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Abstract

Background

The most frequent cause of vision loss from diabetic retinopathy is diabetic macular edema
(DME). Earlier clinical trials tried to examine the role of intravitreal triamcinolone (IVT) and
intravitreal bevacizumab (IVB) in DME; they either qualified IVT over IVB or IVB over IVT or
did not exhibit a significant difference.

Objective

This paper aims to compare the efficacy and safety of IVB versus IVT alone or combined
IVB+IVT in the treatment of DME.

Methods

We systematically searched PubMed, CENTRAL, Scopus, Embase, Science Direct, OVID,
and Web of Science for randomized controlled trials of IVB versus IVT alone or combined
IVB+IVT and IVT versus the combined IVB+IVT in DME patients.

Results

A total of 1243 eyes of 17 trials were included in our meta-analysis and regression.
Repeated injections of IVB were superior at improving VA comparing with those of IVT at
12, 24, 48-weeks, and IVB+IVT at 12, 24, 48-weeks. Single injections were comparable
across the three arms regarding BCVA improvement. CMT reductions were also compara-
ble across the three arms. Meanwhile, the overall safety regarding intraocular pressure and
intraocular hypertension significantly favored the IVB group. Improvement in VA was best
modified with CMT reduction from 480 um to 320um. This association was significant at 12-
weeks in the three arms and persisted till 24-weeks and 48-weeks exclusively in the IVB

group.
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Conclusions and relevance

Our analysis reveals that repeated successive injections associate with better BCVA com-
pared to single injection. Current evidence affirms that IVB is superior to IVT and IVB+IVT at
improving BCVA, comparable at reducing CMT, and presents a better safety profile in the
treatment of DME.

1. Introduction

Diabetes mellitus (DM) affects over 422 million persons worldwide [1]. About 33% of patients
with DM develop some form of diabetic-related eye damage [2]. For instance, the 10-year inci-
dence of diabetic retinopathy in patients with TIDM is nearly 36%, while the 20-year inci-
dence for T2DM is 84% in those taking insulin and 53% in those not taking insulin [3-5].
Diabetic retinopathy is a microvascular disorder correlated with the thickening of the peripa-
pillary retinal nerve fiber layer [6]. The most frequent cause of vision loss from diabetic reti-
nopathy is diabetic macular edema (DME), which can develop at any stage of retinopathy and
is marked by edema and retinal thickening [7].

In DME chronic hyperglycemia upregulates vascular endothelial growth factor (VEGEF),
increasing vascular permeability, and angiogenesis [8, 9]. Additionally, a decent amount of evi-
dence suggests that inflammatory mediators are partially engaged in the pathophysiology of
DME and contribute substantially to the vascular permeability and the development of edema
[10-12].

The potential treatments for DME involves macular laser photocoagulation (MLP), anti-
VEGF agents, ocular corticosteroids, and pars plana vitrectomy [13]. MLP was the primary
treatment for DME proving to be effective in limiting vision loss [14]. Over time the intravi-
treal injections of anti-VEGF agents have rapidly become the standard of care, due to its ability
to adjust both visual and anatomical outcomes, besides the avoidance of laser-related compli-
cations like subretinal fibrosis and laser scars [15-17].

Being an ocular steroid, Triamcinolone performs an anti-inflammatory, anti-angiogenic,
and cost-effective role in the treatment of DME; proved to be beneficial through several reports
[18, 19]. Meanwhile, the humanized monoclonal antibody Bevacizumab presents promising
anti-VEGF results working as an off-label therapeutic favorable option -for it is more afford-
able than most of the anti-VEGF agents. Comparatively, triamcinolone requires fewer injec-
tions, and a single intravitreal triamcinolone (IVT) injection might be as effective as three
injections of intravitreal bevacizumab (IVB) for the treatment of DME [20]. This implies that
IVT may reduce injection-related complications and improve patient compliance. However,
the rates of intraocular pressure (IOP) increase and cataract development are expected to be
higher in steroids-treated eyes [21, 22].

Earlier individual trials either qualified IVT over IVB or IVB over IVT or did not exhibit a
significant difference [23-25]. Previous cumulative reviews tried to settle this controversy [26,
27], but with limited double-arm randomized controlled trials (RCTs) at the time, unreliable
statistical methods, and short-term follow-ups; the debate is still unsettled.

In this systematic review, meta-analysis, and meta-regression of multiple-arm (RCTs): we
compare the short and long-term safety and efficacy of IVB versus IVT alone or combined
with IVB in the treatment DME, regarding visual acuity (VA), central macular thickness
(CMT), IOP, intraocular hypertension (IOH), and pathogenesis factors (such as hypertension,
diabetes duration, and HbA1C levels).
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2. Materials and methods

We followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement guidelines [28], as well as the standards of the Cochrane Handbook for
Systematic Reviews of Intervention [29].

2.1 Literature search strategy

The following electronic databases were comprehensively searched: PubMed, CENTRAL, Sco-
pus, Embase, Science Direct, OVID, and Web of Science; using relevant keywords "diabetic
macular edema”, "DME", "bevacizumab", "Avastin", "triamcinolone”, "IVB", "IVT" from incep-
tion till 20 August 2020. All published articles were considered with no restrictions in terms of
language or publication period. Further, we manually scanned the bibliography of retrieved
articles for additional relevant studies.

2.2 Eligibility criteria and study selection

We included studies with the following criteria: (a) randomized controlled trials (RCTs) that
compared IVB of any dose with or without IVT of any dose; (b) patients of any age and sex, who
had any type of diabetes, clinically significant DME and receiving naive treatment; (c) reported
data on any of the following outcomes: best-corrected visual acuity (BCVA) between 0.096 log-
MAR (Snellen = 20/25; ETDRS VALS = 80) and 1.3 logMAR (Snellen = 20/400; ETDRS

VALS = 20), central macular thickness (CMT) > 300 pm defined by OCT machine, intraocular
pressure (IOP), intraocular hypertension (IOH) at various weeks endpoints (4, 6, 12, 24, and
48-weeks); (d) Studies of additional injections or retreatment based on persistence of clinically
significant macular edema according to Early Treatment Diabetic Retinopathy Study (ETDRS)
criteria; (e) duplicated publications or reports were included once. Articles were excluded if: (I)
non-randomized controlled trials or comparative interventional case series; (II) studies with DR
without macular edema or studies of macular edema due to causes other than DR; (III) studies
that compared IVB or IVT with different intervention, or studies that concerned with non-ocu-
lar outcomes or non-DME patients, as well as dissertations/thesis or animal studies; (IV) patients
with macular edema related to recent intraocular surgery or other procedures, vitreous traction,
history of any treatment for DR at any time or anticipating the need for pan retinal laser photo-
coagulation, existing/pre-existing glaucoma or ocular hypertension (IOP> 21 mmHg), steroid
responders, recent history of arterial thromboembolic event, poorly controlled hypertension, or
use of systemic steroids and/or systemic anti-VEGF agents. (II), (III) and (IV) were considered
irrelevant during the screening process. Duplicates were removed using EndNote X7.1 software
and retrieved references were screened in two step-wise manner: titles/abstracts screening for
matching our inclusion criteria, followed by a full-text appraisal of relevant articles for eligibility
to meta-analysis. Each step was performed by two independent reviewers.

2.3 Data extraction and risk of bias assessment

Each type of dataset was extracted independently by two authors. Discrepancies were settled
through discussion and consensus among the reviewers. The extracted data involved the fol-
lowing: (1) study ID (name of the first author and year of publication), location, study design,
major inclusion criteria, various intervention groups (arm, dosage, number of injections and
the interval in-between), number of eyes, follow up duration and the conclusion of each study;
(2) Baseline characteristics for each intervention arm of enrolled patients regarding age, sex,
type of DM, insulin users (%), HbA1C level, hypertensive patients (%), and retinopathy sever-
ity (%); whether non-proliferative diabetic retinopathy (NPDR), proliferative diabetic retinopathy
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(PDR), or regressed PDR; (3) Risk of bias (ROB) domains; (4) Treatment outcome measures. The
following outcome measures were extracted at 4, 6, 12, 24 and 48-weeks; to indicate the short,
intermediate and long term efficacy related to the treatment groups: (I) means and standard devi-
ations (SDs) of the different values for BCVA, CMT, and IOP at each endpoint following the
intervention per eye; (II) number of eyes developed IOH of more than 21 mmHg IOP.

