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Abstract

Topic—To summarize the relative effects of bevacizumab (Avastin®, Genentech, Inc.) and
ranibizumab (Lucentis®, Genentech, Inc.), using findings from a Cochrane Eyes and Vision
Group systematic review .

Clinical relevance—Neovascular age-related macular degeneration (NVAMD) is the most
common cause of uncorrectable vision loss in the elderly in developed countries. Bevacizumab
and ranibizumab are the most frequently-used anti-VEGF agents injected intravitreally to treat
NVAMD

Methods—We included only randomized controlled trials (RCTs) in which the two anti-VEGF
agents had been compared directly. The primary outcome was 1-year gain in best-corrected visual
acuity (BCVA) of 15 or more logMAR letters. We followed Cochrane methods for trial selection,
data extraction, and data analyses. Relative effects of bevacizumab versus ranibizumab are
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presented as estimated risk ratios (RRs) and mean differences (MDs) with 95% confidence
intervals (CIs).

Results—We identified 6 eligible RCTs with 2809 participants. The proportion of eyes that
gained 15 or more letters of BCVA by 1 year was similar for the two agents when the same
regimens were compared: RR=0.90, 95% CI: 0.73 to 1.11. The mean change in BCVA from
baseline also was similar: MD=-0.5 letter; 95% CI: —1.6 to +0.6. Other BCVA and quality-of-life
outcomes were similar for the two agents. One-year treatment cost with ranibizumab was 5.1 and
25.5 times the cost for bevacizumab in the two largest trials. Ocular adverse events were
uncommon (<1%); rates were similar for the two agents.

Conclusions—We found no important difference in effectiveness or safety between
bevacizumab and ranibizumab for NVAMD treatment but a large cost difference.

For the past decade, intravitreal injections of anti-vascular endothelial growth factor (anti-
VEGF) agents have been the mainstay of treatment for neovascular age-related macular
degeneration (NVAMD), the leading cause of irreversible loss of vision among the elderly
in developed countries. Although pegaptanib (Macugen®, Eyetech/Pfizer)was the first anti-
VEGF agent demonstrated to be effective with respect to preserving or restoring visual
acuity in affected eyes,! the most frequently used anti-VEGF agents since publication of the
findings from the initial trials of ranibizumab (Lucentis®, Genentech, Inc.)23 have been
ranibizumab and bevacizumab (Avastin®, Genentech, Inc.). A Cochrane systematic review
of findings from clinical trials of these three anti-VEGF agents was published in 20074 and
was updated in 2014.°

Because bevacizumab has not been approved by the United States Food and Drug
Administration for intraocular injection and because of the greater cost of ranibizumab
compared to bevacizumab, several randomized controlled trials have been conducted to
compare the effects of these two agents for the treatment of neovascular AMD. As part of
the recently updated Cochrane systematic review,” we estimated the relative effects of
bevacizumab versus ranibizumab with respect to several vision-related and other outcomes.
Our purpose is to summarize those findings.

METHODS

We followed the methods recommended by Cochrane.8 The protocol for the original
systematic review was published in 2005; the original systematic review was published in
2008%. The findings reported herein were added as part of the most recently updated version
of the systematic review.>

Eligibility criteria
We included only randomized controlled trials in the review in order to minimize biased
estimates of relative effects. Eligible trials directly compared intravitreal injections of
bevacizumab with ranibizumab for treatment of neovascular AMD, as defined by the trial
investigators, in comparable dosages and regimens. Trials of aflibercept (VEGF-Trap Eye/
Eylea®, Regeneron) and trials that used bevacizumab or ranibizumab in combination with
other treatments were not eligible.
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Identification of eligible trials

We searched CENTRAL, which contains the Cochrane Eyes and Vision Group Trials
Register (2014, Issue 3), Ovid MEDLINE, Ovid MEDLINE In-Process and Other Non-
indexed Citations, Ovid MEDLINE Daily, Ovid OLDMEDLINE (January 1946 to March
2014), EMBASE (January 1980 to March 2014), Latin American and Caribbean Health
Sciences Literature Database (LILACS; January 1982 to March 2014), the metaRegister of
Controlled Trials (mRCT; www.controlledtrials.com), clinicaltrials.gov
(www.clinicaltrials.gov), and the World Health Organization (WHO) International Clinical
Trials Registry Platform (ICTRP; www.who.int/ictrp/search/en). We did not impose any
date or language restriction in the electronic searches for trials. Databases were searched last
on 27 March 2014.

