Diabetes Ther (2018) 9:2369-2381
https://doi.org/10.1007/s13300-018-0526-x

CrossMark

@

ORIGINAL RESEARCH

Effect of Intravitreal Bevacizumab
with or without Macular Photocoagulation
for Diabetic Macular Edema: A Meta-Analysis

Kang Xiao
Cheng Qian * Guang-Ming Wan

- Shi-Jia Weng - Shen-Zhi Liang - Jiong Wang -

Received: August 22, 2018 / Published online: November 2, 2018

© The Author(s) 2018

ABSTRACT

Introduction: In this meta-analysis, we aimed
to assess the possible benefits of macular pho-
tocoagulation (MPC) as an additional treatment
with intravitreal bevacizumab (IVB) in patients
with diabetic macular edema.

Methods: The studies were identified from
three databases: PubMed, Web of Science, and
the Cochrane Library. The main outcome mea-
sures included change in best-corrected visual
acuity (BCVA), differences in central macular
thickness (CMT), and adverse events within the
follow-up period. The results were pooled using
weight mean difference with their correspond-
ing 95% confidence intervals. A fixed or random
effects model was employed, depending on the
heterogeneity of the inclusion trials.

Results: Finally, three randomized controlled
trial and two high-quality retrospective studies
were identified and included. Changes in CMT
at 1, 3, and 6 months did not vary significantly
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between the IVB-alone group and the IVB with
MPC group (P = 0.26, 0.06, and 0.65, respec-
tively). Similarly, changes in BCVA at 1, 3, and
6 months also did not vary significantly
between the two groups (P =0.20, 0.91, and
0.70, respectively). Whereas substantial hetero-
geneity was detected in the CMT results among
these studies, the sensitivity analyses showed
Solaiman’s study was probably the source of the
heterogeneity. No publication bias was detected
by funnel plots in this study.

Conclusion: Results of this meta-analysis
showed that the treatments with IVB alone and
combined IVB and MPC were similarly effective
in improving BCVA and reducing CMT. How-
ever, more evidence is needed to evaluate their
effects in the long-term periods.

Keywords: Bevacizumab; Diabetic macular
edema; Macular photocoagulation; Meta-
analysis

INTRODUCTION

Diabetic macular edema (DME), which is the
leading cause of vision loss in patients with
diabetes, is a common manifestation of diabetic
retinopathy characterized by the exudation and
accumulation of extracellular fluid and plasma
constituents [1-3].

Macular photocoagulation (MPC) has been
recommended to reduce the risk of vision loss
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from DME by the Early Treatment Diabetic
Retinopathy Study (ETDRS) [4]. It is considered
to result in the proliferation of both the
endothelial cells in retinal capillaries and the
retinal pigment epithelial cells, thus improving
the efficacy of both the inner and outer blood-
retina barriers [S]. The ETDRS reported that
MPC reduced moderate visual loss by 50%,
whereas unsatisfactory outcomes are frequent,
and 12% of treated eyes still lost 15 or more
ETDRS letters at the 3-year follow-up interval
[4]. Furthermore, it was observed that some
patients with DME still had poor visual prog-
nosis despite laser photocoagulation [6, 7].
Hence, more brisk and effective therapies are
encouraged to apply in the cure of DME.

As an angiogenic inducer and a vascular
permeability factor [8], the upregulation of
vascular endothelial growth factor (VEGF) has
been believed to be associated with the break-
down of the blood-retinal barrier and an
increase in retinal vessel permeability, resulting
in macular edema in diabetic eyes [9, 10].
Hence, anti-VEGF therapy is expected to show
an effective reduction in DME. Bevacizumab is a
tull-length, recombinant, humanized, mono-
clonal antibody that blocks all forms of VEGF,
and many studies have reported that it was
effective in reducing DME and improving best-
corrected visual acuity (BCVA) when injected
intravitreally [11, 12]. However, recurrence of
macular edema in bevacizumab-injected eyes
was observed within a few weeks after the
treatment [13, 14]. The reason was probably due
to the limited effective time of bevacizumab
because its half-life in the eyes is only 9.8 days
[15]. Owing to the temporary effect of intravit-
real bevacizumab (IVB), adding another
modality is recommended to prolong and sta-
bilize the beneficial effect.

