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Abstract

Background/objectives The aim of this study was to evaluate the safety and efficacy of intravitreal conbercept (a recom-
binant fusion protein that primarily targets vascular endothelial growth factors) after vitrectomy for the management of
proliferative diabetic retinopathy without tractional retinal detachment (TRD).

Subjects/methods Fifty patients with non-clearing vitreous haemorrhage (VH) due to proliferative diabetic retinopathy
without TRD were enroled. They were randomly divided into control and treatment groups (25 eyes to each group) after they
provided informed consent. The treatment group received intravitreal conbercept (10 mg/mL, 0.5 mg) immediately after
surgery, while the control group did not. The best corrected visual acuity (BCVA) and the central retinal thickness were
measured.

Results There were no significant between-group differences in baseline characteristics (P> 0.05), except in age (P =
0.003). Improvement in BCVA was significantly greater at 1, 4, 12, and 24 weeks post surgery in the treatment group than it
was in the control group (P <0.001). There were more cases in the control group who developed recurrent VH, but the
recurrence rate of VH was not significantly different between the two groups at 12 and 24 weeks post surgery (P =0.192
and 0.103). Central retinal thickness was lower in the treatment group than in the control group at 1 week (P =0.012),
4 weeks (P=0.01), 12 weeks (P =0.001), and 24 weeks (P = 0.004) post surgery, which were statistically significant.
Conclusions An intravitreal injection of conbercept after vitrectomy improved visual acuity and seemed to reduce the
recurrence of VH resulting in prompt visual recovery in the PDR patients.

Introduction

Diabetic retinopathy (DR) is one of the most common
causes of irreversible blindness in China due to the rising
economy and changes in modern lifestyle. In 2010, Yang
et al. estimated the prevalence of diabetes in the Chinese
population to be 9.7%, accounting for 92.4 million adults
posing a significant public health issue [1, 2]. The main
causes of vision loss are diabetic macular oedema, diabetic
optic neuropathy, retinal undefined, vitreous undefined
(vitreous haemorrhage; VH), traction retinal detachment
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(TRD), and neovascular glaucoma [3, 4]. For early-stage
proliferative DR (PDR), where no TRD is detected by
ultrasonography, timely pan-retinal photocoagulation (PRP)
can reduce the rate of retinal neovascularization as well as
the extent of the perfusion-free areas, thereby stabilizing the
condition [5]. Furthermore, in DR with non-clearing vitr-
eous undefined 1-4 months from onset, the DRVS study
has demonstrated significantly better visual outcome with
vitrectomy combined with intraocular retinal photo-
coagulation [6]. However, the final outcome for patients
with type II diabetes were hindered by the complications of
diabetic macular oedema and the recurrence of VH, etc.
Although surgical techniques are constantly evolving, the
dissection of the fibrovascular membranes remains techni-
cally challenging. It is difficult to remove the fibrovascular
membranes completely during surgery. Especially the neo-
vascularization presents on the optic disc surface and the
vicinity of the incision sites. Additionally, a large propor-
tion of patients in our practice do not receive PRP before the
bleeding occurs. This is quite a different process from many
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other countries that have screening programmes/regular
patient reviews. Furthermore, intraoperative laser photo-
coagulation can aggravate macular oedema and inflamma-
tion after the surgery, which further deteriorate the
postoperative visual outcome [7].

Vascular endothelial growth factor (VEGF) plays an
important role in the treatment of DR. The purpose of the
intravitreal application of VEGF inhibitors are two folds:
(1) to induce the regression of retinal neovascularization;
and (2) to reduce the vascular permeability resulting in the
resolution of diabetic macular oedema [8—11]. VEGF inhi-
bitors may reduce the occurrence of intraoperative and
postoperative complications and rapidly improve recurrent
neovascular leakage [12—14]. These agents can also alle-
viate PDR-associated VH in the short term and rapidly
reduce neovascularization of the iris and retina [15]. Bev-
acizumab is the most commonly used anti-VEGF agent, and
is employed as an adjunctive treatment to vitrectomy for
PDR. It has demonstrated benefits for postoperative visual
function and recurrent VH [10]. Additionally, various
VEGF inhibitors have been reported to improve the vision
in eyes with diabetic macular oedema [16].