The search strategy for the Ovid MEDLINE database is shown in the Appendix. Detailed
search strategies for the other electronic databases are provided in the Cochrane systematic
review.> We reviewed the reference lists of reports from included trials and related
systematic reviews to identify additional potentially relevant trials.

Trial selection

Pairs of authors independently reviewed titles and abstracts produced by the electronic
searches and other search methods to identify citations that referred to trials that definitely
or possibly were eligible for inclusion in the systematic review. The final eligibility decision
was based on review of the full text of articles deemed definitely or potentially eligible for
inclusion by either author of each pair. We documented reasons for exclusion of trials at this
stage.

Outcomes of interest

The primary outcome for the review was best-corrected visual acuity (BCVA) at 1 year of
follow-up. As only one eye per participant (the study eye) was randomized in all eligible
trials, we defined the primary outcome for comparison of the two anti-VEGF agents to be
the proportion of participants who gained 15 or more letters (3 or more lines) in the study
eye from baseline to 1 year when BCVA was measured on a chart with a logMAR scale.
Other visual acuity outcomes included loss of fewer than 15 letters of BCVA, avoidance of
blindness, maintenance of BCVA (no change or improvement from baseline), and mean
change in BCVA. All outcomes were estimated at 1 and 2 years of follow up whenever data
were available. Other outcomes of interest were measures of visual function, such as
contrast sensitivity and reading speed; morphological characteristics based on fluorescein
angiograms or optical coherence tomography (OCT); quality of life assessed with validated
instruments; cost of treatment, and ocular and systemic adverse events.

Data collection and assessment of trials for risk of bias

Pairs of review authors independently extracted data from reports and other documents from
included trials regarding trial characteristics, methods, participants, interventions, outcomes,
and funding resources. Data were recorded on forms developed specifically for this purpose.
We contacted authors of trial reports for desired information that was not reported clearly.
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One review author entered the data into Review Manager® (RevMan); a second review
author verified the data entered.

Two review authors assessed sources of potential bias in each included trial in accord with
Cochrane methods.® This assessment focused on selection of trial participants and
assignment to intervention arms, assessment of outcomes, completeness of follow-up of
participants and compliance with assigned intervention, data analysis policy, and other
methodological aspects of design and conduct of each trial. Trials were categorized as being
at high, unclear, or low risk of bias for each aspect assessed. We contacted authors of trial
reports to request details whenever we did not find sufficient information to assess potential
biases.

Data synthesis and analysis

RESULTS

Data synthesis and analysis was guided by Cochrane methods.® We analyzed BCVA as both
a continuous and dichotomous outcome. We estimated risk ratios (RRs) and 95% confidence
intervals (CIs) for dichotomous outcomes. For change in BCVA and other continuous
outcomes from baseline to 1 and 2 years of follow-up, we estimated the mean differences
(MDs) and 95% Cls. As each trial participant contributed data for only one eye (study eye),
the unit of analysis for all outcomes was the individual participant. We used outcome data
found in reports from individual trials or provided by trial investigators. We did not impute
missing outcome data in our analyses.

We based our assessment of statistical heterogeneity of outcomes on Chi? tests, 12 statistics,
and overlap of confidence intervals for effect estimates from individual trials. We deemed a
probability of less than 0.10 from a Chi? test or an 12 statistic of 60% or greater to represent
substantial statistical heterogeneity. We compared study populations, interventions, and
methods of individual trials to assess clinical and methodological heterogeneity.

