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Abstract

Purpose To clarify recent trends in the use of intravitreal injections of anti-vascular endothelial growth factor (VEGF) in
Japan.

Study design Retrospective cohort study.

Methods We used the DeSC database, a large-scale claims database for Japan, for entries between April 2014 and March
2021. We counted the number of anti-VEGF drug injections (aflibercept, ranibizumab, brolucizumab, and pegaptanib)
administered every year, calculated the sex- and age-adjusted injection rates, and stratified these rates according to sex, age
categories, anti-VEGF drugs, and diagnoses. We also calculated the number of injections administered within one year after
the first injection according to the diagnoses.

Results In total, 164,451 cases of anti-VEGF injections were identified. The sex- and age-adjusted rates of anti-VEGF
injections per 1000 person-years increased from 7.9 in 2014 to 16.1 in 2020. Men were approximately twice as likely to
receive anti-VEGF injections than women. The 70-79, 80-89, and >90 age categories had the highest rates, accounting for
approximately 80%. Neovascular age-related macular degeneration had the highest rate, accounting for 60-70% over the
study period. Aflibercept was the most commonly used drug, accounting for approximately 80% over the study period. The
average number of injections within one year after the first injection was 4.4 for neovascular age-related macular degenera-
tion, 2.7 for branch retinal vein occlusion, 3.1 for central retinal vein occlusion, and 3.5 for diabetic macular edema in 2020.
Conclusion These findings can be used as a benchmark for the clinical practice of anti-VEGF therapy.

Keywords Anti-vascular endothelial growth factor - Age-related macular degeneration - Retinal vein occlusion - Diabetic
macular edema - Myopic choroidal neovascularization

Introduction

Many randomized controlled studies show that intravit-
real injections of anti-vascular endothelial growth factors
(VEGF) provide notable benefits for patients with neovas-
cular age-related macular degeneration (nAMD) [1], branch
Corresponding Author: Yohei Hashimoto retinal vein occlusion (BRVO) [2, 3], central retinal vein
occlusion (CRVO) [2, 4], diabetic macular edema (DME)
[5-8], myopic choroidal neovascularization (mCNV) [9,
10], neovascular glaucoma (NVG) [11], and retinopathy of
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[19, 20], it is necessary to include all ages to understand the
details of the trends.

We aimed to investigate more recent trends (2014-2021)
in the use of anti-VEGF medication in Japan by using a large
claims database containing information regarding all ages.

Subjects and methods
Data source

We used the DeSC database (DeSC Healthcare Inc.) for
entries between April 2014 and March 2021. This data-
base was developed in 2021 and comprises health insur-
ance claims’ data from multiple types of health insurers: (1)
health insurance for employees of large companies (Kempo),
(2) the National Health Insurance for unemployed (Kokuho),
and (3) the Advanced Elderly Medical Service System for
elderly individuals aged >75 years (Koki Koreisha Iryo
Seido). Thus, the DeSC database covers young, middle-
aged, and elderly individuals. The individual-level data
on outpatients and inpatients are anonymously stored. The
information stored is as follows: (1) unique identifier; (2) age
and sex; (3) diagnoses based on the International Statisti-
cal Classification of Diseases and Related Health Problems,
Tenth Revision codes; (4) procedures; (5) drugs dispensed
based on the Anatomical Therapeutic Chemical Classifica-
tion System; and (6) period from start to end of insurance.

The DeSC database reportedly contains the informa-
tion of 2,220,702 individuals, including 824,516 individu-
als from Kempo, 1,095,713 individuals from Kokuho,
and 300,473 individuals from Koki Koreisha Iryo Seido,
between December 2019 and November 2020 [21]. Contrast-
ingly, the Ministry of Health, Labour and Welfare, Japan,
report that 78 million, 27 million, and 18 million individuals
were enrolled in Kempo, Kokuho, and Koki Koreisha Iryo
Seido, respectively, as of March 2020 [22]. Therefore, the
DeSC database has a higher proportion of individuals from
Kokuho than from the entire population.

This study was conducted in accordance with the tenets
of the Declaration of Helsinki. This study was approved by
the Institutional Review Board of the University of Tokyo.
The requirement for informed consent was waived due to the
anonymous nature of the database.

