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Purpose: The objective of this research was to assess the effectiveness and safety of using Conbercept injection and dexamethasone
implant (DEX 1) in sequence for treating refractory macular edema (ME) caused by central retinal vein occlusion (CRVO) in patients.
Methods: A study was conducted on 34 patients with persistent macular edema caused by central retinal vein occlusion, reviewing
their medical history and interventions performed. Sequential implantation of DEX I was performed 1 week after the Conbercept
injection. OCTA images were used to measure central retinal thickness (CRT), best-corrected visual acuity (BCVA), intraocular
pressure (IOP), and pre- and post-treatment vessel density of the superficial capillary plexus (SCP) and deep capillary plexus (DCP),
with a 1-year follow-up period.

Results: At the 12-month follow-up, participants demonstrated notable improvements in central retinal thickness and intraocular
pressure (p < 0.05). Throughout the monitoring period, no significant differences were found in BCVA improvement or vessel density
reduction (p > 0.05). Two patients required topical treatment to lower their intraocular pressure during the study period.
Conclusion: In conclusion, patients experiencing persistent ME due to secondary CRVO may benefit from transitioning to a treatment
regimen involving Conbercept and DEX I, potentially resulting in a reduction in CRT. However, no significant improvement was
observed in BCVA or deep and superficial capillary plexus vessel density.
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Introduction

Macular edema (ME) is the predominant cause of vision impairment in patients with central retinal vein occlusion (CRVO)."
The primary reason for CRVO patients’ visual impairment, the exact cause of ME remains unclear, a variety of factors
contribute to the breakdown of the inner blood-retinal barrier, including vascular hyperpermeability, and heightened local
inflammatory reaction.” VEGF inhibitors, among ranibizumab, aflibercept, and Conbercept, have been proven effective in
improving both visual function and macular structure over an extended period of time.*> Long-acting corticosteroid
medications (DEX I; Ozurdex; Allergan Inc., Irvine, CA, USA, and Allergan Pharmaceuticals, Dublin, Ireland) can moreover

serve as a viable option, whether as an initial or subsequent treatment, for macular edema in CRVO.®
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However, patient responses to therapy vary widely, often due to the intensive treatment schedules required by clinical
trials, which can affect compliance. Treatment does not seem to work well for a significant percentage of patients,
according to studies, both anatomically and functionally, despite rigorous efforts.” Studies have also shown that patients
with CRVO who do not initially respond to anti-VEGF or steroid treatments represent a distinct subgroup. Additionally,
some patients who experience early functional and anatomical improvements may later become refractory to these
treatments.® Approximately 28.6% of the eyes improved by more than 15 letters after receiving an anti-VEGF injection
for 12 months according to an actual study. Additionally, 59.5% of the eyes maintained a stable visual acuity (less than
15 letters gained or lost), while 11.9% of the eyes saw a decrease of more than 15 letters over the course of the study.’
Conversely, DEX 1 demonstrates a decrease in efficacy after an average of 4 months post-injection, requiring more
frequent reinjections than recommended in the European guidelines.'”

Patients suffering from ME who do not have a positive reaction to anti-VEGF or DEX I by itself may consider
combining anti-VEGF with steroids as a possible alternative treatment choice. To our knowledge, this is the first study to
apply Conbercept and DEX I to the sequential treatment of patients with refractory CRVO-ME to evaluate patient vision
and anatomic outcomes as well as safety. Previous treatment with anti-VEGF or DEX I as monotherapy was ineffective
in these patients.

ME secondary to RVO is complex and involves multiple factors."' A rise in intraluminal venous pressure prior to
occlusion increases hydrostatic pressure as per Starling’s law, resulting in plasma. The heightened pressure within the
extracellular space leads to increased fluid retention, exacerbating interstitial edema. Chronic ischemic damage occurs
when retinal capillaries do not receive adequate blood supply. In the hypoxic retina, there is an increase in the production
of VEGF as well as substances that cause inflammation that lead to the breakdown of the barrier between the retina and
blood vessels.'? Macular thickening can occur despite the presence of collateral vessels because VEGF induces self-
sustaining vascular hyperpermeability.