In conclusion, IVB and MPC achieve their
effect by different pathways, and the changes
induced by MPC in the retinal tissues are per-
manent, which could probably prolong the
effect of IVB injection. Therefore, a combina-
tion therapy may yield better visual outcomes
or greater decrease in central macular thickness
than IVB therapy alone. In this meta-analysis,
we evaluate whether intravitreal therapy of
bevacizumab has a synergistic effect when

combined with MPC and compare this combi-
nation with primary IVB therapy alone.

METHODS

Literature Search

Three databases were used to conduct a com-
puterized search for relevant available articles
published up to August 2018: PubMed, Web of
Science, and the Cochrane Library. Search terms
used were “bevacizumab,” “Avastin,” “photoco-
agulation,” and “diabetic macular edema.” The
language was restricted to English. Furthermore,
we reviewed reference lists from retrieved arti-
cles to appraise other potential studies.

Inclusion and Exclusion Criteria

Trials were considered for inclusion if they met
the following criteria: (1) randomized con-
trolled trials (RCTs) or high-quality comparative
studies, (2) interventional therapies for DME
consisting of IVB alone versus IVB combined
with MPC (IVB/MPC), and (3) all studies that
contained sufficient information about pre- and
post-treatment CMT and BCVA in the loga-
rithm of the minimum angle of resolution
(logMAR) equivalents measured and recorded as
mean =+ standard deviation (SD). The exclusion
criteria were the following: (1) studies of mac-
ular edema secondary to causes other than dia-
betic maculopathy and (2) case reports,
abstracts, reviews, and reports with incomplete
data about macular thickness or best-corrected
visual acuity. If different publications from the
same study subjects were available, the most
recent one was included.

Data Extraction and Quality Assessment

For each study, the following data were inde-
pendently extracted by two reviewers: publica-
tion metrics (name of the first author, year of
publication, location of the study, and study
design), population characteristics (number of
eyes and mean age), treatment information
(dosage of IVB, mean time of IVB during follow-
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up, and type of MPC), duration of follow-up,
and treatment outcome in terms of CMT (um)
and BCVA (log MAR). In cases of conflicting
evaluations, disagreements were resolved
through discussion. We used the Cochrane
Collaboration’s tool for risk of bias to evaluate
the quality of RCTs [16]. The following study
characteristics were assessed for biases: random
sequence generation (selection bias), allocation
concealment (selection bias), blinding of par-
ticipants and personnel (performance bias),
blinding of outcome assessment (detection
bias), incomplete outcome data (attrition bias),
selective reporting (reporting bias), and other
factors that contribute to biases. The status of
each of these items was listed as a low, high, or
unknown risk of bias. Moreover, the modified
Newcastle-Ottawa Scale (NOS) was used to per-
form the quality assessment of retrospective
studies [17]. On this scale, a total of four stars
were given for patient selection, three for out-
come assessment, and two for comparability,
and a score of at least 7 stars was considered to
be an indication of high quality.

Statistical Analyses

A meta-analysis on the effect of IVB or IVB/MPC
on DME was performed with Cochrane Review
Manager (RevMan, version 5.2) software. The
treatment effect was estimated by means of the
weighted mean difference (WMD) in CMT in
pm and BCVA in logMAR equivalents with a
95% confidence interval (CI), and P < 0.05 was
considered  statistically  significant. = The
between-study heterogeneity was tested using
the chi-square test and I* statistic. When there
was no statistical heterogeneity (P > 0.1,
I? <50%), a fixed effects model was used;
otherwise, the random effects model was used
(P <0.1, P> 50%). Sensitivity analyses were
also conducted, by which the influence of a
single study on the pooled effect was examined
by removing one study at a time. In addition,
we used funnel plots to identify the publication
bias.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Literature Search

The selection process for inclusion of studies in
this meta-analysis is summarized in Fig. 1. A
total of 297 studies that were potentially rele-
vant were yielded by electronic literature sear-
ches, and 31 were excluded because they were
duplicate studies. Then, 257 studies were also
excluded after skimming through the titles and
abstracts. Consequently, nine studies remained
for further assessment and a full-text review.
Among them, three studies were excluded
because they did not meet the inclusion criteria
and another was omitted for providing insuffi-
cient data. Ultimately, five studies [14, 18-21],
including three RCT trials and two retrospective
studies, met the inclusion criteria and were
included in this meta-analysis.

