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Abstract

Purpose To evaluate the efficacy of intravitreal conbercept (IVC) in pars plana vitrectomy (PPV) for patients with pro-
liferative diabetic retinopathy (PDR).

Methods A meta-analysis of randomized control trials (RCTs) using online databases was performed. The intraoperative
outcome measures were the incidence of intraoperative bleeding and endodiathermy application, and the mean surgical time.
The postoperative outcome measures were mean change in best-corrected visual acuity (BCVA) from baseline, postoperative
vitreous clear-up time and incidence of recurrent vitreous hemorrhage (VH).

Results Eight RCTs were selected for meta-analysis. They included 409 eyes (215 eyes in IVC group and 194 eyes in no
conbercept group). Preoperative IVC application was associated with less intraoperative bleeding and endodiathermy
applications (RR = 0.34, 95% CI, 0.23-0.50, P <0.00001, and RR = 0.26, 95% CI, 0.12-0.56, P = 0.0005) compared to no
conbercept. It also shortened surgical time (WMD = —15.87, 95% CI, —22.04 to —9.69, P <0.00001). In addition, pre-
operative or intraoperative IVC achieved better BCVA outcome (WMD = —0.37, 95% CI, —0.62 to —0.13, P =0.003),
shorter vitreous clear-up time postoperatively (WMD = —5.44, 95% CI, —6.31 to —4.57, P <0.00001) and a lower rate of
VH recurrence (RR =0.45, 95% CI, 0.22-0.91, P =0.03).

Conclusion IVC is an effective adjuvant in PPV for PDR, with better intraoperative and postoperative outcomes.

Introduction

Diabetic retinopathy (DR) is a serious, vision-threatening
ocular complication of diabetes mellitus, the leading cause
of blindness in the working age population worldwide [1].

These authors contributed equally: G. H. Chen, R. Tzekov

Supplementary information The online version contains
supplementary material available at https://doi.org/10.1038/s41433-
021-01474-5.

< W. S. Li
drlws@qq.com

Department of Ophthalmology, The Quzhou Affiliated Hospital of
Wenzhou Medical University, Quzhou People’s Hospital,
Quzhou, Zhejiang, PR China

Department of Ophthalmology, University of South Florida,
Tampa, FL, USA

3 Shanghai Aier Eye Hospital, Shanghai, PR China

Aier School of Ophthalmology, Central South University,
Changsha, Hunan Province, PR China

Proliferative diabetic retinopathy (PDR) is one of the
leading causes of blindness in DR, characterized by neo-
vascularization (NV), vitreous hemorrhage (VH), and trac-
tional retinal detachment (TRD) [2]. Pars plana vitrectomy
(PPV) is an established and successful treatment for severe
complications of PDR, such as non-resolving VH and TRD
[3]. Despite various technical improvements and instru-
ments introduced over time, intraoperative bleeding usually
happens during the epiretinal neovascular membrane peel-
ing, which may require additional surgical maneuvers,
increase the frequency of instrument exchange and prolong
surgery time. Moreover, repeated bleeding could seriously
affect visualization of the surgical field, thus greatly
increase the occurring rate of complications like iatrogenic
retinal break (IRB), which may lead to surgical failure [4].

In recent years, a variety of drugs have been used in PPV
for PDR in order to reduce the probability of complications
[4]. Although the exact mechanism has not yet been iden-
tified, anti-vascular endothelial growth factor (VEGF)
agents have been used in PPV for PDR based on the
observation that VEGF plays an important role in the
development of retinal neovascularization and vitreous
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proliferation [5-7]. Bevacizumab (Avastin; Genentech Inc.,
San Francisco, CA), ranibizumab (Lucentis; Genentech
Inc., San Francisco, CA), and aflibercept (Eylea; Regeneron
Pharmaceuticals Inc., and Bayer Pharma AG, Berlin, Ger-
many) are the most commonly used anti-VEGF agents as an
adjunctive to vitrectomy for PDR, with excellent clinical
outcomes [5, 6]. Another agent, conbercept (KH902;
Chengdu Kanghong Biotech Co., Ltd., Sichuan, China) was
developed and approved by China Food and Drug
Administration in 2013 for the treatment of age-related
macular degeneration as in intravitreal injection. This rela-
tively new drug is a VEGF receptor fusion protein, which
can specifically bind to VEGF-A, VEGF-B, VEGF-C, and
placental insulin-like growth factor (PIGF) [8]. The effect of
conbercept on vitrectomy for PDR was first reported in
2016, showing that the application of intravitreal conbercept
(IVC) before PPV could reduce the chances of intraopera-
tive bleeding [7].