We used RevMan® to perform statistical analyses. We used a random-effects model for all
analyses. Although we planned to compare outcomes by type of choroidal
neovascularization (CNV), we did not find outcome data reported by CNV subtype for the
trials included in the systematic review.

Of a total of 5249 records screened for the Cochrane systematic review, we excluded 5070
during review of titles and abstracts. We assessed 179 full-text reports and excluded 49
reports from 41 studies. We included 12 trials, with a total of 124 reports, in the complete
updated Cochrane review®. Of these, 6 trials (29 records) compared intravitreal injections of
bevacizumab versus ranibizumab for at least 1 year (Figure 1). We identified 3 additional
potentially eligible ongoing trials in clinical trials registers,®-11 but found no published
outcome data from these trials.

Two of the 6 included trials were conducted in the United States'1-13: one trial each was
conducted in the United Kingdom,516 Austrial”, Francel8, and Indial®. A total of 2809
participants enrolled in the 6 trials; the number of participants in individual trials ranged
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from 28 to 1208. Overall, the methodological quality of the trials was good; risk of bias was
judged low for most domains assessed (Figure 2).

In two trials, CATT2 and IVAN13, the two anti-VEGF agents were compared directly for
two regimens: monthly injections and injections as needed after 3 initial monthly injections.
In CATT, participants in the monthly injection arms were re-randomized at the end of 1 year
to continued monthly injections or to have injections as needed for the next year.13 In the
injection-as-needed groups in IVAN, participants who required an injection during follow-
up received 3 monthly injections before resuming injections as needed. In both CATT and
IVAN participants were examined monthly for 2 years, regardless of the assigned agent and
regimen.13.16 |n the 4 remaining trials, participants were given 3 initial intravitreal injections
at 1-month intervals and then re-treated as needed for either 12 months or 18 months.

Visual acuity outcomes

Gain of visual acuity—Visual acuity outcomes, based on BCVA, are summarized in
Table 1. Investigators of all 6 trials reported the primary outcome for this review, i.e., 1-
year gain of 15 or more letters from baseline. The proportion of participants who gained 15
or more letter from baseline was similar in the bevacizumab-treated and ranibizumab-treated
groups: estimated RR=0.90, 95%CI: 0.73 to 1.11. The confidence intervals of the estimated
RRs for 5 of the 6 trials included 1.00, supporting equivalence of the two agents (Figure
3a). The 2-year estimated RR=0.84 (95%CI: 0.64 to 1.11) was based on findings from the
two largest trials, CATT and IVAN. The estimates were the same whether CATT
participants were analyzed in their originally assigned treatment groups (Figure 3b) or as re-
randomized after 1 year of treatment. The estimated treatment effect differed somewhat
between CATT and IVAN, i.e., 12 statistics of 49% and 50% for this outcome. Although the
1-year and 2-year estimates of the relative effect of bevacizumab versus ranibizumab
favored ranibizumab, the effect was small and not statistically significant.

Loss of visual acuity—The investigators of each of the 6 trials reported this outcome. As
shown in Table 1, at 1 year of follow-up, the estimated RR for loss of fewer than 15 letters
of BCVA from baseline was 1.00 (95% CI: 0.98 to 1.02), indicating no difference between
bevacizumab and ranibizumab. The estimates from the individual studies were consistent,
with all confidence intervals including 1.00 (equivalence of the two agents). At 2 years, the
estimated relative treatment effect for this outcome was almost identical to the effect at 1
year: RR=0.97 (95% CI: 0.94 to 1.00) when CATT participants were analyzed by the
originally assigned treatment regimen and 0.98 (95% CI: —0.94 to 1.01) when they remained
on the same regimen after re-randomization at the end of 1 year of treatment. The
investigators of one triall* reported that no participant had lost 30 or more letters of visual
acuity during the 1-year study period; this outcome was not reported from any of the other 5
trials.

