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Abstract BN
Background: This study aimed to evaluate the therapeutic effects of ranibizumab and conbercept on wet age-related macular |
degeneration.

Methods: Randomized controlled trials comparing ranibizumab and conbercept in the treatment of wet age-related macular
degeneration were searched in the PubMed, Medline, EMbase, Cochrane Library, China National Knowledge Infrastructure,
Wanfang databases, and Weipu Journal. Two reviewers independently extracted the data and assessed the methodological quality.
Data analysis was performed using Rev Man 5.3 software for statistical analysis.

Results: A total of 16 randomized controlled trials, including 1018 patients, were included, and the results showed that the effect of
ranibizumab on uncorrected visual acuity was not significantly different from that of conbercept (Mean difference [MD]=-.03, 95%
Confidence interval [Cl] [-.10-.05], P=.47), and there was no significant difference between the two drugs in the effect on best-
corrected visual acuity (MD=.00, 95% ClI [-.02-.03], P=.73). The effect of conbercept on intraocular pressure was better than that of
ranibizumab (MD=1.61, 95% ClI [1.05-2.17], P <.001). The effect of ranibizumab on central macular thickness was not significantly
different from that of conbercept (MD=1.31, 95% CI [-3.81-6.43], P=.62). Conbercept had a better inhibitory effect on choroidal
neovascularization than ranibizumab (MD=.49, 95% CI [.32-.76], P=.001).

Conclusion: The effects of ranibizumalb on uncorrected visual acuity, best corrected visual acuity, and central macular thickness
were not significantly different from those of conbercept. Conbercept is associated with a lower risk of increased intraocular pressure
and regression of choroidal neovascularization compared with ranibizumab.

Abbreviations: BCVA = best corrected visual acuity, Cl = confidence interval, CNV = choroidal neovascularization, I0OP =
intraocular pressure, MD = mean difference, RCT = randomized controlled trial, UCVA = uncorrected visual acuity, VEGF = vascular
endothelial growth factor, WAMD = wet age-related macular degeneration.
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1. Introduction

Age-related macular degeneration involves aging-related changes
in the macular tissue structure and is the primary cause of
irreversible visual impairment and blindness in the elderly above
60years of age. It is classified into dry age-related macular
degeneration and wet age-related macular degeneration
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(wAMD); the incidence of wAMD is lower than that of dry
age-related macular degeneration; however, the visual im-
pairment associated with wAMD is more severe.'! Currently,
the clinical treatment of wAMD involves intravitreal injection of
anti-vascular endothelial growth factor (VEGF) drugs (ranibi-
zumab and conbercept). These have become the most commonly
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used drugs to treat wAMD because of their curative effect and
few adverse effects.””3! Researchers have studied the efficacy of
ranibizumab and conbercept from different perspectives'®l;
however, it is not clear which drug is more effective for treating
wAMD. Both ranibizumab and conbercept are anti-VEGF drugs,
and can bind to multiple VEGF targets. They can also regulate the
permeability of the blood-retinal barrier, improve retinal edema,
inhibit regression of choroidal neovascularization (CNV),
improve best-corrected visual acuity (BCVA), and have no effect
on intraocular pressure (IOP). However, both are short-acting
drugs, and repeated injections are required.

The aim of this study was to analyze the data of randomized
controlled trials (RCTs) comparing ranibizumab and conbercept
in the treatment of wAMD, to explore the advantages and
disadvantages of these drugs in the treatment of wAMD, and to
provide the latest evidence for the clinical treatment of wAMD.

2. Materials and methods

2.1. Including and excluding criteria

2.1.1. We included articles on studies that met the following
inclusion criteria. (1) type of study: RCT; (2) type of
participants: patients diagnosed with wAMD; (3) one group
received intravitreal injection of ranibizumab, and the other
group received intravitreal injection of conbercept. The two
groups had no differences in the baseline parameters except the
injected drugs; (4) outcomes included uncorrected visual acuity
(UCVA), BCVA, CMT, and CNV.

2.1.2. We excluded the following types of articles. (1) studies
that were not RCTs; (2) the target population was inconsistent
with the diagnostic criteria of wAMD; (3) duplicate publications;
(4) reviews, letters, comments, and animal research; (5) low-
quality clinical trials; and (6) studies that did not derive
corresponding indicators.