Conbercept (KH902; Chengdu Kanghong Biotech Co.,
Ltd., Sichuan, China) was made available for clinical
application as an inhibitor of the VEGF-A, VEGF-B, and
placental growth factor receptors [17, 18]. Our group
observed a significant regression of retinal neovasculariza-
tion in patients with intravitreal conbercept injection prior to
the vitrectomy [19]. Li et al. reported that the conbercept
was effective in the treatment of DME. The improvement of
the vision was demonstrated at 1 month after the injection
[20]. Therefore, we performed this interventional, con-
trolled trial to investigate the safety and effect of adjunctive
intravitreal conbercept immediately after 25-G vitrectomy
for the management of VH due to PDR without TRD.

Subjects and methods

The study was conducted in accordance with the Declara-
tion of Helsinki, permission was granted by the Ethics
Committee at Tianjin Medical University, and all patients
provided written informed consent. This study was regis-
tered with clinicaltrials.gov (ID NCT03426540). We
enroled 50 eyes from 50 patients that were affected by VH
due to PDR from January 2017 through March 2018.
Patients with non-clearing VH and fibrovascular prolifera-
tion without TRD who underwent pars plana vitrectomy
(PPV) at Tianjin Medical University Eye Hospital were
included in the study. The exclusion criteria were: a history
of previous PPV; stroke, a thromboembolic event within
6 months prior to the surgery, myocardial infarction in the
previous 6 months contraindicating the withdrawal of anti-
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platelet and anti-coagulant medications. Patients who
required silicone oil due to intraoperative complications
(e.g., severe bleeding or iatrogenic retinal break) or a par-
ticularly long or complex surgery were excluded from this
study.

All patients received a thorough explanation of the study
design and aim, informed consent, and consent to publish
were obtained. Patients who were being treated with a 25-G
vitrectomy were randomly selected according to rando-
mized table to administer intravitreal injection of conbercept
or not (25 patients each group). Baseline patient char-
acteristics are summarized in Table 1.

Three-port 25-G PPV was performed in all patients using
a Constellation system (Alcon, Fort Worth, TX, USA) at a
speed of 5000 cuts per minute. Fibrovascular tissues and
opacified vitreous fluid as well as blood clots adherent to the
vitreous base were removed. Intraoperative endolaser PRP
was used at the end of the surgery. Finally, an intraocular
tamponade with gas was performed if necessary. We deci-
ded to perform the tamponade based on the difficulty and
complexity of the surgery. Patients who required silicone oil
due to intraoperative complications (e.g., severe bleeding or
iatrogenic retinal break) or a particularly long or complex
surgery were excluded from this study. All surgical proce-
dures described in this study were performed by one sur-
geon (HZ, Tianjin Medical University Eye Hospital), who
was masked from information during the vitrectomy
regarding whether the patients would undergo intravitreal
conbercept injection at the end of the surgery.

Patients in the treatment group received an intravitreal
injection of conbercept (10 mg/mL, 0.5 mg) in the infer-
otemporal quadrant 3.5-4mm from the sclerocorneal

Table 1 Baseline clinical preoperative characteristics

Characteristics Group treated Group without P value
with conbercept conbercept

Number of cases 25 25 NA

Number of eyes 25 25 NA

Gender (male/ 16/9 14/11 0.564

female)

Age (years) 57 (28-69) 62 (46-80) 0.003

Duration of DM (n) 10.36 +4.17 12.04 +6.05 0.258

Lens status (n)

Phakic eye 19 17 0.529

Pseudophakic eye 6 8 0.529

Type of DM (n)

Type 1 (IDDM) 0 0 NA

Type 2 (NIDDM) 25 25 NA

Prior PRP (yes/no) 13/12 17/8 0.248

DM diabetes mellitus, /DDM insulin-dependent diabetes mellitus,
NIDDM noninsulin-dependent diabetes mellitus, PRP pan-retinal
photocoagulation, NA not available
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limbus using a sterile technique after the 25-G vitrectomy,
while those in the control group did not. All intravitreal
injections were performed by the same surgeon (HZ).
Because PDR is a multifactorial pathology, and the func-
tional results of the surgery are depended on a series of
preoperative and intraoperative factors, we assigned to the
following preoperative parameters a score from 0 to 3, in
order to obtain two homogeneous groups of surgical com-
plexity according to the previous published literatures,
which were listed in Table 2 [21]. All patients received eye
drops containing antibiotics and  dexamethasone
with tapered frequency during the 4 weeks’ period after
surgery.