Characteristics of the Studies and Quality
Assessment

Table 1 shows the detailed characteristics of the
five included studies. Briefly, studies were con-
ducted in several countries: Iran, Egypt, Korea,
the USA, and Serbia. Of them, three were RCT
trials and two were retrospective studies. Sample
sizes varied from 43 to 298 subjects, and dura-
tions of follow-up varied from 1 to 24 months.
In all the studies, the distribution of age, gen-
der, and history of DME did not vary signifi-
cantly between the IVB and the IVB/MPC
groups. The risk-of-bias assessment of the
included RCTs is presented in Fig. 2. Faghihi’s
study performed randomization with the ran-
dom dot table, whereas the randomization
method was unknown in another two studies.
Moreover, allocation concealment was not
mentioned in any study. Only Jovanovic’s
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Articles identified through database
searching (n=297)

Y

Potentially relevant articles screend
(n=266)

Excluded duplicates studies (n=31)

\ 4

Full-text articles assessed for
eligibility (n=9)

\

Excluded based on title and/or abstract
screen (n=257)

Y

Studies included in quantitative
synthesis (n=5) (Meta-analysis)

Fig. 1 Flow diagram of study selection

mentioned blinding of patients, and whether
another two studies were conducted in a blin-
ded fashion is unknown. There was no loss of
follow-up in any of the studies, and all of them
were free of reporting or any other bias. The
NOS system was used to assess the quality of the
retrospective studies. Both studies had three
stars for selection (four stars maximum), two
stars for comparability (two stars maximum),
and three stars for outcome assessment (three
stars maximum). Both studies scored more than
seven, indicating a low risk of bias.

Central Macular Thickness

CMT represented the anatomic change of DME
levels, and three studies reported CMT at
1 month after the initial treatment (Fig. 3).
There was statistical heterogeneity among the
studies (P=0.02, I*=75%), and a random
effects model was used. Both interventions
resulted in decreased CMT, and IVB did not vary
significantly = compared  with  IVB/MPC

Study excluded:
Study did not meet inclusion criteria (n=3)
Study had insufficient data analyses (n=1)

(WMD = - 18.82; 95% CI —15.26 to 13.61;
P = 0.26). Two studies reported data on CMT at
3 months after the initial treatment. Significant
heterogeneity was observed (P = 0.0003,
I? =92%), so the random effects model was
selected. The changes in CMT did not vary sig-
nificantly between the IVB and IVB/MPC groups
(WMD =59.03; 95% CI —-2.63 to 120.69;
P =0.06). Regarding the CMT at 6 months after
the initial treatment, it showed statistical
heterogeneity (P = 0.00001, I? = 93%), and the
changes in CMT did not vary significantly
between IVB and IVB/MPC (WMD = 12.63; 95%
CI — 42.38 to 67.63; P = 0.65).

Best-Corrected Visual Acuity

As a functional outcome measure, BCVA was
extremely important to evaluate the treatment
efficacy. The result of BCVA was converted to a
logarithm of the minimum angle of resolution
(logMAR) vision and was summarized by means
of meta-analysis. Figure 4 shows the effects of
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® | ® | @ | Incomplete outcome data (attrition bias)

Fig. 2 Assessment of bias risk for all randomized controlled trials (RCTs). Bias risk was classified as low (4), unclear (?), or

high (—)

the IVB and the combined therapies on BCVA
by creating the forest plot. Three studies showed
the BCVA at 1 month after the initial treatment
with no statistical heterogeneity among trials
(P=0.21, I = 37%). A fixed effects model was
used, and the changes in BCVA at 1 month after
the initial treatment did not vary significantly
between the IVB and combined treatment

