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ABSTRACT

BACKGROUND
Although intravitreal anti-vascular endothelial growth factor therapy is currently considered
the first-line treatment for chorioretinal vascular diseases in Japan, information regarding its
treatment pattern is scarce. This study investigated the patterns of anti-vascular endothelial
growth factor treatment for chorioretinal vascular diseases.
METHODS
A health insurance claims database from acute care hospitals was used to estimate treatment
intervals and continuation and drop-out rates regarding the anti-vascular endothelial
growth factor. Patients aged ≥50 years diagnosed with neovascular age-related macular
degeneration or aged ≥18 years diagnosed with diabetic macular edema or retinal vein
occlusion were analyzed.
RESULTS
Data were included for 76,535, 49,704, and 37,681 patients with neovascular age-related
macular degeneration, diabetic macular edema, and retinal vein occlusion, respectively;
exactly 8,111, 2,283, and 6,896 received the treatment, respectively. The mean and median
interval ranges during the maintenance phase by treatment initiation year were 94–100 and
73–80, 111–120 and 98–102, and 97–103 and 87–93 days for neovascular age-related macu‐
lar degeneration, diabetic macular edema, and retinal vein occlusion, respectively, without
any trend over time. A tendency to increase the treatment continuation rate was indicated in
later years by Kaplan–Meier curves. The drop-out rate in the treatment initiation year
(2016) was 32% from 63% (2009), 53% from 69% (2014), and 36% from 47% (2013) for neo‐
vascular age-related macular degeneration, diabetic macular edema, and retinal vein occlu‐
sion, respectively.
CONCLUSIONS
For all these diseases, the treatment intervals did not change remarkably, and a tendency
toward improved treatment continuation was suggested.
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INTRODUCTION

horioretinal vascular diseases (CRVDs), includ‐
ing neovascular age-related macular degenera‐
tion (nAMD), diabetic macular edema (DME),

and retinal vein occlusion (RVO), are leading causes of
blindness in industrialized countries [1, 2]. Intravitreal
pharmacotherapy has been developed and widely
adopted for treating CRVDs and contributed to improv‐
ing visual acuity and stabilizing the diseases [2].

Intravitreal anti-vascular endothelial growth factor
(VEGF) therapy is currently considered the first-line
treatment for CRVDs, and its treatment patterns vary
depending on patient characteristics and each CRVD.
Two anti-VEGF agents—ranibizumab, approved as a
treatment for nAMD, RVO, and DME in 2009, 2013, and
2014, respectively, and aflibercept, approved as a treat‐
ment for nAMD, central RVO, branch RVO, and DME in
2012, 2013, 2015, and 2014, respectively—are widely used
to treat CRVDs in Japan. As nAMD is a chronic progres‐
sive disease, it requires continuous and frequent anti-
VEGF treatment. Various dosing regimens, including
fixed and individualized regimens, have been used to
reduce the treatment burden while maintaining treat‐
ment effects in clinical practice. DME and RVO occur in
younger and older patients and have alternative treat‐
ment options to anti-VEGF, such as steroid and laser
therapy, and a better prognosis. Despite such differences
among CRVDs, recent patterns in anti-VEGF regimens
have not been fully investigated in medical settings in Japan.

This study investigated the patterns of anti-VEGF
treatment for CRVDs, treatment intervals, and the con‐
tinuation and drop-out rates in recent years to advance
the understanding of the current treatment status in
Japan. When examining the treatment intervals, we
focused on the maintenance phase, following the initia‐
tion phase with a loading dose of one injection per
month. The prevalence of each type of CRVD in Japan
was also estimated.

METHODS

STUDY DESIGN AND DATA SOURCE
This was a claims-based study using the health insurance
claims database provided by the Medical Data Vision
Co., Ltd. (Tokyo, Japan) from April 2008 to July 2018.
The prevalence, anti-VEGF treatment (ranibizumab
and/or aflibercept) intervals during the maintenance
phase, and treatment continuation and drop-out rates for
each type of CRVD (nAMD, DME, and RVO) were analyzed.

C
The database comprises data from acute care hospitals

collated using the Japanese Diagnosis and Procedure
Combination (DPC)/Per-Diem Payment System (DPC
hospitals) [3]. It contains the information of approxi‐
mately 20 million patients from 329 hospitals (approxi‐
mately 19% of all DPC hospitals as of April 2018). It
includes records of all diagnoses and medical procedures
administered to both inpatients and outpatients in hospi‐
tals, regardless of age and insurance type. Records of
diagnoses and medical procedures provided outside the
hospitals were not included. The observation period for
each patient was the duration between the first and last
records of any medical procedure in the database.

