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Objective: To evaluate the efficacy on best corrected visual acuity (BCVA) and microvascular structure changes of conbercept intravitreal
injection for the treatment of macular edema (ME) secondary to different types of retinal vein occlusion (RVO) and to explore the baseline
OCTA parameters which were related to the change of BCVA and CRT after the intravitreal conbercept injection to RVO.

Methods: A retrospective observational study was conducted involving 67 eyes from 67 patients who were diagnosed with ME
secondary to RVO between April 2019 to December 2020. The subjects were divided into branch retinal vein occlusion (BRVO) and
central retinal vein occlusion (CRVO) according to the involved vessel, subsequently the subjects received intravitreal conbercept
treatment. The BCVA and fundus microstructure were measured to identify predictors of effective outcomes.

Results: BCVA, central retinal thickness (CRT), fovea avascular zone (FAZ), and foveal vascular density (FVD) in superficial
capillary plexus (SCP) were significantly changed from baseline to 6-month follow-up in both CRVO and BRVO. In the BRVO group,
age and baseline BCVA were correlated with changes of BCVA, while the baseline CRT, FVD in the DCP, and parafovea vascular
density (PFVD) in DCP were associated with changes of CRT (P<0.05). In the CRVO group, the baseline BCVA was correlated with
changes of BCVA, while age, gender, baseline CRT, FVD in DCP, and PFVD in DCP were associated with changes of CRT (P<0.05).
There were no serious adverse events (SAEs) related to the drug or the injection procedure.

Conclusion: Intravitreal injections of conbercept can improve BCVA and CRT and change the FVD in SCP effectively both in BRVO
and CRVO groups. In addition, the baseline FVD and PFVD in the DCP were related to the change of CRT after intravitreal
conbercept treatment.
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Introduction
Retinal vein occlusion (RVO) is an obstruction of the retinal venous system by thrombus formation." Many demographic
environmental, systemic, and ocular factors increase the risk on incidence of RVO, such as age, cardiovascular
comorbidities, hypertension, and glaucoma.”> Patients often suffer from sudden, monocular vision loss. Depending on
the extent of the affected retinal tissue, distinction is made between central retinal vein occlusion (CRVO) and branch
retinal vein occlusion (BRVO). RVO often leads to vision-threatening retinal vascular disorders, such as secondary
cystoid macular edema (ME), retinal neovascularization, neovascular glaucoma, and other complications.* Among those
complications, ME is a frequent and main cause of sight-threatening disorders.” Thus, the prevention and treatment of
ME secondary to RVO is still an important clinical issue in practice.

Vascular endothelial growth factor (VEGF) plays a key role in the pathogenesis of ME secondary to RVO.® It is
a cytokine produced by hypoxic cells that stimulates vascular permeability and proliferation by binding to endothelial cell
receptors. Based on numbers of prospective clinical trials, anti-VEGF therapy has become the preferred first-line therapy for
ME to RVO. Conbercept (Chengdu Kanghong Biotech Co., Ltd., Sichuan, China) is a new recombinant fusion protein
consisting of the extracellular domain 2 of VEGF receptor (VEGFR) 1 and extracellular domains 3 and 4 of VEGFR 2
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combined with the Fc portion of the human immunoglobulin G1, which can inhibit the activity of VEGF and effectively
penetrate the whole retinal layer.” Importantly, intravitreal injection with conbercept represents an excellent option for
treating ME to improve visual acuity in RVO with a satisfactory safety profile and efficacy.® However, the retinal blood
circulation of blocking VEGF remain a concern; one of which is whether anti-VEGF therapy impairs microvascular structure
changes in eyes with both BRVO and CRVO. Recently, noninvasive optical coherence tomography angiography (OCTA)
provided mapping of several retinal and choroidal vascular layers. The OCTA factors such as FAZ area, vascular density of
the SCP, DCP in the fovea and parafovea can evaluate the ocular pathologies with their associated vessels, but few studies
explored the predictor effect of OCTA factors on change of BCVA and CRT of RVO. And few reports have been published
regarding patients with both BRVO and CRVO complicated by ME who were treated with the conbercept and evaluated
using OCTA within a long-term follow-up. The aim of this study is, therefore, to evaluate the efficacy on BVCA and
microvascular structure changes of conbercept intravitreal injection for the treatment of macular edema (ME) secondary to
different types of retinal vein occlusion (RVO). Another aim of this study was to evaluate the baseline OCTA parameters
which were related to the change of BCVA and CRT after the intravitreal conbercept injection to RVO.