Previous meta-analyses of randomized controlled trials
(RCTs) involving intravitreal injection of anti-VEGF agents
before PPV for PDR have been focused mostly on the use of
bevacizumab and ranibizumab, showing that the preoperative
application of these anti-VEGF agents in patients with PDR
could diminish intraoperative bleeding, shorten surgical time,
and consequently improve the surgical outcomes [4, 9-11].
Only one study attempted a meta-analysis concerning the
efficacy of IVC in PPV for PDR, showing that intravitreal
conbercept was associated with a better postoperative best-
corrected visual acuity (BCVA) improvement, better intrao-
perative outcome, and a lower rate of postoperative vitreous
hemorrhage occurrence compared to no conbercept [12].
However, it included some retrospective studies and the
comparative group included ranibizumab, which resulted in
the inclusion of only three RCTs analyzing the use of con-
bercept vs. no conbercept. The availability of new reports
prompted our decision to undertake an updated independent
assessment of the available literature and to undertake a meta-
analysis including only RCTs examining the efficacy of IVC
in PPV for patients with PDR compared to PPV without
conbercept (control group).

Materials and methods
Search strategy

We conducted a comprehensive search through PubMed,
ISI Web of Science, and ClinicalTrials.gov, using the terms
(“conbercept” or “KH902”) and (“diabetic retinopathy” or
“proliferative diabetic retinopathy”), with the language
restricted to English, up to April 2, 2020. Additional search
was carried out by exploring reference lists in the originally
identified articles.
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Inclusion and exclusion criteria

The criteria we applied when published studies were con-
sidered eligible for this meta-analysis were: (1) study
design: RCT, (2) population: patients undergoing vitrect-
omy for PDR, (3) intervention: preoperative or intraopera-
tive IVC versus PPV without conbercept, and (4) outcome
variables: (a) surgical time, (b) proportion of cases with
intraoperative bleeding, endodiathermy application, and
postoperative VH, (c) postoperative change in BCVA and
the postoperative vitreous clear-up time. Articles reporting
data from the same study, abstracts, letters to the editor,
case reports, and review articles were excluded.

Outcome measures

The intraoperative outcome measures were the proportions
of patients with intraoperative bleeding and endodiathermy
application, and the mean surgical time. The postoperative
outcome measures were the mean change in BCVA
expressed as logarithm of the minimal angle of resolution
(logMAR) from baseline, the postoperative vitreous clear-
up time and the proportions of patients with recurrent VH.

Data extraction

Two experts (G.C. and W.L.) reviewed all entries generated
by the search criteria and selected studies that matched the
inclusion criteria, then extracted data from included studies.
Conflicting assessments were discussed until consensus was
reached. The list of extracted items was as follows: first
author’s name, year of publication, country of origin,
number of participants in each group, length of follow-up
and outcome variables.

Qualitative assessment

Two reviewers (F.J. and S.M.) used the Jadad scale [13] to
assess the methodological qualities of RCTs. This system is
a S-point scale with three items listed as follows: rando-
mization, masking, and participant withdrawals/dropouts.
Each item is assigned one point when randomization is
mentioned and one additional point when the randomization
method was judged to be appropriate. Similarly, one point is
assigned when masking is mentioned and one additional
point is added when the method of masking was deemed
appropriate. Studies assigned fewer than three points were
judged to be of poor methodologic quality.