We adopted the Cochrane risk of bias (ROB) assessment tool, adequately described in chap-
ter 8.5 of the Cochrane handbook [29]. ROB domains included Randomization (selection
bias); Allocation concealment (selection bias); Blinding of participants (performance bias);
Blinding of outcome assessment (detection bias); Incomplete outcome data (attrition bias),
Selective reporting (reporting bias), and other sources of bias including unclear baseline char-
acteristics and trial termination shortly due to data-dependent considerations. We classified
RCTs in each domain as low, high, or unclear ROB as defined by Cochrane Handbook. Any
discrepancies were resolved through discussion. The assessment of publication bias using the
funnel plot and Egger’s test was also considered (Fig 3B). We also considered the Grading of
Recommendations Assessment Development and Evaluation (GRADE) approach (Table 1).

2.4 Data analysis

Statistical analysis was performed using Open Meta[Analyst] package from Brown University
—School of Public Health. Applying the random-effects model with Der-Simonian Liard
method: continuous data of means and standard deviations were pooled as weighted mean dif-
ferences (MD), dichotomous data of event-total were calculated as relative risks (RR). Subse-
quently, the MD (VA, CMT, IOP) and RR (IOH) among the three arms (IVB vs. IVT or IVB
vs. IVT+IVB or IVT vs. IVT+IVB) were analyzed and provided a 95% confidence interval
(CI). Missing SD of mean change from baseline was calculated from the standard error or 95%
CL To test for statistical heterogeneity between trials Chi-square and I2 tests were performed;
values of 0%-40%, 30%-60%, 50%-90%, and 75%-100% represented low, moderate, substantial,
and considerable heterogeneity, respectively according to Cochrane Handbook of Systemic
Review and Meta- analysis. P<0.1 was set as a level of significant heterogeneity. When signifi-
cant heterogeneity was detected, we conducted a sensitivity analysis to find the source of het-
erogeneity by excluding one study at a time. Subgroup analysis according to study arms and
repeated injections was also performed. Additionally, a meta-regression was employed to
examine whether injections, sex, age, hemoglobin A1C level, diabetes duration, insulin usages,
hypertension, or degree of retinopathy may predict alterations in VA and CMT.

3 Results
3.1 Search results and characteristics of included studies

Our search retrieved 10353 unique citations from searching electronic databases. Following
title and abstract screening, 69 full-text articles were retrieved and screened for eligibility. Of
them, 52 articles were excluded, and 17 RCT's (n = 1243 eyes) were reviewed in detail and
included in this meta-analysis (PRISMA flow diagram; Fig 1A) [23, 24, 30-44]. The references
of the included RCT's were manually searched, but no further reports were added. All of the
included studies were performed between 2007-2020, seven studies in Iran [31-33, 36, 42-44],
four studies in Brazil [23, 34, 38, 39], two studies in Egypt [35, 40], and one study in Japan
[30], India [37], Australia [41], and South Korea [24]. Seven studies compared IVB and IVT
alone [23, 30, 34, 35, 38, 41, 42], 10 studies compared IVB vs. IVB+IVT [24, 31-33, 36, 37, 39,
40, 43, 44] and three studies compared IVT vs. IVB+IVT [24, 39, 40]. The majority of the stud-
ies injected 1.25 mg of IVB, 4 mg of IVT, and 1.25/2 mg of IVB/IVT. The follow-up period
ranged from 12 to 96 weeks. Both sexes were represented equally in each study. Table 2
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PubMed CENTRAL Embase Scopus Ovid ScienceDirect Web of Science

n=917 n=40 n=2,338 n=1,995
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n=10,353Unique Citations

n=1.342 n=1.885 n=1,835

c
2
e

©

O
h=
=)

c

(]
1

n=2489
Non-Duplicate

Citations
Screened

Screening

n=2,420 Articles were Excluded After Title/AbstractScreening
Reasons of Exclusion:
- 477 Review
- 873 Conference
- 292 Editorail/Letter
- 89 Bookchapter

- 689 Irrelavnt

Inclusion/ExclusionCriteria Applied

3 n= 52 Articles were Excluded After Full-Text Screening
= Reasons of Exclusion:

a - 19 Non-RCTs

5 n= 69 Articles - 32 Irrelavnt

if.l Retrieved - 1comparative

interventional case-series

A

17 RCTs included

o
7]
o
=
o
=

Random sequence generation (selection bias) —:I
Allocation concealment (selection bias) _ |
[ |
Blinding of outcome assessment (detection bias) —:l
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) —

Other bias . -

75%

Blinding of participants and personnel (performance bias)

B
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. Low risk of bias |:| Unclear risk of bias . High risk of bias

Fig 1. A. PRISMA flow diagram illustrates the search strategy, screening and the selection process. B. Risk of bias graph according to Cochrane risk of
bias assessment tool.

https://doi.org/10.1371/journal.pone.0245010.g001
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Table 2. Shows the GRADE framework for the major outcomes.

LogMAR BCVA (follow up: 48 weeks; Scale from: —0.044 to 0.010)

14 | randomised | not serious * not serious | notserious | doseresponse | 444 562 - MD & arlanlan] CRITICAL
trials serious gradient 0.089 HIGH
1000
lower
(0.107
lower to
0.07
lower)

CMT (follow up: 48 weeks; Scale from: —7.267, to 19.085)

14 | randomised | not serious * not serious serious all plausible 444 562 - MD DPPHO | IMPORTANT
trials serious residual 5909 | MODERATE
confounding 1000
would suggest more
spurious effect, (7.267
while no effect fewer to
was observed 19.085
more)
I0P (follow up: 48 weeks; Scale from: —1.151 to —0.174)
5 randomised | not | notserious® | not serious serious none 169 140 - MD DPppO CRITICAL
trials serious 0.662 | MODERATE
1000
lower
(1.151
lower to
0.174
lower)
I0OH (follow up: 48 weeks)
7 randomised | not serious not serious serious strong 0/216 | 22/ RR 54 fewer | PPPHO CRITICAL
trials serious association (0.0%) | 276 0.319 | per 1,000 | MODERATE

(8.0%) | (0.120to | (from 70
0.842) fewer to
13 fewer)

Question: Should IVB vs. IVT or IVB+IVT be used for DME?

CI: Confidence interval; MD: Mean difference; RR: Risk ratio

Explanations

a. Six included studies reported superiority of IVT or combined IVB+IVT compared with IVB alone. Eight other trials demonstrated that IVB was more efficient in
reducing DME relative to IVT or IVB+IVT. Another three trials reported that the two drugs didn’t differ markedly in terms of their effects in improving VA and
reducing CMT.

b. The reduction was not significant regarding CMT during the early, intermediate, and late follow-ups (up to 48 weeks). Even though a slight superiority was present
for IVB at 4-weeks, IVB+IVT at 12-weeks, and IVT at 24-weeks; the very wide 95% CI of these findings exclude it from clinical significance.

c. Wide 95% CI was present at some endpoints.

https://doi.org/10.1371/journal.pone.0245010.t002

summarize the characteristics of included patients and studies. It is worth mentioning that
Neto et al. did not report the SD values of the outcomes, so the study could not be included in
the pooled analysis [39].

3.2 The potential source of bias

According to the Cochrane ROB tool, the quality of the included studies was from moderate to
high. The main concern was incomplete outcome data (loss of follow-up), which was
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determined in Rodrigues et al. [34], Riazi-Esfahani et al. [36], Sonoda et al. [30], Lim et al.
[24], Soheilian et al. [31, 32], and Paccola et al. [38]. A summary of quality assessment domains
is shown in Fig 1B while authors’ judgments with justifications are shown in S1 File, S1 Fig.

