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ABSTRACT

Objectives To evaluate the comparative effectiveness
and safety of intravitreal bevacizumab, ranibizumab
and aflibercept for patients with choroidal neovascular
age-related macular degeneration (cn-AMD), diabetic
macular oedema (DMO), macular oedema due to

retinal vein occlusion (RV0-MO) and myopic choroidal
neovascularisation (m-CNV).

Design Systematic review and random-effects meta-
analysis.

Methods Multiple databases were searched from
inception to 17 August 2017. Eligible head-to-head
randomised controlled trials (RCTs) comparing the (anti-
VEGF) drugs in adult patients aged >18 years with the
retinal conditions of interest. Two reviewers independently

screened studies, extracted data and assessed risk of bias.

Results 19 RCTs involving 7459 patients with cn-

AMD (n=12), DMO (n=3), RVv0-MO (n=2) and m-CNV
(n=2) were included. Vision gain was not significantly
different in patients with cn-AMD, DMO, RV0-MO and
m-CNV treated with bevacizumab versus ranibizumab.
Similarly, vision gain was not significantly different
between cn-AMD patients treated with aflibercept versus
ranibizumab. Patients with DMO treated with aflibercept
experienced significantly higher vision gain at 12 months
than patients receiving ranibizumab or bevacizumab;
however, this difference was not significant at 24 months.
Rates of systemic serious harms were similar across
anti-VEGF agents. Posthoc analyses revealed that an as-
needed treatment regimen (69 injections per year) was
associated with a mortality increase of 1.8% (risk ratio:
2.0 [1.210 3.5], 2 RCTs, 1795 patients) compared with
monthly treatment in cn-AMD patients.

Conclusions Intravitreal bevacizumab was a reasonable
alternative to ranibizumab and aflibercept in patients with
cn-AMD, DMO, RVO-MO and m-CNV. The only exception
was for patients with DME and low visual acuity (<69
early treatment diabetic retinopathy study [ETDRS]
letters), where treatment with aflibercept was associated
with significantly higher vision gain (>15 ETDRS letters)
than bevacizumab or ranibizumab at 12 months; but the
significant effects were not maintained at 24 months. The
choice of anti-VEGF drugs may depend on the specific
retinal condition, baseline visual acuity and treatment
regimen.

PROSPERO registration number CRD42015022041.

Strengths and limitations of this study

» We consolidated the evidence for treatment choice
of all common retinal conditions, allowing the inter-
pretation of the strength of the evidence of benefits
and harms of the anti-VEGF drugs across conditions.

» We summarised information regarding treatment
regimens (eg, three initial monthly intravitreal in-
jections and as-needed monthly retreatment, treat
and extend), as-needed retreatment criteria and the
reconstitution of bevacizumab, and examined the
influence of the choice of treatment regimens on the
benefits and harms of the anti vascular endothelial
growth factor (anti-VEGF) drugs for specific retinal
conditions.

» We limited our review to English studies, and found
that very few randomised controlled trials evaluated
the anti-VEGF drugs in patients with macular oede-
ma due to retinal vein occlusion and myopic choroi-
dal neovasculari sation .

» Our sensitivity and subgroup analyses were not
specified a-priori and should be interpreted with
caution.

BACKGROUND

Retinal conditions neovascular
abnormality are common in older adults.
Choroidal neovascular age-related macular
degeneration (cn-AMD) is the leading cause
of irreversible blindness in individuals aged
50 years or older in high-income coun-
tries." * If left untreated, potentially irrevers-
ible visual impairment can also be caused
by diabetic macular oedema (DMO) and
macular oedema due to retinal vein occlu-
sion (RVO-MO).*? Choroidal neovascularisa-
tion secondary to pathologic myopia (myopic
CNV) is another major cause of blindness and
visual impairment worldwide.® 7 Together,
these retinal diseases cause substantial reduc-
tion in quality of life, and are a significant
burden on healthcare systems.®

due to
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Ranibizumab, off-label use of repackaged bevacizumab,
and aflibercept are widely used antivascular endothelial
growth factor (anti-VEGF) drugs for intravitreal treat-
ment of retinal conditions. Multiple systematic reviews
have evaluated the comparative effectiveness of anti-
VEGF drugs in patients with cn-AMD, DMO, RVO-MO
and m-CNV*™% but given the publication of new trials
in patients with RVO-MO'" and DMO," and long-term
follow-up data for patients with cn-AMD," an update is
necessary. We aimed to conduct a systematic review to
evaluate the comparative effectiveness and safety of beva-
cizumab, ranibizumab and aflibercept for patients with
cn-AMD, DMO, RVO-MO and m-CNV.