Outcomes

The number of anti-VEGF injections and patients receiving
anti-VEGF injections

We defined intravitreal anti-VEGF injections as the prescrip-
tion of anti-VEGF drugs, such as aflibercept, ranibizumab,
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brolucizumab, and pegaptanib. The codes used to identify
these drugs are shown in Online Resource 1.

We counted the number of anti-VEGF injections stratified
according to the fiscal year. The fiscal year is defined as the
period from April to March (hereafter, the year refers to the
fiscal year). If an individual received two or more injections
in the same month, they were counted separately. We subse-
quently stratified the number of injections according to the
sex, age category (<39, 4049, 50-59, 60-69, 70-79, 80-89,
and >90 years), anti-VEGF drugs (aflibercept, ranibizumab,
brolucizumab, and pegaptanib), and diagnoses (nAMD,
BRVO, CRVO, DME, mCNYV, NVG, ROP, multiple diag-
noses, and unspecified). The diagnoses were identified based
on the recorded diagnoses in the same year and month as
the prescription of drugs. The codes used to identify these
drugs are shown in Online Resource 2. The multiple diag-
noses group included cases that had two or more diagnoses
amongst nAMD, BRVO, CRVO, DME, mCNYV, NVG, and
ROP in the same year and month as the use of anti-VEGF
drugs. The unspecified group was defined as cases that did
not have any of the abovementioned diagnoses. The use of
anti-VEGF drugs before or without approval was included.
For example, we included cases in which only NVG was
registered, and aflibercept was simultaneously administered
before 2019. The approval timings for the anti-VEGF drugs
are shown in Online resource 3.

We also counted the number of unique patients receiving
anti-VEGF injections in each fiscal year and stratified this
number according to sex and age category.

The rate of anti-VEGF injections

The total number of injections depends on the number of
beneficiaries enrolled in the DeSC database. Thus, we cal-
culated the injection rates by year, using the number of injec-
tions as the numerator and the total person-years at risk for
all the beneficiaries in the same year as the denominator.
These rates were expressed as the number of injections per
1000 person-years, as in previous studies [15]. Furthermore,
we stratified the injection rates according to sex, age cate-
gory, anti-VEGF drugs, diagnoses, and drugs and diagnoses.
We adjusted the rates by sex and age using the direct stand-
ardization method [20, 23], with reference to the population
in the DeSC database in 2020. We also calculated the dis-
tribution of the age category stratified by diagnosis in 2020.

The annual number of anti-VEGF injections after the first
injections

We investigated the number of anti-VEGF injections per per-
son within one year after the first injection. First, we identi-
fied the date of the first injection for each patient. We only
included patients with more than one year of observation
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period after the first injections. We then included patients
who received anti-VEGF injections for a single diagnosis
among the abovementioned diagnoses within one year after
the first injections (Online Resource 4). We subsequently
counted the number of anti-VEGF injections within one year
after the first injection. We used the years and diagnoses of
the first injection dates to stratify the number of injections.
Finally, we standardized the number of injections per per-
son within one year after the first injection with reference
to the population who underwent anti-VEGF injections at
least once in 2020.

Comparison between the DeSC database and the whole
population in Japan

Lastly, we investigated the representativeness of the DeSC
database. We compared the number of anti-VEGF injections
in the current study with that in the NDB open data for 2019
[24].

We used the statistical programming language R (version
3.5.0) for data cleaning, making graphs, and calculating the
standardized rates.

Results

In total, 164,451 anti-VEGEF injections were administered
between 2014 and 2020. The total number of injections
increased from 2221 in 2014 to 60,229 in 2020, with an
increase in the total person-years (the denominator of the
injection rate) from 516,350 to 3,753,480 (Table 1). The
number of patients receiving anti-VEGF injections increased
from 947 in 2014 to 20,145 in 2020.

The crude injection rates per 1,000 person-years were 5.0
(2014), 3.1 (2015), 3.5 (2016), 4.2 (2017), 12.7 (2018), 13.9
(2019), and 16.1 (2020) in fiscal years (Fig. 1). The sex- and
age-adjusted rates of the injections per 1,000 person-years
increased from 7.9 in 2014 to 16.1 in 2020 (Fig. 2), increas-
ing by 104 % (2.04-fold) over 7 years.

