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Purpose: To report on the safety and effectiveness of intravitreal aflibercept (IVT-AFL) for macular edema secondary to central
retinal vein occlusion (CRVO) in clinical practice in Japan.
Patients and Methods: This prospective, noninterventional, multicenter post-authorization safety study enrolled patients who were
treated with IVT-AFL for macular edema secondary to CRVO and followed up for 24 months. The primary outcome was the
occurrence of safety events. Other pre-specified outcomes were indicators of effectiveness, including best corrected visual acuity
(BCVA), central retinal thickness (CRT), and frequency of injections.
Results: The safety analysis included 377 patients who received at least one IVT-AFL. Adverse events (AEs) occurred in 22
patients (5.84%) and adverse drug reactions occurred in 5 (1.33%) over 24 months. Of the 22 patients with AEs, 72.7% experienced
their first AEs by the third injection. The effectiveness analysis set comprised 360 patients for whom data on each outcome could be
collected. The number of injections over 24 months was 3.4 ± 2.4 (mean ± standard deviation [SD]). BCVA (logarithm of the
minimum angle of resolution) was 0.709 ± 0.535 (mean ± SD) (n = 357) at baseline and 0.543 ± 0.559 (n = 97) after 24 months of
treatment with IVT-AFL. CRT was 552.6 ± 211.3 μm (mean ± SD) (n = 214) at baseline and 331.5 ± 144.0 μm (n = 54) at 24
months.
Conclusion: There were no new safety issues concerning routine administration of IVT-AFL for macular edema secondary to CRVO.
BCVA recovered during 24 months of IVT-AFL treatment in the real-world setting. However, there was a trend toward less
improvement compared with the results of randomized controlled trials, likely due in part to undertreatment.
Keywords: central retinal vein occlusion, macular edema, intravitreal aflibercept, anti-vascular endothelial growth factor treatment,
real-world data

Introduction
Retinal vein occlusion (RVO) is an important cause of vision loss, particularly in patients with associated chronic
macular edema that extends to the central fovea.1,2 RVO can be divided into two major categories, branch RVO (BRVO)
and central RVO (CRVO), depending on the site of occlusion. The estimated prevalence of CRVO worldwide ranges
from 0.08% to 0.13% and appears to be fairly constant across countries.3–5

Macular edema is thought to develop and expand in eyes with CRVO when the retina becomes ischemic due to
reduced blood flow, excessive amounts of cytokines such as vascular endothelial growth factor (VEGF) are produced,
and the permeability of blood vessels is increased.6 Therefore, VEGF is a potential therapeutic target, and the efficacy of
intravitreal injection of anti-VEGF inhibitors in patients with macular edema secondary to CRVO has been demonstrated
in large-scale randomized controlled trials (RCTs).7,8
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Aflibercept (EYLEA®, Regeneron, Tarrytown, NY and Bayer HealthCare, Berlin, Germany) is an anti-VEGF agent
that has higher binding affinity to VEGF-A than that of its native receptors and that also binds to VEGF-B and placental
growth factor.9 After a report showing that intraocular VEGF and placental growth factor concentrations are high in
patients with CRVO,10 it was hypothesized that the binding properties of aflibercept contribute to its efficacy. The clinical
efficacy of intravitreal aflibercept (IVT-AFL) in patients with macular edema secondary to CRVO was evaluated as the
6-month primary outcome in two sham injection-controlled studies, COPERNICUS and GALILEO. In these studies,
IVT-AFL was shown to be superior to sham injection in terms of visual improvement.7,11 Furthermore, a recent report
suggested that fewer injections are needed for IVT-AFL to be effective in the treatment of macular edema secondary to
CRVO compared with other anti-VEGF agents.12

Due to the invasive nature of the intraocular injections, a safety protocol must be followed for intravitreal injection of
anti-VEGF agents. The main concern is that infectious organisms could potentially be introduced into the vitreous
chamber, resulting in intraocular inflammation such as endophthalmitis. Mechanical issues associated with the injection
procedure and pharmacodynamics-related local or systemic effects are also important.13 The risk of sterile intraocular
inflammation after injection of anti-VEGF agents is a growing concern.14 Major risks, which were selected with
reference to Phase III trials of IVT-AFL include arterial thromboembolic events, intraocular inflammatory response,
increased intraocular pressure, retinal tear and detachment, and traumatic cataract.7,11,15–19

In the present study, we report 24 months of data on the safety and effectiveness of IVT-AFL treatment in patients
with macular edema secondary to CRVO in the real-world clinical practice setting in Japan. To our knowledge, this is the
first report of a prospective observational study in a large number of patients with macular edema secondary to CRVO
who received IVT-AFL in Japan. Because this study reports local ocular and systemic safety results without limiting the
baseline characteristics of patients except for treatment history of IVT-AFL, it is expected to be useful for understanding
the actual situation in real-world clinical practice.

