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Abstract

e AIM: To systematically assess the effect of intravitreal
injection of Aflibercept or Ranibizumab in the treatment of
diabetic retinopathy (DR) by using Meta-analysis.

e METHODS: PubMed, MEDLINE, Web of Science,
Cochrane, Nature Series, ScienceDirect, and ESI Databases
were searched until May 2019. Ten studies included a total
of 1240 participants with DR had been administered in the
Meta-analysis. Aflibercept or ranibizumab via intravitreal
injection. After selecting useful information, we used
RevMan 5.3 to further analysis. Systematic review and
meta-analysis were used to design.

e RESULTS: The pooled results showed that central
macular thickness (CMT) was significantly reduced
(P<0.00001) in the intravitreous Aflibercept group (IVA);
compared with the intravitreous Ranibizumab group (IVR),
which did not greatly improve best corrected visual acuity
(BCVA) and visual acuity (VA).

o CONCLUSION: This Meta-analysis suggests that both
IVA and IVR are effective in the treatment of DR patients.
Specifically, Aflibercept shows better improvements in CMT,
while Ranibizumab is beneficial in increasing BCVA or VA.

This article is based on a study first reported in the Guoji
Yanke Zazhi (Int Eye Sci) 2021;21(5):757-763.
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INTRODUCTION

ue to the rapid changes in lifestyle, there is great
D concern that diabetes could become an epidemic!".
Diabetic retinopathy (DR) are some of the main causes of
blindness in the developed countries, its characteristic is
microaneurysm, thickening of basement membrane and cell
loss, these could eventually lead to blindness™. Thus far
the most commonly used treatment option for DR is laser
therapy"’. However, photocoagulation has several limitations:
one adverse impact is that laser treatment may affect peripheral
vision and consequently cause a substantial decrease in night
vision”. Laser can delay the progress of the disease, can't
improve your vision, and a negative impact on peripheral
vision, therefore must develop new treatments and drugs.
It should be noted that VEGF plays an important role in its
pathogenesis'”. That is, long-term vasodilation can lead to
changes in microaneurysms and vascular structures, which
may cause luminal stenosis, haemodynamic changes, and the
formation of neovascularization. Additionally, VEGF plays an
important role in stimulating neovascularization'®. Bleeding
from new blood vessels can destroy the integrity of the
vitreous, causing dissociative retinal detachment and impairing
vision”. VEGF expression is triggered by hypoxia, and in
proliferative diabetic retinopathy (PDR) which is expressed in
vitreous and preretinal new vessels™. Therefore, it is necessary
to effectively inhibit VEGF. Scientists are working to develop
drugs that inhibit VEGF. In clinical trials, ranizumab and
aflixipu were successively marketed.
Ranibizumab (Lucentis, Genentech/Roche) is designed to treat
DR by manipulating the structure of a full-length monoclonal
antibody (mAb) A.4.6.1 directed against human VEGF-A",
The fragment antigen binding (FAb) fragment of A.4.6.1 is
referred to as Fab-12"". Fab-12 has been widely used in DR,
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DME, retinal vein occlusion (RVO) and AMD'"". To some
extent, this therapeutic has a few limitations in ophthalmic
treatment'”’. In addition, Fab-12 has systematic drawbacks
in some clinical studies, such as hypertension, proteinuria,
inhibition of bone growth and infertility!*. Aflibercept is a
fusion protein formed by the recombination of the extracellular
region of human VEGF receptor-1 and 2, which includes
the human immunoglobulin Fc segment'*. Intravitreous
Aflibercept can improve vison in eyes with DME or DR, but
there are fewer reports on Aflibercept than on Ranibizumab.
There are no concrete reports of endophthalmitis, or events
suggestive of endophthalmitis'®. Clinical studies have shown
that the two drugs have different anti-VEGF mechanisms and
have significant efficacy in patients with DR, The purpose
of this paper is to compare the clinical efficacy of ranibizumab
and Aflibercept according to BCVA, VA and CMT, and to
provide evidence-based basis for individualized treatment of
DR.

SUBJECTS AND METHODS

Data Source and Search Strategy The Meta-analysis
was designed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement™™. MEDLINE, Web of Science, PubMed, Cochrane,
Nature Series, ScienceDirect, and ESI Databases were
searched for articles published until May 2019 combining
the following terms [(“Ziv-Aflibercept” or “Aflibercept” and
“DR” or “Diabetes retinopathy” or “Diabetic retinopathy’’) and
“Ranibizumab” and “Randomized”’]. No language restrictions
were applied.

Study Selection The study included 1 240 patients (ages
38 to 58) with type 2 diabetes. They all came from different
countries, including Egypt, Japan, England and the United
States. They were published between two and three years ago.
The best corrected visual acuity (BCVA), visual acuity (VA)
and central macular thickness (CMT) were analyzed.

