopathy, or myopic chor-
oidal neovascularization, were also excluded. If
both eyes were eligible, the eye with less VA was
included in the study. The study was approved
by the ethics committee or institutional review
board at each participating center and con-
ducted in accordance with the Declaration of
Helsinki. Patients’ informed consent and con-
sent to publish were exempted because of the
retrospective nature of the study and use of
unidentified retinal images and clinical data.

Patients were stratified based on treatment
intensity into high and low intensity. High
intensity was defined by receiving three loading
doses in the first 3 months and having at least
five anti-VEGF injections annually, whereas low
intensity was defined by not receiving three
loading doses in the first 3 months or having

fewer than five anti-VEGF injections annually.
Best-corrected visual acuity (BCVA) was tested
using Snellen acuity charts and converted to
Early Treatment Diabetic Retinopathy Study
(ETDRS) letters. A zero (0) letter score was
assigned to visual acuity of ‘‘counting fingers’’ to
‘‘no light perception.’’

The primary outcome was the mean change
of VA from baseline to month 12. Secondary
outcomes included the mean change of VA
from baseline to months 24 and 36, mean
change of central retinal thickness (CRT) from
baseline to month 12, 24, and 36, mean number
of injections, and visits in each year. Moreover,
the presence of fluid, which included intrareti-
nal fluid (IRF), subretinal (SRF), pigment
epithelial detachment (PED), and sub-retinal
pigment epithelium fluid (sRPE), in optical
coherence tomography (OCT) at baseline,
months 12, 24, and 36, was analyzed.

Statistical Analysis

Descriptive statistics were tabulated for demo-
graphic and clinical characteristics and out-
come variables. These included means with
standard deviations (SDs) and 95% confidence
intervals (CIs) for continuous variables. Cate-
gorical variables were summarized by providing
counts and proportions, with 95% CIs derived
for all proportions. There was no imputation to
account for missing, unused, or spurious data
for this analysis. The proposed analyses were
pooled but also separately conducted for nAMD
patients with different treatment intensities. All
analyses were performed by using SAS software
version 9.4 (SAS Institute, Inc, Cary, NC). Out-
come variables of mean change in VA and CRT
from baseline to year 1, 2, and 3 were analyzed
by using generalized estimating equations
(GEEs) for repeated measures, and P B 0.05 was
considered statistically significant. Exploratory
analysis on comparison of mean change in VA
and CRT between the high- and low-intensity
treatment groups was performed by using
independent t-test for normal distribution data
or Wilcoxon rank-sum test for non-normal dis-
tribution data with P B 0.05 considered statis-
tically significant.
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In terms of counts (number of injections,
number of visits, proportion of patients with
any particular mean treatment interval, pro-
portion of patients with any fluids), the chi-
square test was used. Fisher’s exact test was used
for small samples defined by expected value.
Annualized rates were calculated by using GEE.
The log of time on treatment in years was used
as the offset variable. Huber-White (robust/
‘‘sandwich’’) standard error estimates were used.
All point estimates as well as the corresponding
two-sided 95% CIs were presented.

RESULTS

Patient Characteristics

A total of 4840 eyes were diagnosed as nAMD
with at least one anti-VEGF injection from 1
January 2016 to 31 December 2018. Of these
eyes, 601 eyes were treatment naive or had
received anti-VEGF therapy[ 6 months before
the index date. Twenty-nine patients were
excluded from the study because of the lack of
VA data at 12 ± 2 months.

Finally, 572 patients were enrolled in this
study. Patient disposition in this cohort study is
shown in Fig. 1. Focusing on time of enroll-
ment, the number of patients registered into the
study was not distinctive in each year (28.67%,
31.12%, and 40.21% in year 1, 2, and 3,
respectively). Several loss to follow-up cases,
defined as patients who had a follow-up period
\ 3 years and lack of follow-up visits for [
6 months before the end of the study, were
investigated. In total, 202 of 572 patients
(35.31%) were identified as lost to follow-up.
The number of patients enrolled and loss to
follow-up from month 1 to 36 is illustrated in
Fig. 2.