METHODS

A systematic review regarding the comparative effi-
cacy and safety of the anti-VEGF drugs was planned in
response to a query from the Canadian Drug Safety and
Effectiveness Network, for which a preliminary report was
prepared to inform listing recommendations.'® ' The
report included a meta-analysis of pairwise comparisons
of the anti-VEGF drugs for individual retinal conditions,
as well as a network meta-analysis to evaluate the anti-
VEGF drugs in cn-AMD patients. This paper summarises
results of the meta-analysis; a separate paper is underway
for the network meta-analysis results.

The current review was conducted using the Cochrane
Handbook for Systematic Reviews and reported using
the Preferred Reporting Items for Systematic Review
and Meta-Analysis statement'® (additional file 1). The
methods are outlined briefly below, as they are described
in greater detail in additional file 2: Appendix 1 and a
related therapeutic review report.

Data sources and searches

MEDLINE, Embase and Cochrane Central Register of
Controlled Trials were searched. Studies, which are not
widely available or commercially published (ie, grey liter-
ature), were identified using an established approach.'
Additional studies were identified by searching reference
lists of included studies, and email correspondence with
expert clinicians and anti-VEGF drug manufacturers.

An information specialist developed the search strategy,
which was peer reviewed by another information specialist
using the Peer Review of Electronic Search Strategies
(PRESS) statement.”” The MEDLINE strategy can be
found in additional file 2: Appendix 1. The search was
conducted on 27 May 2015 and updated on 17 August
2017.

Study selection and outcome definitions

Eligible studies were randomised controlled trials (RCTs)
that directly compared intravitreal bevacizumab, ranibi-
zumab and/or aflibercept for the treatment of patients
(aged =18 years) with cn-AMD, DMO, RVO-MO or
m-CNV. We excluded RCTs comparing anti-VEGF drugs
with other comparators, such as photodynamic therapy,

intravitreal corticosteroids and grid laser photocoagu-
lation (additional file 2: Appendix 1). Due to time and
resource constraints, we only included studies published
in English.

Eligible RCTs reported one of the following benefits
and harms outcomes: vision gain, defined as a gain in
best-corrected visual acuity (BCVA) letter score of =215 on
the early treatment diabetic retinopathy study (ETDRS)
chart®! ; vision loss, defined as a loss in BCVA letter score
of 215; mean change in BCVA from baseline; legal blind-
ness (BCVA of 20/200 or worse measured on a stan-
dard Snellen chart, or worse than 20/100 visual acuity
measured on ETDRS chart); vision-related function
according to the 25-item National Eye Institute Visual
Function Questionnaire (NEI-VFQ-25)%; serious adverse
events; all-cause mortality; arterial thromboembolic
events (TEs); venous TEs; bacterial endophthalmitis and
retinal detachment.

All titles/abstracts and potentially relevant full-text
articles were screened by two reviewers, independently.
Discrepancies were discussed and if necessary, resolved
with input from a third reviewer. When multiple reports
of the same trial were identified, the main report was
included and the others were treated as companion
reports.”

Data extraction and quality assessment

Data extraction forms were developed with input from
three clinicians, pilot-tested and refined twice. Data
extraction was conducted by two reviewers, independently.
Discrepancies were discussed and if necessary, resolved
with input from a third reviewer. A similar approach was
followed for quality assessment using the Cochrane risk-
of-bias tool for RCTs.**

Patient and public involvement
There was no patient or public involvement in the
conduct of this study.

Synthesis of study results

Study results were synthesised with respect to bene-
fits and harms of treatment, treatment regimen (eg,
monthly and as-needed regimens) and trends in BCVA
improvement over time. With respect to visual acuity
improvement, meta-analyses were conducted with studies
reporting BCVA letter score as measured on the ETDRS
chart. For studies reporting visual acuity in logMAR and
decimal values, the values were converted to approximate
ETDRS letter scores,” with approximate SD.*® Pairwise
comparisons of drugs were assessed at the longest treat-
ment duration, allowing for the inclusion of trials in the
meta-analysis that reported outcome data at different
time points. Subgroup analyses were conducted at 12 and
24 months, as these were the most frequently reported
time points. A posthoc analysis was conducted to compare
different treatment regimens across the drugs. For DMO
patients, treatment effect estimates were obtained for all
patients as well as subgroups based on baseline BCVA,
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Figure 1 Study flow. RCT, randomised controlled trial.