Data Extraction Measurement information, year of
publication, number of treated and control eye patients, age,
sex, country, and type of diabetes were collected from each
study and entered into RevMan 5.3. Extractive results included
efficacy after treatment with either afrisib or ranizumab. There
are three aspects of comparison, BCVA, VA and CMT.

Quality Assessment An assessment scale was designed with
11 items based on the Newcastle Ottawa Scale (NOS)!'”. “Yes”
or “no” or “not clear” the answer should be “yes” or “no”
or “not clear”, and if the answer is “yes”, then there will be
a score of “1”; Otherwise, the item will score “0”. Huang C
evaluates the quality of the included studies, and studies with
scores above 8 are considered high quality studies.

Data Synthesis and Analysis Relative risks (RRs) of the
effect of randomized treatments were calculated using the
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metan routine (STATA Statacorp, version 14.0) to account
for the probability of events occurring in the treatment
group versus the control group””. Relative risks (RRs)
and 95% confidence intervals (ClIs) for each outcome were
calculated separately for each trial, with grouped data using
the intention-to-treat principle”””. The combined RRs are log-
transformed and weighted by the inverse variance. Estimates
of population effects were calculated using a random effects
model. The hypothesis of homogeneity of different treatment
effects was tested by Q statistic, and further quantified by 12
statistic. Q-statistic P<0.05 defined significant heterogeneity.
12 indicates insignificant heterogeneity between 0 and 40%,
moderate heterogeneity between 30% and 60%, significant
heterogeneity between 50% and 90%, and significant
heterogeneity between 75% and 100%"”. The significance
level for all outcome and heterogeneity analyses was set at
P<0.05.

Sensitivity Analysis In order to investigate the therapeutic
effect of afiricip on patients and whether there was a difference
compared with ranizumab, we performed a Meta-analysis by
stratified trials with the intracavinal injection of afiricip and
the comparison drug (ranizumab). We input one event for each
study group with a zero trial result for sensitivity analysis to
avoid any distortion due to the difference in size between the
treatment and control groups.

Publication Bias To assess potential publication bias, funnel
plots were developed and weighted linear regression was used,
with the natural log of the odds ratio as the dependent variable
and the reciprocal of the total sample size as the independent
variable. This approach is an improved MacAskill test that
gives a more balanced Type I error rate in the tail probability

1 The significance

region than other publication bias tests
level for the publication bias analysis was set at P<0.05.
RESULTS

Study Characteristics and Quality Assessment Of the 780
articles identified in the preliminary study, 328 were retrieved
for more detailed evaluation and 10 randomized trials were
included in the analysis. Patients over 18 years of age with DR
were included in the study (Figure 1).

Table 1 shows the detailed characteristics of these studies.
There are 6 papers with high marks. That includes 1240
people from Egypt, Japan, the United States and Britain. It
should be noted that there were 7 trials including IVA and
IVR. In addition, other trials selected only IVA or IVR during
the course. The scale used for quality assessment is shown in
Figure 2 and the results are shown in Table 1.

Outcomes Analysis

Best Corrected Visual Acuity Six studies reported the BCVA
of patients after receiving treatments. The heterogeneity test
result of the combined effect amount is (P=0.0003, =78%),
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Table 1 Characteristics of eligible studies

Studies Groups n Age Sex (M/F) Diabetes type Country Measurement (intravitreal) Year  Quality Score

Asharf IVR 10 51.7+6.2 2/8 I Egypt IVR/IVA 2017 6
IVA

Asharf 23 / 16/7 1I Egypt IVA 2016 7
IVA 27 / 17/10

Bressler IVB 163 / 80/83 1I America IVB/IVA 2019 8
IVA 132 / 80/52

Korobelnik IVR 60 51.244.3 30/30 1I America IVR/IVA 2015 8
IVA 70 40/30

Lofty VB 40  46.7+73  25/15 i Bgypt IVB/IVA 2018 6
IVA 39 20/19

Morikoa IVR 10 / 3/7 1I Japan IVR/IVA 2018 8
IVA /

N EnglJ IVR 44 53.2+4.5 20/24 11 England IVR/IVA 2015 9
IVA 46 20/26

Shimizu IVR 33 / 10/23 11 Japan IVR/IVA 2017 8
IVA 20 / 11/9

Wells IVR 110 43.6+4.8 60/50 1I America IVR/IVA 2017 8
IVA 114 50/64

Bansal IVR 140 51.2+£3.2 70/70 1I America IVR/IVA 2015 7
IVA 139 60/79

1 Records identified || Records identified Records identified and the random effect model analysis is shown in Figure 3.

E || s AetRuE through Web of through PubMed The Meta-analysis result was [MD=0.05, 95%CI (0.03, 0.08),