groups (WMD = — 0.04; 95% CI — 0.10 to 0.02;
P =0.20). Three studies reported BCVA at
3months after the initial treatment and
demonstrated no statistical heterogeneity
among trials (P = 0.64, I* = 0%). Again, changes
in BCVA did not vary significantly between the
IVB and combined treatment groups
(WMD = -0.00; 95% CI -0.06 to 0.06;
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Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Solaiman 2010 33119 39.04 21 35372 2319 22 395% -22.53[-41.84,-3.22] 2010 —
Lee 2011 3744 735 90 349 126 38 255% 25.40[-17.44,68.24] 2011 T
Arevalo 2013 3302 1156 141 377 1186 157 35.1% -46.80(-73.41,-20.19] 2013 —
Total (95% CI) 252 217 100.0% -18.82[-51.26, 13.61] e~
Heterogeneity: Tau= §96.73; Chi*= 7.95, df= 2 (P = 0.02); F= 75% ' } t J
e _ -100 -50 0 50 100
Test for overall effect. Z=1.14 (P = 0.26) Favours VB Favours IVB+MPC
B VB IVB+MPC Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl Year IV, Random, 95% ClI
Solaiman 2010 393.28 3558 21 303.73 26.08 22 51.5% 89.55(70.83,108.27) 2010 ——
Arevalo 2013 3415 1149 141 3149 1359 157 485%  26.60[-1.89,55.09) 2013
Total (95% CI) 162 179 100.0% 59.03 [-2.63, 120.69]
Heterogeneity: Tau®= 1830.12; Chi*=13.10, df= 1 (P = 0.0003); F=92% p t t + t
o _ -100 -50 0 50 100
Test for overall effect: Z=1.88 (P = 0.06) Favours IVB Favours IVB+MPC
VB IVB+MPC Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI_Year IV, Random, 95% ClI
Solaiman 2010 44294 3766 21 36264 2553 22 265% 80.30(60.98,99.62) 2010 —
Faghihi 2010 238 67 40 248 60 40 25.6% -10.00[-37.87,17.87] 2010 D
Arevalo 2013 356.1 1039 141 3644 1401 157 256% -8.30[-36.13,19.53] 2013 —
Jovanovi¢ 2015 305.097 100963 31 323 134114 53 222% -17.90[-68.57,32.76] 2015 e I
Total (95% CI) 233 272 100.0% 12.63[-42.38, 67.63] -—’-—-
Heterogeneity: Tau®= 2873.03; Chi*= 44.51, df= 3 (P < 0.00001); F=93% -_1 00 _5-’0 [-] 5-0 100-

Test for overall effect: Z= 0.45 (P = 0.65)

Fig. 3 Forest plots showing the mean differences in
central macular thickness (CMT) along with associated
95% confidence intervals (Cls) comparing IVB with
IVB + MPC at 1 (a), 3 (b), and 6 (c) months. Negative
values in these plots favor IVB over IVB + MPC; positive

P =0.91). All five studies showed data on BCVA
at 6 months after the initial treatment. There
was no statistical heterogeneity (P = 0.54,
I? = 0%), and changes in BCVA also did not vary
significantly between the IVB and combined
treatment groups (WMD = —0.01; 95% CI
—0.06 to 0.04; P =0.70).

Adverse Effects

All the studies reported the absence of serious
complications, such as an increase in intraocu-
lar pressure, vitreous hemorrhage, endoph-
thalmitis, cataractous change, or systemic
adverse effects in both groups.

Sensitivity Analysis and Publication Bias

The results of the leave-one-out analysis on the
CMT at 6 months showed that all exclusions did
not alter the results of the previous analyses,

Favours IVB Favours IVB+MPC

values favor IVB + MPC over IVB. IVB intravitreal
bevacizumab, IVB + MPC intravitreal bevacizumab com-
bined with macular photocoagulation

suggesting reliability and stability of the results
of this meta-analysis (Table 2). In addition, the
sensitivity analysis found that Solaiman’s study
was the source of the heterogeneity. After
excluding Solaiman’s study, the pooled WMD
was — 10.30 (95% CI — 28.65, 8.06), with no
evidence of heterogeneity (P =0.95, I = 0%).
The funnel plot for BCVA at 6 months was
revealed. According to the funnel plots, the
studies were within the confidence intervals,
and the shapes of the funnel plots did not reveal
any evidence of obvious asymmetry (Fig. 5).