3.3 Outcomes

3.3.1 CMT. 3.3.1.1IVBws. IVT. The overall effect showed no significant difference
between the two groups in CMT after 4 weeks (MD = 51.76, 95% CI [-71.55; 175.07]), 6 weeks
(MD = -8.75, 95% CI [-61.20; 43.68]), 8 weeks (MD = 14.49, 95% CI [-106.85; 135.84]), 12
weeks (MD = 8.47, 95% CI [-36.53; 53.48]), 24 weeks (MD = 24.96, 95% CI [-36.05; 85.99]), 36
weeks (MD = -12.09, 95% CI [-102.48; 78.29]), and 48 weeks (MD = -5.00, 95% CI [-72.28;
62.26]). Pooled analyses were heterogeneous; therefore, sensitivity analysis was applied when
applicable, yet presented no difference. (Heterogeneity values are reported in Fig 2B).
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Fig 2. A. Forest plot shows the mean difference (MD) in BCVA (logMAR) along with the associated 95% CI in the three arms: (/) indicates IVB vs. IVT, (//) indicates IVB
vs. IVB+IVT, (///) indicates IVT vs. IVB+IVT, and (+) indicates repeated injections; at 4, 6, 12, 24, and 48 weeks. B. Forest plot shows the mean difference (MD) in CMT
(um) along with the associated 95% CI in the three arms: (/) indicates IVB vs. IVT, (//) indicates IVB vs. IVB+IVT, (///) indicates IVT vs. IVB+IVT, and (+) indicates
repeated injections; at 4, 6, 12, 24, and 48 weeks. C. Forest plot shows the mean difference (MD) in IOP (mmHg) along with the associated 95% CI: (/) indicates IVB vs.
IVT, (/) indicates IVB vs. IVB+IVT, and (+) indicates repeated injections; at 4, 12, 24, and 48 weeks. D. Forest plot shows the risk ratio (RR) of IOH along with the
associated 95% CI in the three arms: (/) indicates IVB vs. IVT, (/) indicates IVB vs. IVB+IVT, (///) indicates IVT vs. IVB+IVT, and (+) indicates repeated injections; at 12,
24, and 48 weeks. E. Double interaction regression between CMT mean difference on x-axis and BCVA mean difference on y-axis.

https://doi.org/10.1371/journal.pone.0245010.g002
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3.3.1.21VB vs. IVB/IVT. Pooled analysis of five studies [24, 32, 36, 40, 43] showed no signifi-
cant difference between the two groups in CMT after 6 weeks (MD = 51.76, 95% CI [-71.55;
175.07]). Pooled analysis was homogenous (I> = 43.6%, p = 0.13).

After 12 weeks, we could not find any significant difference between both groups
(MD = 14.16, 95% CI [-14.70; 43.03]). Pooled analysis was heterogeneous (12 = 66.7%,

p = 0.02). Heterogeneity was best resolved by subgrouping into single and repeated injections,
yet presented no difference, Fig 2B.

The overall effect of four studies [31, 32, 36, 37] showed no significant difference between
the two groups in CMT after 24 weeks (MD = -1.53, 95% CI [-32.52; 29.46]). Pooled data were
heterogonous (I” = 58.7%, p = 0.06). Heterogeneity was best resolved by excluding the study of
Rakhee et al. [37], (I* = 0%, p = 0.75). This statistical heterogeneity could be due to the fact that
most studies repeated the injections each 6 weeks, except for Rakhee et al. where they repeated
the injection each 4 weeks. Following resolving heterogeneity, the effect estimate showed an
insignificant reduction in the CMT in the IVB group (MD = -15.02, 95% CI [-35.62; 5.57]).

In terms of the 48-week period, a pooled analysis of three studies [24, 31, 33] showed that
there was no significant difference between both groups (MD = -15.64, 95% CI [-54.38;
23.10]), with homogenous data (I = 47%, p =0.15).

3.3.1.31VT vs. IVB/IVT. The overall effect of two studies [24, 40] showed no significant dif-
ference between the two groups in CMT after 6 weeks and 12 weeks (MD = 3.03, 95% CI
[-31.28; 37.36], and MD = 76.39, 95% CI [-4.09; 156.87], respectively) (Heterogeneity values
are reported in Fig 2B).

3.3.2 LogMAR BCVA. 3.3.2.1 IVBvs. IVT. In terms of the overall effect, no significant
difference was noted between the two groups in LogMAR BCV A after 4 weeks (MD = 0.08,
95% CI [-0.01; 0.17]), 6 weeks (MD = 0.07, 95% CI [-0.03; 0.18]), and 24 weeks (MD = 0.002,
95% CI [-0.12;0.12]). Pooled analyses were homogenous for 4-week period (I = 0%, p =
0.95), and heterogeneous for 6-week period and 24-week period (I* = 77.8%, p = 0.01 and
I? = 75.3%, p<0.01, respectively). Heterogeneity was best resolved by excluding the study of
Lim et al. [24], (I* = 28%, p = 0.24 and I” = 0%, p = 0.42). A main explanation for this statisti-
cal heterogeneity is that Lim et al. considered repeated injections of IVB only with no repeti-
tion of IVT injections even in the combination arm. After performing the sensitivity
analysis, IVB significantly decreased the LogMAR BCVA more than IVT after 24 weeks
(MD =-0.09, 95% CI [-0.13; -0.04]). Regarding the 48-week period, IVB demonstrated a sig-
nificant reduction in the LogMAR BCVA (MD = -0.09, 95% CI [-0.17; -0.01]). Pooled data
were homogenous (I = 0%, p = 0.55). Comparatively, in the subgroup of repeated injections:
IVB significantly decreased the LogMAR BCVA after 12 weeks (MD = —0.096, 95% CI
[-0.130; —0.063]), 24 weeks (MD = —-0.096, 95% CI [-0.142; —0.050]), 48 weeks (MD =
-0.105, 95% CI [-0.152; —0.058]), and the pooled data were homogenous (Heterogeneity val-
ues are reported in Figs 2A and 3A).

3.3.2.21VB vs. IVB/IVT. The pooled analysis revealed no significant difference between the
two arms in LogMAR BCV A after 6 weeks (MD = -0.01, 95% CI [-0.07; 0.05]) and 12 weeks
(MD =-0.04, 95% CI [-0.11; 0.03]). The analyses were homogenous for 6-week period (P =
42.6%, p = 0.14), and heterogeneous for 12-week period (I* = 62.8%, p = 0.03). Heterogeneity
was best resolved by excluding the study of Lim et al. [24], (I = 0%, p = 0.85). The explanation
of this statistical heterogeneity of Lim et al. has been provided in section 3.3.2.1. After perform-
ing the sensitivity analysis, IVB significantly decreased the LogMAR BCVA after 12 weeks
(MD =-0.07, 95% CI [-0.11; -0.03]). Similarly, IVB showed a significant reduction in the Log-
MAR BCVA after 24 weeks and 48 weeks (MD = -0.07, 95% CI [-0.1172; -0.0174]; MD = -0.09,
95% CI [-0.17; -0.01] respectively, and the pooled data were homogenous. Further, in the sub-
group of repeated injections: IVB significantly decreased the LogMAR BCVA after 12 weeks
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Fig 3. A. Forest plot shows the mean difference (MD) in BCVA (logMAR) along with the associated 95% CI in of the repeated injections’ groups among the three
arms: (/) indicates IVB vs. IVT, (/) indicates IVB vs. IVB+IVT, (///) indicates IVT vs. IVB+IVT, and (+) indicates repeated injections; at 6, 12, 24, and 48 weeks. B.
Funnel plot of BCVA showing no evidence of publication bias.

https://doi.org/10.1371/journal.pone.0245010.9003

(MD = -0.079, 95% CI [-0.131; —0.027]), 24 weeks (MD = -0.067, 95% CI [-0.117; —0.017]),
48 weeks (MD = -0.124, 95% CI [-0.227; —0.022]), and the pooled data were homogenous.
(Heterogeneity values are reported in Figs 2A and 3A).

3.3.2.31VT vs. IVB/IVT. The overall effect of two studies [24, 40] showed no significant dif-
ference between the two groups in the LogMAR BCVA after 6 weeks and 12 weeks (MD =
-0.04, 95% CI [-0.09; 0.01], and MD = -0.07, 95% CI [-0.20; 0.07], respectively). (Heterogeneity
values are reported in Fig 2A).

3.4 Safety outcome

3.4.110P. 3.4.1.1 IVBvs. IVT. In terms of IOP, both groups were comparable at 12 weeks
with single and repeated injections (MD = —0.343, 95% CI [-1.400; 0.714]; and MD = —0.958,
95% CI [-3.211, 1.294], respectively), and 24 weeks with single and repeated injections (MD =
—-1.250, 95% CI [-2.956, 0.456]; and MD = —-1.231, 95% CI [-4.152, 1.690], respectively). Also,
no definitive conclusion can be drawn at the 4-weeks follow-up either with single or repeated
injections, for only one study was available in each analysis. However, IOP was significantly
lower in the IVB group after 36 weeks (MD = -2.3972 [-2.7040; -2.0904]) and 48 weeks (MD =
-1.1047 [-1.2766; -0.9327]). Pooled data were homogenous. (Heterogeneity values are reported
in Fig 2C).