2. search Science search search . . o

7 (2=198) (n=887) (n=561) P=0.0003]. The BCVA of patients in the ranibizumab treatment

§' l group was higher than that of the Aflibercept group, and the
S Records after duplicates removed difference was significant. The detailed results are depicted in
] =7 .

ol Figure 4.
5{ ‘ Visual Acuity Additionally, 4 studies reported patient VA
Records screened Records excluded .. . .
5- (n=550) = (a=230) after treatment administration. The heterogeneity test result
1 of the combined effect amount was (P=0.00001, I’=94%)),
— Fal-text arcios smessed -8‘?“ excluded: and the random effect model analysis is shown in Figure 3.

E for eligibility (n=328) [~ reported  the The Meta-analysis result was [MD=5.98, 95%CI (4.70, 7.25),

5. l same trial; P=0.00001]. The VA of patients in the Ranibizumab treatment

E .were excluded:

4 113 less than132 group was higher than that of those in the Aflibercept group,
L Articles included in p""l:;, and the difference was significant. The detailed results are
I 10 quantitative synthesis emrofed; ) ] ]

. (meta-analysis) -were excluded: depicted in Figure 5.

a 34  no relevant . .

% l ontcomes Central Macular Thickness Four studies reported the CMT
L | Artiches einded B 16 of patients after receiving treatments. The heterogeneity

Figure 1 Flow chart of study selection.

Items

Answer®D

Score@

1. Was the

study a cohort study?

2. Was the spectrum of participants’ representative?
3. Were the inclusion and exclusion criteria clearly described?

4. Were the source of data and recruitment period clearly described?

5. Were all of the statistical analysis methods in the study clearly described?

6. Were

P

d and unexposed groups
7. Were there multiple ratings for PA for different categories of exposure?

hed in the design or cofounders adjusted for analysis?

8. Was the DR case definition adequate?

9. Was the

PA definition adequate?

10. Did all of the included population participate in or respond to the study? If not, were the
withdrawals
reported or discussed ? ®

11. Did the authors discuss the limitation and potential bias of the study?

Total score

(DEach item in the scale should be answered with ‘yes’, ‘no’, or ‘unclear’

@An item would be scored ‘1’ when the answer was ‘yes’; otherwise, the item would be scored

<

®The answer to the item would be “yes’ if either of the two questions is answered with ‘yes’

Figure 2 Quality assessment scale.

test result of the combined effect amount was (P=0.00001,
’=91%), and the random effect model analysis is shown
in Figure 3. The Meta-analysis result was [MD=-17.29,
95%CI (-28.40, -6.18), P=0.00001]. The VA of patients in the
Aflibercept treatment group was higher than that of those in
the Ranibizumab group, and the difference was significant. The
detailed results are depicted in Figure 6.

Sensitivity and Publication Bias Analysis Sensitivity
analysis was conducted for each indicator, and each included
study was excluded respectively to determine the results of
Meta analysis. The results are reported using a random-effects
model, which allows for more conservative estimates because

the results of fixed and random-effects models are similar.
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Figure 3 Funnel plot for comparison between aflibercept and ranibizumab in BCVA, VA, and CMT.
Experimental Control Mean Difference Mean Difference
Asharf 2017 039 034 27 048 035 23 17% -009(028,010 -
Bressier 2019 044 022 132 038 019 163 283% 006(001,011) -
Korobeintk 2015 068 017 120 0607 0106 115 491% 007§004,011) -
LOFTY 2018 081 016 39 073 015 40 136% 008(001,019 [
Monoka 2018 065 075 20 049 051 20 04% 016}-024,056)
Shimeu2017 032 034 88 048 031 87 69% -0161026,-006) -
Total (95% CI) 2 48 100.0%  0.05(0.03, 0.08) ¢
Heterogenedly Chi*= 2302, 0= 5 (P = 0 0003), P= 76% 05 0725 025 05

Test for overall eflect Z= 4 02 (P < 0 0001)
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Figure 4 Forest plot summarizing the comparison between Aflibercept and Ranibizumab in BCVA Significance test for estimate:

P<0.00001. Bars indicate the 95%CI.
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Figure 5 Forest plot summarizing the comparison between Aflibercept and Ranibizumab in VA Significance test for estimate: £<0.00001.

Bars indicate the 95%CI.
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Figure 6 Forest plot summarizing the comparison between Aflibercept and ranibizumab in CMT Significance test for estimate:

P<0.00001. Bars indicate the 95%CI.