which were prespecified in the Diabetic Retinopathy Clin-
ical Research Network (DRCR.net) trial.”” The meta-anal-
ysis was conducted using a random-effects model, as we
assumed treatment effects varied across trials. A sensi-
tivity analysis was conducted by restricting results to trials
determined to be at low risk of selection bias. Between-
study heterogeneity was assessed using the I? statistic, with
values above 75% indicating substantial heterogeneity.*

RESULTS

Literature search

After screening 3176 titles/abstracts and 440 full-text
articles, 19 head-to-head RCTs of the anti-VEGF drugs
were included, with 7459 patients, including 12 RCTs for
cn-AMD, 3 RCTs for DMO, 2 RCTs for RVO-MO and 2
RCTs for m-CNV (figure 1, additional file 2: Appendix
1).27 242 Given our inclusion criteria, we excluded RCTs
that compared anti-VEGF drugs with placebo or laser
photocoagulation.**™*’

Study and patient characteristics

Studies were completed between 2010 and 2017 with an
average sample size of 393 patients per trial (range: 28,
1240) (table 1, additional file 2: Appendices 2 and 3).
The mean age ranged from approximately 60-80 years,
and females accounted for 5%-76% of the patients.
The average follow-up duration was 13 months (range:
6-24 months). RCTs were conducted in Europe (n=8),
North America (n=b), Asia (n=4), Africa (n=1) and across

multiple continents (n=1); most were multicentre RCTs
(n=13), in addition to six single-centre RCTs.

Risk of bias assessment

Random sequence generation and allocation conceal-
ment were unclear for 12/19 (63.2%) and 9/19 (47.4%)
of the included RCTs, respectively, suggesting the poten-
tial for selection bias (additional file 2: Appendices
4 and 5). The RCTs were at low risk of bias with respect
to blinding of participants and trial personnel 18/19
(94.7%), blinding of outcome assessment 18,/19 (94.7%),
incomplete outcome data 13/19 (68.4%) and selective
reporting 13/19 (68.4%). Two of the 19 RCTs (10.5%)
were industry funded.”

Patients with cn-AMD

Comparative effectiveness of bevacizumab and ranibizumab
Results from 10 RCTs (3302 patients) showed that approx-
imately 22% of patients attained vision gain of >15BCVA
letter scores with treatment, and patients treated with beva-
cizumab were as likely to attain vision gain as those treated
with ranibizumab (risk ratio [RR]: 1.05 [95% CI, 0.93
to 1.19], table 2, additional file 2: Appendices 6-7). Over an
average treatment duration of 16 months, approximately
94% of patients maintained their vision, with no statistical
difference between patients treated with bevacizumab or
ranibizumab (RR of vision loss: 0.91 [95% CI,0.70 to 1.19]).
Patients treated with bevacizumab or ranibizumab gained
an average of seven letters in terms of mean BCVA with no
statistical difference between the drugs (mean difference
(MD) 0.03 letters [95% CI, -1.02 to 1.08]). Approximately
2%—4% patients treated with bevacizumab or ranibizumab
became legally blind (RR: 2.04 [95% CI, 0.32 to 12.50], 3
trials, 1823 patients). Overall, the results were consistent
across the 10 trials and did not change with the sensitivity
analyses restricted to trials determined to be at low risk of
selection bias and with different follow-up lengths (addi-
tional file 2: Appendices 6, 8-9).

Comparative effectiveness of aflibercept and ranibizumab

Results from two RCTs (1815 patients; table 2, and addi-
tional file 2: Appendix 6) showed that approximately
32% of patients attained vision gain with treatment, and
patients treated with aflibercept were as likely to attain
vision gain as patients treated with ranibizumab (RR: 0.99
[95% CI, 0.81 to 1.22]). Over an average assessment and
treatment duration of 12 months, approximately 95% of
patients maintained their vision, and aflibercept patients
were as likely to maintain vision as ranibizumab patients
(RR of vision loss: 0.90 [95% CI, 0.60 to 1.35]). With
respect to mean BCVA, patients gained on average nine
letters (MD: —0.05 [95% CI, -2.5 to 2.4]). Compared with
baseline, patients gained some visual-related function,
with an average of 5 points on the NEI-VFQ-25 question-
naire (MD: 2.2 [95% CI, -0.6 to 5.1]).