The injection rates for men increased from 11.6 to 20.8,
and for women from 4.9 to 12.1, from 2014 to 2020. (Fig. 2).
Men accounted for approximately 60-70% of the total injec-
tions over the period. All age categories show increases in
the injection rates from 2014-2020, with the rate for indi-
viduals in their 80s increasing by 111% (2.11-fold) from
13.4 to 28.3, 70s increasing by 87 % (1.87-fold) from 11.3
to 21.1, and people >90 years of age increasing by 133%
(2.33-fold) from 7.6 to 17.7 (Fig. 3). These three age cat-
egories were most likely to receive injections, accounting
for approximately 80%.

All diagnoses (excluding NVG and ROP) show increases
in the injection rates from 2014 to 2020, with the rate of
nAMD increasing by 83% (1.83-fold) from 5.3 to 9.7, BRVO

by 122% (2.22-fold) from 0.9 to 2.0, CRVO by 73% (1.73-
fold) from 0.55 to 0.95, DME by 442 % (5.42-fold) from
0.19 to 1.03, and mCNV by 80% (1.80-fold) from 0.05 to
0.09 (Fig. 4). The nAMD group shows the highest rate,
accounting for 60-70% over the study period, followed by
the BRVO group. Although CRVO and DME ranked third
and fourth from 2014 to 2019, this order was reversed in
2020.

Over the study period, the rate of aflibercept increased
by 130% (2.30-fold) from 5.4 to 12.4, and of ranibizumab
increased by 28 % (1.28-fold) from 2.5 to 3.2 (Fig. 5).
Pegaptanib peaked in 2015 at a rate of 0.06 but gradually
decreased thereafter and finally was eliminated by 2020. The
rate of brolucizumab was 0.43 in 2020. Aflibercept was the
most commonly used drug, accounting for approximately
80% of the total injections over the study period.

Analysis stratified according to the drug and diagnosis
shows that aflibercept gained popularity for use in nAMD,
BRVO, and DME from 2014 to 2020, and the increase in the
use of aflibercept and ranibizumab was similar for CRVO
and mCNV (Fig. 6).

On stratifying the analysis according to the age category
and diagnosis in 2020, the age category accounting for the
majority was 80-89 years (51%) for nAMD, 70-79 years
(43%) for BRVO, 80-89 years (47%) for CRVO, 70-79 years
(48%) for DME, 70-79 years (50%) for mCNYV, 70-79 years
(49%) for NVG, and <39 years (100%) for ROP (Online
Resource 5).

The average number of injections per person within one
year after the first injection tended to increase for all diseases
except NVG (Fig. 7). The number of injections for nAMD
increased from 3.4 to 4.4, BRVO from 2.1 to 2.7, CRVO
from 2.7 to 3.1, DME from 2.8 to 3.5, and mCNYV from 2.4
to 2.9, over the study period.

Comparing the number of injections in the DeSC data-
base with that in the NDB open data, the age distribution
of the DeSC database was somewhat biased toward older
individuals (the furthest right column in Table 1). Injections
administered to individuals aged >70 years accounted for
90% in the DeSC database, whereas they accounted for 72%
in the whole population. The distribution of sex and drugs
was similar in the DeSC database and NDB open data.

Discussion

Here we clarify the recent trends in the use of anti-VEGF
drugs using a large-scale claims database. The total injection
rate in 2020 was approximately 16 per 1000 person-years.
The injections were most commonly administered to men to
people in their 80s, and those with nAMD. Aflibercept was
the most commonly used drug. These trends were observed
over the period between 2014 and 2020.
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Table 1 Person-years of the beneficiaries, the number of anti-VEGF injections, and the number of patients receiving anti-VEGF injections in the
DeSC database and NDB open data.