NDB Open Data, a publicly available summary spread‐
sheet published by the Ministry of Health, Labour and
Welfare (Third NDB Open Data: April 2016–March
2017) [4], was used to estimate the number of patients
with CRVDs in Japan. This contained data on the pre‐
scription numbers for the 100 most-prescribed drugs in
each therapeutic category and for each age and sex group
over a 1-year period starting from April. The demo‐
graphic data (as of October 1, 2016) were used to esti‐
mate the prevalence of CRVDs as the denominator [5].

This study was approved by the Clinical Research
Promotion Network Japan on December 20, 2018
(CRTH258AJP02). As the database includes data col‐
lected for secondary use and was provided after
anonymization, informed consent was not required
according to ethical guidelines in Japan.

STUDY POPULATION
Patients having first nAMD diagnosis at an age ≥50
years, first DME diagnosis at an age ≥18 years, or first
RVO diagnosis at an age ≥18 years during the observa‐
tion period and without plural types of CRVD were
included (Supplementary Fig. 1, Supplementary Table
1 for the definition of each diagnosis). The diagnoses
were defined based on the International Statistical
Classification of Diseases and Related Health Problems,
10th revision [6]. The first diagnosis was defined as the
earliest “FromDate” (recorded as the first diagnosis in the
database) for each disease. To analyze the anti-VEGF
treatment status, patients who received intravitreal anti-
VEGF injections (ranibizumab and/or aflibercept) on the
day of the first CRVD diagnosis or later were selected.
Patients who were prescribed bevacizumab or pegaptanib
during the observation period and those who received
intravitreal anti-VEGF injections within a <22-day
interval were excluded from the analyses.
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OUTCOMES AND ANALYSES
We performed descriptive statistical analyses. To estimate
the prevalence of each CRVD, the number of patients
with each CRVD nationwide was estimated using the
number of patients in the database, the ratio of the num‐
ber of patients to the number of aflibercept injection
records in the database, and the number of aflibercept
injection records in NDB Open Data for each 5-year age
group and for each sex. We assumed that the ratio of
patients with each type of CRVD to the number of
aflibercept injection records in the database was equal to
the nationwide ratio. We calculated this ratio for all diag‐
nosed patients, regardless of whether they were treated
with aflibercept. Patients diagnosed with a CRVD (see
Supplementary Table 1 for the definition of each dis‐
ease) from April 2016 to March 2017 were included. The
number of aflibercept injections administered during the
same period was also calculated. The prevalence was cal‐
culated in 5-year age groups and for each sex by dividing
the estimated number of patients nationwide by that in
the demographic data (see Supplementary Fig. 2 for the
estimation method).

The mean and median treatment intervals (days) dur‐
ing the maintenance phase of anti-VEGF treatment were
calculated for each type of CRVD and for each patient
group categorized according to the year of the first injec‐
tion. The first injection was defined as the index injec‐
tion, the date of the index injection was defined as the
index date, and the year of the index date was defined as
the index year. The treatment initiation phase was
defined as the period with the index injection and injec‐
tion(s) after the index within 22 to 37 days from the
immediately preceding injection, with a maximum of 3,
5, or 1 injection(s) in total for nAMD, DME, or RVO,
respectively. The maintenance phase was from the date of
the last injection of the treatment initiation phase to the
date of the latest injection in the database. The treatment
interval was defined as the number of days between the
date of the injection and the prior date of the next injec‐
tion. If a treatment interval spanned to the next year, the
entire interval was included in the year of the injection.
Supplementary Figs. 3 and 4 show these definitions.

The recent trend of the mean treatment interval during
the maintenance phase of anti-VEGF treatment for each
type of CRVD was examined (nAMD, 2009–2018; RVO,
2013–2018; and DME, 2014–2018). The mean treatment
interval and distribution of patients were calculated
according to the treatment year in each patient group
(Supplementary Figs. 3 and 4). The patient groups were
categorized according to the index and defined years of

the treatment start in the database. The mean and quin‐
tile treatment intervals were determined by calculating
the mean interval of maintenance injections for each
patient and the mean among patient groups. The maxi‐
mum, 75% quartile, median, 25% quartile, and minimum
values of the treatment intervals were also calculated.

