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Objective: To assess the functional and anatomical effects of transitioning to conbercept intravitreal injection (IVC) treatment in
patients with diabetic macular edema (DME) who had inadequate responses to prior anti-vascular endothelial growth factor (anti-
VEGF) injections.

Methods: We retrospectively included eyes with persistent DME after at least 3 injections of intravitreal ranibizumab (IVR). The
analysis included the assessment of best corrected visual acuity (BCVA) and central macular thickness (CMT) during 6 months after
the switch.

Results: A total of 30 patients (30 eyes) were included. CMT dropped sharply from 437.8+40.67um at baseline to 363.59
+45.09,312.52 + 39.15, 278.51 4+ 37.92, and 292.59 + 38.09 after 1, 2, 3 and 6 months of IVC, respectively (p <0.001). BCVA in
log MAR units was significantly improved from 0.73£0.15 at baseline to 0.50+0.09,0.46+0.72, 0.40+0.06 and 0.48+0.04 after 1, 2, 3
and 6 months, respectively (p <0.001).

Conclusion: Switching to Conbercept effectively improved visual and anatomical structure in DME patients who had not responded
satisfactorily to previous anti-VEGF injections.

Keywords: diabetic macular edema, anti-vascular endothelial growth factor, central macular thickness, best corrected visual acuity,
DME, CMT, anti-VEGF, BCVA

Introduction
Diabetic macular edema (DME) is a serious complication of diabetic retinopathy (DR), which leads to visual impairment.
Which is characterized by an accumulation of fluid in the macular, the central area of the retina." Abnormal blood vessel
permeability is responsible for this fluid leakage. In 2010, approximately 20.6 million adults worldwide were estimated to
have developed DME, a complication of DR.% It is expected that this worldwide healthcare challenge will persistently
rise at concerning rates, with projections suggesting that the diabetic population will potentially double by 2030.

The DME is dependent on the critical involvement of vascular endothelial growth factor (VEGF).* Recently, anti-VEGF
agents have become the primary treatment for DME, showing significant improvements in vision and disease control.”

%8 and

Nevertheless, some patients show no response to intravitreal ranibizumab (IVR) after at least three injections,
may experience ongoing fluid accumulation and destruction to the retinal neurons, resulting in visual impairment and
limited vision recovery.’

Currently, anti-VEGEF intravitreal injection (IVC) stands as the first-line therapy for DME. The use of Conbercept has
the potential to enhance the treatment of chronic macular edema and offer sustained visual advantages over time.

Compared to ranibizumab, Conbercept is a novel anti-VEGF agent, in which core domain is fused by human VEGFR1
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immunoglobulin-like domain 2, human VEGFR2 immunoglobulin-like domains 3 and 4, and human immunoglobulin Fc
fragment (molecular weight, 142 kd).'® Conbercept demonstrates a higher binding capacity to VEGF compared to natural
and monoclonal antibodies, enabling it to efficiently block all variants of VEGF-A, VEGF-B, and placental growth
factor.'" Compared with aflibercept, Conbercept has a four-binding site of receptor 2, and it increases the steadiness of
the dimer and its affinity to VEGF and VEGF-B.'?

After the Phase III clinical trials,"? it was found that using Conbercept regimen led to amelioration in best corrected
visual acuity (BCVA) and central macular thickness (CMT) in patients who had DME. As a result, Conbercept is now
seen as a feasible choice for addressing DME. However, there are few reports on the effects of an IVC of Conbercept
(IVC) on DME patients who had no response of previous IVR.

This research aimed to investigate if patients who had DME but did not show improvement with previous anti-VEGF
treatment would experience any further visual and anatomical improvements after changing to Conbercept.

Methods

Between 1st, January 2020 and 31st, December 2022, a retrospective study was conducted in the second affiliated Hospital
of Harbin Medical University, involving a sample of 30 patients and 30 eyes diagnosed with DME. The Research Ethics
Committee of the Second Affiliated Hospital of Harbin Medical University in Harbin, China, granted approval for this
study. All procedures followed the principles of the Declaration of Helsinki. Written informed consent was given by each
participant after the discussion of the procedure, follow-up schedules and benefits and risks that may occur.

The diagnosis was made by clinical examination and optical coherence tomography (SD-OCT) in spectral domain.
Inclusion criteria were patients diagnosed with DME who had received at least 3 consecutive IVR treatments 6 months
prior to switching to Conbercept. Minimum follow-up time was 6 months. Exclusion criteria were patients who
underwent phacoemulsification, YAG capsulotomy, or corticosteroid therapy (implant/tenon injection) during treatment
that affected possible vision outcomes.