Statistical analysis

The meta-analysis was conducted by using Cochrane
Review Manager (RevMan) version 5.1 software. The
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weighted mean difference (WMD) was calculated for con-
tinuous data (e.g., mean surgical time). For dichotomous
data (e.g., number of eyes), the risk ratio (RR) was calcu-
lated. P < 0.05 was considered statistically significant on the
test for overall effect. Inter-study heterogeneity was esti-
mated by the Q statistic-test [14]. If the Q statistic test
turned out as statistically significant (P <0.05), a random-
effects model was used. In case where Q-statistic was not
significant, a fixed-effects model was applied. Confidence
intervals of the overall/pooled results are shown within
square brackets in bold font on the left side of each forest
plot. Publication bias was assessed by Begg’s rank corre-
lation test and by Egger’s linear regression test with P <
0.05 considered significant [15, 16].

Results

Overall characteristics of selected trials and quality
assessment

The search resulted in 251 entries being identified. Of these,
243 did not meet the inclusion criteria listed above and were
rejected. This resulted in eight studies remaining which
were included in this meta-analysis [7, 17-23]. Figure 1
depicts the overall study selection process. Outcome data
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‘ RCTs included for meta-analysis (n=8) ‘

Fig. 1 Flow diagram of studies included in this meta-analysis. RCT
randomized controlled trial.

were available from 409 eyes of 388 participants, com-
prising 215 eyes in the IVC group and 194 eyes in the
control group, respectively. All included studies were RCTs
and fulfilled our criterion of three or more points on the
Jadad scale and all originated in China. Two studies
administered conbercept immediately post vitrectomy
[20, 21], and only the postoperative data were used for
analysis. One study compared preoperative IVC injection
alone (group 1) or combined with intraoperative IVC (group
3) to intraoperative IVC alone (group 2) [22]. Group 3
appeared to have higher proportion of patients with grade 3
vitreoretinal adhesion and a significantly lower portion with
grade 1 vitreoretinal adhesion. Thus, only the intraoperative
data between group 1 and group 2 were used for analysis.
Other studies compared preoperative IVC injection to PPV
without conbercept, and the intraoperative and post-
operative data were used. Table 1 provides the character-
istics and quality score of the included studies. Overall, all
the average BCVA was balanced between the treatment
group (IVC) and the control group in the six studies for
which BCVA data were available; 1.83 (+/—0.42) for IVC
group vs. 1.73 (+/—0.42) for the control group, equivalent
to ~20/1350 vs. ~20/1070, respectively.

Intraoperative outcomes

Vitrectomy with preoperative use of IVC was associated
with a lower rate of intraoperative bleeding (RR =0.34,
95% CI, 0.23-0.50, P<0.00001) and a lower number of
endodiathermy  applications (RR=0.26, 95% (I,
0.12-0.56, P =0.0005) compared to surgeries not using
conbercept, with no heterogeneity identified (Fig. 2A, B).
When overall surgical time was compared between groups,
the IVC group also achieved a shorter overall surgical time
of about 15.9 min (WMD = —15.87, 95% CI, —22.04 to
—9.69, P<0.00001). In this comparison, a heterogeneity
was identified and, therefore, a random-effects model was
applied to the data (Fig. 2C). It has to be pointed out that
intraoperative IVC at the end of surgery in Gao et al. [22]
may affect the surgical time duration, as most likely this
procedure was counted as part of the overall surgical time,
and a sub-analysis was conducted excluding this study to
the rest of the studies for a comparison regarding mean
surgical time. The sub-analysis confirmed the results from
the main analysis, with the heterogeneity remaining sig-
nificant (P =0.01), while the mean difference in surgical
time changes slightly (from ~15.9 min to ~17.2 min in favor
of preoperative IVC), and the 95% CI remained below zero
(—25.29 to —9.13) (Supplementary Appendix 1). Thus, the
overall average reduction in surgical time remained at ~25%
compared to the control group.