Materials and Methods
Study Design
This prospective, noninterventional, multicenter, post-authorization safety study in patients with macular edema second-
ary to CRVO in Japan was performed from November 2013 to May 2018. The survey component was conducted using
the central registration method with electronic data capture (EDC). The maximum survey period was 24 months.
Physicians registered patients, confirmed the initial injections, and entered the results at 6 months, 24 months, or the
end of treatment. Observation was terminated in the event of 1) discontinuation of IVT-AFL due to adverse events (AEs),
insufficient effectiveness or any other reason, or 2) loss to follow-up (no visit/contact on the scheduled visit date or
within 4 months of the last visit).

The number of patients in the study was set at 300 to allow detection of at least one adverse drug reaction (ADR; AE
considered by the clinician to be undeniably due to IVT-AFL) occurring with an incidence of 1% at a 95% probability.

Patients and Treatment
Patients of either sex with a diagnosis of macular edema secondary to CRVO were followed up after the decision had
been made by the investigator to start treatment with IVT-AFL. Patients who had previously received IVT-AFL or were
contraindicated based on the approved label were not followed. If both eyes were followed up, both were analyzed for
safety and the eye that started IVT-AFL treatment earlier was analyzed for effectiveness. If both eyes started IVT-AFL on
the same day, the one with worse visual acuity at baseline was selected.

Prior treatments for macular edema secondary to CRVO were recorded as variables if a patient had received an anti-
VEGF treatment other than IVT-AFL, photocoagulation, surgery, or other therapy. After patients received the initial
injection, the decision of repeat injections was left to the physician’s discretion. The interval between injections was set
to be at least 1 month in accordance with the package insert.
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Outcome Measures
The primary outcomes were AEs, ADRs, and ocular or non-ocular AEs. These events were coded based on Medical
Dictionary for Regulatory Activities version 22.0 (MedDRA ver. 22.0) using its terminology for each type of event. In
accordance with the risk management plan required by the Japanese Pharmaceutical and Medical Devices Agency, safety
specifications consisting of important risks to be considered were also investigated. The safety specifications are listed in
Supplementary Table 1.

Secondary outcomes were factors considered to affect safety, including the incidence of ADRs stratified by patient
characteristics.

Other pre-specified outcomes were effectiveness variables (best corrected visual acuity [BCVA] and central retinal
thickness [CRT]), which were summarized over time in the entire study population and subgroups (based on presence or
absence of prior treatment and baseline decimal BCVA [≤0.1, >0.1 to ≤0.5, >0.5]), and the number of injections. The
change in BCVA (logarithm of the minimum angle of resolution [logMAR]) from baseline was divided in three
categories, and the proportion of patients in each category was calculated over time. These categories were as follows:
“improved”, change in logMAR BCVA ≤−0.3; “maintained”, change in logMAR BCVA between −0.3 and 0.3; or
“worsened”, change in logMAR BCVA ≥0.3. The relationship between number of injections and occurrence of AEs, the
percentage of patients with final decimal BCVA >0.5, BCVA stratified by baseline decimal BCVA (<0.0625, ≥0.0625 to
≤0.5, >0.5), the number of injections in patients with both baseline and 24-month data, and changes in intraocular
pressure for each subgroup based on the presence or absence (as a comorbidity or history) of glaucoma or ocular
hypertension were analyzed as post hoc outcomes.