3.4.1.2 IVB vs. IVB/IVT. The pooled analysis of two [24, 40] studies showed that both
groups were comparable in terms of IOP after 12 weeks (MD = -0.72, 95% CI [-2.12; 0.69]).
Pooled analysis was heterogeneous, Fig 2C.

3.4.1.31VT vs. IVB/IVT. No data comparing IVT vs. IVB+IVT were available to analyze.

3.4210H. 3.4.2.11VBvs.IVT. The overall effect of five studies [23, 24, 30, 35, 40] showed
that IVB significantly associated with a lower risk of IOH compared to IVT (RR = 0.03, 95%
CI [0.02; 0.04]). Pooled data were homogenous (’=0, p = 1.00), Fig 2D.

3.4.2.2 IVB vs. IVB/IVT. The overall effect of two studies [36, 44] showed that IVB signifi-
cantly associated with a lower risk of IOH compared to IVB/IVT (RR = 0.03, 95% CI [0.02;
0.06]). Pooled data were homogenous (=0, p = 0.98), Fig 2D.

3.4.2.31VT vs. IVB/IVT. The overall effect of two [24, 40] studies showed that the risk of
IOH was higher in the IVT group compared to the IVB/IVT group (RR = 29.04, 95% CI [0.49;
1712.20]); however, the effect estimate was not significant. Pooled data were homogenous (=
0, p = 0.89), Fig 2D.

3.5 Meta-regression models

Results from multiple regression models showed that the rates of BCVA, CMT and IOP were
significantly modified by sex, DM duration, insulin use, HbA1C levels, hypertension (HTN);
this combinations yielded R* 100% (Coefficients 0.0226399, -0.2665421, 0.0804644;

P =0.0083) S2A-S2C Fig. The range of 1.5-4.8 IVB injections predicts more promising
improvement in VA and reduction in CMT with 70% R* (Coefficients -.0150974, -7.519123;
P =0.0003) S2D Fig. Double interaction regression between CMT and BCVA revealed favor-
able association with CMT reduction from 480 um to 320um (Coefficients .0005339;

P =0.0835), Fig 2E. This association was significant at 12-weeks in the three arms and per-
sisted till 24-weeks and 48-weeks exclusively in the IVB group (Coefficients -0.144, -0.124,
-0.165; P = 0.009).
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4 Discussion

In this systematic review and meta-analysis of 17 RCT's and 1243 eyes: six of our included stud-
ies reported superiority of IVT or combined IVB+IVT compared with IVB alone in the treat-
ment of DME [23, 24, 31, 38, 43]. However, eight other trials demonstrated that IVB was more
efficient in reducing DME relative to IVT or IVB+IVT [32, 33, 35, 37, 39-41, 44]. To complicate
this even further: three other trials reported that the two drugs did not differ markedly in terms
of their effects in improving VA and reducing CMT [34, 36, 42]. In a previous meta-analysis of
6 RCT's by Zhang et al.: IVT was superior in improving short-term VA and reducing long-term
CMT [26]. Nonetheless, the relatively small sample size, short term follow-ups, absence of
repeated-dose consideration, fixed-effect model reliance and substantial heterogeneity left the
question unanswered. Which treatment is more efficient remains a valid debate. Thus, we per-
formed this meta-analysis to compare the efficacy and safety of IVB with IVT alone or com-
bined IVB+IVT in DME patients. We considered the long-term follow-ups, the effect of
multiple injections, and the possible associations between the underlying pathogenesis and the
drug’s mechanisms of action. It’s important to note that we could not include the work of Shi-
mura et al. in our final analysis [45]. Though it was included as an RCT in the previous meta-
analysis, we found no characteristics of an RCT design in the original manuscript. Attempts to
contact the authors for clarification received no response, so we excluded the study.

In our analysis: we found that the group who received repeated injections of IVB had a sta-
tistically significant improvement in BCVA over the relative IVT and IVT+IVB groups at 12,
24, and 48-weeks follow-up. Still, the three groups were comparable regarding CMT reduction
as the difference was not significant during the early, intermediate, and late follow-ups (up to
48 weeks). Even though a slight superiority was present for IVB at 4-weeks, IVB+IVT at
12-weeks, and IVT at 24-weeks; the very wide CI of these findings exclude it from clinical sig-
nificance. Although IVT presented a slight increase at 12 and 24-weeks, the wide confidence
interval (CI) yield it clinically insignificant. CMT reductions were also comparable across the
three arms. These findings reveal that there is no independent correlation between anatomical
change (CMT) and functional change (BCVA). Our meta-regression for injections showed no
favorable overlap for both BCVA and CMT, which could indicate that no single regimen can
guarantee both increase in VA and decrease in CMT at the same time. But this should not be
the case at certain specific ranges and injections. The double interaction regression between
the two outcomes VA & CMT with subgroup consideration revealed that improvement in VA
was best associated with CMT reduction from 480um to 320um. This association was signifi-
cant at 12-weeks in the three arms and persisted till 24-weeks and 48-weeks exclusively in the
IVB group. This further solidifies the multifactorial idea that age, hemoglobin A1C level, dia-
betes duration, insulin usages, and degree of retinopathy proliferation are all responsible for
the change in VA and CMT [25, 46]. Moreover, the different degrees of macular ischemia
could explain why some patients have no significant improvement in vision despite the reduc-
tion of thickness.

Attempting to analyze this multivariate pathogenesis, we considered performing additional
meta-regression analysis. The duration of DM, insulin usages, levels of HbA1C, and HTN
were all inversely associated with visual outcomes. According to this regression, the type of
patient who responds best on treatment is a diabetic female with mild or no HTN with a short
history of DM-II <10 years, HbA1C <8%, and low or no insulin intake. The interaction
regression of this combination yields an R* of 100%. Other factors like age, and degree of reti-
nopathy proliferation do not seem to affect the outcomes as much.

Our findings exhibit a favorable response to IVB compared with IVT or IVB+IVT in
improving VA up to 48-weeks. The reason why this difference did not persist with the single
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injection can be attributed to the limited effective duration of these injections. At first glance,
the statistical insignificance between the two drugs regarding CMT reduction may indicate an
equivalent share within VEGF angiogenesis and inflammatory transduction proposed mecha-
nisms. However, the correlation between the two mechanisms appears to be non-linear, as the
combined IVB+IVT also presented no statistical difference. This finding could either indicate
that antagonizing multiple mechanisms simultaneously may lead to more resistance and less
improvements, or that another unclear balancing factor could be compromised by this combi-
nation. Either way, this critical relation needs further investigation in the future pathological
and pharmacological studies. Still, the 12-weeks improvement of VA surpasses the traditional
pharmacological data that estimated a single IVB injection as effective only for 6 weeks [47,
48]. Also, it defies the prevailing assumption that an IVT injection better improves VA in the
first 12 weeks of follow-up; and the presumption that a single IVT injection can be comparable
to three IVB injections [20, 49, 50]. Some reports extend this even further, in a 96 weeks fol-
low-up: Soheilian et al. 2012 reported a significant superiority of the IVB over the combined
IVB+IVT up to 24 weeks [31].

The majority of our included studies used a standard dose of 1.25mg/0.05ml for IVB, 4mg/
0.05ml for IVT, 1.25+2mg/0.05ml for IVB+IVT. Nine studies considered repeated injections
and retreatments at different intervals, ranging from 4-12 weeks. Meta-regression revealed
that repeated successive injections associate with better VA, and the range of 1.5-4.8 injection
predicts more promising improvement in VA and reduction in CMT. This further supports
the idea of dose-response proportional efficacy; but still promotes the idea of fewer injections
as possible, to guarantee a lower incidence of injection-related complications such as
endophthalmitis, high IOP, and weak patient compliance [20, 51]. A possible explanation for
why the efficacy is not better in over 4.8 injections could be due to the fact that some eyes
show low-response to treatment with regard to VA gain and CMT reduction, as pointed out
by Menke et al.; 30% of patients showed low response to ranibizumab after 4 weeks [52].