Examination

The primary outcome measures included any changes in
best corrected visual acuity (BCVA), central retinal thick-
ness, and VH recurrence. Pre- and postoperative examina-
tions included a detailed medical history, BCVA test using
a Landolt C acuity chart, and slit-lamp biomicroscopy with
careful evaluation for the presence of VH. Complete oph-
thalmic examinations and colour fundus photography were
performed at baseline and at 1, 4, and 12 weeks post sur-
gery. Ultrasonography was performed at baseline and at
4 weeks after the injection. Preoperative fluorescein
angiogram was not performed in the majority of cases due
to the presence of moderate-to-severe VH, which prevented
an adequate view of the fundus. BCVA was analysed on a
logarithm of minimal angle of resolution (logMAR) scale;
“counting fingers” vision was defined as 0.01 (2.0 logMAR)
and “hand movement” was defined as 0.001 (3.0 logMAR)
[22]. Visual improvement was defined as an increase of at

least 0.3 logMAR units. Retinal thickness and VH recur-
rence were analysed by optical coherence tomography and
B-ultrasound. Intraoperative evaluations included the for-
mation of iatrogenic retinal tears, the need for silicone oil
endotamponade, and the duration of surgery. These para-
meters were used to evaluate whether conbercept could be
used after vitrectomy. At each follow-up visit, colour fun-
dus photography made it possible to quantify the amount of
VH.

Statistical calculations were performed using the SPSS
software package. Data are presented as the mean = stan-
dard deviation. T-tests, Pearson chi-square tests, chi-square
tests with Yates’ correction, or Fisher’s exact tests were
performed to assess between-group differences. A P-value
<0.05 was considered statistically significant.

Results

The BCVA results were showed in Table 3. Improvements
in corrected visual acuity were stastistically significant in
the treatment group compare that in the control group at
different time points (P <0.001).

PPV was successfully performed in both groups. Minor
bleeding during surgery is common and thus was not
reported for our analysis. Twenty-three patients (92%) in the
experimental group and 22 patients (88%) in the control
group received intraoperative PRP (P =1.0). Fluid air
exchange and endotamponade with sterile air were per-
formed in 5 patients (20.0%) in the treatment group and 4
patients (16.0%) in the control group (P = 0.731). The mean
surgical time was 42.04 +7.48 min in the treatment group
and 43.92 +7.50 min in the control group (P =0.379).

Table 2 Baseline clinical
preoperative characteristics

Group without conbercept

Group treated with conbercept

Cases (25 Complexity surgery  Cases (25 Complexity surgery
patients) score patients) score
Vitreous haemorrhage
Absent (0) 0 - -
Mild (+1) 4 4 3 3
Moderate (42) 12 24 10 20
Severe (+3) 9 27 12 36
Amount of previous retinal photocoagulation
Complete PRP (0) 2 - -
Incomplete PRP 5 5 4 4
(+1)
Focal (+2) 6 12 7 14
None (+3) 12 36 11 33
Total complexity 108 110

surgery score

SPRINGER NATURE
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Table 3 Visual acuity levels at

. N . BCVA Group treated with conbercep Group without conbercept P value

preoperative and final visit in

patients with early PDR with Preoperative BCVA 1.51£0.70 1.54+0.83 0.883

and without conbercept after .

vitrectomy Postoperative 1 week 0.32+0.15 0.64+0.31 <0.001
Postoperative 1 month 0.31+0.15 0.61+0.29 <0.001
Postoperative 3 months 0.29+0.14 0.59+0.30 <0.001
Postoperative half year 0.29+0.16 (n =23) 0.64+0.35 (n=24) <0.001
PDR proliferative diabetic retinopathy, BCVA best corrected visual acuity

Table 4 Recu.rrence of vitreous VH recurrence Group treated with conbercept (= Group without conbercept (n = P value

haemorrhage in two groups at

. . ; 25) 25)

different time after operation
Postoperative 1 week 0 0 NA
Postoperative 1 month 0 1 (4.0%) 1.0
Postoperative 3 months 1 (4.0%) 5 (20.0%) 0.192
Postoperative 6 months 1 (4.0%) 6 (24.0%) 0.103