Statistical Analysis
The statistical analyses were exploratory and descriptive. Categorical variables were summarized as frequencies and
proportions. Continuous variables were expressed as descriptive statistics. Patients who received at least one dose of IVT-
AFL were included in the safety analysis set (SAS). The number and frequency of patients who developed ADRs or AEs
between the first IVT-AFL injection and 24 months were summarized. Based on the classification of patient character-
istics, the incidence of ADRs and 95% confidence intervals (CIs) were calculated. The effectiveness analysis set (EAS)
included patients who had at least one measurement of BCVA or CRT available. The effectiveness analysis was
performed using observed data; that is, the results were summarized over time only in patients for whom data for
each outcome at each evaluation point could be collected. All statistical analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC).

Results
Patient Population
A total of 396 patients were enrolled, 377 of whom received at least one IVT-AFL injection and had electronic case
report forms collected. These 377 patients were included in the SAS. After exclusion of patients whose BCVA and CRT
could not be assessed, data for 360 patients were included in the EAS (Figure 1).

Patient characteristics at baseline in the SAS are shown in Table 1. Mean age was 72.0 years and 51.2% were male.
The duration of disease before the start of IVT-AFL was less than 2 months in 95 patients (25.2%). Decimal BCVA at
baseline was ≤0.1 in 130 patients (34.5%), >0.1 to ≤0.5 in 151 (40.1%), and >0.5 in 89 (23.6%). CRT was 552.1 ± 210.2
μm in the 217 patients for whom data were available. Two hundred and thirty-six patients (62.6%) had not previously
received treatment and 134 (35.5%) had received prior treatment. Details of prior treatment are shown in Supplementary
Table 2 and the Medical history is shown in Supplementary Table 3.

In the SAS, ocular comorbidities were reported in 141 patients (37.4%), including cataract in 102 (27.1%), glaucoma
in 42 (11.1%), and conjunctivitis in 6 (1.6%). Two hundred and seven patients (54.9%) had non-ocular comorbidities,
including hypertension (n = 157, 41.6%), diabetes mellitus (n = 46, 12.2%), and hyperlipidemia (n = 45, 11.9%).
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Safety Outcomes
In the SAS, the duration of observation was 601.4 ± 286.5 days (median 724.0, range 1–1,204) and the number of
injections was 3.3 ± 2.5. The median number of injections was 2 (range 1–15), and 107 patients (28.4%) received only
one dose of IVT-AFL.

AEs occurred in 22 (5.84%) of the 377 patients in the SAS. SAEs included 2 patients with RVO (worsened ischemic
CRVO in 1 patient and development of CRVO in the fellow eye in 1 patient) and 1 patient each with neovascular
glaucoma, cataract, malignant glaucoma, cataract operation, bacterial pneumonia, malignant mesothelioma, facial
paralysis, cardiac failure, myocardial infarction, familial amyloidosis, and death (Table 2). In the 22 patients with
AEs, the number of injections until the first AE was 2.8; 72.7% had AEs by the third injection and 9.1% had their first
AE after the seventh injection.

ADRs occurred in 5 patients (1.33%) in the SAS: 3 patients with increased intraocular pressure (all not serious) and 1
patient each with RVO and malignant glaucoma (both serious). Of the 3 patients with increased intraocular pressure, 1
patient had glaucoma, which was suspected to be a factor in this ADR in addition to IVT-AFL. No non-ocular ADRs
were reported.

Among the 299 patients whose change in intraocular pressure was calculated, 59 had comorbidities or a history of
glaucoma or ocular hypertension, with 13 patients (22.0%) having a change of 10 mmHg or more from baseline. Of the
remaining 240 patients, 8 patients (3.3%) had a change of more than 10 mmHg.

Safety specifications defined by the risk management plan and observed as AEs were increased intraocular pressure
(n = 6) and myocardial infarction (n = 1) (Table 3). No endophthalmitis or sterile intraocular inflammation was observed
in this study.

When stratified by patient characteristics, the 95% CIs for the incidence proportion of ADRs overlapped for all
stratification factors, suggesting that no patient factors affected the occurrence of ADRs.

Effectiveness Outcomes
Treatment Status
The number of injections in the complete EAS (n = 360) was 2.1 ± 1.0 at 6 months, 2.7 ± 1.6 at 12 months, and 3.4 ± 2.4
(median 3, range 1–14) at 24 months. The duration of observation was 613.0 ± 279.5 days (median 728.0, range 1–
1,204). The treatment continuation rate was 86.9% at 6 months, 76.7% at 12 months, and 61.4% at 24 months. The main
reasons for discontinuation were referral to another hospital (n = 41, 29.5%), treatment goal achieved (n = 40, 28.8%),
insufficient effectiveness (n = 10, 7.2%), and AEs (n = 2, 1.4%).