A higher level of intraocular VEGF is considered a major pathogenic factor in DME, and a
contributor to the increased IOP [53, 54]. Thus, measuring the long-term change in the IOP is
critical in the assessment of drugs’ safety and efficacy. In our findings: the group who received
IVB had a statistically significant lower IOP than the group who received IVT at 36 and 48
weeks follow-up. Additionally, the incidence of IOH was significantly lower in the IVB group
in comparison with IVT or IVB+IVT. This effect seems to persist even with different IVB and
IVT injections. For instance, Rodrigues et al. considered 10-13 repeated injection of 1.25mg/
0.05ml IVB and 7-9 repeated injection of 1.20mg/0.03ml IVT; Lim et al. considered repeated
injection of IVB only with no repetition of IVT -even in the combination arm, and Kriech-
baum et al. considered 3 injections of 2.5mg IVB and 8mg IVT [24, 34, 45]. Their results were
consistent with our findings, together with the results of the previous meta-analysis of Zhang
etal.

Meanwhile, the effect of combined laser with IVB or IVT is still unclear. Pappas et al. con-
cluded that IVT+Laser is better than IVB alone in reducing CMT, which went against the find-
ings of Lam et al. who indicated that IVT+Laser has no better CMT reduction at 24 weeks than
IVT alone; and laser alone was significantly worse than the 2 aforementioned groups [55, 56].
Surprisingly, Preti et al. concluded that IVB+Laser may significantly increase the thickness
compared with laser alone at a 4-week follow-up, however, they investigated macular choroidal
thickness and not CMT [57]. It was proposed that IVT+laser might be superior due to its cou-
pled anti-inflammatory and anti-angiogenic effects [13]. However, this could only affect the
CMT reduction, but it does not guarantee an improvement in VA. Also, no cumulative analy-
sis of these trials can yield statistical significance. They suffer from a critical degree of bias and
heterogeneity: no description of allocation concealment, blinding of participants, or blinding
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of outcome assessment were reported in the work of Pappas et al. Comparatively, a high risk of
blinding of participants was found in the report of Lam et al; a relatively small sample size,
very short follow-up and unjustified inclusion of patients with and without DME were
detected in the work of Preti et al. Moreover, clinicians should reconsider the IVB and IVT
combination with laser for a further investigation.

The quality of a systematic review and meta-analysis rests upon the qualities of its included
studies. Our included studies exhibit relatively high quality. Our findings settle a group of
assumptions and provide a reliable reference for future clinical decisions. To our knowledge,
this is the first systematic review and meta-analysis that analyzes the long-term outcomes of
IVB and IVT over 48 weeks and provide a meta-regression for injections, pathogenesis, and
interaction between VA & CMT. Even so, there were some limitations to our work. The results
in CMT at 6, 12, 24, 48 weeks were limited by the heterogeneity of the included studies. Like-
wise, only two studies investigated IVT vs. IVB/IVT, making it difficult to conclude anything
definitive on this aspect. The variations in the clinical definitions and subtypes of DME may
contribute to the clinical heterogeneity. Additionally, most of the included trials had relatively
small sample sizes.

Our analysis reveals that repeated IVB injections associate with better VA. Overall, the cur-
rent evidence indicates that IVB is superior to IVT and IVB+IVT in improving VA for DME
patients up to 48 weeks. The combined IVB+IVT does not seems to be more promising or
beneficial. CMT reduction appears to be comparable across the three arms (IVB vs. IVT, IVB
vs. IVB+IVT, and IVT vs. IVB+IVT) in short and long-terms. It is in favor of IVB when it
comes to the significant reduction of IOP and the avoidance of IOH compared to IVT and
IVB+IVT. Further multi-center, large sample RCT's are needed to investigate the efficacy of
laser photocoagulation combined with IVB versus laser combined with IVT. Future studies
should consider accurate reporting of pathogenic markers across groups and subgroups to
allow for a better understanding of DME’s underlying pathogenesis.

Supporting information

S1 Checklist. PRISMA 2009 checklist.
(DOC)

S1 Fig. Risk of bias summary; (+) indicates low risk of bias, (?) indicates unclear risk of
bias, and (-) indicates high risk of bias.
(TIF)

S2 Fig. A. The overall meta-regression mean difference of the interaction between each patho-
genic factor on x-axis and CMT on y-axis. The diamond indicates significant prediction. B.
The overall meta-regression mean difference of the interaction between each pathogenic factor
on x-axis and BCVA on y-axis. The diamond indicates significant prediction. C. The overall
meta-regression mean difference of the interaction between each pathogenic factor on x-axis
and IOP on y-axis. The diamond indicates significant prediction. D. The overall meta-regres-
sion mean difference of the interaction between number of injections on x-axis and each out-
come on y-axis. The diamond indicates significant prediction.

(TIF)

S1 File. Quality assessment of RCTs.
(DOCX)

S2 File.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0245010 January 12, 2021 18/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245010.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245010.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245010.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245010.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0245010.s005
https://doi.org/10.1371/journal.pone.0245010

PLOS ONE

Bevacizumab versus triamcinolone in DME; a meta-analysis

Author Contributions

Conceptualization: Mohamed Abdel-Maboud.

Data curation: Mohamed Abdel-Maboud, Esraa Menshawy, Amr Menshawy.
Formal analysis: Mohamed Abdel-Maboud, Eshak I. Bahbah.

Investigation: Mohamed Abdel-Maboud, Esraa Menshawy, Eshak I. Bahbah, Oumaima Out-
ani, Amr Menshawy.

Methodology: Mohamed Abdel-Maboud, Esraa Menshawy, Oumaima Outani, Amr
Menshawy.

Project administration: Mohamed Abdel-Maboud, Amr Menshawy.

Resources: Mohamed Abdel-Maboud, Esraa Menshawy, Oumaima Outani.

Software: Mohamed Abdel-Maboud, Eshak I. Bahbah, Oumaima Outani.

Supervision: Mohamed Abdel-Maboud, Amr Menshawy.

Validation: Mohamed Abdel-Maboud, Esraa Menshawy, Eshak I. Bahbah, Oumaima Outani.
Visualization: Mohamed Abdel-Maboud, Eshak I. Bahbah.

Writing - original draft: Mohamed Abdel-Maboud, Esraa Menshawy, Eshak I. Bahbah,
Oumaima Outani, Amr Menshawy.

Writing - review & editing: Mohamed Abdel-Maboud, Esraa Menshawy, Amr Menshawy.

References

1.  WHO. WHO Diabetes Key facts. World Heal Organ [Internet]. 2019; Available from: https://www.who.
int/en/news-room/fact-sheets/detail/diabetes

2. Guariguata L, Whiting DR, Hambleton |, Beagley J, Linnenkamp U, Shaw JE. Global estimates of diabe-
tes prevalence for 2013 and projections for 2035. Diabetes Res Clin Pract. 2014 Feb; 103(2):137-49.
https://doi.org/10.1016/j.diabres.2013.11.002 PMID: 24630390

3. Romero-Aroca P, Baget-Bernaldiz M, Fernandez-Ballart J, Plana-Gil N, Soler-Lluis N, Mendez-Marin |,
et al. Ten-year incidence of diabetic retinopathy and macular edema. Risk factors in a sample of people
with type 1 diabetes. Diabetes Res Clin Pract. 2011 Oct; 94(1):126-32. https://doi.org/10.1016/j.
diabres.2011.07.004 PMID: 21802760

4. YauJWY, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek T, et al. Global prevalence and
major risk factors of diabetic retinopathy. Diabetes Care. 2012 Mar; 35(3):556—64. https://doi.org/10.
2337/dc11-1909 PMID: 22301125

5. Ophthalmology AA of. Diabetic Retinopathy PPP—Updated 2016. Available from: www.aao.org/
preferred-practice-pattern/diabetic-retinopathy-ppp-updated-2016. Accessed April 7, 2016.