DISCUSSION

The present meta-analysis included three RCTs
and two retrospective studies to compare the
therapeutic effects of IVB with or without MPC
for DME. In our analysis of CMT and BCVA at 1,
3, and 6 months after the initial treatment, no
significant difference was found between the
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C VB IVB+MPC Mean Difference Mean Difference
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favor IVB + MPC over IVB. IVB intravitreal beva-
cizumab; IVB 4+ MPC intravitreal bevacizumab combined
with macular photocoagulation

Fig. 4 Forest plots showing the mean differences in best-
corrected visual acuity (BCVA) along with associated 95%
confidence intervals (Cls) comparing IVB with IVB +
MPC at 1 (a), 3 (b), and 6 (c) months. Negative values in
these plots favor IVB over IVB + MPC; positive values

Table 2 Outcomes for sensitivity analysis of included studies evaluating CMT at 6 months

Study excluded Random effects model Test for heterogeneity Test for overall effect

MD 95% CI Q P (%) P value z P value
None 12.63 — 4268, 67.63 4451 93 < 0.00001 0.45 0.65
Solaiman [14] —10.30 — 28.65, 8.06 0.11 0 0.95 1.10 0.27
Faghihi [20] 20.03 — 49.74, 89.81 32.84  94% < 0.00001 0.56 0.57
Arevalo [18] 19.40 —51.33, 90.13 33.70 94% < 0.00001 0.54 0.59
Jovanovié¢ [21] 21.32 — 4301, 8565 4039 95% < 0.00001 0.65 0.52

MD mean difference, CI confidence interval

IVB alone group and IVB plus MPC group,
which indicates that IVB injection is an effec-
tive treatment of DME, but the combination of
MPC exhibited no additive favorable outcomes.

DME remains a challenging problem that
causes severe vision loss in patients with dia-
betes [22]. The precise pathogenesis has been
investigated for decades to find potential
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Fig. 5 Funnel plot of publication bias with respect to best-corrected visual acuity (BCVA) at 6 months. SE standard error,

MD mean difference

treatment modalities to improve, stabilize, and
prevent DME. Because VEGF caused blood-ocu-
lar barrier breakdown and hyperpermeability
disorder in diabetic retinopathy and macular
edema, the anti-VEGF drug bevacizumab is
increasingly being used as a therapeutic option
for DME [23, 24]. Many studies have reported
that IVB injection was effective in reducing
DME and improving the BCVA; however, these
beneficial effects were transient, and it had no
influence on macular hypoxia, which is under-
lying cause of the problem [25, 26]. Laser pho-
tocoagulation’s effect was by a different
pathway. It was effective in destroying some
photoreceptors to alleviate the high oxygen
consumption, and these changes would
improve retinal hypoxia [27]. It could be infer-
red that the combination of MPC with IVB is
helpful in reducing macular hypoxia, which
may prolong the effect of IVB and produce a
better result. Meanwhile, the reduction of
macular edema by IVB may render MPC easier
and potentiate the effect of MPC. Thus, it is
suggested that the combination of MPC with
IVB may yield a superior outcome compared
with IVB therapy alone.