Enrolled in the study, N = 396

Treatment confirmed, N = 388a

Treatment not confirmed, n = 8

Safety analysis set (SAS), N = 377

Data not collected, n = 11
• Not treated, n = 7b
• CRF not collected, n = 4

Effectiveness analysis set (EAS), N = 360

Patients excluded from effectiveness analysis, n = 17
• BCVA and CRT not assessable, n = 17

Figure 1 Flow of patients through the study.
Notes: aEnrolled patients who were confirmed to have been either previously treated with IVT-AFL or not according to the enrollment form. bIncludes one patient for
whom no record of use of IVT-AFL was found on the CRF.
Abbreviations: BCVA, best corrected visual acuity; CRF, case report form; CRT, central retinal thickness.
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Table 1 Patient Characteristics at Baseline

Safety Analysis Set (n = 377)

Male, n (%) 193 (51.2)

Age, years
Mean ± SD 72.0 ± 11.6
Median (range) 73.0 (25–96)

Retinal perfusion status, n (%)
Non-ischemic 201 (53.3)

Ischemic 92 (24.4)
Unknown 84 (22.3)

Duration of disease at start of treatment, months
Median (range) 2.0 (0–144)

Duration of disease at start of treatment, months, n (%)
<2 95 (25.2)

≥2, <6 70 (18.6)

≥6, <12 20 (5.3)
≥12 33 (8.8)

Unknown 159 (42.2)

Best corrected visual acuity, logMAR [n = 370]
Mean ± SD 0.707 ± 0.538

Median (range) 0.523 (−0.08–2.00)

Best corrected visual acuity, decimal, n (%)
≤0.1 (logMAR 1.0) 130 (34.5)
0.1<, ≤0.5 (logMAR 0.3) 151 (40.1)

>0.5 89 (23.6)

Unknown 7 (1.9)

Central retinal thickness, μm [n = 217]
Mean ± SD 552.1 ± 210.2
Median (range) 537.0 (72–1,258)

Prior treatment, n (%)
No 236 (62.6)

Yes 134 (35.5)

Unknown 7 (1.9)

Medical history
Ocular 116 (30.8)
Non-ocular 79 (21.0)

Comorbidities, n (%)
Ocular 141 (37.4)

Cataract 102 (27.1)

Glaucoma 42 (11.1)
Conjunctivitis 6 (1.6)

Ocular hypertension 3 (0.8)
Uveitis 2 (0.5)

Other 16 (4.2)

(Continued)
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Visual Acuity
LogMAR BCVAwas 0.709 ± 0.535 (median 0.523, range −0.08 to 2.00) (n = 357) at baseline and 0.543 ± 0.559 (median
0.398, range −0.18 to 2.00) (n = 97) after 24 months of treatment with IVT-AFL (Figure 2A). The change in logMAR
BCVA between baseline and 24 months was −0.161 ± 0.446 (median −0.109, range −1.52 to 1.00, 95% CI −0.251 to
−0.071) (n = 97) and the number of injections was 4.6 ± 2.8 (median 4, range 1–14). At 24 months, 32.0% of patients
were evaluated as improved and 89.7% as improved or maintained (Supplementary Figure S1).

Post hoc analysis showed the proportion of patients with decimal BCVA >0.5 at the final visit to be 37.5% (134/357).
Of the patients with a baseline decimal BCVA of >0.1 to ≤0.5, 38.1% had a final decimal BCVA >0.5.

Central Retinal Thickness
CRT was 552.6 ± 211.3 μm (median 535.5, range 72.0–1258) (n = 214) at baseline and 331.5 ± 144.0 (median 291.5,
range 95.0–764.0) (n = 54) after 24 months of treatment with IVT-AFL (Figure 2B). The change in CRT between
baseline and 24 months was −181.4 ± 258.3 μm (median −155.0, range −905 to 323, 95% CI −259.0 to −103.8)
(n = 45).