Comparative effectiveness of bevacizumab and aflibercept
There were no RCTs that directly compared bevaci-
zumab and aflibercept (table 2, and additional file 2:
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Table 1 Summary study characteristics

Total no of trials No of studies

No of studies

No of studies

No of studies

included (n=19)* with cn-AMD with DMO (n=3) with RVO-MO  with m-CNV
Study characteristic (%) (n=12) (%) (%) (n=2) (%) (n=2) (%)
Year of publication
2010-2011 5(26.32) 4 (33.33) 0 (0) 0 (0) 1 (50)
2012-2013 6 (31.58) 5 (41.67) 0 (0) 0 (0) 1 (50)
2014-2015 5(26.32) 2 (16.67) 2 (66.67) 1 (50) 0 (0)
2016 3(15.79) 1(8.33) 1 (33.33) 1 (50) 0 (0)
Geographic region
Europe 8 (42.11) 6 (50) 0(0) 0(0) 2 (100)
North America 5(26.32) 3 (25) 1(33.33) 1 (50) 0(0)
Asia 4 (21.05) 2 (16.67) 1(33.33) 1 (50) 0 (0)
Africa 1 (5.26) 0(0) 1(33.33) 0(0) 0(0)
Multicontinent 1 (5.26) 1(8.33) 0(0) 0(0) 0(0)
Setting
Single-centre 6 (31.58) 2 (16.67) 1 (33.33) 1 (50) 2 (100)
Multicentre 12 (63.16) 10 (83.33) 1 (33.33) 1 (50) 0 (0)
NR 1 (5.26) 0 (0) 1 (33.33) 0 (0) 0 (0)
Follow-up duration
6-12months 14 (73.68) 9 (75) 2 (66.67) 2 (100) 1 (50)
13-19months 4 (21.05) 2 (16.67) 1(33.33) 0) 1 (50)
>20months 1 (5.26) 1(8.33) 0 (0) 0(0) 0(0)

*Total number of randomised controlled trials, n=19, from 18 publications.

cn-AMD, choroidal neovascular age-related macular degeneration; DMO, diabetic macular oedema; m-CNV, myopic choroidal
neovascularisation; NR, not reported; RVO-MO, macular oedema due to retinal vein occlusion.

Appendix 6). Regarding BCVA change, the MD between
bevacizumab and ranibizumab was -0.03 (95% CI, -1.08
to 1.02), whereas the MD between aflibercept and ranibi-
zumab was -0.05 (95% CI, -2.5 to 2.4), suggesting a
MD between bevacizumab and aflibercept of 0.02 (95%
CI, -2.60 to 2.64) 2 For vision gain, the corresponding RR
estimate was 0.95 (95% CI, 0.84 to 1.07) for bevacizumab
versus ranibizumab and 0.99 (95% CI, 0.81 to 1.22) for
bevacizumab versus ranibizumab, suggesting a RR esti-
mate of 0.96 (95% CI, 0.75 to 1.22) between bevacizumab
and aflibercept.

Treatment regimens

Additional file 2: Appendix 10 provides detailed informa-
tion regarding the treatment regimens in the included
trials, the as-needed retreatment criteria and the recon-
stitution of bevacizumab for intravitreal injections. The
treatment regimens varied widely, and are summarised
in table 3 along with the mean number of injections
per year for each treatment regimen. The number
of reported treatment regimens varied by condition
(cn-AMD [n=6], DMO [n=3], RVO-MO [n=2] and m-CNV
[n=1]). In cn-AMD patients, the two most commonly
reported regimens for bevacizumab and ranibizumab
included monthly injections (~11injections/year) and
3 monthly injections followed by as-needed treatment

(~6injections/year). Aflibercept was most commonly
administered using a monthly regimen (~11injections/
year).

Results of our posthoc analysis comparing as-needed
versus monthly treatment in cn-AMD patients are
summarised in table 4. The as-needed treatmentregimen
with ranibizumab or bevacizumab was less effective than
the monthly regimen in improving mean BCVA (MD:
-1.9 letters [95% CI, -3.3 to —0.5 letters], 2 RCTs, 1622
patients) and vision gain (RR: 0.73 [95% CI, 0.55 to
0.95]). When the regimens were assessed for non-infe-
riority at 1 year with an inferiority margin of five points,
monthly bevacizumab was equivalent to monthly ranibi-
zumab (MD: -0.5 [95% CI, -3.9 to 2.9]), as-needed
bevacizumab was equivalent to as-needed ranibizumab
(MD: -0.8 [95% CI, -4.1 to 2.5]), as-needed ranibi-
zumab was equivalent to monthly ranibizumab (MD:
-1.7 [95% CI, —-4.7 to 1.3]) but monthly bevacizumab
was not equivalent to as-needed bevacizumab (MD: -2.1
[95% CI, -5.7 to 1.6]).”' Compared with the monthly
regimen, the as-needed regimen was associated with a
significant increase in mortality of 1.8% (95% CI, 0.1%
to 3.4%, meta-analysis of mortality data reported in 2
RCTs, 1795 patients, with a RR of 2.0, 95% CI, 1.2 to
3.5).%551
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Tabled Summayoftreatmentregmens