variable Fiscal year (from April to March) NDB open
data (2019)*

2014 2015 2016 2017 2018 2019 2020 Total

Person-years

Total 516350 1215966 1409297 1612964 3172481 3314128 3753480 14994666 -
(100) (100) (100) (100) (100) (100) (100) (100)
Sex
Female 258970 (50) 595674 (49) 687324 (49) 787612 (49) 1712632 1794855 2051417 7888484 -
(54) (54) (55) (53)
Male 257381 (50) 620293 (51) 721973 (51) 825352 (51) 1459849 1519274 1702063 7106185
(46) (46) 45) 47
Age category
<39 171291 (33) 448472 (37) 488450 (35) 534071 (33) 560030 (18) 539650 (16) 518390 (14) 3260354 -
(22)
40-49 77493 (15) 196495 (16) 220168 (16) 239594 (15) 255765 (8) 253284 (8) 242238 (6) 1485037 -
(10)
50-59 53218 (10) 156411 (13) 181014 (13) 213395 (13) 244496 (8) 253266 (8) 255047 (7) 1356847 (9) -
60-69 49604 (10) 248055 (20) 329623 (23) 372224 (23) 443126 (14) 423432 (13) 391591 (10) 2257655 -
15)
70-79 58949 (11) 57316 (5) 78365 (6) 138801 (9) 775907 (24) 895404 (27) 1100742 3105484 -
(29 2D
80-89 85446 (17) 87481 (7) 88432 (6) 90277 (6) 723919 (23) 761754 (23) 990885 (26) 2828194 -
(19)
>90 20348 (4) 21737 (2) 23246 (2) 24602 (2) 169238 (5) 187339 (6) 254588 (7) 701098 (5) -
Injections
Total 2221 (100) 3822 (100) 4880 (100) 6832 (100) 40389 (100) 46078 (100) 60229 (100) 164451 735060 (100)
(100)
Sex
Female 787 (35) 1472 (39) 1964 (40) 2763 (40) 16876 (42) 19552 (42) 24824 (41) 68238 (41) 294306 (40)
Male 1434 (65) 2350 (61) 2916 (60) 4069 (60) 23513 (58) 26526 (58) 35405 (59) 96213 (59) 429590 (58)
Age category
<39 7(0) 12 (0) 35(1) 55(1) 41 (0) 64 (0) 82 (0) 296 (0) 2374 (0)
40-49 17 (1) 86 (2) 111 (2) 177 (3) 196 (0) 236 (1) 281 (0) 1104 (1) 16006 (2)
50-59 71 (3) 239 (6) 387 (8) 490 (7) 646 (2) 755 (2) 768 (1) 3356 (2) 46625 (6)
60-69 220 (10) 1183 (31) 1692 (35) 2344 (34) 3289 (8) 3344 (7) 3372 (6) 15444 (9) 127609 (17)
70-79 657 (30) 801 (21) 1097 (22) 1932 (28) 14699 (36) 17691 (38) 23189 (39) 60066 (37) 289077 (39)
80-89 1106 (50) 1275 (33) 1337 (27) 1579 (23) 18510 (46) 20533 (45) 28026 (47) 72366 (44) 210813 (29)
>90 143 (6) 226 (6) 221 (5) 255 (4) 3008 (7) 3455 (7) 4511 (7) 11819 (7) 31392 (4)
Drug

Aflibercept 1476 (66) 2846 (74) 3922 (80) 5323 (78) 31161 (77) 35716 (78) 46504 (77) 126948 (77) 551378 (75)
Ranibi- 735 (33) 952 (25) 946 (19) 1503 (22) 9160 (23) 10339 (22) 12128 (20) 35763 (22) 183682 (25)
zumab
Brolici- - - - - - - 1597 (3) 1597 (1) -
zumab
Pegaptanib 10 (0) 24 (1) 12 (0) 6 (0) 68 (0) 23 (0) 00 143 (0) -
Diagnosis
Age- 1453 (65) 2117 (55) 2550 (52) 3276 (48) 24991 (62) 27914 (61) 36496 (61) 98797 (60) -
related
macular
degenera-
tion
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Table 1 (continued)