Subgroup Analysis Based on Prior Treatment Status
LogMAR BCVA in the subgroups of patients with and without prior treatment was 0.826 ± 0.570 (n = 131) and 0.646 ±
0.503 (n = 219), respectively, at baseline and 0.792 ± 0.659 (n = 40) and 0.376 ± 0.396 (n = 56) at 24 months
(Figure 3A). The change in logMAR BCVA between baseline and 24 months in the patients with and without prior
treatment was −0.088 ± 0.487 (n = 40, 95% CI −0.244 to 0.068, 3.7 ± 2.5 injections) and −0.212 ± 0.415 (n = 56, 95% CI
−0.323 to −0.101, 5.3 ± 3.0 injections), respectively.

CRT in the patients with and without prior treatment was 547.3 ± 217.1 μm (n = 83) and 558.0 ± 207.9 μm (n = 130),
respectively, at baseline and 312.2 ± 100.8 μm (n = 20) and 345.3 ± 166.6 μm (n = 33) at 24 months (Figure 3B). The
change in CRT between baseline and 24 months in the patients with and without prior treatment was −225.0 ± 263.4 μm
(n = 17, 95% CI −360.4 to −89.6) and −159.3 ± 260.2 μm (n = 27, 95% CI −262.2 to −56.4), respectively.

Subgroup Analysis Based on Decimal BCVA at Baseline
LogMAR BCVA in the subgroup of patients with a baseline decimal BCVA of ≤0.1, >0.1 to ≤0.5, or >0.5 was 1.326 ±
0.330 (n = 126), 0.519 ± 0.177 (n = 147), and 0.114 ± 0.097 (n = 84), respectively, at baseline and 0.948 ± 0.615 (n = 31),
0.506 ± 0.440 (n = 42), and 0.083 ± 0.148 (n = 24) at 24 months (Figure 4A). The change in logMAR BCVA between
baseline and 24 months in the patients with a baseline decimal BCVA of ≤0.1, >0.1 to ≤0.5, or >0.5 was −0.434 ± 0.537
(n = 31, 95% CI −0.631 to −0.237, 4.1 ± 3.1 injections), −0.026 ± 0.397 (n = 42, 95% CI −0.149 to 0.098, 4.6 ± 2.9
injections), and −0.044 ± 0.161 (n = 24, 95% CI −0.133 to 0.024, 5.1 ± 2.4 injections), respectively.

CRT in the subgroups of patients with a baseline decimal BCVA of ≤0.1, >0.1 to ≤0.5, or >0.5 was 617.0 ± 254.6 μm
(n = 66), 556.7 ± 191.8 μm (n = 97), and 461.7 ± 146.1 μm (n = 51), respectively, at baseline and 340.0 ± 169.1 μm (n =

Table 1 (Continued).

Safety Analysis Set (n = 377)

Non-ocular 207 (54.9)

Hypertension 157 (41.6)

Diabetes mellitus 46 (12.2)
Hyperlipidemia 45 (11.9)

Renal impairment 9 (2.4)

Impaired liver function 6 (1.6)
Old cerebral infarction 5 (1.3)

Angina pectoris 5 (1.3)

Old myocardial infarction 4 (1.1)
Other 45 (11.9)

Abbreviation: SD, standard deviation.
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13), 347.4 ± 147.6 μm (n = 25), and 299.9 ± 118.5 μm (n = 16) at 24 months (Figure 4B). The change in CRT between
baseline and 24 months in the patients with a baseline decimal BCVA of ≤0.1, >0.1 to ≤0.5, or >0.5 was −294.4 ± 375.2
μm (n = 9, 95% CI −582.8 to −6.1), −173.0 ± 219.7 μm (n = 22, 95% CI −270.4 to −75.6), and −122.1 ± 220.1 μm (n =
14, 95% CI −249.1 to 5.0), respectively.

Given that the RCTs of IVT-AFL included patients with a baseline BCVA of 20/40 to 20/320,7,11 a subgroup analysis
with boundaries for baseline decimal BCVA set at 0.0625 and 0.5 was performed as a post hoc analysis.