Only two studies reported additional outcomes (fre-
quency of IRBs or application of silicone oil tamponade)

SPRINGER NATURE
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Table 1 Characteristics and quality scores of included studies.

Study (year) Follow- Treatment No. eyes Age (years) Baseline LogMAR Jadad score
up (mo) BCVA (SD)

Su (2016) 3 Preoperative IVC (1 week before 18 NA 2.16 (0.86) 4
23G PPV)
23G PPV alone 18 NA 1.75 (0.89)

Yang (2016) 3 Preoperative IVC (3 days before 23G PPV) 54 48.63 NA 4
23G PPV alone 53 49.64 NA

Cui (2018) 6 Preoperative IVC (3-7 days before 20 60.74 1.14 (0.28) * 4
23G PPV)
Intravitreal injections of TA during 19 57.49 1.13 (0.30) ®
23G PPV

Zhou (2018) 3 Preoperative IVC (7 days before PPV) 9 50.11 2.21 (13.09) 3
PPV alone 9 55.44 2.36(9.71)

Li (2020) NA Preoperative IVC (7 or 14 days before 40 52.1 NA 3
23G PPV)
23G PPV alone 20 56.0 NA

Ren (2019) 6 Intraoperative IVC (after the 25G PPV) 25 57 1.51 (0.70) 4
25G PPV alone 25 62 1.54 (0.83)

Jiang (2020) 12 Intraoperative IVC (after the 25G PPV) 15 55.54 2.02 (0.8) 4
25G PPV alone 15 53.5 1.62 (0.69)

Gao (2020) 6 Preoperative IVC (3-5 days before 34 50.76 1.95 (0.43) 4
23G PPV)
Intraoperative IVC (after the 23G PPV) 35 53.97 1.97 (0.37)

LogMAR logarithm of the minimal angle of resolution, BCVA best corrected visual acuity, SD standard deviation, /VC intravitreal conbercept,

G gauge, PPV pars plana vitrectomy, NA not available, TA triamcinolone acetonide.

#Approximate conversion to LogMAR values is based on Beck et al.[31].

A
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[7, 18], the incidence of these complications was also in
favor of the IVC group (RR =0.21, 95% CI, 0.06-0.75,
P=0.02 and RR =0.39, 95% CI, 0.23-0.67, P =0.0005)
(Fig. 3).

Postoperative outcomes

When preoperative or intraoperative IVC was compared to
PPV alone in terms of mean change in logMAR BCVA
from baseline, it showed superior results (WMD = —0.37,
95% CI, —0.62 to —0.13, P = 0.003)(Fig. 4A). Of note, the
average preoperative acuity for the four studies analyzed
was 1.98 logMAR for the IVC group vs. 1.82 logMAR for
the control group, equivalent to ~20/1900 and ~20/1300,

Control

34 53 359% 0.43[0.27,0.70] 2016 -
3 19  85% 0.32[0.04, 2.79] 2018 —
12 25 16.1% 0.17 [0.04, 0.67] 2019 —
15 15 39.5% 0.74[0.54, 1.02] 2020 =
112 100.0% 0.45[0.22, 0.91] L 4
64
0.01 0.1 1 10 100

Favours IVC Favours Control

respectively, while the average postoperative BCVA was
0.64 logMAR for the IVC group vs. 0.87 logMAR for the
control group (equivalent to ~20/90 vs. ~10/150,
respectively).

Similarly, the vitreous clear-up time postoperatively was
shorter for the IVC group vs. the control group (WMD =
—5.44, 95% CI, —6.31 to —4.57, P<0.00001), with no
heterogeneity identified (Fig. 4B). In this meta-analysis, the
mean vitreous clear-up time after vitrectomy in the IVC
group was 5.9 days vs. 11.6 days in the control group, a
mean reduction of ~50%.