The average age of patients was 68.64 years.
Two hundred fifty-seven patients (44.93%) were
female. Overall, the eye diagnosed with nAMD/
PCV and included in the cohort at baseline was
the right eye for 52.97% of the patients; 42.13%
and 57.87% of patients were diagnosed with
nAMD and PCV, respectively.

Baseline characteristics of our study cohort
are presented in Table 1.

Imaging investigations performed at baseline
were fundus fluorescein angiography (FFA)
39.86%, indocyanine green angiography (ICGA)
39.34%, OCT 85.84%, and color fundus photo
33.92% (Table 2).

Most of our patients (78.50%) initiated
treatment with bevacizumab, and 266 of 572
(46.50%) were treated with bevacizumab with-
out switching to other agents. A total of 183
(31.99%) of 572 patients switched therapy from
bevacizumab to other anti-VEGF agents.
Switching to aflibercept was the most common
pattern, which comprised 30% of the patients
in our study. Only 52 (9.09%) of all patients
were exposed to at least one PDT (Table 3).

Visual Outcomes

The average of baseline VA (mean) was 43.6
letters (equivalent to 20/125 Snellen equiva-
lent), and the proportion of patients having VA
worse than 20/50 was 69.93%. At month 12,
mean improvement of VA was 6 letters com-
pared to baseline (P\0.0001). The analysis also
revealed visual gains at month 24 by 5 letters
(P = 0.0026). However, VA improvement by 0.1
letters at month 36 did not show statistical
significance (Fig. 3, Table 4).

Anatomical Outcomes

The mean (SD) CRT was 419.62 (192.08)
microns. After anti-VEGF therapy, anatomical
improvement was found with a mean reduction
of 104.03 (P\ 0.0001), 105.67 (P\ 0.0001),
and 64.89 (P = 0.0122) microns at year 1
(n = 305), 2 (n = 67), and 3 (n = 27), respec-
tively, compared to baseline CRT (Table 5,
Figs. 4 and 5).

Disease activity after treatment, which is
represented by the presence of IRF, SRF, or sRPE
on OCT images, was detected in approximately
half of patients throughout the study period
(45.98%, 48.85%, and 50.91% at month 12, 24,
and 36, respectively).

The anatomical outcomes of the patients
who received injections at high intensity were
better than in patients on low-intensity injec-
tions. The mean change in CRT compared to
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baseline in the high-intensity group was greater
but not statistically significant compared with
the low-intensity group at any time point of the
study (Fig. 5).

Focusing on disease activity, the proportion
of patients having disease activity in the high-
intensity group was higher than for patients in
the low-intensity group (52.28% vs. 34.17% in
year 1, 61.29% vs. 37.68% in year 2, and 77.78%
vs. 37.84% in year 3) (Fig. 6).

Treatment Burden

The mean (SD) number of injections adminis-
tered in year 1, 2, and 3 was 6.06 (3.00), 3.44
(2.94), and 2.71 (3.07), respectively. The mean

(SD) number of visits in year 1 was 9.01 (2.60)
and declined to 5.67 (2.69) in year 2 and further
to 4.93 (2.49) in year 3.

In the first 12 months, 74.46% of patients
had a mean injection interval B 8 weeks. The
proportion of patients who had a mean injec-
tion interval [ 12 weeks in years 2 and 3 was
22.22% and 21.43%, respectively (Fig. 7).

Safety Outcomes

The incidence of serious adverse events in our
study was 0.35% (n = 2). One patient had
endophthalmitis related to ranibizumab injec-
tion, and the other had a stroke. Both patients
were in the high-intensity group.