Mean monthly injections per

Condition Treatment regimen No of RCTs year (range)*

DMO 3 initial monthly treatments and as-needed treatment (every 1 6.0
month) with ranibizumab
3 initial monthly treatments and as-needed treatment (every 1 5.6
month) with aflibercept
3 initial monthly treatments and as-needed treatment (every 1 6.5
month for 3months) and as-needed treatment (every month) with
ranibizumab
3 initial monthly treatments and as-needed treatment (every 1 5.1
month for 3months) and as-needed treatment (every month) with
bevacizumab
As-needed treatment till stable visual acuity (up to 6months) and 1 10%
as-needed treatment (every month) with ranibizumab
As-needed treatment till stable visual acuity (up to 6 months) and 1 10%

as-needed treatment (every month) with bevacizumab

As-needed treatment till stable visual acuity (up to 6months) and 1 9f
as-needed treatment (every month) with aflibercept

m-CNV 1 initial monthly treatment and as-needed treatment (every 2 2.4 (1.7-3.1)
month) with ranibizumab
1 initial monthly treatment and as-needed treatment (every 2 3.1(1.9-4.3)

month) with bevacizumab

*Mean and ranges were derived from trial-specific means. Cases, in which a single RCT reported on a regimen, do not have an associated
range.

tValue was reported once for both trials in Heier et a
tReported median values (Wells et al).?’”

cn-AMD, choroidal neovascular age-related macular degeneration; DMO, diabetic macular oedema; m-CNV, myopic choroidal
neovascularisation; RCT, randomised controlled trial; RVO-MO, macular oedema due to retinal vein occlusion.
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Table 4 Comparison of monthly versus as needed anti-VEGF treatment regimens in cn-AMD patients

Baseline
No of ETDRS
RCTs*, letterst Risk ratio or mean
no of and Snellen As-needed regimen Monthly regimen difference
Comparison Outcome patients equivalent Mean (range)t Mean (range)t estimate (95%Cl) 1™
As-needed Rx  Vision gain  2/1622 62 (61 to 20.8% (15.1t0 26.4) 28.9% (25.1t032.8) 0.73(0.55t00.95) O
vs monthly Rx 63)~20/63
BCVA 2/1622 62 (61 to 4.9 (8.5t06.4) 6.9 (5.510 8.3) -1.9(-0.510 3.3) 0
change 63)~20/63
Mortality 2/1795 NA 4.6% (2.6 to 6.6) 2.3% (1.4 to 3.3) 2.00 (1.15t0 3.45) 12

*CATT and IVAN trials (Martin et al; Chakravarthy et af).3® %’

TMean (range) were derived across control groups of the included RCTs.
+12 <75 was interpreted as low evidence of substantial variation across included RCTs. For each treatment regimen, patients were

randomised to be treated with bevacizumab or ranibizumab.

anti-VEGF, antivascular endothelial growth factor; BCVA, best-corrected visual acuity; CATT, Comparison of AMD Treatments Trials;
cn-AMD, choroidal neovascular age-related macular degeneration; ETDRS, early treatment diabetic retinopathy study; IVAN, Inhibit
VEGF in Age-related choroidal Neovascularisation; RCTs, randomised controlled trials.

Harms

Over an average of 14 months (range: 12-24 months),
mortality was reported in 4% and 3% of patients treated
with bevacizumab or ranibizumab, respectively (RR: 1.14
[95% CI, 0.72 to 1.79], 6 RCTs, 2941 patients, additional
file 2:Appendix 6). Serious adverse events were reported
in 19% and 18% of patients treated with bevacizumab
or ranibizumab, respectively (RR: 1.09 [95% CI, 0.93 to
1.27], 5 RCTs, 3026 patients). Arterial TEs were reported
in 4% and 3%of patients treated with bevacizumab
or ranibizumab, respectively (RR: 0.86 [95% CI, 0.51
to 1.47], 4 RCTs, 2033 patients). Venous TEs, bacterial
endophthalmitis and retinal detachment were reported
in <1% of patients treated with either drug. In the trials
evaluating aflibercept and ranibizumab, arterial TEs were
reported in 2% of patients treated with aflibercept or
ranibizumab (RR: 0.96 [95% CI, 0.45 to 2.04], 2 RCTs,
1818 patients), and venous TEs were reported in <1% of
patients treated with either drug. Data on other harms
were not available.