6. Rajalakshmi R, Amutha A, Ranjani H, Ali MK, Unnikrishnan R, Anjana RM, et al. Prevalence and risk
factors for diabetic retinopathy in Asian Indians with young onset type 1 and type 2 diabetes. J Diabetes
Complications. 2014; 28(3):291-7. https://doi.org/10.1016/j.jdiacomp.2013.12.008 PMID: 24512748

7. Mitchell P, Annemans L, Gallagher M, Hasan R, Thomas S, Gairy K, et al. Cost-effectiveness of ranibi-
zumab in treatment of diabetic macular oedema (DME) causing visual impairment: evidence from the
RESTORE trial. Br J Ophthalmol. 2012 May; 96(5):688-93. https://doi.org/10.1136/bjophthalmol-2011-
300726 PMID: 22399690

8. Boyer DS, Hopkins JJ, Sorof J, Ehrlich JS. Anti-vascular endothelial growth factor therapy for diabetic
macular edema. Ther Adv Endocrinol Metab. 2013 Dec; 4(6):151-69. https://doi.org/10.1177/
2042018813512360 PMID: 24324855

9. Treins C, Giorgetti-Peraldi S, Murdaca J, Van Obberghen E. Regulation of vascular endothelial growth
factor expression by advanced glycation end products. J Biol Chem. 2001 Nov; 276(47):43836—41.
https://doi.org/10.1074/jbc.M106534200 PMID: 11571295

PLOS ONE | https://doi.org/10.1371/journal.pone.0245010 January 12, 2021 19/22


https://www.who.int/en/news-room/fact-sheets/detail/diabetes
https://www.who.int/en/news-room/fact-sheets/detail/diabetes
https://doi.org/10.1016/j.diabres.2013.11.002
http://www.ncbi.nlm.nih.gov/pubmed/24630390
https://doi.org/10.1016/j.diabres.2011.07.004
https://doi.org/10.1016/j.diabres.2011.07.004
http://www.ncbi.nlm.nih.gov/pubmed/21802760
https://doi.org/10.2337/dc11-1909
https://doi.org/10.2337/dc11-1909
http://www.ncbi.nlm.nih.gov/pubmed/22301125
http://www.aao.org/preferred-practice-pattern/diabetic-retinopathy-ppp-updated-2016
http://www.aao.org/preferred-practice-pattern/diabetic-retinopathy-ppp-updated-2016
https://doi.org/10.1016/j.jdiacomp.2013.12.008
http://www.ncbi.nlm.nih.gov/pubmed/24512748
https://doi.org/10.1136/bjophthalmol-2011-300726
https://doi.org/10.1136/bjophthalmol-2011-300726
http://www.ncbi.nlm.nih.gov/pubmed/22399690
https://doi.org/10.1177/2042018813512360
https://doi.org/10.1177/2042018813512360
http://www.ncbi.nlm.nih.gov/pubmed/24324855
https://doi.org/10.1074/jbc.M106534200
http://www.ncbi.nlm.nih.gov/pubmed/11571295
https://doi.org/10.1371/journal.pone.0245010

PLOS ONE

Bevacizumab versus triamcinolone in DME; a meta-analysis

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Funatsu H, Noma H, Mimura T, Eguchi S, Hori S. Association of vitreous inflammatory factors with dia-
betic macular edema. Ophthalmology. 2009 Jan; 116(1):73-9. https://doi.org/10.1016/j.ophtha.2008.
09.037 PMID: 19118698

Ascaso FJ, Huerva V, Grzybowski A. The role of inflammation in the pathogenesis of macular edema
secondary to retinal vascular diseases. Mediators Inflamm. 2014; 2014:432685. https://doi.org/10.
1155/2014/432685 PMID: 25152567

Funk M, Schmidinger G, Maar N, Bolz M, Benesch T, Zlabinger GJ, et al. Angiogenic and inflammatory
markers in the intraocular fluid of eyes with diabetic macular edema and influence of therapy with beva-
cizumab. Retina. 2010 Oct; 30(9):1412-9.

Zhang L, Wang W, Gao Y, Lan J, Xie L. The Efficacy and Safety of Current Treatments in Diabetic Mac-
ular Edema: A Systematic Review and Network Meta-Analysis. PLoS One. 2016; 11(7):e0159553.
https://doi.org/10.1371/journal.pone.0159553 PMID: 27434498

ETDRS. Photocoagulation for diabetic macular edema. Early Treatment Diabetic Retinopathy Study
report number 1. Early Treatment Diabetic Retinopathy Study research group. Arch Ophthalmol (Chi-
cago, Il 1960). 1985 Dec; 103(12):1796—-806. PMID: 2866759

Jain A, Varshney N, Smith C. The evolving treatment options for diabetic macular edema. Int J Inflam.
2013; 2013:689276. https://doi.org/10.1155/2013/689276 PMID: 24106640

Ciulla TA, Harris A, Mcintyre N, Jonescu-Cuypers C. Treatment of diabetic macular edema with sus-
tained-release glucocorticoids: intravitreal triamcinolone acetonide, dexamethasone implant, and fluo-
cinolone acetonide implant. Expert Opin Pharmacother. 2014 May; 15(7):953-9. https://doi.org/10.
1517/14656566.2014.896899 PMID: 24661081

Beck RW, Edwards AR, Aiello LP, Bressler NM, Ferris F, Glassman AR, et al. Three-year follow-up of a
randomized trial comparing focal/grid photocoagulation and intravitreal triamcinolone for diabetic macu-
lar edema. Arch Ophthalmol (Chicago, lll 1960). 2009 Mar; 127(3):245-51. https://doi.org/10.1001/
archophthalmol.2008.610 PMID: 19273785

Sutter FKP, Simpson JM, Gillies MC. Intravitreal triamcinolone for diabetic macular edema that persists
after laser treatment: three-month efficacy and safety results of a prospective, randomized, double-
masked, placebo-controlled clinical trial. Ophthalmology. 2004 Nov; 111(11):2044-9. https://doi.org/10.
1016/j.ophtha.2004.05.025 PMID: 15522370

Karacorlu M, Ozdemir H, Karacorlu S, Alacali N, Mudun B, Burumcek E. Intravitreal triamcinolone as a
primary therapy in diabetic macular oedema. Eye (Lond). 2005 Apr; 19(4):382—6. https://doi.org/10.
1038/sj.eye.6701512 PMID: 15309024

Kreutzer TC, Al Saeidi R, Kook D, Wolf A, Ulbig MW, Neubauer AS, et al. Comparison of intravitreal
bevacizumab versus triamcinolone for the treatment of diffuse diabetic macular edema. Ophthalmol J
Int d’ophtalmologie Int J Ophthalmol Zeitschrift fur Augenheilkd. 2010; 224(4):258-64. https://doi.org/
10.1159/000284466 PMID: 20160463

Agarwal A, Afridi R, Hassan M, Sadiq MA, Sepah YJ, Do D V, et al. Novel Therapies in Development for
Diabetic Macular Edema. Curr Diab Rep. 2015 Oct; 15(10):75. https://doi.org/10.1007/s11892-015-
0652-z PMID: 26294336

Regnier SA, Larsen M, Bezlyak V, Allen F. Comparative efficacy and safety of approved treatments for
macular oedema secondary to branch retinal vein occlusion: a network meta-analysis. BMJ Open. 2015
Jun; 5(6):e007527. https://doi.org/10.1136/bmjopen-2014-007527 PMID: 26048209

Isaac DLC, Abud MB, Frantz KA, Rassi AR, Avila M. Comparing intravitreal triamcinolone acetonide
and bevacizumab injections for the treatment of diabetic macular oedema: a randomized double-blind
study. Acta Ophthalmol. 2012 Feb; 90(1):56-60.

Lim JW, Lee HK, Shin MC. Comparison of intravitreal bevacizumab alone or combined with triamcino-
lone versus triamcinolone in diabetic macular edema: a randomized clinical trial. Ophthalmol J Int d’oph-
talmologie Int J Ophthalmol Zeitschrift fur Augenheilkd. 2012; 227(2):100-6. https://doi.org/10.1159/
000331935 PMID: 21997197

Rensch F, Spandau UHM, Wickenhauser A, Jonas JB. Diffuse diabetic macular oedema treated with
intravitreal bevacizumab or triamcinolone acetonide. Vol. 88, Acta ophthalmologica. England; 2010. p.
e36—7. https://doi.org/10.1111/j.1755-3768.2008.01443.x PMID: 19210330

Zhang X-L, Chen J, Zhang R-J, Wang W-J, Zhou Q, Qin X-Y. Intravitreal triamcinolone versus intravi-
treal bevacizumab for diabetic macular edema: a meta-analysis. Int J Ophthalmol. 2013; 6(4):546-52.
https://doi.org/10.3980/j.issn.2222-3959.2013.04.26 PMID: 23991395

Liu X, Zhou X, Wang Z, Li T, Jiang B. Intravitreal bevacizumab with or without triamcinolone acetonide
for diabetic macular edema: a meta-analysis of randomized controlled trials. Chin Med J (Engl). 2014;
127(19):3471-6.