The criteria for eligibility to switch treatments included patients with refractory or persistent DME who met the following
requirements CMT measured by SD-OCT was over 300um, and the reduction in retinal thickness was less than 10% of the
baseline thickness; and there was a suboptimal visual improvement (failure to gain at least three lines on the Snellen chart).

0.05mL (0.5 mg) Conbercept (Chengdu Kanghong Biotechnology Co., Ltd.; Chengdu, Sichuan, China), a comprehensive
assessment of the eyes was performed on all patients, which included measuring BCVA using Snellen measurement converted
to the Logarithm of the Minimum Angle of Resolution (logMAR), using an applanation tonometer to measure intraocular
pressure (IOP) examining the anterior segment using a slit lamp, and examining the fundus using indirect ophthalmoscopy.
SD-OCT was performed on all patients prior to and at 1, 2, 3, and 6 months following the initial injection.

Statistics

A sample size of 29 patients was determined based on a 2-sided 95% confidence interval (CI) with a width equal to 0.20
when the sample proportion was 0.80. Primary analysis criteria considered patients who discontinued IVC treatment to
be improvement of BCVA. We expressed the improvement of BCVA at 6-month as continuous number and provided
a 2-sided 95% CI. We used a one-sample Kolmogorov—Smirnov test to examine the normal distribution of the samples.
Analysis of variance (one-way analysis of variance) test was employed to compare quantitative that were collected at the
different time intervals within the same group. We used SPSS V.19.0 for Windows (SPSS, Chicago, Illinois, USA) to
perform data analysis. p value less than 0.05 is considered to be statistically significant.

Results

Table 1 displays the demographic and clinical data for all patients at baseline. This study included 16 females and 14
males, with the mean age of 58.23 + 8.32 years. There were 25 patients undergoing insulin treatment while the remaining
5 patients were receiving oral anti-diabetic drug treatment. The average number of anti-VEGF injections of the cohort
received before switching to Conbercept was 3.86+£0.9. The mean HbAlc level was 7.84 + 0.74. At baseline, the CMT
measured 437.8 + 40.67 um. The average baseline BCVA was 0.73 + 0.15.
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Table | Demographics and Clinical Characteristics of Patients

Items Number
Age (years, meantSD) 5823 + 832
Sex

Female (n, % of total) 16 (53.3%)

Male (n,% of total) 14 (46.7%)
Type 2 diabetes 30 (100%)
Diabetes duration (years, meanSD) 8.67 £ 284
Type of anti-diabetes

Insulin (n, % of total) 25 (83%)

Oral (n,% of total) 5 (17%)
Number of anti-VEGF injections pre-switch (meanSD) 3.86 £ 0.90
BCVA before IVC (mean+SD) 0.73 £ 0.15
CMT before IVC (mean+sD) 437.8 + 40.67
HbAlc (mean+sD) 7.84 £ 0.74

Abbreviations: Anti-VEGF, anti-vascular endothelial growth factor; BCVA, Best cor-
rected visual acuity; CMT, Central macular thickness; HbAlc, hemoglobin Alc; IVC,

Intravitreal injection of Conbercept; SD, standard deviation.

In comparison to the baseline, the BCVA showed improvement at various time points 0.50 + 0.09 at 1 month (p < 0.001),
0.46 + 0.72 at 2 months (p < 0.001), 0.40 + 0.06 at 3 months (p < 0.001), and 0.48 = 0.04 at 6 months (p < 0.001, Figure 1).
Compared with baseline, the CMT decreased significantly to 363.59 + 45.09 um at baseline (p < 0.001), further
decreasing to 312.52 + 39.15 pm at 2 months (p < 0.001), 278.51 + 37.92 pm at 3 months (p < 0.001), and 266.69 +
38.11 pm at 6 months (p < 0.001, Figure 2).
No significant systemic adverse events such as myocardial infarction, transient ischemic attacks and strokes, or eye
adverse events, such as endophthalmitis. Retinal detachment and prolonged elevation in intra-ocular pressure were shown

during study period.
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Discussion
The main cause of DME is the retinal vascular permeability, which leads to fluid accumulation in the retina and causes an
increase in its thickness, which is related to disruption of the blood retinal barrier and increased production of VEGF.'

Multiple randomized clinical trials have provided proof for the effectiveness of anti-VEGF medications in treating
DME, and improve eyesight and reduce CMT."*' In current study, both the BCVA and CMT had been improved among
patients with DME who had not responded satisfactorily to previous IVR injections.