Table 2 Incidence of Adverse Events

Patients, n (%)

All Adverse Events Serious Adverse
Events

Safety analysis set 377 (100) 377 (100)

Any adverse event 22 (5.84)a 12 (3.18)a

Infections and infestations 1 (0.27) 1 (0.27)

Pneumonia bacterial 1 (0.27) 1 (0.27)

Neoplasms, benign, malignant, and unspecified (including cysts and
polyps)

1 (0.27) 1 (0.27)

Mesothelioma malignant 1 (0.27) 1 (0.27)

Nervous system disorders 1 (0.27) 1 (0.27)

Facial paralysis 1 (0.27) 1 (0.27)

Eye disorders 11 (2.92)a 5 (1.33)

Retinal vein occlusion 2 (0.53)b 2 (0.53)b

Glaucoma 2 (0.53) 1 (0.27)c

Ocular hypertension 2 (0.53) 0

Cataract 1 (0.27) 1 (0.27)
Malignant glaucoma 1 (0.27) 1 (0.27)

Conjunctivitis allergic 1 (0.27) 0
Corneal infiltrates 1 (0.27) 0

Posterior capsule opacification 1 (0.27) 0

Retinal hemorrhage 1 (0.27) 0
Vitreous hemorrhage 1 (0.27) 0

Cardiac disorders 2 (0.53) 2 (0.53)
Cardiac failure 1 (0.27) 1 (0.27)

Myocardial infarction 1 (0.27)d 1 (0.27)d

Congenital, familial and genetic disorders 1 (0.27) 1 (0.27)

Familial amyloidosis 1 (0.27) 1 (0.27)

General disorders and administration site conditions 1 (0.27) 1 (0.27)

Death 1 (0.27) 1 (0.27)

Investigations 5 (1.33) 0

Intraocular pressure increased 4 (1.06) 0

Intraocular pressure decreased 1 (0.27) 0

Surgical and medical procedures 2 (0.53) 1 (0.27)

Cataract operation 1 (0.27) 1 (0.27)
Retinal laser coagulation 1 (0.27) 0

Notes: aIncluding patients with multiple adverse events. bWorsened ischemic CRVO in one patient and development of CRVO in the fellow eye in another patient.
cNeovascular glaucoma. dHistory of myocardial infarction.
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LogMAR BCVA in the subgroup of patients with baseline decimal BCVA of <0.0625 and ≥0.0625 to ≤0.5 was 1.547
± 0.288 (n = 70) and 0.666 ± 0.283 (n = 203), respectively, at baseline and 1.051 ± 0.685 (n = 18) and 0.577 ± 0.467 (n =
55) at 24 months. The change in logMAR BCVA between baseline and 24 months in the patients with a baseline decimal
BCVA of <0.0625 and ≥0.0625 to ≤0.5 was −0.547 ± 0.518 (n = 18, 95% CI −0.832 to −0.317, 3.1 ± 2.6 injections) and
−0.076 ± 0.434 (n = 55, 95% CI −0.194 to 0.041, 4.8 ± 3.1 injections), respectively.

Discussion
In this study, the safety profile of IVT-AFL was assessed in patients with macular edema secondary to CRVO in a real-
world setting, and no new safety concerns were observed beyond those reported in the RCTs.7,11 Although approximately
70% of the patients with AEs experienced their first AEs within the time period of the first three injections, there were
some patients in whom the first AE happened after the seventh injection, indicating that careful administration and
observation is needed for the entire duration of treatment.

Although no intraocular inflammation events were reported in the present study, an integrated analysis of RCTs found
1.42 patients with intraocular inflammation per 100 patient-years in the IVT-AFL group with a risk ratio of 0.66 relative
to the sham-controlled group.20

In the present study, 3 patients had increased intraocular pressure as an ADR. However, among the patients with
comorbidities or history of glaucoma or ocular hypertension, a relatively high proportion of patients experienced an
increase in intraocular pressure of 10 mmHg or more, suggesting that these patients need to be carefully monitored.