The treatment continuation and drop-out rates for
anti-VEGF treatment for each type of CRVD and each
10-year age group were calculated. The Kaplan–Meier
curve of the time from the administration of the index
injection to the drop-out injection or the latest injection
was plotted for each type of CRVD for each patient
group, categorized according to the index year and age
group. “Drop-out injection” was defined as the latest anti-
VEGF injection after the index injection in cases where
the patient did not receive the next anti-VEGF injection
within 12 months before the end of the data period. If a
patient had a data period of less than 12 months after the
latest anti-VEGF injection, the latest injection was not
considered a drop-out injection, but the data period of
the patient was censored after the latest injection in the
analysis of the treatment continuation rate. In addition to
the continuation rate, we also used the drop-out rate as a
measure to assess treatment continuation/discontinua‐
tion. The drop-out rate was calculated as the number of
drop-out injections divided by the number of patients
and was categorized according to the treatment year in
the database. The treatment continuation could not be
tracked in this database when a patient was transferred to
another medical facility; therefore, the drop-out rate was
defined as the rate of those who definitely dropped out of
treatment, assuming that the patients with a data period
of less than 12 months after the latest anti-VEGF injec‐
tion continued the treatment. For the continuation rate,
the coefficient of proportional hazards was calculated for
each age group, each type of CRVD, and each calendar
year since the treatment started.

SAS version 9.4 (SAS Institute, North Carolina, United
States) was used for statistical analyses.

RESULTS

STUDY POPULATION
In the database, we identified 76,535, 49,704, and 37,681
patients with nAMD, DME, and RVO, respectively
(Supplementary Fig. 1).
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PREVALENCE OF NEOVASCULAR AGE-RELATED MACULAR
DEGENERATION, DIABETIC MACULAR EDEMA, AND RETINAL
VEIN OCCLUSION
Except in the 95–99-year age group, wherein the number
of patients and aflibercept injections was small in the
database, the peak ages of prevalence were 85–89 years
for both sexes in the nAMD group; 70–74 and 75–79
years for men and women, respectively, in the DME
group; and 80–84 and 85–89 years for men and women,
respectively, in the RVO group (Fig. 1a–1c, Supplemen‐
tary Table 2). Men had a higher prevalence of nAMD
than women, except in the 95–99-year age group, and the
difference tended to be larger in the older age groups
than in other age groups. The prevalence of DME also
tended to be higher in men than in women, and that of
RVO was comparable between the sexes, except in the
95–99-year age group.

ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR TREATMENT
INTERVALS DURING THE MAINTENANCE PHASE
The mean treatment interval ranges for each index year
during the maintenance phase regarding anti-VEGF were
approximately 94–100 and 89–100 days in the first and
second years for nAMD, 111–120 and 129 days for DME,
and 97–103 and 127 days for RVO, respectively, except
for years with <100 patients and the two most recent
index years, in which the entire year was not included
(Supplementary Table 3). The median intervals tended
to be shorter than the mean intervals (73–80, 98–102,
and 87–93 days, respectively, in the first year) (Fig. 2,
Supplementary Table 3). No notable tendency was
observed over the years regarding all CRVDs.

DME was associated with a longer mean treatment
interval in all age groups compared to nAMD and RVO
(Supplementary Table 4). A longer treatment interval
was observed in the 70s and 80s age groups than in other
age groups for RVO; however, no difference was observed
among the age groups for nAMD and DME.

No difference was observed between the treatment
patterns for nAMD using ranibizumab and aflibercept,
whereas longer treatment intervals were noted for RVO
and DME using aflibercept (Supplementary Fig. 5,
Supplementary Table 5).

CONTINUATION/DROP-OUT RATES IN ANTI-VASCULAR ENDOTHELIAL
GROWTH FACTOR TREATMENT
The treatment continuation rate for all CRVDs tended to
increase in the later index years (Supplementary Fig. 6).

For nAMD, the treatment continuation rate tended to
be lower in the 50s and 60s age groups than in the 70s

and 80s age groups. For RVO, the treatment continuation
rate was lower in the 40s–60s age group than in the 70s
and 80s age groups (Supplementary Table 6).

The drop-out rate in the index year tended to decrease
over the years for all CRVDs. The drop-out rate
decreased from 63% to 32% from 2009 to 2016 for
nAMD, from 69% to 53% from 2014 to 2016 for DME,
and from 47% to 36% from 2013 to 2016 for RVO (Table
1). After the first injection, the drop-out rate increased
from approximately 10% to 15% and then 17% in 2012,
2014, and 2015, respectively, for nAMD. It slightly
decreased from 48% to 43% from 2014 to 2016 for DME
and remained stable at approximately 30% for RVO.

DISCUSSION

Using a Japanese claims database, we investigated the
patterns of anti-VEGF treatment intervals in the mainte‐
nance phase, treatment continuation, and drop-out rates
for nAMD, DME, and RVO. We also estimated the preva‐
lence of each type of CRVD in Japan. To the best of our
knowledge, this is the first study to describe the nation‐
wide treatment patterns and prevalence of these diseases
in a real-world setting in Japan.