2.2. Search strategy

Seven databases (PubMed, Medline, EMbase, Cochrane Library,
China National Knowledge Infrastructure, Wanfang database,
and Weipu Journal) were searched for the relevant studies
published between January 2016 and June 2019. The following
search terms were used in combination: Ranibizumab, Con-
bercept, wet age-related macular degeneration, exudative macu-
lar degeneration, treatment, and random. There were no
restrictions on language or study design. We also searched the
bibliographies of the retrieved articles for potentially relevant
articles.

2.3. Data abstraction and quality assessment

Two reviewers independently retrieved the eligible studies
according to the search strategy and selection criteria. Disagree-
ments between the two authors were resolved by discussion or
consultation with a third reviewer. The extracted data included
the first author(s), sample size, age, details of interventions,
outcomes, follow-up periods, and adverse events. The quality of
studies was assessed by referring to the Cochrane Handbook 5.2,
which contains guidelines about the evaluation of randomization,
allocation concealment, blinding, incomplete outcome data,
withdrawals and dropouts, and other biases. Based on the six
criteria, the quality of the included documents was divided into
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three levels: A, B, and C. The above criteria were fully met, and
had a least possibility of various biases, it was categorized as
grade A; if some studies met the above criteria, and had a
moderate possibility of various biases, it was categorized as grade
B; studies that did not meet the above criteria, and had a high
possibility of various biases were categorized as grade C.

2.4. Statistical analysis

Statistical analysis was performed using Review Manager
software (version 5.3) from the Cochrane Collaboration. In this
meta-analysis, the mean difference (MD) and odds ratio were
used to analyze continuous and dichotomous outcomes with a
95% confidence interval (CI). Statistical significance was set at
P <.05S. A chi-square test with P-value and I” statistic was used to
quantify the statistical heterogeneity between the studies. If no
heterogeneity between the studies was observed (P>.1, I*<
50%), the fixed effects model was used for the analysis; else, the
random-effects model was used. Forest plots displayed summary
weighted estimates, and funnel plots were used to assess
publication bias.

3. Results

3.1. Search results

A total of 139 potential articles were identified with an electronic-
based search; we excluded 30 articles after screening their titles
and abstracts and retrieved the full texts of the 109 remaining
articles. Finally, 16 studies'®" met the inclusion criteria and
were included in this meta-analysis (Fig. 1).

3.2. Characteristics of eligible studies

All included studies were RCTs, and the characteristics of these
studies are summarized in Table 1. Studies were published from
2016 to 2019, and all were conducted in China. The sample size
of the 16 studies ranged from 40 to 102, and the course of
treatment varied from 1 to 12 months; all studies reported the
outcomes at follow-up.

3.3. Methodological quality of included studies

All studies described an appropriate randomization procedure
and complete outcome data, but none of them mentioned
allocation concealment and blinding. Two out of 10 studies
described patient withdrawals and dropouts!'>!¢! (Table 2).

3.4. Treatment outcomes
3.4.1. UCVA. Eight studies'®'*7'%1%2!l reported the outcomes of

UCVA at the end of the treatment period. The outcome of the
heterogeneity test showed statistical significance (P <.001), =
97%; hence, the random-effects model was used for the analysis.
The results showed that the difference was not statistically
significant (MD=-.03, 95% CI (-.10-.05), P=.47), suggesting
that there was no significant difference between ranibizumab and
conbercept in improving the UCVA (Fig. 2).

3.4.2. BCVA. Six studies!”>?"11:18201 reported the outcomes for
BCVA at the end of treatment. The outcome of the heterogeneity
test showed no statistically significant difference (P=.38), I*=
6%; hence, the fixed-effects model was used for the analysis, and
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Figure 1. Flow diagram of included studies for this meta-analysis.

the results showed that the difference was not statistically
significant (MD =.00, 95% CI [-.02-.03], P=.73), indicating that
there was no significant difference between ranibizumab and
conbercept in improving the BCVA (Fig. 3).

3.4.3. CMT. Thirteen studies!”'*1721 reported the CMT
measurements at the end of treatment. The outcome of the
heterogeneity test showed no statistically significant difference
(P=.59), I>=0%; hence, the fixed-effects model was used for the

analysis. The results showed that the difference was not
statistically significant (MD=1.31, 95% CI (-3.81-6.43), P
=.62], indicating that there was no significant difference between
ranibizumab and conbercept in improving the CMT (Fig. 4).