Patients with DMO

Comparative effectiveness of ranibizumab, bevacizumab and
aflibercept

Results from DRCR.net trial (620 patients) showed that
over 2 years of treatment, patients were as likely to attain
vision gain with ranibizumab (37%), bevacizumab (35%)
or aflibercept (39%)—bevacizumab versus ranibizumab,
RR: 0.94 [95% CI, 0.72 to 1.23]; aflibercept versus beva-
cizumab, RR: 1.06 [95% CI, 0.80 to 1.38] and afliber-
cept versus ranibizumab, RR: 1.06 [95% CI, 0.82 to 1.37]
(table 2). Over 2 years of treatment, approximately 98%
of patients maintained their vision with all three drugs.
Besides the DRCR.net RCT, two small single-centred
RCTs reported BCVA data, one comparing aflibercept
with ranibizumab,'* and another comparing bevacizumab
and ranibizumab.” Patients’ mean BCVA improved by
approximately 13 letters with aflibercept, 10 letters with

bevacizumab and 12 letters with ranibizumab (aflibercept
vs ranibizumab: MD: 1.4 [95% CI, —-1.6 to 4.3]; bevaci-
zumab vs aflibercept: MD: 2.7 [95% CI, -5.2 to —0.3] and
bevacizumab vs ranibizumab: MD: -2.0 [95% CI, -3.9 to
-0.1], table 2).

The DRCR.net trial reported results stratified by base-
line visual acuity at 12 and 24 months (additional file
2: Appendix 11). In patients with high baseline visual
acuity (BCVA 269 letters), approximately 16% of patients
treated with bevacizumab, 15% of patients treated with
ranibizumab and 18% of patients treated with aflibercept
attained vision gain at 12 months (RR of bevacizumab vs
aflibercept: 0.91 [95% CI, 0.50 to 1.65]; RR of aflibercept
vs ranibizumab: 1.18 [95% CI, 0.64 to 2.17]). Vision gain
at 24 months was 17% with bevacizumab, 19% with ranibi-
zumab and 20% with aflibercept (RR of bevacizumab vs
aflibercept: 0.84 [95% CI, 0.47 to 1.52]; RR of aflibercept
vs ranibizumab: 1.10 [95% CI, 0.63 to 1.92]). In patients
with low baseline visual acuity (BCVA <69 letters), approx-
imately 41% of patients treated with bevacizumab, 50%
of patients treated with ranibizumab and 67% of patients
treated with aflibercept attained vision gain at 12 months
(RR of bevacizumab vs aflibercept: 0.62 [95% CI, 0.47
to 0.81]; RR of aflibercept vs ranibizumab: 1.35 [95%
CI, 1.06 to 1.72]). At 24 months, vision gain was 52%
with bevacizumab, 55% with ranibizumab and 58% with
aflibercept (RR of bevacizumab vs aflibercept: 0.90 [95%
CI, 0.69 to 1.16]; RR of aflibercept vs ranibizumab: 1.05
[95% CI, 0.82 to 1.35]).

Treatment regimen

With respect to treatment regimen, the DRCR.net
trial treated patients initially with monthly injections
until stable visual acuity within 6 months, followed by
as-needed treatment (additional file 2: Appendix 10).%7
The median number of injections administered over
a l-year period was 10 in the bevacizumab group, 9 in
the aflibercept group and 10 in the ranibizumab group
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(table 3).27 In the second year, the median number of
injections was: 6, 5 and 6 in the bevacizumab, aflibercept
and ranibizumab groups, respectively.” Two smaller trials
both started treatment with 3 monthly intravitreal injec-
tions, followed by monthly retreatment with persistence
of macular oedema, thickening of central macular or
worsening of visual acuity (table 3 and additional file 2:
Appendix 10).'*?!