variable Fiscal year (from April to March) NDB open
data (2019)*
2014 2015 2016 2017 2018 2019 2020 Total
Branch 270 (12) 579 (15) 768 (16) 1150 (17) 5006 (12) 5986 (13) 7384 (12) 21143 (13) -
retinal
vein
occlusion
Central 153 (7) 267 (7) 355(7) 501 (7) 2378 (6) 2593 (6) 3550 (6) 9797 (6) -
retinal
vein
occlusion
Diabetic 66 (3) 217 (6) 401 (8) 714 (10) 2264 (6) 2728 (6) 3859 (6) 10249 (6) -
macular
edema
Myopic 14 (1) 26 (1) 45 (1) 58 (1) 289 (1) 289 (1) 348 (1) 1069 (1) -
choroidal
neovas-
culariza-
tion
Neovas- 3(0) 26 (1) 37 (1) 37 (1) 41 (0) 40 (0) 159 (0) 343 (0) -
cular
glaucoma
Retin- - - - - - 1(0) 2 (0) 3(0) -
opathy of
prematu-
rity
Multiple 181 (8) 319 (8) 389 (8) 592 (9) 3688 (9) 4447 (10) 6108 (10) 15724 (10) -
diagno-
ses
Unspeci- 81 (4) 271 (7) 335(7) 504 (7) 1732 (4) 2080 (5) 2323 (4) 7326 (4) -
fied
Patients receiving injections
Total 947 (100) 1572 (100) 2020 (100) 2651 (100) 14166 (100) 15884 (100) 20145 (100) 57385 (100) -
Sex
Female 378 (40) 648 (41) 857 (42) 1136 (43) 6266 (44) 7065 (44) 8728 (43) 25078 (44) -
Male 569 (60) 924 (59) 1163 (58) 1515 (57) 7900 (56) 8819 (56) 11417 (57) 32307 (56) -
Age category
<39 5(1) 8 (1) 20 (1) 26 (1) 21 (0) 30 (0) 40 (0) 150 (0) -
40-49 7(1) 37 (2) 49 (2) 73 (3) 86 (1) 97 (1) 102 (1) 451 (1) -
50-59 26 (3) 108 (7) 147 (7) 201 (8) 260 (2) 298 (2) 292 (1) 1332 (2) -
60-69 101 (11) 460 (29) 689 (34) 879 (33) 1224 (9) 1194 (8) 1178 (6) 5725 (10) -
70-79 282 (30) 336 (21) 467 (23) 733 (28) 5245 (37) 6117 (39) 7715 (38) 20895 (36) -
80-89 470 (50) 538 (34) 553 (27) 640 (24) 6298 (44) 6943 (44) 9266 (46) 24708 (43) -
>90 56 (6) 85(5) 95 (5) 99 (4) 1032 (7) 1205 (8) 1552 (8) 4124 (7) -

Data are presented as N (%).
< 400 cannot be made public in the NDB open data.

#The sum of the values for each category does not correspond to the total as the cells with N

The total sex- and age-adjusted injection rates increased
by 104% between 2014 and 2020. The possible reasons for
this increase include (1) the approval of the use of ranibi-
zumab and aflibercept for the treatment of BRVO, CRVO,
and DME between 2013 and 2015. The pivotal clinical tri-
als after 2014 demonstrating the effectiveness of anti-VEGF
drugs may have accelerated anti-VEGF use [3, 4, 8]. Previous

surveys show that the proportion of ophthalmologists choos-
ing anti-VEGF injections as the first choice therapy for DME
increased from 73% in 2015 to 81% in 2016-2017 [25, 26]
in Japan. Although only one survey investigated the prefer-
ence regarding the treatment of RVO in Japan [27], 100%
of ophthalmologists chose anti-VEGF injections as the first
therapy; (2) the spread of spectral-domain optical coherence
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Fig. 1 Crude rates and sex- and age-adjusted rates of the total injec-
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Fig.2 Age-adjusted rates stratified according to sex
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Fig.3 Sex-adjusted rates stratified according to age category

@ Springer

Injection rate/1,000 person-years

2 DME
of T— NVG
2014 2015 2016 2017 2018 2019 2020

Fiscal year

Fig.4 Sex- and age-adjusted rates stratified according to diagnosis.
nAMD neovascular age-related macular degeneration, BRVO branch
retinal vein occlusion, CRVO central retinal vein occlusion, DME dia-
betic macular edema, mCNV myopic choroidal neovascularization,
NVG neovascular glaucoma