Prospective randomized controlled trials (RCTs) and real-world studies have confirmed the effectiveness of both anti-
VEGF drugs and steroids, showing notable enhancements in visual acuity and macular structure. The safety and
effectiveness of one or two intravitreal DEX I injections over a 12-month period were evaluated in the GENEVA trial
for eyes with macular edema caused by either BRVO or CRVO and had not received previous treatment.'>
Simultaneously, research papers are assessing the effectiveness and safety of Conbercept when used in conjunction
with RVO for treating ME.>'*

The aim of this study is to evaluate the effectiveness and safety of sequential treatment with Conbercept and DEX I in
patients with refractory ME secondary to CRVO, particularly those who did not respond adequately to prior anti-VEGF
or steroid monotherapy, by assessing both visual and anatomical outcomes.

Material and Methods
Between February 2021 and February 2022, the Department of Ophthalmology at the 2nd Affiliated Hospital of Harbin
Medical University received 34 patients with treatment-resistant ME caused by CRVO. A written informed consent form
was signed by each patient, and the study protocol was followed the Helsinki Declaration on Human Subjects and was
approved by the review board of the 2nd Affiliated Hospital of Harbin Medical University.

Patients over the age of 18 with confirmed CRVO on angiography, refractory ME due to CRVO, who had received
a minimum of five ranibizumab injections and at least one DEX I as monotherapy in the study eye before enrollment, met
the inclusion criteria. At one month post-ranibizumab (4th) injection and four months post-DEX I administration, optical
coherence tomography (OCT) showed intraretinal or subretinal fluid in patients with refractory macular edema.

Uncontrolled glaucoma, characterized by ongoing visual field deterioration despite optimal IOP management, was
among the exclusion criteria. Exclusion criteria included patients who had undergone vitrectomy or intraocular surgery
within 6 months before experiencing retinal vein occlusion (RVO), with significant lens opacity that prevented high-
quality fundus examination and OCT imaging, or someone who had recently experienced a cardiovascular event prior to
receiving anti-VEGF medication, and patients with other retinal diseases that contributed to the formation of macular

edema. Previous macular grid laser treatments were not considered as exclusion criteria.
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At the time of RVO diagnosis, every patient received a thorough eye examination that included assessment of best-
corrected visual acuity (BCVA), which was measured using the Snellen chart and subsequently converted to logarithm of
the minimum angle of resolution (LogMAR) for statistical analysis, slit lamp biomicroscopy, Goldmann applanation
Tonometry, and fundus examination. CRT was assessed using spectral domain optical coherence tomography (SD-OCT,
OptovueRTVue XR, Optovue, Inc., Fremont, CA), while vascular retinal markers were evaluated with OCT angiography
(OCTA, ReVue, Optovue, Inc., Fremont, CA).

The participants were followed up for a duration of 12 months. Demographic information, BCVA transformed into
LogMAR, IOP, CRT, and VD of both the superficial and deep capillary plexus were examined and gathered.

AngioVue (Optovue RTVue XR Avanti; Optovue Inc, Fremont, CA) was utilized to obtain OCTA images. An 840 nm
diode laser source was utilized by the system, operating at a rate of 70 kHz/s for A-scans. Both eyes in the study group and
the control group were scanned using a 3.3 mm center focused on the center of the macula. Orthogonal registration
algorithms were utilized to generate three-dimensional OCTA images. Following that, the AngioVue program (version
A2017,1,0,151) autonomously divided the vascular region into four sections (SCP, DCP, outer retina, and choroid).SCP
segmentation automatically includes vessels from the internal limiting membrane up to 10 mm above the inner plexus,
while DCP segmentation includes vessels from 10 mm above the inner plexus down to 10 mm below the outer plexus. This
version of AngioVue software incorporated projection artifact removal algorithms. Analysis was performed on OCTA
images obtained when macular edema subsided. In cases where multiple OCTA images were available for a patient, only
those of highest quality were selected for analysis purposes. Any segmentation errors encountered were manually rectified
in each individual. Vascular density in a specific area is determined by the proportion of space taken up by both large and
small blood vessels. AngioVue software automatically calculates and displays the vascular density of SCP and DCP.'>!¢

Initially, all patients received intravitreal Conbercept injections (0.05 mL/0.5 mg, Lumitin; Chengdu Kang Hong
Biotech Co., Ltd., Sichuan Province, China), followed by intravitreal DEX I treatment (0.7 mg, OZURDEX®, Allergan,
Inc., Irvine, CA) one week later. Conbercept treatment may be reconsidered for patients with recurrent or persistent
central retinal vein occlusion-associated macular edema (CRVO-ME) if the effects of DEX I lasted only 3—4 months.