Methods

Ethics Statement

This study protocol conforms to the ethical guidelines of the tenets of the Declaration of Helsinki (2008) and was
approved by the Institutional Review Board of Fushun Eye Hospital. There was a waiver of consent in the present
retrospective study as this project meets the criteria according to Health & Human Services regulations.

Study Population

This retrospective study is of patients with an established diagnosis of ME secondary to RVO who received intravitreal
conbercept injections from April 2019 to December 2020. Patients who developed an RVO within 6 months of the
enrollment date with ME secondary to either a BRVO or CRVO [as confirmed on fundus angiography or optical
coherence tomography (OCT)] were consecutively recruited into the study.

All patients were identified at ophthalmologic clinic of Fushun Eye Hospital. Inclusion criteria were as follows: age >18
years old; intraocular pressure (IOP) <21 mmHg, best-corrected visual acuity (BCVA) >0.3 (logarithm of the minimum angle
of resolution, logMAR),” and central retinal thickness (CRT) >250 um; and accepted OCTA examinations. Exclusion criteria
were as follows: presence of chronic dacryocystitis, glaucoma, cataract, severe proliferative vitreoretinopathy or vitreous
hemorrhage, macular epiretinal membrane or macular ischemia, diabetic retinopathy, age-related macular degeneration,
ocular trauma history, or other retinal/ocular diseases; prior systemic anti-VEGF therapy, and undergone intraocular steroid
therapy in the study eye within 3 months.

Study Examinations

At baseline, all patients underwent a comprehensive ophthalmologic examination, which included measurement of
BCVA, slit-lamp biomicroscopy, indirect ophthalmoscopy, IOP (Canon TX-20, Canon Corporation, Tokyo, Japan),
CRT [spectral-domain OCT (Spectralis, Heidelberg Engineering, Heidelberg, Germany)], fovea avascular zone (FAZ),
fovea vascular density (FVD), and parafovea vascular density (PFVD) in superficial capillary plexus (SCP) and in deep
capillary plexus (DCP) using OCTA (software ReVue version 2017.1.0.155, Optovue Inc., Fremont, CA), fluorescein
fundus angiography (FFA, Spectralis, Heidelberg, Germany). Systemic and ophthalmic medical history, as reported by
patients, was also carefully reviewed. BCVA, IOP, CRT, and OCTA measurements were re-examined 1-, 2-, 3-, and
6-months after treatment.

Study Treatments
All eyes were treated by intravitreal injection of conbercept (0.05 mL/0.5 mg; Chengdu Kang Hong Biotechnology Co.,
Ltd.) on a 3 + pro re nata (3+PRN) basis. Eyes were re-injected if either of the following conditions occurred during
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follow-up: 1) increase of 100 um in CRT compared with the previous measurement; 2) >2 lines of vision decrease in
Snellen acuity; 3) presence of new retinal neovascularization.

The Evaluation of Fundus Microstructure

For each eye, a 6x6-mm scan centered on the fovea was acquired using OCTA. The SCP en face image was segmented
with an inner boundary at 3 pm beneath the internal limiting membrane and an outer boundary set at 15 um beneath the
inner plexiform layer, whereas the DCP en face image was segmented with an inner boundary 15 um beneath the inner
plexiform layer and an outer boundary at 70 pm beneath the inner plexiform layer. The FAZ, vascular density of the SCP,
DCP in the fovea and parafovea automatically generated by the instrument was recorded (Figure 1).

Definition

BRVO was defined by the presence of retinal hemorrhages or other biomicroscopic evidence of RVO and a dilated
venous system in one or two quadrants of the retina drained by the same vein; CRVO was defined as a RVO that involved
four retinal quadrants.'® Vessel density was calculated as the proportion of the measured area occupied by blood vessels
with flow, defined as pixels having decorrelation values above the threshold level. The fovea was defined as the area
within the central 1-mm ring of the Early treatment Diabetic retinopathy Study (ETDRS) grid. Parafovea was defined as
the area between the central 1- and the 3-mm ring of the ETDRS grid. The duration of BRVO or CRVO at baseline was
determined using the onset of symptoms (the date when the patient first became aware of a decrease in visual acuity) as
the start date of the RVO.

Statistical Analysis

All statistical analyses were performed using SPSS version 19.0 (SPSS Inc., Chicago, IL). Quantitative data were
expressed as mean valuetstandard deviation (SD), while qualitative data were expressed as frequency (percentage). The
Student’s ¢-test or the Mann—Whitney U-test was used to determine the significance of the differences in quantitative data
between BRVO and CRVO groups. Categorical variables were compared using the Chi-square test. Multivariable linear
regression model was used for assessing the influence factors on the change of BCVA and CRT from baseline to the last
visit. All statistical tests were two-sided and a P-value less than 0.05 was considered statistically significant.