Unlike the RCTs,7,11 this study did not exclude patients with a history of arterial thromboembolic events
(Supplementary Table 3). Therefore, our findings are a better reflection of the real-world clinical use of IVT-AFL.
In this study, an SAE of cardiac failure occurred in 1 patient, who had a medical history of myocardial infarction;
however, a causal relationship between this event and treatment was ruled out. Doses of anti-VEGF agents are higher
when administered systemically than when delivered by intravitreal injection, and it has been reported that anti-VEGF
therapy for cancer may decrease production of nitric oxide and prostacyclin and increase that of erythropoietin,
thereby increasing the risk of arterial thromboembolic events.21 Moreover, there is a report showing that intravitreal
anti-VEGF injections decrease the plasma VEGF level.22 The risk of arterial thromboembolic events has been
recognized as a potential risk, whereas no effects on a sensitive indicator of systemic VEGF inhibition, namely,
blood pressure, was revealed by systemic pharmacokinetic/pharmacodynamic analysis of IVT-AFL in patients with
retinal diseases.23

In this 24-month study, IVT-AFL rapidly improved mean BCVA and CRT in patients with macular edema secondary
to CRVO and these results were sustained throughout the study period. However, the degree of improvement in both
BCVA and CRT was smaller in this study than in the RCTs. The number of injections tended to be higher in the first 6

Table 3 Safety Specifications: Incidence of Serious and Non-Serious Adverse Events

Safety Analysis Set (n = 377) Adverse Events

Serious Non-Serious

Patients, n (%) Patients, n (%)

Important risks identified
Inflammatory intraocular response 0 0

Increased intraocular pressure 0 6 (1.6)
Retinal tear and retinal detachment 0 0

Traumatic cataract 0 0

Important potential risk
Arterial thromboembolic events 1 (0.3) 0

Notes: MedDRA terms for each type of event are listed in Supplementary Table 1.
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months after initiation of IVT-AFL and to decrease thereafter, resulting in patients receiving fewer injections in this
study (4.6 ± 2.8 injections in 97 patients with BCVA data at both baseline and 24 months) compared with the RCTs.
Furthermore, there were differences in baseline characteristics and study design between the RCTs and our real-world
non-interventional study. In the RCTs, the injection regimen consisted initially of 6 monthly doses followed by
maintenance doses given pro re nata,24,25 whereas in the real world, a regimen consisting of fewer or only one
introduction dose might be adopted and physicians would carefully assess the need for reinjection after close observa-
tion. Additionally, there were no reinjection criteria based on morphological signs in this study. These factors coupled
with fewer treatments than in the RCTs likely contributed to the less robust improvements in BCVA and CRT in the
present study. Given the differences between real-world use and RCTs, it is necessary to consider an appropriate anti-
VEGF treatment strategy for each patient in order to resolve the issue of the tendency for fewer treatments in clinical
practice.
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and whiskers show the mean and standard deviation of BCVA and CRT, respectively.
Abbreviations: BCVA, best corrected visual acuity; BL, baseline; CRT, central retinal thickness; logMAR, logarithm of the minimum angle of resolution.
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In the subgroup analysis of treatment-naïve patients, there was a higher number of injections and higher gains in
BCVA compared with previously treated patients. This finding suggests the possibility that appropriate administration of
treatment starting in the early stage of macular edema secondary to CRVO improves BCVA, as shown in clinical trials

558.0

309.2
354.4 365.6345.3

547.3

344.0 355.4
417.2

312.2

0

100

200

300

400

500

600

700

800

BL 1 2 3 4 5 6 12 24

C
R

T
 (

μm
)

Time (months)

A

B

-0.2
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6

BL 1 2 3 4 5 6 12 24

B
C

V
A

 (
lo

gM
A

R
)

Time (months)

With prior treatment 
297.0907.0796.0628.0)RAMgol( AVCB

[n] [131] [121] [73] [61] [70] [61] [54] [58] [40]

Without prior treatment
673.0125.0744.0646.0)RAMgol( AVCB

[n] [219] [195] [121] [111] [97] [112] [90] [88] [56]

With prior treatment 
2.2132.7144.5533.745)mμ( TRC

[n] [83] [78] [49] [34] [52] [32] [36] [30] [20]

Without prior treatment
3.5436.5634.4530.855)mμ( TRC

[n] [130] [124] [88] [81] [78] [81] [62] [63] [63]

Figure 3 Subgroup analysis based on presence or absence of prior treatment. (A) LogMAR BCVA and number of patients across 24 months. (B) CRT (μm) and number of
patients across 24 months. Markers and whiskers show the mean and standard deviation of BCVA and CRT, respectively.
Abbreviations: BCVA, best corrected visual acuity; BL, baseline; CRT, central retinal thickness; logMAR, logarithm of the minimum angle of resolution.