The primary objective was to assess changes in BCVA and CRT over 12 months, starting from the first intravitreal
injection of Conbercept, followed by sequential treatment with DEX 1. Additional measures consisted of visualization of
superficial and deep capillary networks, alterations in intraocular pressure, and the quantity of necessary interventions.

Statistical Analysis

In order to analyze the data, IBM Corp. SPSS 22.0 software was used. Mean values data that follows a normal
distribution will have measurements within 1 standard deviation. Injections intervals and OCTA parameters before and
after switching were compared using paired samples #-tests. BCVA, CRT, and IOP were compared using one-way
analysis of variance and the LSD post hoc test. All tests were conducted with a two-tailed approach, and a p value less
than 0.05 was considered to be statistically significant.

Results

Initially, a total of 40 patients were included in the study, but 6 patients were later excluded due to following up is not
being done. At the end, 34 participants’ eyes were examined (17 males, mean age 53.56 + 9.02 years), 21 (61.8%) were
pseudophakic, and 13 eyes (38.2%) were phakic. Before entering the study, the patients had undergone 5.69 + 0.60
ranibizumab and 1.67 + 0.52 DEX I injections, as a monotherapy. Table 1 displays the basic traits of the 34 individuals
involved in the study.

Overall, the number of Conbercept injections were 4.2+1.1 required by the patients throughout the study. Compared
to the starting point, the BCVA did not exhibit any notable enhancement at different intervals: 0.76 + 0.39 after 1 month
(p > 0.05), 0.75 + 0.28 after 2 months (p > 0.05), 0.74 £ 0.22 after 3 months (p > 0.05), 0.75 + 0.25 after 6 months (p >
0.05).and 0.76 + 0.29 at 12 months (p > 0.05) (Figure 1).

The initial CRT measurement was 648.72 + 59.13 um, which decreased to 325.69 + 45.76 um after one month of
receiving the combined treatment, resulting in an average reduction of 323.03 um. At 2 months, the CRT measured
329.07 £ 42.98 um, which measured to 338.97 = 51.27 um at 3 months, then decreased to 320.07 = 46.56 um at 6 months
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Table 1 Demographics and Clinical Characteristics of

Patients
Variables Characteristics
Age (years) Mean+SD 53.56+9.02
Sex
Female (n, % of total) 17(50%)
Male (n, % of total) 17(50%)
Medical history
With diabetes (%) 12(35.3%)
With hypertension (%) 13(38.2%)
With ischemia (%) 23(67.6%)
Without ischemia (%) 11(32.4%)
History of cataract surgery type 21(61.8%)
Baseline BCVA (LogMar) 0.81+0.15
Baseline IOP (mmHg) 17.191.11
Baseline CRT (um) 648.72+59.13
Baseline SCP 39.39+3.75
Baseline DCP 38.61%3.71
Number of injections (n, Anti-VEGF) 5.69+0.60
Number of injections (n, DEX 1) 1.67+0.52

Abbreviations: BCVA, Best corrected visual acuity; IOP, intraocular
pressure; CRT, Central retinal thickness; SCP, superficial capillary
plexuses; DCP, deep capillary plexuses, Anti-VEGF, anti-vascular
endothelial growth factor; DEX |, dexamethasone Implants.

and 316.76 + 48.72 um at 12 months. This reduction was statistically significant compared to the initial value (p < 0.001)

as shown in Figure 2.

Prior to and after combination therapy, there were no significant differences in retinal vessel density (VD) of the SCP
and DCP levels(all p > 0.05) as shown in Figures 3 and 4.
Intraocular pressure (IOP) showed a significant difference pre- and post-combination therapy (p < 0.05) as

illustrated in Figure 5.

In total, 8 eyes experienced adverse events (AEs) at the 12-month follow-up. Among these cases, the majority (n =

6.75%) experienced elevated IOP, with two of them receiving IOP-lowering medications for management. Furthermore,
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Figure | Best corrected visual acuity (BCVA, LogMar) changes before and after treatments.
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Figure 2 Central retinal thickness (CRT) changes before and after treatments.
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Figure 3 Superficial capillary plexuses (SCP) changes before and after treatments.

there were two instances of subconjunctival hemorrhage documented throughout the duration of the research. There were
no significant adverse events recorded.