Vascular density
imaging of superficial
retinal vessels

Vascular density
imaging of deep
retinal vessels

Optical coherence
tomography

Baseline 1 week 1 month 3 month 6 month

Figure | The changes of vascular density of SCP and DCP after intravitreous Conbercept injections. A 65-year-old female presented with marked severe cystoid macular
edema secondary to branch retinal vein occlusion in the left eye. This patient received four intravitreous conbercept injections at baseline, |, 2, and 5 months. After 6
months, his best corrected visual acuity (logMAR) significantly improved from 1.0 at baseline to 0.3 associated with an obvious reduction in central retinal thickness.
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Results

Baseline Characteristics

Sixty-seven eyes of 67 patients (51 eyes with BRVO and 16 eyes with CRVO) were enrolled. The baseline characteristics
of two groups are presented in Table 1. Patients in the BRVO group had significantly better BCVA and lower levels of
CRT and FAZ, while the duration of the BRVO group was significantly longer and FVD in DCP was significantly larger
in the BRVO group compared to the CRVO group.

Changes of Patients’ Characteristics in Two Groups

The mean changes of BCVA, CRT, FAZ, and FVD in SCP from baseline to month 6 in BRVO and CRVO groups are
referred to in Figure 2A—D. The changes of the PFVD in SCP, FVD in DCP, and PFVD in DCP were not significant both
in BRVO and CRVO groups (Figure 2E-G).

Baseline Characteristics with Changes of BCVA and CRT

The results of the linear regression analysis of basic characteristics with changes of BCVA and CRT from baseline to
follow-up in two groups are summarized in Tables 2 and 3, respectively. In the BRVO group, age and baseline BCVA
were correlated with changes of BCVA (P<0.05); the baseline CRT, FVD in the DCP, and PFVD in DCP were associated
with changes of CRT (P<0.05). In the CRVO group, the baseline BCVA were correlated with changes of BCVA
(P<0.05); age, gender, baseline CRT, FVD in DCP, and PFVD in DCP were associated with changes of CRT (P<0.05).

Number of Injections

In the per protocol set, the mean number of injections was 3.59+0.73 (interquartile range=4.00-3.00) in BRVO and 4.00
+0.89 (interquartile range=4.75-3.00) in CRVO from baseline to month 6. There was not a significant difference between
the groups regarding the mean number of injections (P=0.07).

Serious Adverse Events

Intravitreal conbercept was generally well tolerated. From baseline to 6 months follow-up, the cases experiencing at least
one ocular side adverse events (SAE) in the study eye was similar in BRVO and CRVO groups, and all the SAEs were
not related to the drug or the injection procedure (Table 4).

Table | Baseline Characteristics of the Included Subjects

BRVO (n=51) CRVO (n=16) P
Age, years 60.43+8.77 58.00+£9.54 0.577
Male, n (%) 35 (68.63) 10 (62.50) 0.311
Right eyes, n (%) 23 (45.10) 8 (50.00) 0.587
Duration, months 1.77+0.69 1.34+0.21 0.017*
Hypertension 20 (39.22) 8 (50.00) 0.639
Diabetes mellitus 13 (25.49) 5 (31.25) 0.439
Hyperhomocysteinemia 23 (45.10) 8 (50.00) 0.587
BCVA, logMAR 1.08+0.45 1.19£0.52 0.035*
CRT, um 579.84%174.19 709.00+283.53 <0.001*
FAZ, mm? 0.28+0.13 0.31+0.18 0.028*
FVD in SCP (%) 28.87+4.03 30.73+5.88 0.156
PFVD in SCP (%) 44.21+5.83 42.59+5.01 0.321
FVD in DCP (%) 36.44+8.50 28.64+4.32 0.001*
PFVD in DCP (%) 45.05+5.93 42.59+7.50 0.180

Note: * The difference has statistical significance.