Visual acuity better than 20/200—The proportions of participants with BCVA better
than 20/200 after 1 year of treatment were reported from 4 trials1214.15.18 (Table 1). The
estimated RR was 0.98 (95% CI: 0.96 to 1.01); the confidence intervals of the estimates
from all 4 trials included 1.00. Only the CATT3 and IVAN16 investigators provided 2-year
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data for this outcome. The estimated relative risk was nearly identical to the 1-year estimate,
i.e.,1.00 (95% CI: 0.95 to 1.06) or 1.01 (95% CI: 0.96 to 1.06), depending upon whether re-
randomization of CATT patients was taken into account.

Maintenance of baseline visual acuity—The investigators of 2 trials}419 assessed
maintenance of visual acuity for 12 or 18 months at or near baseline BCVA or BCVA
improvement. Although they reported the outcome in different ways, neither group of
investigators reported an important difference in this outcome with bevacizumab relative to
ranibizumab.

Mean change in visual acuity—Data for this outcome were available at 1 year from all
6 trials. The estimated mean difference (MD) in the change of BCVA from baseline to 1
year was —0.5 letter (95% CI: -1.6 to +0.6); i.e., bevaciumab-treated participants lost half a
letter more, on average, than ranibizumab-treated participants. The confidence intervals on
the estimates from all 6 trials included 0.00, i.e., no difference between the two agents for
this outcome. The mean difference at 2 years was less than 2 letters: estimated MD=-1.2;
95% CI: —2.8 to +0.5, again indicating no clinically or statistically significant difference.

Visual function outcomes

Of the 6 trials, visual function outcomes had been reported by the investigators of only one.
The IVAN investigators reported 1-year contrast sensitivity (adjusted MD=0.20 letter,
95%Cl: —0.47 to +0.87) and reading index (MD=-5.5, 95% CI: —14.6 to +3.5)1%; both
confidence intervals include 0.0 and thus are consistent with no important difference
between the two anti-VEGF agents.1® IVAN participants in the ranibizumab arms had
slightly better near logMAR visual acuity compared to those in the bevacizumab arms
(adjusted geometric mean ratio=0.92, 95% CI: 0.84 to 1.00; p-value=0.058). Two-year
findings for these outcomes?6 were nearly identical to 1-year findings.

Morphological outcomes

Change in size of lesion—The investigators of two trials, CATT and IVAN, reported 1-
yearl2.15 and 2-year changes!316 in the size of the neovascular lesions in study eyes. In both
trials, lesion size was reported at 1 year in terms of optic disc areas (DAS). In CATT, the
mean change in lesion size was similar in the bevacizumab and ranibizumab groups at 1
year: MD=0.20 DA, 95%CI: —0.09 to +0.49. Among CATT participants who remained on
their original treatment regimens for 2 years, those treated with bevacizumab had larger
increases in lesion size than those treated with ranibizumab: MD=1.37 mm?2, 95% Cl: 0.39
to 2.36 mm2.

Among IVAN participants, the median decreases in lesion size after 1 year of treatment with
each of the two anti-VEGF agents were similar. For bevacizumab, the median decrease was
1.79 DAs, with an interquartile range (IQR) of 0.00 to 5.18; for ranibizumab, the median
decrease was 1.92 DAs and the IQR was 0.01 to 4.81. After 2 years, bevacizumab-treated
lesions had decreased in size somewhat more than ranibizumab-treated lesions: median
decrease=1.86 DAs (95% ClI: 5.51 to —0.16) versus 0.96 DA (95%CI: 4.29 to —0.39),
respectively.

Ophthalmology. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Solomon et al.