Discussion

The findings of current study demonstrate that sequential treatment with Conbercept and DEX 1 significantly reduces
CRT in patients with refractory macular edema secondary to CRVO. The reduction in CRT was observed as early as one
month after treatment and was sustained throughout the 12-month follow-up period, highlighting the anatomical benefit
of this combination therapy. Nevertheless, despite the notable reduction in CRT, no significant improvements in BCVA
were observed at any of the follow-up intervals. This suggests that while the combination therapy is effective in
addressing macular edema, it may not result in corresponding functional improvements in vision, potentially due to
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Figure 5 Intraocular pressure (IOP) changes before and after treatments.

chronic damage to retinal structures that cannot be reversed. Additionally, no significant changes were noted in retinal
vessel density of the superficial and deep capillary plexus, further emphasizing the limited functional response to the
treatment. Elevated IOP was a common adverse event, affecting 75% of those who experienced complications, under-
scoring the need for careful monitoring of IOP during the treatment course. However, in actual clinical practice, there are
patients with RVO who do not respond or respond incompletely to either drug as a monotherapy.'” The present study
represents the first attempt to assess the effectiveness and safety of combining Combercept and DEX I in a sequential
treatment approach for refractory RVO.

The lack of success with ranibizumab or DEX I monotherapy could be due to various root causes, as a single
compound may only address a particular part of the pathway that leads to ME, a range of factors can contribute to
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rebound retinal edema, particularly when multiple factors are involved in its pathophysiology.'® For instance, the interval
between injections may be extended as the drug’s pharmacological effect diminishes over time. Despite achieving
a reduction in CRT initially, this improvement was not maintained consistently throughout the entire follow-up period.
This indicates that ongoing or repeated swelling in the retina after microvascular damage could hinder the enhancement
of BCVA."

Our research found a notable decrease in CRT during the initial month after using Conbercept in combination with
DEX I treatment, with BCVA showing improvement that did not reach statistical significance when compared to the
starting point. Identified determinants linked to poor visual outcomes after resolving ME include prolonged ME duration,
prior VEGF treatment, and inadequate response to initial DEX I treatment.”>*' A retrospective cohort study by Mizuki
Tagami et al was recently published, focusing on patients with ME caused by RVO who were initially treated with
ranibizumab and later switched to aflibercept, both being anti-VEGF agents. Their results indicated that there was no
significant change in BCVA from the beginning to the 12-month follow-up, which is also consistent with the findings of
our study from anti-VEGF switching to DEX I injection.”* Furthermore, Blanc et al conducted a retrospective cohort
study on patients with ME caused by RVO. In this study, the patients initially received DEX I treatment and subsequently
switched to anti-VEGF drugs. The results showed a notable decrease in CRT after 3 years compared to the baseline, and
this change was not related to the final BCVA, aligning with the findings of our study.® Chronic swelling may lead to
permanent harm in eyes with neovascular age-related macular degeneration or diabetic macular edema.>*?* Other factors
like initial CRT, visual function, age, treatment, RVO type, and BRB breakdown can also affect final BCVA.?®
Furthermore, metabolic issues, toxic cytokines, inflammation in the surrounding area, physical stress on retinal cells,
and harm to the outer layers of the retina may hinder the function of photoreceptors without the presence of macular
fluid.?” The early initiation of sequential therapy is hypothesized to potentially mitigate irreversible retinal damage,
thereby improving long-term visual outcomes.

Our data reveal substantial variability in the reduction of CMT at different follow-up intervals over the one-year period.
We propose that the limited effectiveness of ranibizumab or DEX I as standalone therapies may stem from various factors.
Each treatment may target specific components of the ME pathway, particularly in cases characterized by multiple
underlying contributors to the disease process.”® Rebound retinal edema may occur if the time between injections is
extended or if the drug’s effectiveness decreases over time. Alternative mechanisms of ME maintenance may be enhanced
as the disease progresses to the chronic phase.”” There is a theory that sudden retinal ischemia in CRVO may trigger the
production of VEGF by retinal pigment epithelial cells, endothelial cells, and Miiller cells.*® In the acute phase of ME,
VEGF-mediated vascular permeability increase may be the primary driving force. If restoration of the physiological blood-
retinal barrier fails to occur spontaneously or through pharmacological intervention, persistent local secretion of pro-edema
factors other than VEGF may ultimately result in capillary insufficiency, neuronal cell dysfunction, and photoreceptor
damage.®' In patients with RVO who were treated with intravitreal anti-VEGF therapy, the levels of various cytokines
related to the development of RVO, such as IL-1a, IL-6, IL-8, IP-10, MCP-1, and platelet-derived growth factor-AA, did
not exhibit notable changes in aqueous humor concentrations. The findings potentially validate the presence of a VEGF-
independent pathway in RVO-induced ME.*? It is anticipated that a combined therapeutic approach targeting multiple
cytokines and growth factors will be effective in disrupting this pathological cycle.