3.4.4. CNV. Seven studies!” 27151721 reported the CNV out-
comes at the end of treatment. The outcome of the heterogeneity
test showed no statistically significant difference (P=.38), I>=
7%; hence, the fixed-effects model was used for the analysis. The
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Characteristics of the eligible studies.

Studies (first author, year) Location Patients No. Group (R/C) Course of treatment (mo) Follow-up (mo)
Deng®,2018 China 48 24/24 12 3-6
Zhang™ 2017 China 40 20/20 3 1-3
Liang® 2019 China 60 30/30 3 3
v 2016 China 84 42/42 3 3
Liut"% 2018 China 68 34/34 3 3
Leil"" 2018 China 60 30/30 3 3-6
HU'@ 2018 China 48 24/24 3 3
Yang!"¥ 2018 China 48 24/24 3 1-3
Fan''¥ 2018 China 78 39/39 3 1-3
Shil"™ 2019 China 60 30/30 3 1-3
Zhang'® 2016 China 60 30/30 3 1-3
Shut'™ 2018 China 80 40/40 3 1-3
cail'® 2016 China 58 30/28 3 1-3
Mal'® 2019 China 82 41/41 3 1-3
Xue? 2019 China 102 51/51 1 1
Niu?" 2016 China 40 20/20 3 1-3
C=Conbercept, R=Ranibizumab.
Quality of the included studies.
Studies (first author, year) Randomization Allocation concealment Blinding Incomplete outcome data Withdrawals and dropouts
Deng'® 2018 Yes NMT NO Yes NMT
Zhang" 2017 Yes NMT NO Yes NMT
Liang® 2019 Yes NMT NO Yes NMT
v 2016 Yes NMT NO Yes NMT
Liut"% 2018 Yes NMT NO Yes NMT
Lei™ 2018 Yes NMT NO Yes NMT
Hu'? 2018 Yes NMT NO Yes MT
Yang'™ 2018 Yes NMT NO Yes NMT
Fan'' 2018 Yes NMT NO Yes NMT
Shil"® 2019 Yes NMT NO Yes NMT
Zhang"® 2016 Yes NMT NO Yes MT
Shu'1 2018 Yes NMT NO Yes NMT
cail'® 2016 Yes NMT NO Yes NMT
Mal' 2019 Yes NMT NO Yes NMT
Xue?” 2019 Yes NMT NO Yes NMT
Niu" 2016 Yes NMT NO Yes NMT
MT =mentioned, NMT =not mentioned.
Ranibizumab Conbercept Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV, Random. 95% CI

Deng 2018 041 003 25 062 005 25 133% -0.21[023,-0.19) .

Fan 2018 031 002 39 033 004 39 134% -0.02[0.03,-0.01] s

Hu 2018 038 01 24 039 011 24 124%  -0.01[-0.07,0.05)

Ma 2019 041 0.04 41 033 008 41 132%  0.02[-0.01,0.09

Miu 2016 037 015 20 036 014 20 11.2%  0.01[-0.08,010]

Shi 2013 037 013 30 036 014 30 121%  0.01[-0.06,0.08]

Yang 2018 038 01 24 039 011 24 124% -0.01[0.07,0.05]

Zhang 2016 037 014 30 036 015 30 11.8%  0.01 [-0.06,0.08)

Total (95% ClI) 233 233 100.0% -0.03[-0.10, 0.05]

Heterogeneity: Tau®= 0.01; Chi*= 236.98, df= 7 (F < 0.00001); F= 97% Ko t 5 t 0

Testfor overall effect. Z=0.72(P=0.47) Ranibizumab Conbercept

Figure 2. Forest plot showing the effect of Ranibizumab and Conbercept used for the treatment of wAMD on UCVA.
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Ranibizumab Conbercept Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
Cai 2016 049 022 30 049 0322 30 B6.0% 000[F011,011)
Lei 2018 041 015 30 038 013 30 148% 0.03[-0.04, 010
Liu2018 7 1 7 5 34 102 013 30 189.6% -0.01[-0.07,0.04]
Ly 2016 0981 0118 42 1.007 0126 42 27.3% -0.03[-0.08, 003
Xue 2019 Vak 05 51 1.8 04 51 24% -010[-0.28,0.08]
Zhang 2017 042 009 20 038 0.07 20 298% 0.04[0.01,009)
Total (95% CI) 207 203 100.0% 0.00[-0.02, 0.03]
Heterogeneity: Chi*= 5.32, df = § (P = 0.38); F= 6% e t 5 t 0
Test for overall effect Z=0.35 (P=0.73) Ranibizumab Conbercept