In the past three decades, there have been significant developments in diagnosing and treating DME. Ranibizumab, an
anti-VEGF treatment, has demonstrated its effectiveness and widespread applicability.'” However, although the results
are encouraging some patients do not respond fully or at all to ranibizumab. It poses a challenge to further treatment.
A potential solution is to switch to Conbercept, which has been suggested as a useful alternative due to its different
pharmacodynamics and reported longer duration of action.'®

Elevated levels of platelet-derived growth factor (PDGF) and VEGF in the vitreous humor have been specifically
linked to the development of DME, as they play a role in the disruption of the blood-retinal barrier.'® In addition,
repeated injections of ranibizumab, which contains murine antibody components, can potentially trigger an immune
response, resulting in the formation of neutralizing antibodies and reduced effectiveness of the treatment.?’ Switching to
Conbercept may help alleviate the tolerance that has developed to previous anti-VEGF medications.

The post-hoc analysis of the DRCR.net protocol I supports our study design which favors early switch criteria.
According to this study, patients who do not have a satisfactory visual improvement after receiving three rounds of anti-
VEGEF injections are more likely to be advised to modify their treatment plan and switch to alternate approaches for
better functional outcomes. Eyes that showed a suboptimal early response to monthly IVR treatment, demonstrated worse
long-term visual outcomes compared to eyes with a noticeable early response,' at 12 weeks.

While it may be deemed insufficient that patients receive an average of 3—4 ranibizumab injections before switching,
there is potential for an ultimate improvement in their conditions if they had continued with ranibizumab treatment. To
decrease the likelihood, we selectively included patients in our study who exhibited CMT over 300 um through SD-OCT, had
a decrease in retinal thickness of less than 10% compared to the baseline, or experienced suboptimal visual improvement.

Other studies have shown the conversion of monoclonal antibodies to fusion proteins which support our study. Earlier
studies involving 42 eyes showed poor response to monoclonal antibody therapy, so they were treated with fusion
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proteins instead. In patients with DME who did not respond well to previous anti-VEGF injections, switching to fusion
proteins resulted in improved vision and retinal architecture.*

In another study, 40 patients (59 eyes) with DME were switched to fusion protein therapy after not responding to
three consecutive injections of monoclonal antibodies. CMT decreased significantly from the baseline measurement of
395.08 = 129.9 um to 282.39 + 95.278, 245.36 + 79.861, and 201.17 + 54.042 um after 1, 3 and 6 months. Additionally,
there was a notable improvement in BCVA from 0.95 + 0.21 to 0.51 £ 0.23 after 6 months.*

The measurement of the half-life of anti-VEGF drugs was conducted in monkey vitreous tissue, and the half-life of
ranibizumab in such tissue was estimated to be 3 days,** while the Conbercept half-life was 4.5 days. Conbercept contains Fc
fragments, binds to the endothelium’s Fc receptors for IgG (FcRn receptors) and protects themselves from damage by the
endosome, thus lengthening their half-life.”> Ranibizumab has fast systemic clearance in that there is no Fc domains. Reasons
for the significant anatomical amelioration with Conbercept might be attributed to its distinct pharmacokinetic and
pharmacodynamic characteristics, as Conbercept stays in systemic circulation longer while ranibizumab is rapidly eliminated
from the body.”® Conbercept has a higher binding to VEGF-A, resulting in possibly sustained VEGF-A inhibition. Besides, it
can bind to two additional growth factors, VEGF-B and pIGF, which are released in angiogenesis.?’

Another reason for the additional clinical response of IVC is tachyphylaxis to Conbercept in patients with DME. The
peak concentrations are reached in all eye tissues at 6-12 hours after the infusion of Conbercept,® which patients may
eventually yield to, with repeated treatment injections of ranibizumab.?’ The multifactoral mechanism includes macro-
phage up-regulation of VEGF, differing surface receptor expression, variations in pharmacokinetics and development of
neutralising antibodies as part of a systemic immune response.*’

Despite frequent anti-VEGF therapy, there was no anatomical improvement in these eyes prior to the switch. All
eligible patients experienced some improvement in function when switched to Conbercept. The majority of patients
experienced improved visual acuity after switching to Conbercept, indicating potential reversibility of functional damage,
with all patients being monitored for a minimum of 6 months.

There were several limitations in this study, including its retrospective non-randomized design, the limited number of
eyes included, no control group the relatively short duration of follow-up, and the added challenge posed by the
multifactorial nature of DME. Moreover, due to the retrospective study design, having considered only the CMT and
BCVA in current study and left out other parts of the macula (8 ETDRS sub-fields) it is difficult to judge the effectiveness
of the study. Furthermore, we also have not reported on the fluid collection and the effect of IVC on it, thus our findings
should be noted with cautions. Further prospective, well-designed study is needed.

Conclusion
Conbercept therapy demonstrated a notable improvement in both the anatomy and functionality of persistent DME cases
which did not respond adequately or completely to ranibizumab.
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