VH vitreous haemorrhage, NA not available

Although the rate of recurrent VH was lower in the
treatment group than in the control group at 12 weeks and
24 weeks post surgery, this difference was not statistically
significant (P =0.192 and 0.103). The complete results are
summarized in Table 4. In the control group, recurrent VH
occurred in 4.0% of eyes (1 of 25) at 4 weeks post surgery,
20.0% of eyes (5 of 25) at 12 weeks post surgery, and 24%
of eyes (6 of 25, cumulative calculation) at 24 weeks post
surgery. In the treatment group, recurrent VH occurred in
0% of eyes at 4 weeks post surgery, 4.0% of eyes (one of
25) at 12 weeks post surgery, and 4% of eyes (1 of 25,
cumulative calculation) at 24 weeks post surgery. Con-
bercept injections were well tolerated in all patients; there
were no reported postoperative side effects such as uveitis,
endophthalmitis, ocular toxicity, myocardial infarction, or
obvious systemic adverse effects.

In the control group, central retina thickness was 291 +
46 um at 1 week post surgery, 279 =40 um at 4 weeks post
surgery, 281 +36 um at 12 weeks post surgery, and 267 +
31 um at 24 weeks post surgery. In the treatment group,
central retinal thickness was 258 £45 um at 1 week post
surgery, 249 +41 um at 4 weeks post surgery, 242 + 36 um
at 12 weeks post surgery, and 238 + 33 um at 24 weeks post
surgery. Central retinal thickness was significantly lower in
the treatment group than in the control group at each time
point (P=0.012, 0.01, 0.001, and 0.004, respectively,
Table 5).

All patients were examined within the first week. Ocular
hypotension occurred after surgery in five cases (20.0%) in
the control group and in six cases (24.0%) in the treatment
group (P =0.733). Intraocular pressure (IOP) fluctuated
between 6 and 8 mm Hg 1-5 days post surgery. Choroid
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detachment was not reported in either group. Anterior
chamber inflammation occurred during the early post-
operative period in four eyes (16%) in the control group and
in three eyes (12%) in the treatment group (P =1.0) and
resolved within 1 week after topical application of
mydriatic, steroidal, and non-steroidal eye drops. Ocular
hypertension occurred after surgery in five cases (20.0%) in
the control group and in two cases (8.0%) in the treatment
group (P =0.415). IOP fluctuated between 23 and 35 mm
Hg 1-2 weeks post surgery. Systemic and topical admin-
istration of IOP-lowering drug medications controlled the
IOP effedtively. There were no reports of proliferative
vitreoretinopathy, retinal detachment, rubeosis iridis, or
neovascular glaucoma post surgery.

Discussion

In the current study, our results showed that the intravitreal
injection of conbercept at the end of the vitrectomy for PDR
without tractional retinal detachment resulted in a better
postoperative visual acuity, thinner central retinal thickness
and a trend to reduced VH recurrences. Thus, a prompt
visual functional recovery could be achieved.

The intravitreal injection of conbercept at the end of the
surgery could prevent the progression of neovascularization
period without the concern of the progression of fibrocel-
lular membrane contraction in the early postoperative per-
iod. Vitrectomy combined with PRP has been reported to be
one of the most effective approaches to preserve vision in
the treatment of PDR. However, complications, such as
intraoperative bleeding, are inevitable [1, 23, 24].
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Table 5 Comparison of central
retinal thickness at different time

after operation in two groups

Central retinal thickness (um)  Group treated with conbercept ~ Group without conbercept P value
Postoperative 1 week 258 +45 291 +46 0.012
Postoperative 1 month 24941 27940 0.01
Postoperative 3 months 242 +36 281+36 0.001
Postoperative half year 238+33 (n=24) 267+31 (n=23) 0.004

Therefore, methods for reducing the retinal neovascular
membrane and controlling the proliferative process in
patients with PDR are critical to successful treatment. Pre-
vious studies demonstrated that the use of anti-VEGF drugs
in PDR reverses neovascularization of the retina and iris
[25], induces vascular endothelial cell apoptosis and new
vessel occlusion or disappearance, increases pericytes
numbers, promotes angiogenesis and vascular maturation to
decrease fundus exudation and bleeding, and maintains
stability of the blood retinal barrier [26].