Both the IVB-alone and combination treat-
ment groups realized a critical reduction of
CMT at different follow-up points. We found no
significant differences between the two groups
regarding CMT at 1, 3, and 6 months after ini-
tial treatment. In particular, Solaiman’s study
showed that the IVB group had a greater
reduction in CMT than the combined IVB/MPC
group at 1month, whereas the combined
treatment group produced more marked reduc-
tions at 3 and 6 months. This was likely due to
the transient increase in macular edema after
laser photocoagulation in the combined treat-
ment group at 1 month, and the single injec-
tion of IVB could not guarantee the effective
concentration in the vitreous humor, which
caused an increase in the CMT in the IVB group
at the longer follow-up periods. In addition,
Arevalo’s study observed that the IVB group
produced a greater decrease in CMT than the
combined treatment group throughout the
24 months of follow-up. This was probably
because the baseline CMT was higher in the IVB
group, which allows more room for improve-
ment to better functional and anatomical out-
comes. However, the remaining studies showed
no differences in CMT between the two groups.
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In terms of BCVA, we found no significant
differences between the IVB-alone and combi-
nation treatment groups with regard to BCVA at
1, 3, and 6 months after initial treatment. The
improvement in BCVA was not always statisti-
cally significant throughout the follow-up. In
Solaiman’s study, neither group had significant
improvement in BCVA at 6 months, which was
not parallel to the corresponding CMT changes
in the eyes. This could be because many factors
could affect the visual outcome, such as the
duration, extent, and severity of macular
edema, presence of foveal hard exudates, age of
the patient, and status of the macula before the
onset of edema [28, 29]. In addition, Lee’s study
showed that no significant differences existed
between the tho groups from 3 months to
6 months, whereas visual acuity in the beva-
cizumab injection-only group decreased and the
combination treatment group showed relatively
no change of visual acuity. The results indicate
that the combination treatment is beneficial for
the maintenance of visual acuity in a longer
follow-up period. However, Arevalo’s study
found the improvement rate of BCVA
throughout the 24 months of follow-up was not
statistically significantly different between the
IVB group and the combination treatment
group, which was probably due to the selection
bias of patients in the latter group. Seventy-five
percent of the patients in the combination
treatment group were insulin-dependent, which
generally denotes poor glycemic control at
some point in therapy and thus influences the
therapeutic effect [30]. Additional studies are
needed to further assess the effect of MPC in
stabilizing visual acuity in the long term.

There was significant heterogeneity among
studies evaluating CMT at 1, 3, and 6 months
after initial treatment. Sensitivity analysis
revealed that the Solaiman study was the source
of statistical heterogeneity in the meta-analysis
for the CMT at 6 months. There was no evi-
dence of heterogeneity in the three remaining
studies after excluding the Solaiman study.
Several factors may be attributed to the Solai-
man study’s heterogeneity. First, the relatively
small sample size might have been the main
source of heterogeneity. Second, only a single
injection of IVB was administered in both

groups in this study but not repeated injections,
as other studies reported. Third, some factors
were not considered in this study, such as
degree of glycemic control, level of cholesterol,
and other lipids as well as presence of hyper-
tension and renal disease, which might affect
macular edema and the treatment outcome
[31-33]. Moreover, sensitivity analysis did not
alter the result of the previous analysis, which
indicates that the combined results were robust
and reliable.

Recently, some studies have reported that
multiple injections of bevacizumab are benefi-
cial to maintain its transient effect in reducing
DME [10, 34], and addition of MPC to the pri-
mary IVB therapy helped decrease the number
of injections needed for treatment [27]. How-
ever, in our study, there was no statistically
significant difference between the IVB group
and combination treatment group with respect
to the number of injections. The unexpected
results were probably due to the poor metabolic
control in the combination treatment group in
Faghihi’s and Arevalo’s studies and the limited
sample size in the combination treatment group
in Lee’s study. In the future, more studies are
needed to verify whether the addition of MPC
to IVB therapy could reduce the burden of more
frequent injections.

Several limitations of this study should be
acknowledged. First, only three RCTs were
included, and only one study had adequate
sequence generation; none of them had ade-
quate methods to achieve allocation conceal-
ment. Moreover, the sample number was
limited, which may have influenced the
strength of our study. Second, some of the
included studies failed to adjust for common
confounding variables such as the degree of
glycemic control and level of serum lipids,
which might have affected the pooled results.
Third, the results evaluating CMT were of sig-
nificant heterogeneity among the studies.

CONCLUSION

This meta-analysis compared the therapeutic
effect of IVB alone to IVB with MPC in DME.
The findings suggest that IVB injection is an
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effective modality of treatment in DME, but
combination with MPC appeared to have no
additive synergistic improvement in CMT and
BCVA. However, few studies provide sufficient
data about the therapeutic effect of IVB alone
and IVB/MPC combination therapy at relatively
longer follow-up periods. Given the limitations
of this meta-analysis, this conclusion should be
interpreted with caution. Meanwhile, further
studies are required to elucidate the long-term
effects of the two treatment modalities in
treating DME.
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