Figure 3. Forest plot showing the effect of Ranibizumab and Conbercept used for the treatment of WAMD on BCVA.

Ranibizumab Conbercept Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cai 2016 228.33 B5.35 30 24633 818 30 19% -18.00[55489, 19.49] —
Fan 2018 258.74 5113 39 276.72 50.21 39 52% -17.98 4047, 4.51] I
Hu 2018 341.21 446 24 341.01 4215 24 43% 0.20[-24.35 24.79) =
Lei 2018 287.36 35.28 30 289.27 3418 30 B85%  -1.91[-19.49 1567] =
Liang 2019 351.46 3517 30 33018 33.02 a0 88% 21.28[4.02, 38.54] S
Liu 2018 306.52 2016 34 306.23 2011 34 286% 0.29 [[9.28, 9.86] ——
Ly 2016 309.6 37 42 3071 406 42 895% 250[-14.11,19.11] I
Ma 2018 3061 654 41 2998 596 41 J6%  6.30[-20.78, 33.38] =i
Niu 2016 3428 653 20 3435 642 20 16% -0.70[-40.83, 39.43]
Shu 2018 34524 3368 40 34651 3413 40 11.9% -1.27[16.13,13.59] o [
Xue 2019 3571 429 51 3567 438 51 93% 040[-16.43,17.23] 1
Yang 2018 3412 448 24 341 421 24 44% 020[2434, 2474] ————
Zhang 2017 3093 495 20 2926 535 20 26% 16.70[-15.24, 48.64) =
Total (95% CI) 425 425 100.0% 1.31[-3.81,6.43]

Heterogeneity: Chi*=10.35, df=12 (P=0459); F=0%
Test for overall effect: Z=0.50 (P =0.62)

a0 100
Conbercept

g

100 -50
Ranibizumab

Figure 4. Forest plot showing the effect of Ranibizumab and Conbercept used for the treatment of WAMD on CMT.

results showed that the difference was statistically significant
(MD=.49, 95% CI (.32-.76], P=.001), indicating that con-
bercept has a better inhibitory effect on CNV than ranibizumab.
(Fig. 5).

3.4.5. IOP. Two studies!®®! reported the effect on IOP at the end
of treatment. The outcome of the heterogeneity test showed no
statistically significant difference (P=.79), I?=0%; hence, the
fixed-effects model was used for the analysis. The results showed
that the difference was statistically significant (MD=1.61, 95%
CI [1.05-2.17], P<.001), indicating that conbercept can better
decrease the IOP than ranibizumab. (Fig. 6).

4. Discussion

This systematic analysis included 16 studies that evaluated and
compared the efficacy of ranibizumab and conbercept in the
treatment of wAMD. All included trials had clear diagnostic
criteria, inclusion criteria, and exclusion criteria. Visual electro-
physiology and ocular hemodynamics were also reported. The
results showed that there was no significant difference between
ranibizumab and conbercept in improving the UCVA and BCVA,
and there was no significant difference in the improvement of
retinal edema between the drugs. Although IOP is not an

indicator of treatment efficacy, it might increase following the
injection of anti-VEGF drugs and cause secondary glaucoma or
transient damage to the optic nerve. Therefore, this study focused
on the impact of the two drugs on IOP and found that conbercept
was more effective in reducing IOP than ranibizumab.