Aflibercept
12

Injection rate/1,000 person-years

Brolucizumab

Pegaptanib

2014 2015 2016 2017 2018 2019 2020
Fiscal year

Fig.5 Sex- and age-adjusted rates stratified according to drug

tomography (OCT) in Japan between 2014 and 2020. OCT
can detect even the slightest lesions, such as subretinal
fluid and intraretinal fluid; it has become the current stand-
ard in ophthalmic clinical practice [28]. This spread may
have lowered the threshold for the administration of anti-
VEGF drugs; and (3) the changes in the guiding criteria for
the retreatment of nAMD. The criteria initially consisted
of quantitative measures, such as OCT-measured central
retinal thickness [29, 30]; however, qualitative measures,
such as evidence of the presence of fluid on OCT, are now
indicated [31]. This may have contributed to the increase in
anti-VEGF injections.

According to the current study men were more likely to
receive injections than women. A possible reason is that
most of the diagnoses were nAMD. Two previous popu-
lation-based studies conducted in Japan showed that the
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Fig.6 Sex- and age-adjusted rates stratified according to drug and
diagnosis. nAMD neovascular age-related macular degeneration,
BRVO branch retinal vein occlusion, CRVO central retinal vein occlu-
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Annual number of injections per person
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Fiscal year

Fig.7 Annual number of anti-VEGF injections after the first injec-
tions according to diagnosis. nAMD neovascular age-related macu-
lar degeneration, BRVO branch retinal vein occlusion, CRVO central
retinal vein occlusion, DME diabetic macular edema, mCNV myopic
choroidal neovascularization, NVG neovascular glaucoma

prevalence of nAMD was higher among men than that
among women, and this trend was the opposite of that
observed in caucasians [32, 33]. This sex gap may be due to
the following characteristics unique to Japan: (1) a higher

sion, DME diabetic macular edema, mCNV myopic choroidal neovas-
cularization, NVG neovascular glaucoma

proportion of smokers among men, (2) a high prevalence of
polypoidal choroidal vasculopathy, a type of nAMD more
likely to develop in men than in women, and (3) differences
in the genetic composition of nAMD, such as the comple-
ment factor H gene [33].

The elderly were more likely to receive injections than the
middle-aged and young. This may be related to the preva-
lence of the diseases. Older age is a significant risk factor
for AMD [19] and RVO [20]. These two diseases accounted
for the majority of the population in the current study; thus,
the proportion of the elderly aged 70-79, 80-89, and >90
years were larger than other age categories.

The injection rates for nAMD, BRVO, CRVO, and DME
increased during the study period. Among all the diagno-
ses, except for unspecified diagnoses, the highest rate was
observed for nAMD, followed by BRVO, DME, and CRVO
in 2020. This order was consistent with a previous study
that used a claims database in Japan from 2008 to 2015 [18].
However, previous population-based cohort studies in Japan
report that, among people aged >50 years the prevalence
of nAMD was 0.7% in 1998 [32] and 0.6% in 20002002
[19], that of BRVO was 2.4% in 1998 [20], and of CRVO
was 0.2% in 1998 [20]. Furthermore, a survey conducted
in 2019 reports that the prevalence of DM was 19.7% in
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men and 10.8% in women (approximately 15% of the total
population) [34], whereas a meta-analysis showed that the
estimated prevalence of DME was 7.4% among patients
with DM [35]; thus, the prevalence of DME in the general
population would be approximately 1.1% (= 0.15*%0.074),
signifying that nAMD was not the highest.

This difference between the injection rates and preva-
lence may be attributed to the different levels of necessity
to treat the diseases. Almost all nAMD patients should be
treated with anti-VEGF injections regularly because nAMD
is vision-threatening, and anti-VEGF is usually the first
choice of treatment, as established by the AMD guidelines
[36]. In contrast, only 5-15% of BRVO develop macular
edema [37]. Furthermore, alternative therapies, such as laser
photocoagulation and vitrectomy, can be used in the treat-
ment of RVO [27]. Alternative therapies for DME, such as
sub-Tenon's corticosteroid and vitrectomy, would lower the
injections’ rates farther than in nAMD [38]. Our analysis
reveals that the number of injections within one year after
the first injection was higher for nAMD (4.4) compared with
BRVO (2.7) and DME (3.5) in 2020.