https://doi.org/10.2147/OPTH.S344194

DovePress

Clinical Ophthalmology 2022:16588

Shimura et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


0
100
200
300
400
500
600
700
800
900

BL 1 2 3 4 5 6 12 24

C
R

T
 (

μm
)

Time (months)

A

B

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8

BL 1 2 3 4 5 6 12 24

B
C

V
A

 (
lo

gM
A

R
)

Time (months)

BL decimal BCVA ≤0.1 
849.0289.0200.1623.1)RAMgol( AVCB

[n] [126] [119] [65] [65] [53] [72] [48] [57] [31]

BL decimal BCVA >0.1 to ≤0.5 
605.0954.0804.0915.0)RAMgol( AVCB

[n] [147] [131] [81] [73] [79] [60] [67] [58] [42]

BL decimal BCVA >0.5 
380.0611.0250.0411.0)RAMgol( AVCB

[n] [84] [72] [48] [35] [36] [42] [29] [33] [24]

BL decimal BCVA ≤0.1 
0.0430.2140.9130.716)mμ( TRC

[n] [66] [67] [44] [43] [42] [46] [30] [37] [13]

BL decimal BCVA >0.1 to ≤0.5 
4.7431.2433.3837.655)mμ( TRC

[n] [97] [92] [61] [54] [62] [44] [47] [36] [25]

BL decimal BCVA >0.5 
9.9921.3932.2437.164)mμ( TRC

[n] [51] [44] [33] [18] [27] [23] [21] [21] [16]

Figure 4 Subgroup analysis based on baseline decimal BCVA. (A) LogMAR BCVA and number of patients across 24 months. (B) CRT (μm) and number of patients across 24
months. Markers and whiskers show the mean and standard deviation of BCVA and CRT, respectively.
Abbreviations: BCVA, best corrected visual acuity; BL, baseline; CRT, central retinal thickness; logMAR, logarithm of the minimum angle of resolution.

Clinical Ophthalmology 2022:16 https://doi.org/10.2147/OPTH.S344194

DovePress
589

Dovepress Shimura et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


and expected by physicians. In the group with good BCVA at baseline, BCVA was maintained during the study. In the
group with poor BCVA at baseline, although there was a marked gain in BCVA between baseline and the final visit, the
final BCVA remained low. Specifically, in patients with a baseline BCVA in the middle range, which was an inclusion
criterion for the RCTs, the change in logMAR BCVAwas only −0.076. This was approximately +3.8 when converted to
Early Treatment Diabetic Retinopathy Study letters and was considerably smaller compared with the change observed in
the RCTs (over +13 letters),24,25 suggesting the potential to improve the treatment regimen in this population by
administering a sufficient number of injections.

Recovery and retention of useful visual acuity (decimal BCVA ≥0.5) is a primary treatment goal for macular
disease.26 In the present study, BCVA was improved or maintained at 24 months from baseline in 89.7% of patients,
whereas only 37.5% had a decimal BCVA >0.5 at the final visit. This suggests that the rate of achieving the treatment
goal in current clinical practice might be insufficient and that there is a need for early intervention and an improved
regimen (eg, a treat-and-extend regimen) in order to obtain better vision and achieve better patient satisfaction.

Limitations
Decisions regarding diagnosis and examination were made at the physicians’ discretion. The eligibility criteria did not
include or exclude patients based on risk of AEs or ADRs, but there is the possibility of selection bias if physicians
did so. Unlike in the previous RCTs, the intervals between follow-up visits were not tightly controlled; therefore, not
all data were collected for each outcome at each evaluation point, and the cohort data should be interpreted with
caution.

Conclusion
This study did not detect any new safety signals concerning IVT-AFL in patients with macular edema secondary to
CRVO under real-world clinical conditions. Given that nearly 90% of patients maintained BCVA throughout the 24
months of this study, it appears that the benefit–risk profile of IVT-AFL remains positive. More treatment benefit is likely
to be obtained by early diagnosis and intervention, and by monitoring and administering injections at appropriate times.
However, considering the trend of fewer treatments observed in this study, there may be little expectation of substantial
improvement in visual acuity in patients who have been previously treated, especially in those with low baseline vision,
who may show gains but continue to have low vision. These factors should be taken into account when considering
treatment involving anti-VEGF agent in patients with macular edema secondary to CRVO.
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