Conbercept was more effective in inhibiting CNV that occurs
with wAMD, than ranibizumab. Although the inhibitory effect of
conbercept on CNV was stronger than that of ranibizumab, there
was no difference in the improvement of UCVA, BCVA, and
macular thickness compared to that with ranibizumab. This
suggests that the factors affecting vision might not only come
from CNV; however, the low incidence of CNV will also reduce
the risk of bleeding. Nevertheless, the correlation of CNV with
macular edema needs further research. In addition, the limited
literature included in this study might also have an impact on the
results.

wAMD is a common cause of loss of BCVA in the elderly, and
VEGEF has been shown to play an important role in the formation
of wAMD-associated CNV.**! Currently, the main treatment for
wAMD is an intravitreal injection of anti-VEGF drugs, and a
study involving a total of 2227 patients with wAMD in several
countries has shown that ranibizumab is an effective treatment
for wAMD. However, if the treatment was not continued after
120days, the BCVA did not improve further and was not
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Ranibizumab  Conbercept Odds Ratio Odds Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Fan 2018 17 39 29 39 277% 0.27[0.10, 0.69] —
Hu 2018 7 24 14 24 16.8% 0.29[0.09, 0.97] —
Miu 20186 16 20 15 20 51% 1.33[0.30, 5.93] =5
Shiz2019 22 30 i 30 10.4% 0.84[0.26, 2.70] —
Shu 2018 27 40 29 40 16.0% 0.79[0.30, 2.06] i
Yang 2018 7 24 14 24 16.8% 0.29[0.09, 0.97] — =
Zhang 2017 15 20 17 20 7.2% 0.53[0.11, 2.60] = Yl
Total (95% CI) 197 197 100.0%  0.49[0.32, 0.76] £
Total events 111 141

Eege s Ranibizumab Conbercept
Figure 5. Forest plot showing the effect of Ranibizumab and Conbercept used for the treatment of WAMD on CNV.

Ranibizumab Conbercept Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Deng 2018 1785 1.22 25 16.16 1.62 25 497% 1.69[0.90,2.48] .
Liang 2019 1431 1.43 30 1267 1.68 30 503% 1.54[0.75,2.33] .
Total (95% CI) 55 55 100.0% 1.61[1.05, 2.17] L 2
Heterogeneity: Chi*=0.07, df=1{P=0.79); F=0% =_1 0 % [-] é ] D:

Testfor overall effect: Z= 5.65 (P = 0.00001)

Ranibizumab Conbercept

Figure 6. Forest plot showing the effect of Ranibizumab and Conbercept used for the treatment of wAMD on IOP.

maintained thereafter.”3! In another study, the clinical observa-
tion of 109 patients with wAMD showed that continuous
treatment with ranibizumab stabilized or improved 93.2% of the
visual acuity in the seventh year after treatment.'**! Intravitreal
injection of ranibizumab and conbercept did significantly
improve visual acuity in patients with wAMD.**! Conbercept
is a novel VEGF inhibitor used for the treatment of wAMD. In
recent years, many studies have reported that conbercept has
good efficacy, no obvious adverse reactions, and good safety in
the treatment of wAMD. Conbercept injection for three
consecutive months can maintain the BCVA at a high level.*®!
Conbercept might be more effective than ranibizumab in
decreasing the plasma levels of VEGE.*”!

Wang included eight randomized controlled studies and four
retrospective studies with a total of 853 patients. They found that
conbercept was superior to ranibizumab in terms of visual
improvement after treatment.'*®! However, our study found that
the two drugs did not show a significant difference in visual
improvement. The reason for this discrepancy might be the
differences between the included studies and the number of
patients analyzed.

However, this meta-analysis was limited by the following
factors (1) It included only 16 studies that assessed a total of 1016
patients. (2) The included studies were not of very high quality
and all were conducted in China. (3) None of the studies
mentioned allocation concealment or blinding. (4) Adverse
reactions were not reported in all studies; hence, it was not clear
whether there are adverse reactions associated with the use of
ranibizumab and conbercept in the treatment of wAMD.

The significance of this analysis is that it shows conbercept is
superior to ranibizumab in inhibiting the occurrence of CNV and
reducing complications associated with wAMD. Future studies,
with large sample sizes, multicentric, and adequately blinded
randomized controlled trials are necessary.

5. Conclusions

The effects of ranibizumab and conbercept on UCVA, BCVA,
and CMT were not significantly different from each other.
Compared with ranibizumab, conbercept effectively reduced IOP
and promoted CNV regression. Due to the limitations of this
meta-analysis, more data and more RCTs are required, which can
provide further guidance for the clinical setting.
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