The injection rates for DME continued to increase and
surpassed those of CRVO in 2020. Since the number of
cases of diabetes mellitus in Japan was stable between 2010
and 2019 [34], there is a possibility that the treatment pattern
of DME has been gradually changing. This is supported by
surveys that report a recent preference for anti-VEGF ther-
apy over other treatments, such as sub-Tenon’s corticosteroid
and laser photocoagulation, in the treatment of DME [25,
26]. Specifically, the proportion of ophthalmologists choos-
ing anti-VEGF injections as the first therapy has increased
from 73% in 2015 to 81% in 2016-2017 [25, 26].

The analysis stratified according to drugs shows the
popularity of aflibercept compared with ranibizumab in
the treatment of nAMD, BRVO, and DME. Ranibizumab
binds to VEGF-A, whereas aflibercept traps VEGF-A,
VEGF-B, and placental growth factor [39, 40]. This dif-
ference in their pharmacological function may be associ-
ated with the following clinical superiorities of afliber-
cept over ranibizumab. First, some studies report a higher
possibility of polyp regression with the administration
of aflibercept compared with ranibizumab for polypoidal
choroidal vasculopathy [41, 42]. Since the prevalence of
polypoidal choroidal vasculopathy is high among Asians,
the effectiveness of aflibercept may have contributed to
its popularity. Second, aflibercept can decrease choroidal
thickness to a greater extent than ranibizumab [43]. Third,
one study reports that nAMD cases with choroidal vascu-
lar hyperpermeability had better visual outcomes when
treated with aflibercept than with ranibizumab [44]. The
second and third results imply that aflibercept can suppress
the exudative tendency of the choroid more potently than
ranibizumab. Furthermore, in terms of cost, aflibercept
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was cheaper than ranibizumab (JPY 137, 292 vs. JPY
160,698 as of March 2021). The abovementioned reasons
likely contributed to the popularity of aflibercept in the
treatment of nAMD.

The Diabetic Retinopathy Clinical Research Network Pro-
tocol T study reports that visual acuity at one year was better
in patients treated with aflibercept than in those treated with
ranibizumab whenever their baseline visual acuity was <
20/50 [45]. The superiority of aflibercept over ranibizumab
disappeared at two years, but from the perspective of the
area under the curve [46], some ophthalmologists may
have preferred aflibercept for the treatment of DME. There
is no clear evidence of the superiority of aflibercept over
ranibizumab in treating RVO. For example, a recent rand-
omized controlled study (LEAVO study) did not show the
superiority of aflibercept over ranibizumab in the treatment
of macular edema secondary to CRVO [47]. Hence, why
aflibercept is more likely to be chosen for the treatment of
RVO in recent years remains unknown.

The current study had several limitations. First, not all
diagnoses were accurately identified because some patients
had multiple diagnoses in the same year and month as the
injections or because they did not have any of the above-
mentioned diagnoses. We may have to develop algorithms to
predict the true diagnoses from the data of diagnoses, drugs,
and procedures of adjacent months. Second, the claims data
are subject to coding errors and omissions. Third, we did not
account for the influence of the COVID-19 pandemic. This
may influence -patients’ behaviour whenever there is a need
to consult a doctor; However, an increasing trend in injection
rates was observed in 2020. Fourth, when interpreting the
current results we must consider the age distribution of the
DeSC database as the proportion of older individuals in the
DeSC database was higher than that in the whole popula-
tion in Japan.

One of the strengths of the current study is that it includes
a large number of people using large-scale claims’ data. This
enabled us to estimate the injection rates with small vari-
ance. Another strength is that the DeSC database includes all
ages, including >75 years, in addition to information on the
diagnoses (unlike the NDB open data). Since the prevalence
of nAMD and RVO is strongly associated with older age [32,
33], it is essential to include the elderly to provide all the
details of the anti-VEGF injections administered.

In conclusion, the current study clarifies the recent trends
in anti-VEGF injections in Japan using a large claims’ data-
base. The total injection rate increased by 104% between
2014 and 2020. Men, the elderly aged >70 years, nAMD,
and aflibercept had a large share in the stratified analyses
according to sex, age category, diagnosis, and drug use. The
current findings help understand the details of the use of
anti-VEGF drugs in recent Japanese clinical practice and
can become a benchmark for anti-VEGF drug injections.
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