Fig. 1 Patient disposition in this cohort study
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DISCUSSION

Management of nAMD in the context of real-
life practice is different from clinical studies.
The diagnosis in general practice is more likely
to use clinical findings together with noninva-
sive investigations such as OCT. In our study,
FFA and ICGA were performed in only 40% of
patients at baseline, while OCT imaging was
performed in[80% of patients. The advance in
imaging technology helps to understand the
pathophysiology of nAMD and PCV distinctly.
Noninvasive imaging techniques such as OCT
are practical and suitable for use in clinical
practice. The characteristics in OCT images are
specific and help in the diagnosis of nAMD [12].
In the real world, when elderly patients with
multiple drusen in the macula and OCT
revealed signs of exudations accompanied by
RPE elevation or disruption, the diagnosis of
nAMD is highly suggested. Anti-VEGF therapy
can be initiated while using OCT for monitor-
ing treatment response with no need to perform

angiography. Recently, the Asia-Pacific Ocular
Imaging Society proposed practical diagnostic
criteria using findings on spectral-domain OCT,
i.e., sub-RPE ring-like lesion, sharp peaked PED,
and en face OCT complex RPE elevation, for
diagnosis of PCV with high accuracy [13].

Visual outcomes of nAMD patients have
been improved after the introduction of anti-
VEGF treatments in the early 2000s. Anti-VEGF
therapies have become a first-line treatment for
treating and stabilizing nAMD as recommended
in universal practice guidelines [14–17]. The
drawbacks of anti-VEGF therapy include the
necessity of repeated injections and regular
long-termmonitoring to maintain visual acuity.
However, the outcomes from real-world studies
compared with those from clinical trials, are
still different based on the impact of
undertreatment [18, 19].

In our study, nAMD patients achieved an
improvement in visual and anatomical out-
comes after receiving anti-VEGF therapy. At
month 12, the average gain of vision was 5.97

Fig. 2 Number of patients enrolled and lost to follow-up
from 1 to 36 months. Green bars show time of enrollment
by month. Gray bars show the number of lost follow-up

cases defined as patients who had a follow-up period for\
3 years and lack of follow-up visit for[6 months prior to
the end of the study
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Table 1 Baseline characteristics of patients included in the study cohort

Characteristics Total (N = 572) Treatment intensity P value

High intensity
(N = 373)

Low intensity
(N = 199)

n (%) (95% CI) n (%) (95% CI) n (%) (95% CI)

Demographics

Gender 0.7791[1]

Male 315 (55.07%) 207 (55.50%) 108 (54.27%)

(50.99–59.15) (50.45–60.54) (47.35–61.19)

Female 257 (44.93%) 166 (44.50%) 91 (45.73%)

(40.85–49.01) (39.46–49.55) (38.81–52.65)

Age (years) 0.8620[3]

N 572 373 199

Mean (SD) 68.64 (10.24) 68.62 (9.83) 68.67 (11.00)

(95% CI) (67.80–69.48) (67.62–69.62) (67.13–70.21)

Median (Q1–Q3) 68.00

(61.00–76.00)

68.00 (62.00–76.00) 67.00 (60.00–77.00)

Min–max 40–99 40–99 40–96

Ethnicity 1.0000[2]

Caucasian 2 (0.35%) 1 (0.27%) 1 (0.50%)

(0.00–0.83) (0.00–0.79) (0.00–1.48)

Black 0 (0.00%) 0 (0.00%) 0 (0.00%)

(0.00–0.00) (0.00–0.00) (0.00–0.00)

Asian 570 (99.65%) 372 (99.73%) 198 (99.50%)

(99.17–100.00) (99.21–100.00) (98.52–100.00)

Other, specify 0 (0.00%) 0 (0.00%) 0 (0.00%)

(0.00–0.00) (0.00–0.00) (0.00–0.00)

Study eye 0.6493[1]

Left 269 (47.03%) 178 (47.72%) 91 (45.73%)

(42.94–51.12) (42.65–52.79) (38.81–52.65)

Right 303 (52.97%) 195 (52.28%) 108 (54.27%)

(48.88–57.06) (47.21–57.35) (47.35–61.19)

Diagnosis 0.3594[1]

nAMD 241 (42.13%) 152 (40.75%) 89 (44.72%)

(38.09–46.18) (35.76–45.74) (37.82–51.63)

PCV 331 (57.87%) 221 (59.25%) 110 (55.28%)
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letters, which is greater than outcomes from
previous reports. The improvement of 2 letters
and 2.4 letters at year 1 was demonstrated in
real-world studies in Europe and the UK,
respectively [20, 21]. The authors postulated
that the reduced number of treatments in real
clinical practice was a leading cause of poor
outcomes. In the first year, the average number
of injections and visits in our study was quite
high (6.06 injections and 9.01 visits). Our study
was conducted in 2016–2018, and during that
time, the trend of nAMD treatment transitioned
to treat and extend, which is a proactive regi-
men that resulted in more treatments and better

outcomes compared to an as-needed regimen
that was formerly commonly used in real-world
practice [22].