Except for the 95–99-year age group, the prevalences
of nAMD and RVO were the highest in the 80s age
group, whereas that of DME was the highest in the 70s
age group. The prevalences of nAMD and DME were
higher in men than in women, whereas regarding RVO, it
was similar for both sexes. A previous community-based
study showed that the prevalence of late AMD (exudative
AMD and geographic atrophy) tended to increase with
age and was higher in men than in women [7, 8]. A
Korean study reported that the peak prevalences of
exudative AMD in men and women were in the 80–84-
and 75–79-year age groups, respectively [9]. An RVO
prevalence of 0.52% [10] or 0.77% [11] has been
reported, with an increase with age by the 80s and no sig‐
nificant difference between the sexes [10, 11]. Our results
are comparable with these previous findings.

Regarding the anti-VEGF treatment intervals in the
first and second years of the maintenance phase, the
mean treatment intervals for all CRVDs were 10–20 days
longer than the median intervals. Although a change
reflecting the acceptance of regimens and the available
treatment options was expected, no notable tendency was
observed in the treatment intervals in the first year for all
CRVD types categorized according to the index year. A
US study also reported no change in the injection fre‐
quency in the first year of anti-VEGF treatment for
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patients with DME over 2013–2018 [12]. Meanwhile, a
Japanese study examined the number of anti-VEGF
injections in patients with DME 2 years from treatment
initiation, starting between 2010 and 2015, and a signifi‐
cant increasing trend was observed [13]. The shorter
treatment interval and exclusion of the period before the

maintenance phase in our study may contribute to these
different results.

DME was associated with the longest treatment inter‐
val in the first year among the CRVDs. The median treat‐
ment interval for all CRVDs tended to be longer in the
second year from the 2013 index year and for each type

Fig. 1 Prevalences of nAMD, DME, and RVO by age–sex group

The prevalence of (a) nAMD, (b) DME, and (c) RVO by age–sex group (April 2016–March 2017).
DME, diabetic macular edema; nAMD, neovascular age-related macular degeneration; RVO, retinal vein occlusion
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of drug. Based on clinical experience, we assumed that a
longer treatment interval for DME might be due to the
concomitant administration of therapies, such as steroid
and laser therapy. The increase in the treatment interval
in the second year suggests that treatment is generally
administered more intensely in the first year. Future stud‐
ies are necessary to verify this assumption. In the analysis
performed according to the types of CRVDs, the median

treatment intervals for DME and RVO were longer than
that for nAMD. This may be associated with differences
in disease and patient characteristics among those with
CRVDs. As most patients with nAMD are older, they can
dedicate more time to treatment and have lower out-of-
pocket medical costs than younger patients and are,
therefore, more likely to seek medical treatment. Addi‐
tionally, a treat-and-extend regimen—a proactive approach

Fig. 2 Anti-VEGF treatment intervals in the first and second years of the maintenance phase by index year

Box plots indicate the maximum, 75% quartile, median, 25% quartile, and minimum values of the treatment interval for (a) nAMD, (b) DME, and
RVO (c) in the first (left column) and second (right column) years of the maintenance phase.
DME, diabetic macular edema; N, number; nAMD, neovascular age-related macular degeneration; RVO, retinal vein occlusion
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in which patients receive treatment at every predeter‐
mined hospital visit—is reportedly more frequently used
in nAMD [14], and drastic vision loss due to inadequate
treatment is more likely to occur in nAMD than in DME.
The reactive pro-re-nata regimen is commonly used in
DME [15], and the same may be true in RVO. This may
contribute to the longer intervals observed.

The mean and median treatment intervals in the first
year for nAMD in the present study, approximately 95
and 77 days, respectively, are longer than those observed
in previous US studies [16, 17]. This may be due to differ‐
ences in medical insurance systems, clinical entities of
nAMD, and treatment responses of patients in different
countries and races. The treatment interval in the first
year was also longer for DME (approximately 115 days
on average) in our study than that in a Belgian study
[18]. The previous study also observed the treatment
interval from the first injection, whereas our study

excluded injections before the maintenance period. The
difference may be related to the different intervals
between studies. Further, a decrease in treatment fre‐
quency over time was also reported, which seems consis‐
tent with our study, where an increasing tendency in the
treatment intervals from the first to the second year
was observed.