Harms

After 24 months of treatment in the DRCR.net tria
mortality was reported in approximately 6% of bevaci-
zumab patients, 2% of aflibercept patients and 5% of
ranibizumab patients (additional file 2: Appendix 6).
Serious adverse events were reported in 21% of bevaci-
zumab patients, 27% of aflibercept patients and 25% of
ranibizumab patients. Arterial TEs were reported in 4%,
3% and 5%, of patients treated with bevacizumab, afliber-
cept and ranibizumab, respectively. Bacterial endophthal-
mitis and retinal detachments were reported in <1% of
patients treated with any of the drugs.

1’27

Patients with RV0-MO

Comparative effectiveness of ranibizumab, bevacizumab and
aflibercept

Results from one randomised, double-blind, controlled
and non-inferiority trial conducted in India (including
77 patients with ME due to branch RVO) showed that
approximately 59% of patients attained vision gain with
bevacizumab and ranibizumab treatment, and no statis-
tical difference was observed between the drugs (RR:
1.0 [95% CI, 0.68 to 1.45]; table 2 and additional file
2: Appendix 8).* With respect to mean BCVA, patients
treated with either drug gained an average of 16 letters
(MD -2.5 [95% CI, -8.0 to 5.0]).

Results from the Study of Comparative Treatments for
Retinal Vein Occlusion 2 (SCOREZ2) randomised non-in-
feriority trial conducted in 66 centres in the USA(348
patients with ME due to central RVO) showed that
approximately 61% of patients treated with bevacizumab
or aflibercept attained vision gain, with no statistical
difference between the drugs (RR: 1.06 [95% CI, 0.91
to 1.25]; table 2)."* With respect to mean BCVA, patients
treated with either drug gained an average of 19 letters
(MD 1.52 [95% CI, -1.2 to 4.2)).

Treatment regimens

In the SCOREZ trial, patients were treated with monthly
intravitreal injections for 6 months, with a mean number
of 5.8 injections in patients treated with bevacizumab or
aflibercept (table 8 and additional file 2: Appendix 11)."”
In the other trial, patients were treated with one initial
intravitreal injection and then as-needed monthly retreat-
ment over 6 months, with a mean number of 3 injections
in patients treated with bevacizumab or ranibizumab." **

Harms
Serious adverse events were reported in 3% of bevaci-
zumab patients and 5% of ranibizumab patients (RR: 0.5

[95% CI, 0.05 to 5.26], 1 RCT, 74 patients; additional file
2: Appendix 8).” Serious adverse events were reported in
8% of the patients treated with bevacizumab or afliber-
cept over 6 months (RR: 0.99 [95% CI, 0.49 to 2.00], 1
RCT, 362 patients)."”

Patients with m-CNV

Comparative effectiveness of ranibizumab and bevacizumab

Two small RCTs both conducted in Italy evaluated ranibi-
zumab and bevacizumab for patients with m-CNV. Results
from one RCT (32 patients) showed that 62% of patients
treated with bevacizumab and 56% of patients treated with
ranibizumab attained vision gain (RR: 1.11 [95% CI, 0.63
to 1.96], 1 RCT; table 2 and additional file 2: Appendix
11).* The other RCT (55 patients) only report BCVA
results.”” With respect to mean BCVA, patients treated
with bevacizumab gained 12 letters and patients treated
with ranibizumab gained 13 letters (MD: -1.3 [95% CI,
-6.5 to 4.0], 2 RCTs, 80 patients).29 % The included trials
did not report data on harms.

Treatment regimens

Both trials evaluated ranibizumab and bevacizumab with
patients receiving l1monthly intravitreal injection and
as-needed monthly retreatment for 18 and 6 months,
respectively, with a mean number of 3.1 injections per
year in patients treated with bevacizumab and 2.4 injec-
tions in patients treated with ranibizumab (table 3 and
additional file 2: Appendix 6).> %

DISCUSSION

This systematic review synthesised results from 19 RCTs
to evaluate the comparative effectiveness and safety of
intravitreal bevacizumab, ranibizumab and aflibercept
for patients with cn-AMD, DMO, RVO-MO and m-CNV.
Intravitreal bevacizumab was as effective as ranibizumab
in patients with cn-AMD, DMO, RVO-MO and m-CNV for
the outcomes examined. Ranibizumab was as effective as
aflibercept in patients with cn-AMD.