Moreover, anti-VEGF treatment in Thailand
is accessible for all nAMD patients because
bevacizumab is covered by the government
Medicare. This national health policy reduced
the treatment barrier and helped patients to
access affordable standard treatment for nAMD.
However, pharmacokinetic properties of beva-
cizumab demonstrated a lower binding affinity
to VEGF-A molecules than other anti-VEGF
agents [23]. By using bevacizumab, patients
may need injections and monitoring more

Table 1 continued

Characteristics Total (N = 572) Treatment intensity P value

High intensity
(N = 373)

Low intensity
(N = 199)

n (%) (95% CI) n (%) (95% CI) n (%) (95% CI)

(53.82–61.91) (54.26–64.24) (48.37–62.18)

Ocular characteristics

VA (ETDRS letter)

N 572 373 199

Mean (SD) 43.56 (25.92) 45.71 (24.59) 39.52 (27.85) 0.0172[3]

(95% CI) (41.43–45.69) (43.21–48.21) (35.63–43.42)

Subgroup 0.8724[1]

\ 20/50, equivalent to\ 69 ETDRS

letters

400 (69.93%) 260 (69.71%) 140 (70.35%)

(66.17–73.69) (65.04–74.37) (64.01–76.70)

C 20/50, equivalent to C 69 ETDRS

letters

172 (30.07%) 113 (30.29%) 59 (29.65%)

(26.31–33.83) (25.63–34.96) (23.30–35.99)

CRT from OCT (lm)

N 398 263 135

Mean (SD) 419.62 (192.08) 413.77 (181.47) 431.03 (211.49) 0.8822[3]

(95% CI) (400.69–438.55) (391.73–435.80) (395.03–467.03)

[1]Overall P value (2-sided) based on chi-square test
[2]Overall P value (2-sided) based on Fisher’s exact test
[3]P value based on Wilcoxon rank sum test
*P B 0.05 is considered statistically significant
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Table 2 Imaging investigation modalities at baseline

Diagnostics Total Treatment intensity P value

High intensity Low intensity
n (%) (95% CI) n (%) (95% CI) n (%) (95% CI)

Baseline N = 572 N = 373 N = 199

FFA 228 (39.86%) 158 (42.36%) 70 (35.18%) 0.0947[1]

(35.85–43.87) (37.34–47.37) (28.54–41.81)

IGCA 225 (39.34%) 157 (42.09%) 68 (34.17%) 0.0647[1]

(35.33–43.34) (37.08–47.10) (27.58–40.76)

OCT 491 (85.84%) 326 (87.40%) 165 (82.91%) 0.1428[1]

(82.98–88.70) (84.03–90.77) (77.69–88.14)

Color fundus photo 194 (33.92%) 114 (30.56%) 80 (40.20%) 0.0204[1]*

(30.04–37.80) (25.89–35.24) (33.39–47.01)

Month 12 N = 572 N = 373 N = 199

FFA 19 (3.32%) 13 (3.49%) 6 (3.02%) 0.7650[1]

(1.85–4.79) (1.62–5.35) (0.64–5.39)

IGCA 19 (3.32%) 13 (3.49%) 6 (3.02%) 0.7650[1]

(1.85–4.79) (1.62–5.35) (0.64–5.39)

OCT 438 (76.57%) 298 (79.89%) 140 (70.35%) 0.0103[1]*

(73.10–80.04) (75.83–83.96) (64.01–76.70)

Color fundus photo 105 (18.36%) 61 (16.35%) 44 (22.11%) 0.0903[1]

(15.18–21.53) (12.60–20.11) (16.34–27.88)