Page 7

Change in size of CNV—Only one group of trial investigators reported the mean change
in the size of the CNV component of the lesion from baseline. The GEFAL investigators
reported an MD=0.00 DA, 95% CI: -0.32 to +0.32 for 1-year change in CNV size from
baseline.18

Change in central retinal thickness—Investigators of 5 of the 6 trials reported mean 1-
year change in central retinal thickness (CRT) and those of 2 trials'3-16 reported mean 2-year
change (Table 1). Participants treated with bevacizumab had experienced less reduction in
CRT compared with participants treated with ranibizumab at both 1 and 2 year, but the
differences were small (< 15 pm), well within the typical range of measurement error, and
thus were judged not to be clinically meaningful. Two-year findings were similar to 1-year
findings for this outcome (Table 1).

Quality-of-life outcomes

Quality-of-life outcomes had been reported from only one trial. In IVAN, quality of life was
evaluated using the EQ-5D.20 After 1 year and 2 years of follow-up, the median EQ-5D
summary scores were the same for the bevacizumab- and ranibizumab-treated participants:
0.85; IQR: 0.73 to 1.00. The proportions of participants who reported “no health problems”
for each of the 5 subscale domains (mobility, self care, usual activities, pain or discomfort,
and anxiety or depression) at both follow-up times also were similar for participants treated
with each of the anti-VEGF agents.

Economic outcomes

Investigators of 2 trials, CATT and IVAN, had reported treatment costs as secondary
outcomes. In the first year of follow-up in CATT, the estimated average cost of treatment
per participant was US $490 for bevacizumab and US $18,590 for ranibizumab. By 2 years,
these costs were US $860 and US $31,805, respectively, per participant.13 Thus, the ratio of
average cost per participant, regardless of the treatment schedule, was at least 35 times as
great with ranibizumab as with bevacizumab.

The IVAN investigators reported the average total cost of treatment per participant during
the first year to be GB £1580 with bevacizumab and GB £8035 with ranibizumab,1® yielding
a smaller first-year cost ratio for ranibizumab than for CATT participants, i.e., 5.5 in IVAN
versus 37.0 in CATT. Since our systematic review was published, the IVAN investigators
have reported 2-year cost data.?!

Adverse events

Although adverse events were reported from all 6 trials, the types of adverse events varied
among the trials. Investigators of 3 trials that followed participants for 1 yearl417.19 reported
no serious ocular adverse events; types of minor ocular events were reported but without the
numbers of participants who had experienced the events. No cases of endophthalmitis or
retinal detachment were reported among participants in these 3 trials.

Table 2 summarizes the serious ocular adverse events reported from the remaining
trials.12:13.15.16.18 The only notable difference between bevacizumab and ranibizumab was

Ophthalmology. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Solomon et al.

Page 8

for uveitis, with a fourfold risk during the first year of follow up among bevacizumab-
treated participants with 4 cases versus 1 case among ranibizumab-treated participants.

Table 3 summarizes the non-ocular adverse events reported from the trials. The risk of one
or more serious non-ocular adverse events was greater among bevacizumab-treated
participants than among ranibizumab-treated participants: estimated RR=1.07, 95%CI: 1.06
to 1.52) after 1 year and RR=1.20, 95%CIl: 1.05 to 1.37) after 2 years. The only individual
non-ocular adverse events for which bevacizumab-treated participants were at excess risk
were gastrointestinal disorders after both 1 year and 2 years, with estimated fourfold risk
compared to ranibizumab-treated participants, and surgical or medical procedures for which
bevacizumab-treated participants were estimated to have twice the risk of ranibizumab-
treated participants.

DISCUSSION

In this summary review of findings from 6 randomized controlled trials (with 2806
participants) in which we compared the effect of intravitreal injections of bevacizumab
relative to ranibizumab with respect to several different outcomes important to patients with
NVAMD and their ophthalmologists, we found no important difference between the two
anti-VEFG agents for clinical outcomes such as best-corrected visual acuity, visual function,
and lesion morphology through 2 years of follow-up (Table 1). The investigators of only
one trial had reported quality-of-life outcomes using the EQ-5D; they found no difference
between bevacizumab-treated and ranibizumab-treated participants for the 5 domains
assessed by that instrument. We also found no important difference with respect to most
serious ocular complications (Table 2); however, rates of serious ocular adverse events were
small, i.e., no more than 1%. Approximately 25% more bevacizumab-treated participants
than ranibizumab-treated participants experienced one or more serious non-ocular adverse
events according to the information reported from 4 trials for up to 1 year and from 2 trials
for up to 2 years (Table 3). However, rates of individual non-ocular adverse events were
small with both anti-VEGF agents, typically no more than 2% during the first year of
treatment and no more than 5% through 2 years of treatment.