Moher D, Liberati A, Tetzlaff J, Altman DG TPG. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. PLoS Med. 2009;

PLOS ONE | https://doi.org/10.1371/journal.pone.0245010 January 12, 2021 20/22


https://doi.org/10.1016/j.ophtha.2008.09.037
https://doi.org/10.1016/j.ophtha.2008.09.037
http://www.ncbi.nlm.nih.gov/pubmed/19118698
https://doi.org/10.1155/2014/432685
https://doi.org/10.1155/2014/432685
http://www.ncbi.nlm.nih.gov/pubmed/25152567
https://doi.org/10.1371/journal.pone.0159553
http://www.ncbi.nlm.nih.gov/pubmed/27434498
http://www.ncbi.nlm.nih.gov/pubmed/2866759
https://doi.org/10.1155/2013/689276
http://www.ncbi.nlm.nih.gov/pubmed/24106640
https://doi.org/10.1517/14656566.2014.896899
https://doi.org/10.1517/14656566.2014.896899
http://www.ncbi.nlm.nih.gov/pubmed/24661081
https://doi.org/10.1001/archophthalmol.2008.610
https://doi.org/10.1001/archophthalmol.2008.610
http://www.ncbi.nlm.nih.gov/pubmed/19273785
https://doi.org/10.1016/j.ophtha.2004.05.025
https://doi.org/10.1016/j.ophtha.2004.05.025
http://www.ncbi.nlm.nih.gov/pubmed/15522370
https://doi.org/10.1038/sj.eye.6701512
https://doi.org/10.1038/sj.eye.6701512
http://www.ncbi.nlm.nih.gov/pubmed/15309024
https://doi.org/10.1159/000284466
https://doi.org/10.1159/000284466
http://www.ncbi.nlm.nih.gov/pubmed/20160463
https://doi.org/10.1007/s11892-015-0652-z
https://doi.org/10.1007/s11892-015-0652-z
http://www.ncbi.nlm.nih.gov/pubmed/26294336
https://doi.org/10.1136/bmjopen-2014-007527
http://www.ncbi.nlm.nih.gov/pubmed/26048209
https://doi.org/10.1159/000331935
https://doi.org/10.1159/000331935
http://www.ncbi.nlm.nih.gov/pubmed/21997197
https://doi.org/10.1111/j.1755-3768.2008.01443.x
http://www.ncbi.nlm.nih.gov/pubmed/19210330
https://doi.org/10.3980/j.issn.2222-3959.2013.04.26
http://www.ncbi.nlm.nih.gov/pubmed/23991395
https://doi.org/10.1371/journal.pone.0245010

PLOS ONE

Bevacizumab versus triamcinolone in DME; a meta-analysis

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

Higgins JPT GS. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0.
Cochrane. 2011;

Sonoda S, Sakamoto T, Yamashita T, Otsuka H, Shirasawa M, Kakiuchi N, et al. Effect of Intravitreal
Triamcinolone Acetonide or Bevacizumab on Choroidal Thickness in Eyes With Diabetic Macular
Edema. Invest Ophthalmol Vis Sci [Internet]. 2014 Jun 26; 55(6):3979-85. Available from: https://doi.
org/10.1167/iovs.14-14188 PMID: 24906857

Soheilian M, Garfami KH, Ramezani A, Yaseri M, Peyman GA. Two-year results of a randomized trial of
intravitreal bevacizumab alone or combined with triamcinolone versus laser in diabetic macular edema.
Retina. 2012 Feb; 32(2):314-21. https://doi.org/10.1097/IAE.0b013e31822f55de PMID: 22234244

Soheilian M, Ramezani A, Obudi A, Bijanzadeh B, Salehipour M, Yaseri M, et al. Randomized trial of
intravitreal bevacizumab alone or combined with triamcinolone versus macular photocoagulation in dia-
betic macular edema. Ophthalmology. 2009 Jun; 116(6):1142-50. https://doi.org/10.1016/j.ophtha.
2009.01.011 PMID: 19376585

Shoeibi N, Ahmadieh H, Entezari M, Yaseri M. Intravitreal Bevacizumab with or without Triamcinolone
for Refractory Diabetic Macular Edema: Long-term Results of a Clinical Trial. J Ophthalmic Vis Res.
2013 Apr; 8(2):99-106. PMID: 23943683

Rodrigues MW, Cardillo JA, Messias A, Siqueira RC, Scott U, Jorge R. Bevacizumab versus triamcino-
lone for persistent diabetic macular edema: a randomized clinical trial. Graefe’s Arch Clin Exp Ophthal-
mol. 2020; 258(3):479-90. https://doi.org/10.1007/s00417-019-04564-z PMID: 31873786

Shahin M, El-Lakkany R. A prospective, randomized comparison of intravitreal triamcinolone acetonide
versus intravitreal bevacizumab (avastin) in diffuse diabetic macular edema. Middle East Afr J Ophthal-
mol. 2010; 17(3):250. https://doi.org/10.4103/0974-9233.65496 PMID: 20844681

Riazi-Esfahani M, Riazi-Esfahani H, Ahmadraji A, Karkhaneh R, Mahmoudi A, Roohipoor R, et al. Intra-
vitreal bevacizumab alone or combined with 1 mg triamcinolone in diabetic macular edema: a random-
ized clinical trial. Int Ophthalmol. 2018; 38(2):585-98. https://doi.org/10.1007/s10792-017-0496-4
PMID: 28349504

Rakhee A, Ajay A, Sagdeo M. Effect of combined Intravitreal Injections of Bevacizumab and Triamcino-
lone Acetonide vs intravitreal Bevacizumab in Diffuse Diabetic Macular Edema. 2014; 13(6):1-6.

Paccola L, Costa RA, Folgosa MS, Barbosa JC, Scott IU, Jorge R. Intravitreal triamcinolone versus bev-
acizumab for treatment of refractory diabetic macular oedema (IBEME study). Br J Ophthalmol. 2008
Jan; 92(1):76-80. https://doi.org/10.1136/bj0.2007.129122 PMID: 17965109

Neto HO, Regatieri C V, Nobrega MJ, Muccioli C, Casella AM, Andrade RE, et al. Multicenter, Random-
ized Clinical Trial to Assess the Effectiveness of Intravitreal Injections of Bevacizumab, Triamcinolone,
or Their Combination in the Treatment of Diabetic Macular Edema. Ophthalmic Surg Lasers Imaging
Retina. 2017 Sep; 48(9):734—40. https://doi.org/10.3928/23258160-20170829-08 PMID: 28902334

Marey HM, Ellakwa AF. Intravitreal bevacizumab alone or combined with triamcinolone acetonide as
the primary treatment for diabetic macular edema. Clin Ophthalmol. 2011; 5:1011-6. https://doi.org/10.
2147/0PTH.S22103 PMID: 21845026

Kriechbaum K, Prager S, Mylonas G, Scholda C, Rainer G, Funk M, et al. Intravitreal bevacizumab
(Avastin) versus triamcinolone (Volon A) for treatment of diabetic macular edema: one-year results.
Eye. 2014; 28(1):10-6. https://doi.org/10.1038/eye.2013.242 PMID: 24336297

Kasiri A, Farrahi F, Feghhi M, Sadeghi B, Hedayati H, Rasoulinejad SA. Comparison of Intravitreal Bev-
acizumab (Avastin) With Triamcinolone for Treatment of Diffused Diabetic Macular Edema: a Prospec-
tive Randomized Study. Indo Am J Pharm Sci. 2017; 4(11):4483-91.

Faghihi H, Roohipoor R, Mohammadi S-F, Hojat-Jalali K, Mirshahi A, Lashay A, et al. Intravitreal bevaci-
zumab versus combined bevacizumab-triamcinolone versus macular laser photocoagulation in diabetic
macular edema. Eur J Ophthalmol. 2008; 18(6):941-8. https://doi.org/10.1177/112067210801800614
PMID: 18988166

Ahmadieh H, Ramezani A, Shoeibi N, Bijanzadeh B, Tabatabaei A, Azarmina M, et al. Intravitreal beva-
cizumab with or without triamcinolone for refractory diabetic macular edema; a placebo-controlled, ran-
domized clinical trial. Graefe’s Arch Clin Exp Ophthalmol = Albr von Graefes Arch fur Klin und Exp
Ophthalmol. 2008 Apr; 246(4):483-9.