Month 24 N = 206 N = 62 N = 144

FFA 5 (2.43%) 2 (3.23%) 3 (2.08%) 0.6382[2]

(0.33–4.53) (0.00–7.62) (0.00–4.42)

IGCA 5 (2.43%) 2 (3.23%) 3 (2.08%) 0.6382[2]

(0.33–4.53) (0.00–7.62) (0.00–4.42)

OCT 161 (78.16%) 53 (85.48%) 108 (75.00%) 0.0948[1]

(72.51–83.80) (76.72–94.25) (67.93–82.07)

Color fundus photo 34 (16.50%) 6 (9.68%) 28 (19.44%) 0.0833[1]

(11.44–21.57) (2.32–17.04) (12.98–25.91)

Month 36 N = 93 N = 18 N = 75

FFA 1 (1.08%) 0 (0.00%) 1 (1.33%) 1.0000[2]

(0.00–3.17) (0.00–0.00) (0.00–3.93)

IGCA 1 (1.08%) 0 (0.00%) 1 (1.33%) 1.0000[2]
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frequently. A previous study investigating out-
comes of nAMD management with beva-
cizumab first-line policy, as required by the
Dutch guideline, showed that the median
number of injections and visits was significantly
higher in The Netherlands than in other

countries participating in the Fight Retinal
Blindness Registry [24]. The TOWER study is the
first to investigate real-world outcomes of
nAMD management in emerging countries
applying the policy. Similarly, among patients
who received more than one injection [24],

Table 2 continued

Diagnostics Total Treatment intensity P value

High intensity Low intensity
n (%) (95% CI) n (%) (95% CI) n (%) (95% CI)

(0.00–3.17) (0.00–0.00) (0.00–3.93)

OCT 79 (84.95%) 16 (88.89%) 63 (84.00%) 1.0000[2]

(77.68–92.21) (74.37–100.00) (75.70–92.30)

Color fundus photo 18 (19.35%) 1 (5.56%) 17 (22.67%) 0.1804[2]

(11.33–27.38) (0.00–16.14) (13.19–32.14)

Patients had data on investigation modalities
[1]Overall P value (2-sided) based on chi-square test
[2]Overall P value (2-sided) based on Fisher’s exact test
*P B 0.05 is considered statistically significant

Table 3 Treatment modalities for patients with captured visual acuity (VA)

Treatment posology N (%)*

Anti-VEGF monotherapy 520 (90.90%)

Anti-VEGF combined with photodynamic therapy 52 (9.09%)

First anti-VEGF before first switching Aflibercept Ranibizumab Bevacizumab

N (%)* 98 (17.13%) 25 (4.37%) 449 (78.50%)

Mean no. of injections (SD) 5.35 (3.83) 3.56 (3.25) 5.12 (3.32)

Mean duration of treatment (months) (SD) 10.69 (10.08) 5.68 (5.48) 9.02 (8.49)

Switching to**

Aflibercept, n (%) 60 (61.22%)*** 15 (60.00%) 158 (35.19%)

Ranibizumab, n (%) 10 (10.20%) 5 (20.00%)*** 22 (4.90%)

Bevacizumab, n (%) 28 (28.57%) 5 (20.00%) 266 (59.24%)***

ZIV-aflibercept, n (%) 0 (0.00%) 0 (0.00%) 3 (0.67%)

*All percentages were calculated from a total number of subjects (N = 572)
**All perentages of first switching were calculated from total number of first anti-VEGF
***No switching
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most (74.46% in year 1, 51.28% in year 2, and
45.24 in year 3) had an average interval of
injection of B 8 weeks, which represents a high
treatment burden for patients, caregivers, doc-
tors, and hospitals. Furthermore, about 35% of
patients in our study were lost to follow-up,
which is one of the key factors of unsuccessful
outcomes. According to the literature, the drop-
out rate in developed countries is lower, result-
ing in more injections over 3 years of initial
treatment and better improvement in long-term
patient outcomes [24]. The effect of treatment
burden on healthcare systems may be magnified
in the context of emerging countries, where
national utilities are limited. Another study
reported bevacizumab step-therapy outcomes at
Vanderbilt Eye Institute (VEI) showing that 27%
of patients who achieved treatment stability on
bevacizumab required injections more fre-
quently than the 8-week interval, which was
notably less than in our study [25]. This result
reflects different practices in treatment decision
factors, for example, functional outcomes or
disease activities as resulted in our study. In
addition, patients in our study had higher
prevalence of PCV, which might lead to a more
intensive treatment.