Heterogeneity tests were used to assess heterogeneity between
studies. We produced forest plots to assess multivariate
adjusted relative risk and the corresponding 95%CI. Using
regression analysis, we assessed whether IVR and IVA were
associated with certain prognostic variables at the study
level. We used Cochrane g-statistic (we considered P<0.05 to
indicate statistically significant heterogeneity) and Pstatistics
to assess the heterogeneity of relative risk across studies.
Figure 7 depicts the detailed results.

DISCUSSION

DR is the manifestation of organ damage in DM". Laser or
anti-VEGF drugs are popular for alleviating DR, Intravitreal
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injection of anti-VEGF drugs has been shown to be more
effective than laser photocoagulation of diabetic macula edema
(DME), which was the standard treatment in the 1980s™°.
Moreover, using laser therapy alone may also lead to some
complications or shortcomings. For instance, nausea, eye
swelling, eye pain, tearing, and elevated intraocular pressure
may occur during the procedure””. Because VEGF plays an
important role in the development of DR, anti-VEGF drugs
have been gradually applied in clinical practice and achieved
good results. Against this background, Aflibercept and
Ranibizumab were realized in a new era. Both drugs can treat
DR by inhibiting VEGF. Ranibizumab (Lucentis, Genentech/
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Figure 7 Publication of bias risk maps per document.

Roche) is A high-affinity antigen associated with A monoclonal
antibody fragment that neutralizes all bioactive forms of
VEGF-A™. Ranibizumab has been widely used in the
treatment of DME, DR and RVO™!. In addition, the use of 0.5
mg Ranibizumab may increase the incidence of cataracts™”.
Aflibercept is a newly-applied clinical drug that has recently
been introduced to the market. Compared to previously
marketed Ranibizumab, Aflibercept binding affinity for VEGF
is substantially greater, and a mathematical model predicted
that Aflibercept might have a substantially longer duration

B Aflibercept plays a role in localized

of action in the eye
treatment through intravitreal injection. After intravitreal
injection, part of the intraocular and endogenous VEGF binds
to inactive Aflibercept, which is called the VEGF complex. In
addition, the other part of Aflibercept is absorbed into the body
circulation””. Aflibercept is suitable for DR, DME, AMD and
CRVOM™. The most common adverse reaction of Aflibercept
is eye pain, cataract, vitreous detachment, and increased
intraocular pressure. The process of intravitreal injection
may lead to endophthalmitis, so the whole procedure should
observe aseptic rules”. BCVA, VA and CMT have been
applied to evaluate the efficacy of anti-VEGF drugs””. The
BCVA and VA after treatment in both groups were higher than

those before treatment, which can indicate an improvement in
vision”. In contrast, CMT after treatment was lower than that
before treatment, which may be monitored to determine the
efficacy over time"”.

To summarize our Meta-analysis, Aflibercept and Ranibizumab
are both beneficial to treat DR patients. Meta-regression
analysis showed that both Aflibercept and Ranibizumab had
improvements in BCVA [MD=0.05, 95%CI (0.03, 0.08),
P=0.0003], VA [MD=5.98, 95%CI (4.70, 7.25), P=0.00001],
and CMT [MD=-17.29, 95%CI (-28.40, -6.18), P=0.00001].
Subgroup analysis confirmed that Aflibercept had a markedly
better effect on CMT than did ranibizumab (P<0.00001), while
Ranibizumab resulted in a wonderful improvement in BCVA
(P<0.0001) and VA (P<0.00001). Therefore, the choice of
ranizumab or aflisip should be evaluated separately based on
the patient's baseline condition, i.e., BCVA and VA or CMT
is of greater concern. In addition, patients’ age, gender, type
of diabetes in patients with diabetes, and the overall study
design may affect the results of the meta-regression. Finally,
for practical reasons, qualified studies only cover those written
in English, which can lead to bias. The publication bias funnel
plot is very important and has a slight asymmetry, suggesting
publication bias. Therefore, it is necessary to avoid publication
bias from the experimental design stage. Meta-analysis showed
that sample size had an effect on heterogeneity. Further
research is needed to analyze this finding.

In this meta-analysis, we screened the literatures strictly
according to the inclusion criteria, and finally included 10
articles. The research literature is an open study, and some
studies do not describe in terms of allocation concealment,
so there may be execution bias. Another limitation is that the
conclusions of this study need to be rigorously designed, large-
sample, double-blind RCTs to verify.

In summary, a large sample study confirmed that the use of
Aflibercept or Ranizumab in patients with diabetic retinopathy
or dimethyl ether was associated with a significant reduction
in CMT. In particular, Aflibercept was superior to Ranizumab
in CMT. In addition, the efficacy of Ranizumab in BCVA and
VA is better than that of Aflibercept, further demonstrating the
efficacy of anti-VEGF drugs requires larger sample size, longer
studies, so as to help physicians and patients better manage
DR
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