In our previous study, we investigated the utility of
preoperative intravitreal injections of conbercept for
improving the safety and effectiveness of vitrectomy in eyes
with severe PDR. Inhibiting the growth and spread of
neovascular processes and reducing vascular permeability
decreased the rate of intraoperative complications [19]. In
certain cases, it is difficult to remove the neovascular
membrane completely during surgery, especially the parts
located on the optic disc surface or peripheral retina. These
residual pathologies can potentially lead to VH recurrence,
neovascular glaucoma, or TRD, necessitating multiple sur-
geries. Additionally, a large proportion of patients in our
cohort did not receive PRP prior to surgery, as intraopera-
tive laser photocoagulation (92% in the experimental group
and 88% in the control group) can aggravate macular
oedema and inflammation. The intravitreal injection of
conbercept could reduce vascular permeability, decrease
retinal thickness and congestion, and to be beneficial for the
recovery of retinal function in the post operation. Intravi-
treal conbercept injection may be beneficial for retinal
reattachment and PRP as well as the early control of disease
progression in patients with PDR [19]. The intravitreal
conbercept at the end of the surgery qualitatively reduced
the recurrence of VH and definitively improved the effec-
tiveness of PPV treatment and postoperative visual acuity in
our study.

It can be inferred that a single intravitreal injection of an
anti-VEGF agent produces transient rather than sustained
effects on retinal and optic disc neovascularization [27]. We
observed a trend in the reduction of the VH recurrence in
our study. But the difference was not statistically sig-
nificant. Some studies have reported increased fibrous
proliferation and TRD after intravitreal injection of anti-
VEGF preparations [28]. Neovascularization may be

replaced by fibrous tissue, such that TRD and VH occur
secondary to fibrous tissue contraction [29]. Arevalo et al.
[30] reported further deterioration and progression of TRD
13 days after intravitreal injection of anti-VEGF treatment.
Ishikawa et al. [31] suggested that the number of fibres and
extent of proliferation, as well as adhesion of the fibrous
vascular membrane, were increased 7 days after intravitreal
injection of anti-VEGF treatment. Significant regression of
neovascularization was achieved 10 days after the injection
[32, 33]. In this study, we performed intravitreal conbercept
injections after vitrectomy, which could reduce the possi-
bility of membrane contraction that is induced by con-
bercept due to the removal of the fibrocellular membranes.
Therefore, the retinal traction was alleviated. Thus, we
speculate that injection after vitrectomy could not only
avoid TRD and VH secondary to the contraction of fibrous
tissues but also decrease angiogenesis and stabilize the
vascular permeability. Indeed, no fibrous proliferation or
TRD occurred post surgery in our study.

For severe PDR, preoperative intravitreal conbercept
injection is intended to facilitate surgery. However, for
early-stage PDR, intravitreal injection of conbercept after
vitrectomy can play a more important role in accelerating
the process of vision recovery and reducing the macular
oedema. These conclusions can also be generalized to other
anti-VEGF agents because of the same underlying
mechanism, such as the anti-VEGF fusion protein and
monoclonal antibody anti-VEGF drugs since these agents
have been shown to be effective in the suppression of new
vessels and reduction of macular oedema.

The present study had several important limitations.
Although we enroled subjects prospectively, the sample size
was relatively small, and the duration of follow-up was
short. These flaws may have led to bias or error in the
experimental results. Despite these limitations, our results
indicate that postoperative intravitreal injection of con-
bercept is safe and effective for the adjunct treatment of
early-stage PDR combined with VH. Intravitreal conbercept
seemed to reduce the recurrence of VH, although the dif-
ference was not significant in our study; moreover, it pre-
served postoperative visual acuity. Future studies are
required to confirm our results indicating postoperative
intravitreal conbercept as a tool for improving retinal
function and quality of life in patients with PDR.

SPRINGER NATURE
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Summary
What was known before

e For the management of PDR, it is difficult to completely
remove the fibrovascular membranes during surgery,
especially from the optic disc surface or from the
periphery, extreme periphery, or vicinity of the incision
sites; thus, repeated operations may be required.
Furthermore, intraoperative laser photocoagulation can
aggravate macular oedema and inflammation after the
surgery.

What this study adds

e In the current study, our results showed that the
intravitreal injection of conbercept at the end of the
vitrectomy for PDR without tractional retinal detach-
ment resulted in a better postoperative visual acuity,
thinner central retinal thickness and less frequent VH
recurrences

e Thus, a prompt visual functional recovery could be
achieved.
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