The treatment continuation rate in the first year of
treatment for all CRVDs increased over the years. A ten‐
dency of decreasing drop-out rates in the index year,
stratified according to the calendar year, was also
observed. Possibly, confidence in the anti-VEGF treat‐
ment and the acceptance of the treatment by both physi‐
cians and patients have improved. Further studies are
necessary to determine whether confidence in anti-VEGF
treatment for each CRVD has improved. The current
availability of brolucizumab (approved in 2020) and
faricimab (approved in 2022) for nAMD and DME may

Table 1 Drop-out rate of the anti-VEGF treatment

CRVD Calendar year starting the
treatment Number of patients Drop-out in the 1 year after

starting the treatment (%)
Drop-out after the first

injection (%)

nAMD

2009 8 63% N/A

2010 50 52% N/A

2011 170 55% 9%

2012 478 49% 10%

2013 1087 47% 13%

2014 1753 47% 15%

2015 2311 42% 17%

2016 2596 32% 16%

2017 3076 8% N/A

2018 (until July) 1725 0% N/A

DME

2014 555 69% 48%

2015 978 62% 45%

2016 1136 53% 43%

2017 1387 15% N/A

2018 (until July) 868 0% N/A

RVO

2013 269 47% 32%

2014 1416 46% 35%

2015 1923 43% 30%

2016 2356 36% 31%

2017 2888 8% N/A

2018 (until July) 1697 0% N/A

Abbreviations: CRVD, chorioretinal vascular diseases; nAMD, neovascular age-related macular degeneration; DME, diabetic macular
edema; RVO, retinal vein occlusion; VEGF, vascular endothelial growth factor; N/A, not available
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affect the treatment trend, which was after the data range
of this study. Finally, coronavirus disease 19 may have
further changed the treatment trend for CRVDs in and
after 2019 by refraining from regular clinic visits.

The treatment continuation and drop-out rates in the
first year of treatment for nAMD observed in the present
study align with those of previous studies. Previous retro‐
spective studies have indicated that, in clinical practice,
treatment termination occurs in approximately 30–60%
of patients in the first year of treatment [19–22]. In a
Japanese study with a mean follow-up period of 12.8 ±
3.6 months (minimum, 6 months; maximum, 20 months),
20.7% of the patients dropped out between 2008 and
2010 [23].

LIMITATIONS
First, the claims database used in this study does not
include data other than those from DPC hospitals; thus,
data on treatments in other settings and after changes in
settings could not be obtained from the database. Second,
diagnoses and treatments were defined based on the
claims data. Consequently, the accuracy of the records
affects the accuracy of diagnoses and treatments. Third,
the database does not contain information on whether
only one or both eyes were treated. Thus, the 21-day
injection interval was used as a proxy definition of bilat‐
eral treatment; if two consecutive claims associated with
intravitreal anti-VEGF injections administered within
<21 days were noted, the patient’s data were excluded
from the study. This may have contributed to the length‐
ening of the mean treatment interval compared to those
in previous studies. However, if a patient who underwent
bilateral treatment received anti-VEGF injections for one
eye each time with a ≥21-day interval from one eye to the
other eye, they were included and the interval from one
eye to the other eye was determined as that for one eye.
This made the interval shorter than the actual one.
Fourth, as the database does not include visual acuity
outcomes, we could not determine whether some treat‐
ment patterns, including long intervals and termination
of treatment, were due to the improvement in visual acu‐
ity. Notably, drop-out occurs both in cases where symp‐
toms are alleviated and in cases where symptoms are
exacerbated. We could not differentiate this as no clinical
outcomes (e.g., retinal imaging data or visual acuity)
were available. In addition, if well-controlled patients
treated on the basis of the pro-re-nata regimen did not
require a subsequent anti-VEGF treatment for ≥12
months, they were misclassified as drop-out, even though
they were still followed up by physicians. Therefore, an

increase in the popularity of treat-and-extend regimen
itself, rather than the effect of the regimen, may con‐
tribute to an increase in the continuation rate and a
decrease in the drop-out rate in this study. Finally,
although we used large nationwide databases, there may
be limitations in the generalizability of the study findings.
As the claims database included data from large DPC
hospitals, the possibility that the dataset mostly con‐
tained data on severe disease statuses and/or comorbidi‐
ties may be higher than that of the general Japanese
patient population.

CONCLUSIONS

This study illustrated the patterns of anti-VEGF treat‐
ment for nAMD, DME, and RVO in Japan. Regarding all
CRVDs, the anti-VEGF treatment intervals during the
maintenance phase did not change significantly over the
years. Although the treatment continuation and drop-out
rates after the first treatment for all CRVDs differ among
the age groups, the treatment continuation rate has
improved in recent years. We believe that this study pro‐
vides information that advances the understanding of the
treatment patterns for CRVDs in clinical settings in Japan.
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