Ren et al showed that treating 34 patients with macular edema caused by retinal vein occlusion with DEX I and
ranibizumab in sequence led to notable enhancements in anatomical structure, BCVA, and VD over a year, along with
a decrease in the number of intravitreal injections needed.”® The studies included untreated eyes or cases with shorter
durations of ME. Nevertheless, our BCVA findings vary due to the connection between prolonged macular thickening
and permanent harm to photoreceptors and retinal pigment epithelium (RPE).** Chiara Giuffré et al observed that roughly
66% of patients with persistent macular edema resulting from retinal vein occlusion experienced improvement after
one year of treatment with a combination of aflibercept and DEX I. Nevertheless, consistent with our study, this
improvement did not lead to a statistically significant increase in visual acuity.*

Throughout the study, we observed a modest decline in the vessel density of both the deep capillary plexus (DCP) and
superficial capillary plexus (SCP) by the conclusion of the monitoring period. Previous research has shown that vessel
densities in both the SCP and DCP are significantly lower in patients with CRVO compared to healthy eyes, with
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particularly notable damage evident in the DCP.>*>” The deeper retinal layers are highly vascularized and may be more
vulnerable to central retinal vein occlusion (CRVO) than the superficial layers, with macular edema primarily affecting
these deeper regions. Recurrent or persistent macular edema can lead to significant capillary loss, making recovery
through anti-VEGF or DEX 1 treatments more challenging.®® Research conducted by Agnes Glacet-Bernard et al
demonstrated that although DEX I was effective in addressing macular edema, OCTA showed only a slight decrease
in average macular blood vessel density, which is consistent with our results.*

However, the findings of Min Zhang et al demonstrated a significant advantage of DEX I in preserving retinal
perfusion in patients with RVO.*® We propose that the discrepancies in findings among various studies could stem from
differences in instrumentation, the specific regions of focus, the methodologies used for calculating vascular density, and
the timing of observations. A significant contributor to this variability is likely the duration and severity of the disease.
Although treatments with anti-VEGF or DEX I may slow down the progression of ischemia or yield short-term benefits,
they might not avert long-term ischemic damage. Our findings indicate a strong likelihood of progressive and irreversible
ischemic injury to the deep retinal vessels.

The cumulative incidence of adverse events in this study was 6 cases of transient and mild elevated intraocular
pressure (IOP <30 mmHg), 2 of which were effectively controlled by the use of antihypertensive medications. When

1541 45 there is no

patients have increased pressure inside their eyes, it is imperative to be aware of this possibility,
agreement on the frequency of hormonal reaction and subsequent glaucoma in patients treated with dexamethasone in
clinical trials.

This study has several limitations, including its retrospective design, the lack of a control group, and the small sample
size. The sample size was determined based on feasibility, considering the relatively rare nature of refractory CRVO-ME
and the availability of eligible patients within the study period. While no formal sample size calculation was performed
prior to the study, we aimed to ensure adequate representation to observe meaningful clinical outcomes. However, we
also acknowledge that this sample size may limit the generalizability of the findings. Due to the retrospective design,
retinal ischemic progression could not be measured and it was not possible to determine whether disease characteristics
affected treatment outcomes. Furthermore, the study’s validity was compromised by the unequal distribution of drug
types used prior to switching. Additionally, it should be mentioned that the analysis using OCTA was restricted to the
region surrounding the foveal ring, therefore the findings should not be extrapolated to the complete retinal vascular
system. Future researchers are encouraged to conduct larger, prospective comparative trials to verify the advantages of
sequential treatment strategies.

Conclusion

In conclusion, transitioning from monotherapy to sequential treatment with Conbercept and DEX can lead to improved
retinal anatomy in patients with refractory ME caused by secondary CRVO. Nevertheless, there was no notable
improvement in visual clarity or the small blood vessels in the retina detected. While our study did not explicitly
compare injection frequencies, the combination therapy of Conbercept and DEX I appeared to maintain CRT reduction
over 12 months, potentially reducing the overall treatment burden compared to monotherapy. Further research is needed
to confirm this finding.
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