The IVC group also achieved a lower rate of vitreous
hemorrhage recurrence (RR =0.45, 95% CI, 0.22-0.91,
P =0.03); however, heterogeneity was identified, and a

SPRINGER NATURE
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random-effects model was applied to the data (Fig. 4C).
Overall, the average incidence rate in the IVC group was
~25.4% vs. 57,1% in the control group, a 45% reduction.

Begg’s test and Egger’s test indicated no statistically
significant evidence of publication bias for any of the
parameters.

Discussion

In this meta-analysis, we reviewed eight RCTs, including
409 eyes (215 eyes in the IVC group and 194 eyes in the
control group). In terms of the intraoperative outcomes, the
results of our meta-analysis clearly demonstrated better
outcomes of vitrectomy with IVC pretreatment, with less
intraoperative bleeding and endodiathermy applications,
and shorter overall surgical time. The incidence of IRBs and
silicone oil tamponade was also in favor of the IVC group.
In terms of the postoperative outcomes, preoperative or
intraoperative IVC was also with better BCVA outcome,
shorter vitreous clear-up time postoperatively, and less
postoperative VH.

VEGF and placental growth factor (PIGF) are known to
play important roles in the pathogenesis of PDR by indu-
cing pre-retinal neovascularization and disrupting the
blood-retinal barrier [24, 25]. Conbercept, a recombinant
fusion protein binds to all VERG receptors (VEGF-A,
VEGF-B, and VEGF-C) and also to PIGF [8]. A clinical
study showed that the concentration of VEGF and PIGF is
reduced in aqueous humor 7 days after IVC with a mean
decrease of ~52% and ~38% for VEGF and PIGF, respec-
tively) [19]. In the same study, the VEGF levels in the
vitreous decreased by ~71%, while there was no statistically
significant decrease in vitreous PIGF levels. In addition to
decreasing VEGF levels, IVC may alter favorably the pro-
tein profile involved in the immune response in vitreous,
platelet degranulation, complement activation, inflammation
endocytosis, proteolysis, and heme scavenging in patients
with PDR [26]. The safety of conbercept had been eval-
uated in patients with neovascular age-related degeneration,
showing that all the patients could tolerate the injections
with minimal side effects [27]. Thus, the application of IVC
in patients with PDR before or immediately after PPV is
likely beneficial as a way of increasing the effectiveness of
the procedure.

The pooled results in our analysis demonstrated that
vitrectomy with IVC preoperative application was asso-
ciated with less intraoperative bleeding and endodiathermy
and shorter surgical time, the results are similar compared to
the effect of other anti-VEGF agents, such as bevacizumab
and ranibizumab, and had been reported in many previous
studies [9, 10]. Although a comparison with studies using
other anti-VEGF agents would have provided a broader
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understanding of the relative effectiveness and potential
advantages of conbercept, we decided to limit this meta-
analysis to the use of conbercept only for two reasons. First,
the use of the drug has been limited to date to Chinese
patients, while the other drugs have achieved worldwide
distribution. This would likely result in pharmacogenetic
differences in the response [28], which would be difficult to
predict and account for. Second, the current use of con-
bercept as an adjuvant to PPV in PDR is currently limited to
an off-label use, which results in a lack of standardized
recommendations for use, leading to variance in metho-
dology, for example the time of drug administration, as
demonstrated by the data presented in Table 1.

Retinal vessels are less likely to be damaged during
delamination due to the regression of retinal neovascular-
ization after IVC, which greatly reduces the likelihood of
intraoperative bleeding [17]. Without endodiathermy and
blood aspiration, the need for tool exchange would be
reduced, which results in time saving during surgeries and
this was confirmed by the meta-analysis as a significant
(~25%) reduction in time. Another positive effect of IVS
appeared as reduction in the rate of occurrence of intrao-
perative bleeding (—2.5 times). Less intraoperative bleeding
may provide a clear retinal visualization, which in turn
would result in a lower rate of IRB occurance [29]. The
easier separation of epiretinal membrane from the retinal
surface could also explain the lower rate of IRBs in the
preoperative IVC group. Silicone endotamponade is always
used in the cases of intraoperative complications like IRBs
[7]. However, only two studies reported that IRBs and
silicone endotamponade occurred more frequently in the
vitrectomy alone group [7, 18], therefore, future larger
sample size comparative clinical trials are needed to confirm
this observation.