In patients with DMO thatwere treated for 2 years, vision
gain was equally likely to be attained with aflibercept,
ranibizumab or aflibercept. In the first year of treatment,
however, patients treated with aflibercept were more likely
to attain vision gain than patients treated with ranibi-
zumab or bevacizumab—differential effects that were
observed mainly in patients with initial BCVA <69 letter
scores (equivalent to 20/50 or worse) but not observed in
patients with initial BCVA =69 letter scores (equivalent to
20/40 or better) based on the results from the subgroup
analyses. Rates of systemic serious harms were similarly
low among the anti-VEGF drugs, across the retinal condi-
tions. None of the included RCTs were designed with
sufficient statistical power to detect significant differences
between the treatments with respect to the incidence of
harms. In our posthoc analysis, cn-AMD patients and
compared with monthly treatment, an as-needed treat-
ment regimen (ie, 6-9 monthly injections per year) was
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significantly associated with a small loss in visual acuity,
but a significant increase in mortality risk of 1.8% (RR:
2.0 [95% CI, 1.2 to 3.5]).

Results from the Comparison of AMD Treatments
Trials (CATT) and Inhibit VEGF in Age-related choroidal
Neovascularisation (IVAN) trials showed that relative
to monthly treatment, patients with cn-AMD receiving
as-needed treatment experienced a significant increase
in risk of mortality. Whether there are any biological
explanations for the increased risk of mortality associ-
ated with fewer monthly injections is unclear and this
finding may have been attributable to chance. As such,
further research should be conducted to verify this result.
In DMO, RVO-MO and m-CNV trials, patients tended to
receive fewer monthly injections per year (table 3). None
of the trials in DMO, RVO-MO and m-CNV patients eval-
uated a monthly treatment regimen, and therefore the
safety risk between as-needed and monthly regimens
could not be evaluated. This requires further study.

Additional file 2: Appendix 12 displays the mean change
in BCVA over time in patients treated with bevacizumab
or ranibizumab. For all of the retinal conditions, patients
showed improvement in mean BCVA by 3—-6 months with
initial monthly injections, and maintained a plateau to
24 months in the treatment of cn-AMD patients (average
improvement of 6 letters), DMO patients (eight letters),
RVO-MO patients (16 letters) and m-CNV patients (11
letters). Comparative outcomes beyond 6 months in
patients with RVO-MO and m-CNV were lacking and as
such, long-term comparative data of anti-VEGF drugs in
these patients are needed.

Our findings are consistent with findings from previous
systematic reviews. A meta-analysis of six head-to-head
trials concluded that bevacizumab and ranibizumab had
equivalent efficacy with respect to visual acuity in cn-AMD
patients.'’ A meta-analysis of five RCTs suggested no differ-
ences in effectiveness between ranibizumab and bevaci-
zumab in DMO patients.”® Other reviews in patients with
RVO-MO and m-CNV came to similar conclusions.” '’ >*%
Although findings were consistent with those in these
recent reviews, our review serves as an update (with the
inclusion of data up to 2017) while also examining the
additional factor of treatment regimen.

There are several limitations worth noting. First, none
of our sensitivity and subgroup analyses were specified
a-priori and as such, these results should be interpreted
with caution. This also pertains to our posthoc analysis
on treatment regimen. Second, we limited our review to
English studies due to time and resources constraints. We
believe, however, that the impact of the restrictions is small
since our findings are consistent with previous systematic
reviews that included RCTs reported in all languages,
evaluating the same anti-VEGF drugs for specific retinal
conditions,11 5356 4nd results were consistent across studies,
so the impact of including additional studies reported in
other languages, if any, would be insignificant. We only
identified a few RCTs evaluating the anti-VEGF drugs in
patients with DMO, RVO-MO and m-CNV. We did not

include ziv-aflibercept (a low-cost anti-VEGF alternative to
aflibercept and bevacizumab®), the old anti-VEGF pegap-
tanib, or the newest anti-VEGF brolucizumab. Although
the rates of reported adverse events were similar across
the anti-VEGF drugs, the assessment of harms using
comparative trial data is limited. We excluded RCTs which
randomised eyes (instead of patients) since the reported
analyses failed to adjust for the correlation between the
outcomes of eyes from the same individuals.”® Similarly,
we also excluded one quasi-randomised trial,” because
we focused on randomised studies.

CONCLUSIONS

Intravitreal bevacizumab was a reasonable alternative to
ranibizumab and aflibercept in patients with cn-AMD,
DMO, RVO-MO and m-CNV. The only exception was for
patients with DMO and low visual acuity (<69 ETDRS
letters, 20/50 or worse), where treatment with aflibercept
was associated with significantly higher vision gain (=15
ETDRS letters) than bevacizumab or ranibizumab at 12
months; but the significant effects were not maintained
at 24 months. The choice of anti-VEGF drug may depend
on specific retinal conditions, baseline visual acuity and
treatment regimen.
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