The number of injections declined to 3.44 in
year 2 and 2.71 in year 3, while the number of
visits decreased to 5.67 in year 2 and 4.93 in
year 3. The reduction in both the number of
injections and visits in years 2 and 3 may lead to
declining vision at the end of year 3 in our
study. This real-world undertreatment practice
pattern is commonly found in many publica-
tions and results in poor long-term visual out-
comes [26, 27]. As shown in previous reports, a
higher number of injections results in better
visual outcomes [28, 29]. We also found that
patients who received high-intensity injections
gained vision continuously over 3 years. In
contrast to the low-intensity group, a decrease
of vision to almost equal to baseline was found
at 3 years. Our findings confirm the necessity of
a continuous and long-term optimal treatment
to maintain the benefits of vision.

Nevertheless, data from the Fight Retinal
Blindness Registry demonstrated the magnitude
of visual gain decreased over time. Patients
begin to lose vision (–2.7 letters) in year 7
despite receiving 5–6 injections every year [30].
This finding may represent the natural course of
AMD, which often ends with fibrotic scar for-
mation and atrophy of retinal tissue. However,

Fig. 3 Mean visual acuity (VA) (ETDRS letter) from
baseline to month 36 stratified by treatment intensity.
High intensity is shown in blue, low intensity in red, and

total in green. Data are represented as mean VA with 95%
confidential interval (CI). Significance: P B 0.05
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without an adequate treatment in prior years,
patients may suffer a greater and earlier vision
loss than that presented in the study.

Almost half of our patients (45.98%) still had
disease activity at the end of year 1. This finding
represents the sub-optimal treatment of nAMD

Fig. 4 Mean central retinal thickness (CRT) from
baseline to month 36 stratified by treatment intensity.
High intensity is shown in blue, low intensity in red, and

total in green. Data are represented as mean CRT in
microns (lm) with 95% confidential interval (CI)

Fig. 5 Mean change in central retinal thickness (CRT)
from baseline to month 36 stratified by treatment
intensity. High intensity is shown in blue, low intensity
in red, and total in green. Data are represented as mean

CRT in microns (lm) with 95% confidential interval
(CI). Significance: P B 0.05. The mean change with 95%
CI was calculated based on generalized estimating equa-
tions (GEEs)

752 Ophthalmol Ther (2022) 11:739–757



in real-life practice. Data from previous reports
revealed that visual outcomes in real-world
studies were less than in clinical trials according
to a low number of treatments [18–21]. In

addition to undertreatment, our study has
demonstrated additional probabilities and pos-
sibilities. In the high-intensity cohort, patients
received three loading injections and at least
five injections every year; more than half of
them (52.28%) still had disease activity at year 1
and the disease activity increased more than
three-fourths (77.78%) in year 3. This finding
may imply the inadequate response to the
existing anti-VEGF agents, which was beva-
cizumab in the majority of patients rather than
inadequacy of injection.

In real-world practice, most retinal specialists
in our country prefer to switch medication in
nAMD patients who have fluid persistent on
OCT after receiving at least 3-monthly injec-
tions of bevacizumab. However, only patients
with a specific reimbursement scheme can
switch to an expensive on-label anti-VEGF
medication or PDT. We found almost half of our
patients (46.50%) received bevacizumab with-
out switching. Continuing ineffective treat-
ment may result in unfavorable long-term
outcomes.