Abbreviations: BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion; BCVA, best-corrected visual acuity;
CRT, central retinal thickness; FAZ, fovea avascular zone; FVD, fovea vascular density; SCP, superficial capillary plexus; PFVD,
parafovea vascular density; DCP, deep capillary plexus.
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Figure 2 Time course of evaluation of the therapeutic effect of intravitreous Conbercept injection at baseline and each follow-up visit evaluation of branch retinal vein
occlusion (BRVO) group and central retinal vein occlusion (CRVO) group. (A) Best-corrected visual acuity (BCVA) logarithm of the minimum angle of resolution (logMAR);
(B) Central retinal thickness (CRT); (C) Fovea avascular zone (FAZ); (D) Fovea vascular density (FVD) in superficial capillary plexus (SCP); (E) Parafovea vascular density
(PFVD) in superficial capillary plexus (SCP); (F) Fovea vascular density (FVD) in deep capillary plexus (DCP); (G) Parafovea vascular density (PFVD) in deep capillary plexus
(DCP). *Significance between baseline and month 6.

Discussion

Overexpression of VEGF and its receptors has been closely related to serum protein exudation, retinal thickening, and the
presence of ME."' In addition, ischemia of local retinal tissue after RVO can increase VEGF in the retinal pigment
epithelium, pericytes, and microvascular endothelial cells. VEGF causes blood vessels to expand and increases blood
flow, as well as increasing permeability through enhanced production of nitric oxide, and this leads to the accumulation
of liquid, ME formation.'> CRVO and BRVO are two distinct clinical entities with varying natural course and the
response to and length of treatment,'? although CRVO accounts for only approximately 20% of RVOs, it leads to poorer
visual acuity prognoses and quality-of-life when compared to patients with BRVO.'*'> Anti-VEGF agents therapy has
been promoted for the management of RVO because it can inhibit angiogenesis and decrease vascular permeability in
retina,'® several studies have confirmed the effect of different anti-VEGF agents against RVO, such as VIBRANT study

Table 2 Linear Regression Analysis of Baseline Characteristics with Changes of BCVA and CRT Over 6
Months in BRYO

BCVA CRT
B 95% Cl P B 95% Cl P
Age 0.288 0.005-0.023 0.004* —0.019 —3.741-2918 0.804
Gender 0.096 —0.102-0.278 0.356 —0.082 —102.571-33.478 0.311
Duration 0.012 —0.043-0.049 0.896 —0.063 —23.537-9.085 0.376
BCVA —0.926 —1.098-0.660 0.001* 0.037 —62.472-94.463 0.683
CRT 0.029 0-0.001 0.785 —0.813 —1.089-0.714 0.001*
FAZ 0.046 —0.518-0.822 0.648 —0.021 —271.971-208.030 0.789
FVD in SCP (%) 0.038 —0.009-0.012 0.738 —0.084 —5.583-1.980 0.341
PFVD in SCP (%) —0.046 —0.020-0.013 0.687 0.097 —2.702-9.108 0.280
FVD in DCP (%) 0.004 —0.007-0.007 0.963 —0.243 —6.602—1.556 0.002*
PFVD in DCP (%) —0.042 —0.016-0.011 0.659 0.175 0.856—10.519 0.022%*

Note: * The difference has statistical significance.

Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness; BRVO, branch retinal vein occlusion; Cl, confidence
interval; FAZ, fovea avascular zone; FVD, fovea vascular density; SCP, superficial capillary plexus; PFVD, parafovea vascular density; DCP,
deep capillary plexus.
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Table 3 Linear Regression Analysis of Baseline Characteristics with Changes of BCVA and CRT Over 6 Months

in CRVO
BCVA CRT
B 95% ClI P B 95% ClI P
Age -0.266 —0.034-0.009 0.205 —0.308 —17.616-2.913 0.016*
Gender 0.127 —0.603-0.829 0.701 0.491 74.826-555.820 0.020*
Duration 0.224 —0.225-0.423 0.469 —0.023 —116.380-101.841 0.871
BCVA -0.775 —1.180-0.137 0.023* —0.127 —253.130-98.306 0.309
CRT 0.309 0.000-0.001 0.174 —1.105 —1.502-0.973 0.001*
FAZ -0.258 —1.890-0.625 0.253 -0.077 —558.485-288.678 0.450
FVD in SCP (%) -0.275 —0.037-0.014 0.305 0.222 —2.033-15.004 0.108
PFVD in SCP (%) —0.025 —0.061-0.057 0.928 0.040 —17.318-23.360 0.757
FVD in DCP (%) 0.199 —0.021-0.036 0.529 —0.467 —22.405-3.305 0.020*
PFVD in DCP (%) -0.263 —0.047-0.016 0.263 0.410 6.674-28.025 0.009*

Note: * The difference has statistical significance.

Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness; CRVO, central retinal vein occlusion; Cl, confidence interval;
FAZ, fovea avascular zone; FVD, fovea vascular density; SCP, superficial capillary plexus; PFVD, parafovea vascular density; DCP, deep capillary
plexus.