Shimura M, Nakazawa T, Yasuda K, Shiono T, lida T, Sakamoto T, et al. Comparative therapy evalua-
tion of intravitreal bevacizumab and triamcinolone acetonide on persistent diffuse diabetic macular
edema. Am J Ophthalmol. 2008 May; 145(5):854—61. https://doi.org/10.1016/j.2j0.2007.12.031 PMID:
18328456

Mathew C, Yunirakasiwi A, Sanjay S. Updates in the management of diabetic macular edema. J Diabe-
tes Res. 2015; 2015:794036. https://doi.org/10.1155/2015/794036 PMID: 25984537

Zhu Q, Ziemssen F, Henke-Fahle S, Tatar O, Szurman P, Aisenbrey S, et al. Vitreous levels of bevaci-
zumab and vascular endothelial growth factor-A in patients with choroidal neovascularization.

PLOS ONE | https://doi.org/10.1371/journal.pone.0245010 January 12, 2021 21/22


https://doi.org/10.1167/iovs.14-14188
https://doi.org/10.1167/iovs.14-14188
http://www.ncbi.nlm.nih.gov/pubmed/24906857
https://doi.org/10.1097/IAE.0b013e31822f55de
http://www.ncbi.nlm.nih.gov/pubmed/22234244
https://doi.org/10.1016/j.ophtha.2009.01.011
https://doi.org/10.1016/j.ophtha.2009.01.011
http://www.ncbi.nlm.nih.gov/pubmed/19376585
http://www.ncbi.nlm.nih.gov/pubmed/23943683
https://doi.org/10.1007/s00417-019-04564-z
http://www.ncbi.nlm.nih.gov/pubmed/31873786
https://doi.org/10.4103/0974-9233.65496
http://www.ncbi.nlm.nih.gov/pubmed/20844681
https://doi.org/10.1007/s10792-017-0496-4
http://www.ncbi.nlm.nih.gov/pubmed/28349504
https://doi.org/10.1136/bjo.2007.129122
http://www.ncbi.nlm.nih.gov/pubmed/17965109
https://doi.org/10.3928/23258160-20170829-08
http://www.ncbi.nlm.nih.gov/pubmed/28902334
https://doi.org/10.2147/OPTH.S22103
https://doi.org/10.2147/OPTH.S22103
http://www.ncbi.nlm.nih.gov/pubmed/21845026
https://doi.org/10.1038/eye.2013.242
http://www.ncbi.nlm.nih.gov/pubmed/24336297
https://doi.org/10.1177/112067210801800614
http://www.ncbi.nlm.nih.gov/pubmed/18988166
https://doi.org/10.1016/j.ajo.2007.12.031
http://www.ncbi.nlm.nih.gov/pubmed/18328456
https://doi.org/10.1155/2015/794036
http://www.ncbi.nlm.nih.gov/pubmed/25984537
https://doi.org/10.1371/journal.pone.0245010

PLOS ONE

Bevacizumab versus triamcinolone in DME; a meta-analysis

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Ophthalmology. 2008 Oct; 115(10):1750-5, 1755.e1. https://doi.org/10.1016/j.ophtha.2008.04.023
PMID: 18708261

Garcia-Quintanilla L, Luaces-Rodriguez A, Gil-Martinez M, Mondelo-Garcia C, Marofias O, Mangas-
Sanjuan V, et al. Pharmacokinetics of Intravitreal Anti-VEGF Drugs in Age-Related Macular Degenera-
tion. Pharmaceutics. 2019 Jul; 11(8). https://doi.org/10.3390/pharmaceutics 11080365 PMID:
31370346

Yilmaz T, Weaver CD, Gallagher MJ, Cordero-Coma M, Cervantes-Castaneda RA, Klisovic D, et al.
Intravitreal triamcinolone acetonide injection for treatment of refractory diabetic macular edema: a sys-
tematic review. Ophthalmology. 2009 May; 116(5):902—3. https://doi.org/10.1016/j.ophtha.2009.02.002
PMID: 19410949

Qi H-P, Bi S, Wei S-Q, Cui H, Zhao J-B. Intravitreal versus subtenon triamcinolone acetonide injection
for diabetic macular edema: a systematic review and meta-analysis. Curr Eye Res. 2012 Dec; 37
(12):1136—47. https://doi.org/10.3109/02713683.2012.705412 PMID: 22793880

Aksoy S, Yilmaz G, Akkoyun |, Yazici AC. Comparison of intravitreal bevacizumab and triamcinolone
acetonide theraphies for diffuse diabetic macular edema. Int J Ophthalmol. 2015; 8(3):550-5. https:/
doi.org/10.3980/j.issn.2222-3959.2015.03.20 PMID: 26086006

Menke MN, Ebneter A, Zinkernagel MS, Wolf S. Differentiation between Good and Low-Responders to
Intravitreal Ranibizumab for Macular Edema Secondary to Retinal Vein Occlusion. J Ophthalmol [Inter-
net]. 2016/12/01. 2016; 2016:9875741. Available from: https://pubmed.ncbi.nim.nih.gov/28044102
https://doi.org/10.1155/2016/9875741 PMID: 28044102

Elman MJ, Aiello LP, Beck RW, Bressler NM, Bressler SB, Edwards AR, et al. Randomized trial evaluat-
ing ranibizumab plus prompt or deferred laser or triamcinolone plus prompt laser for diabetic macular
edema. Ophthalmology. 2010 Jun; 117(6):1064—1077.e35. https://doi.org/10.1016/j.ophtha.2010.02.
031 PMID: 20427088

Kumar B, Gupta SK, Saxena R, Srivastava S. Current trends in the pharmacotherapy of diabetic reti-
nopathy. J Postgrad Med. 2012; 58(2):132-9. https://doi.org/10.4103/0022-3859.97176 PMID:
22718058

Pappas GD, Adam ClI, Papageorgioy E, Kefalogiannis N, Fanouriakis H. Triamcinolone and Grid Laser
versus Bevacizumab Alone for the Treatment of Diabetic Macular Edema. IOVS [Internet].: ARVO E-
abstract 3483. Available from: https://www.cochranelibrary.com/central/doi/10.1002/central/CN-
00746124/ull

Lam DSC, Chan CKM, Mohamed S, Lai TYY, Lee VYW, Liu DTL, et al. Intravitreal triamcinolone plus
sequential grid laser versus triamcinolone or laser alone for treating diabetic macular edema: six-month
outcomes. Ophthalmology. 2007 Dec; 114(12):2162-7. https://doi.org/10.1016/j.ophtha.2007.02.006
PMID: 17459479

Preti RC, Mutti A, Ferraz DA, Zacharias LC, Nakashima Y, Takahashi WY, et al. The effect of laser pan-
retinal photocoagulation with or without intravitreal bevacizumab injections on the OCT-measured mac-
ular choroidal thickness of eyes with proliferative diabetic retinopathy. Clinics (Sao Paulo). 2017 Feb;
72(2):81-6. https://doi.org/10.6061/clinics/2017(02)03 PMID: 28273240

PLOS ONE | https://doi.org/10.1371/journal.pone.0245010 January 12, 2021 22/22


https://doi.org/10.1016/j.ophtha.2008.04.023
http://www.ncbi.nlm.nih.gov/pubmed/18708261
https://doi.org/10.3390/pharmaceutics11080365
http://www.ncbi.nlm.nih.gov/pubmed/31370346
https://doi.org/10.1016/j.ophtha.2009.02.002
http://www.ncbi.nlm.nih.gov/pubmed/19410949
https://doi.org/10.3109/02713683.2012.705412
http://www.ncbi.nlm.nih.gov/pubmed/22793880
https://doi.org/10.3980/j.issn.2222-3959.2015.03.20
https://doi.org/10.3980/j.issn.2222-3959.2015.03.20
http://www.ncbi.nlm.nih.gov/pubmed/26086006
https://pubmed.ncbi.nlm.nih.gov/28044102
https://doi.org/10.1155/2016/9875741
http://www.ncbi.nlm.nih.gov/pubmed/28044102
https://doi.org/10.1016/j.ophtha.2010.02.031
https://doi.org/10.1016/j.ophtha.2010.02.031
http://www.ncbi.nlm.nih.gov/pubmed/20427088
https://doi.org/10.4103/0022-3859.97176
http://www.ncbi.nlm.nih.gov/pubmed/22718058
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00746124/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-00746124/full
https://doi.org/10.1016/j.ophtha.2007.02.006
http://www.ncbi.nlm.nih.gov/pubmed/17459479
https://doi.org/10.6061/clinics/2017%2802%2903
http://www.ncbi.nlm.nih.gov/pubmed/28273240
https://doi.org/10.1371/journal.pone.0245010