The adjuvant IVC resulted in better BCVA outcome
compared to the control group without use of conbercept.
Conbercept could reduce vascular permeability and
decrease retinal thickness, which could be beneficial for the
recovery of retinal function in the post-operative period
[20]. Based on published cross-sectional studies, it was
expected that IVC could shorten vitreous clear-up time after
vitrectomy and lead to a decrease in the incidence of
recurrent VH; both expectations were confirmed in the
current meta-analysis. Conbercept could decrease angio-
genesis, preventing the progression of neovascularization in
the postoperative period, which may be attributed to the
shortened vitreous clear-up time and less recurrent VH [20].
Although most of the conbercept injected preoperatively is
likely removed during vitrectomy, the remaining amount in
the eye may still have an impact. Only two studies reported
results from studies using conbercept administration
immediately after vitrectomy [20, 21]. Intraoperative IVC
application could results in higher postoperative
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concentration, and the half-life of conbercept in the vitreous
was estimated to be 4.2 days in rabbits [30], which may
have a better effect on postoperative outcomes. However,
from surgeon’s experience, giving conbercept after vitrect-
omy diminishes its intraoperative advantage and should be
limited to patients with early-stage PDR [20]. For severe
PDR, conbercept prior to vitrectomy should be considered,
as intraoperative bleeding may be occurring less frequently
after treatment with IVC. Only one study reported that
the preoperative combined with intraoperative application
of IVC resulted in a lower incidence of vitreous hemorrhage
and retinal detachment compared to preoperative IVC alone
or intraoperative IVC alone [22], although the differences
were not statistically significant, and therefore, this obser-
vation would need additional clinical trials to be confirmed.

This work carries some limitations which should be
acknowledged. One of the main limitations is that all
included studies were carried out with small or very small
sample sizes, which may affect the results. Second, a
potential source of heterogeneity is different trial duration,
with three studies having a follow-up duration of 3 months,
while three studies had a follow-up of 6 months, and one
study—12 months. Thus, RCTs of longer duration (at least
12 months) and larger sample size would be preferable to
assess more definitively long-term efficacy of IVC for PDR.
Another limitation is that all the studies included in this
meta-analysis originated from a single country. Thus,
additional studies when the use of the drug is expanded to
other regions would be helpful to assess the efficacy and
safety in other geographic regions. Furthermore, as men-
tioned above, the off-label use of the drug leads to a lack of
standardization of the therapeutic regiment, leading to a
variation in terms of time with respect to time of surgery,
which may decrease the efficiency of IVC application in
some cases.

In summary, the present meta-analysis confirmed the
theoretical advantages of preoperative IVC over the PPV
alone, in terms of less intraoperative bleeding and endo-
diathermy applications, and shorter overall surgical time.
Preoperative or intraoperative IVC was also with better
BCVA outcome, shorter vitreous clear-up time post-
operatively, and less postoperative VH. Thus, IVC is an
effective adjunct in PPV for PDR.

Summary

What was known before

e Pars plana vitrectomy is an established and successful
treatment for severe complications of proliferative diabetic

retinopathy, such as non-resolving vitreous hemorrhage
and tractional retinal detachment. But whether intravitreal

conbercept could improve the surgery outcome for
proliferative diabetic retinopathy is uncertain.

What this study adds

e The application of intravitreal conbercept prior to
vitrectomy in proliferative diabetic retinopathy patients
reduced surgical time and facilitated the procedure. It
also shortened vitreous clear-up time postoperatively
and reduced the recurrence of vitreous haemorrhage,
resulting in better vision acuity.
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