The presence of disease activity was detected
in an estimated half of patients at the index year
of our study. The fluid biomarker on OCT

Fig. 6 Presence of disease activity at years 1, 2, and 3. Data
are represented as the percentage (%) of patients with
disease activity in low-intensity group, high-intensity
group, and total

Fig. 7 Mean injection interval at years 1, 2, and 3. Data are represented as the percentage (%) of patients in each of the five
different time intervals within each year

Ophthalmol Ther (2022) 11:739–757 753



images showed diverse effects on vision. SRF
was indicated to be a positive predictive factor,
and unlike IRF, it showed a negative impact on
VA in previous studies [31, 32]. The FLUID
study demonstrated that at month 24 the visual
acuity in patients in which the treatment pro-
tocol allowed SRF as a positive predictor was
comparable to those with a treatment protocol
that aimed to resolve SRF completely [33].
However, investigations using automated fluid
quantification based on artificial intelligence
showed no quantitative difference between the
two treatment arms during the study period
[34]. Nevertheless, the long-term outcome
needs to be explored. The effect of fluids on
visual outcome was observed in year 3 in our
study. This finding may imply the negative
effect of longstanding fluids on vision in a real-
world situation.

The proportion of patients having fluids on
OCT was greater in the high-intensity group
than in the low intensity. This finding confirms
that treatment consideration in our study was
driven by disease activity, like the treat-and-
extend regimen. However, the overall number
of patients having disease activity was high and
increased over time. These data represent inad-
equacy of treatment rather than what was
expected from the treatment protocol. Particu-
larly in the low-intensity group, disease activity
was observed in more than one-third of our
patients over the study period (from 34.17% in
year 1 to 37.84% in year 3). These patients
received insufficient treatments, which resulted
in significantly declining vision at year 3.

In our study, 57.87% of patients were diag-
nosed with PCV, which is commonly found in
Thai patients presenting with exudative CNV
[8]. Treatments of PCV are quite similar to
nAMD. The landmark study, EVEREST II,
showed better outcomes in combination ther-
apy with ranibizumab and PDT for visual gain
and regression of polyp lesions [10]. However,
results of the PLANET study suggested the
treatment of PCV to be effective with aflibercept
monotherapy [9]. The benefits of bevacizumab
in the treatment PCV have been demonstrated
previously [35, 36].

Previous real-world study in the Asian pop-
ulation showed an impressive visual

improvement at 1 year after treatment. They
found that about 30% of all patients and 50% of
PCV patients received a combination therapy
with PDT [29], whereas only 9.09% of our
patients and 15.71% of PCV patients were
exposed to at least one PDT treatment. This
means that most patients in the TOWER study
received anti-VEGF monotherapy. In our study,
only PCV patients who did not respond to ant-
VEGF therapy or having polyps predominantly
were considered to use PDT as a combination
therapy. This may conclude that treatment of
PCV with anti-VEGF monotherapy in the con-
text of real-world practice can improve vision.

Our study demonstrated the outcomes of
Asian nAMD treatments in the context of the
real-world setting under national health policy
of Medicare reimbursement, which showed
different outcomes to previous studies [20, 21].
The step treatment initiating with bevacizumab
showed improvement in both visual and
anatomical outcomes. Moreover, our study may
represent real-world outcomes of bevacizumab
monotherapy in a large population of PCV
patients that to our knowledge have never been
shown in previous studies.

Our study had several limitations. Undefined
diagnostic criteria and treatment protocol as
well as interpretation of OCT images without a
central reading center resulted in inhomoge-
neous data. Visual measurements are usually
not fully corrected in routine clinical practice.
Lastly, inclusion of patients with initial VA may
have included eyes with severe structural dam-
age at the fovea and have very limited scope for
improvement.

CONCLUSION

In summary, our study established the effec-
tiveness and safety of anti-VEGF in nAMD
treatment. Although nAMD patients in Thai-
land can access anti-VEGF therapy effortlessly,
the number of injections declined continuously
leading to loss of benefit in year 3. Our data
confirm several unmet needs in real-world
practice. The impact of undertreatment resulted
in unfavorable long-term outcomes. The
importance of long-lasting constant treatment

754 Ophthalmol Ther (2022) 11:739–757



should be discussed and considered among
patients and clinicians. Lastly, repeated injec-
tion frequently causes a burden for healthcare
systems. Novel treatment modalities with
higher potency and longer action may help to
reduce current unmet needs.
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