Table 4 Ocular Serious Adverse Events After Injection of Conbercept, n (%)

Overall (n=67) BRVO (n=51) CRVO (n=16) P
Injection site injury I (16.42) 8 (15.69) 3 (18.75) 0.716
Conjunctivitis 3 (4.48) 2 (3.92) 1 (6.25) 0.565
IOP (>21 mmHg) 1 (1.49) I (1.96) 0 (0.0 0.999
Vitreous floaters 2 (2.99) 2 (3.92) 0 (0.0 0.999
Cataract 0 (0.0 0 (0.0 0 (0.0 0.999

Abbreviations: BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion; IOP, Increased intraocular pressure.

(demonstrated the efficacy of monthly intravitreal aflibercept injection on macular edema secondary to BRVO at 24
weeks) and RETAIN study (described good long-term results in BRVO patients treated with ranibizumab).'”'®
Conbercept has strong bioactivity with VEGF.'®' In our study we established the efficacy on logMAR BCVA and
CRT of conbercept intravitreal injection for the treatment of macular edema secondary to RVO, which was compatible
with the findings of previous studies.®*° In the study, we established the safety of intravitreal conbercept therapy on
RVO, there are no ocular side adverse events (SAE) in the study eye which were related to the drug or the injection
procedure in both BRVO and CRVO groups.

OCTA is a fast, noninvasive test, and allows improved and accurate visualization of microvascular changes. OCTA allows
better visualization of the microvascular abnormalities in RVO, including neovascular fronds, FAZ, and other microvascular
abnormalities at the level of the SCP and DCP.?'* In the current study, we found FAZ area and mean foveal vascular density
at the level of the SCP as measured by OCTA changed after intravitreal conbercept injection. Mean parafoveal vascular
density at the level of the SCP and DCP as measured by OCTA remained stable after following intravitreal conbercept
injection. Previous studies illustrated that anti-VEGF therapy did not worsen capillary nonperfusion.”* The enlargement of
FAZ area may be due to the ischemia which had caused nonreversible damage of retinal capillary in RVO patients. Another
possible cause was the retinal capillary system in eyes with cystoid macular edema (CME) which may be displaced by the
physical effect of the cystoid spaces, and the central macula was more apt to be affected by CME. Consequently, the
enlargement of FAZ and the decrease of foveal vascular density at the level of SCP simply reflect a resolution of segmentation
artifact and not deterioration in the capillary flow. Parafoveal vascular density at the level of the SCP and DCP which was less
affected by CME remained stable after intravitreal conbercept injection. Feucht et al* reported similar changes of FAZ
measured in FA images after anti-VEGF therapy in CME secondary to RVO. However, several studies showed that retinal
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capillary density and FAZ area remained statistically unchanged in the short-term after a single intravitreal injection of an anti-
VEGF agent.?*?’

In our study, we established baseline BCVA was the predictor of the change of BCVA, patients with low baseline BCVA
showed greater improvement than patients with higher baseline BCVA. However, in our study we did not find the baseline
CRT and duration were associated with BCVA outcomes, which was not consistent with the former study.”® We found
higher baseline CRT was associated with a greater decrease in CRT that was consistent with the findings of Scott et al,** and
we did not find duration was associated with the change of CRT.

None of these OCTA factors such as FAZ area, vascular density of the SCP, DCP in the fovea and parafovea were
found to be associated with BCVA outcome after intravitreal injections in our study. Nevertheless, in both BRVO and
CRVO groups, we found baseline FVD and PFVD in the DCP were related to the change of CRT, which might suggest
the micro-structure of the DCP was more easily affected by ME.*%!

Notably, the present study has some limitations. First, the number of patients was relatively small. Because there is no
previous report on the differences between BRVO and CRVO after conbercept treatment, it is difficult to calculate the
sample size. Herein, we included 67 patients with RVO, but only 16 patients with CRVO. We knew that the power for
determining if any differences between diagnosis types have any hope of reaching significance was limited. A further
large sample size study is needed to provide robust evidence. Second, there is a possibility of significant referral bias
because of the retrospective and single-center design of the study. Third, data on more long-term events and follow-up
were relatively insufficient and are planned to be included in a future study. At last some types of artifacts may affect the
OCTA measurements, especially in eyes with ocular diseases.

Conclusion

Intravitreal injections of conbercept can improve BCVA, CRT, and change the FVD in SCP effectively in both BRVO
and CRVO groups. In addition, the baseline FVD and PFVD in the DCP were related to the change of CRT after
intravitreal conbercept treatment.
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