Although the overall quality of the 6 trials was good, the numbers of participants in the trials
were too small to provide reliable estimates of the frequency of individual adverse events. A
separate Cochrane review that focused on systemic safety of bevacizumab relative to
ranibizumab?? supported our finding of no important difference between the two drugs with
respect to deaths or serious adverse events over 2 years of treatment and follow-up except
for somewhat more gastrointestinal disorders reported for bevacizumab-treated participants.

Since completion of our systematic review, the investigators of the Lucentis Compared to
Avastin Study (LUCAS) have published findings from their 1-year RCT.2® Their
conclusions regarding the comparative effectiveness of the two anti-VEGF agents mirror
those of our review. The data from LUCAS and any other eligible trial published in the
interim will be incorporated in the next update to this review.

Ophthalmology. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Solomon et al.

Page 9

A major challenge for ophthalmologists and their patients with neovascular AMD has been
the choice of anti-VEGF agent. The issues have included relative effectiveness, safety, cost,
availability, and quality control for preparation of bevacizumab for intravitreal injection.
The findings from this review support the equivalence of bevacizumab and ranibizumab
with respect to ocular outcomes. Findings from two trials documented that the cost of
ranibizumab substantially exceeded the cost of bevacizumab when injected on similar
schedules. Other authors have documented the lower cost of bevacizumab compared with
ranibizumab to achieve the same benefits.21:22 Although the cost difference may be covered
by insurance for many patients, for other patients and for insurers, both private and
governmental, the excess cost represents a significant portion of total medical expenditures.
Thus, long-term patient follow-up schedules that do not mandate monthly injections but
achieve the same benefits have received increasing attention.

This review was conducted in accord with the methods promoted by Cochrane, with
duplication of trial selection, data extraction, and interpretation of findings. Unlike the
original trials that demonstrated the effectiveness of pegaptanib and ranibizumab,13 the 6
trials in this review that compared bevacizumab with ranibizumab were not sponsored by
pharmaceutical companies. Attrition was an issue with several of the trials, as with all
clinical trials in which the outcomes of interest are clinical but death is a competing
outcome. The investigators of the two largest trials, CATT and IVAN, reported clinical
outcomes for patients who returned for 1-year and 2-year examination and evaluation and
did not impute outcomes for other participants. Ideally, outcomes of all enrollees in
randomized trials are analyzed. However, despite the many imputation methods that have
been proposed, no totally satisfactory method has been identified to date to incorporate
unobserved outcomes into comparative analyses of treatments.

As people may live for decades after neovascular AMD is diagnosed, a major unresolved
issue is the long-term effectiveness of multiple intravitreal injections of anti-VEGF agents
on vision and on the risk of adverse ocular and non-ocular events. However, it may be
difficult to obtain sponsorship for studies to compare long-term outcomes among patients
treated with bevacizumab and ranibizumab in randomized trials. We have learned that the
CATT investigators have received funding to continue follow-up of participants in that trial
for up to 5 years.2% The currently available evidence indicates that patients with NVAMD
and their ophthalmologists can elect to use either bevacizumab or ranibizumab without
compromising vision or increasing the risk of serious adverse events within at least the first
two years of intravitreal injection.

Whenever two or more similarly safe and effective treatments are available for a medical
condition, treatment choice depends on other factors. These typically include physician
experience and preference, patient values and preference, treatment availability, cost, and
eligibility for coverage or reimbursement, and local policies. In the case of intravitreal
injection of bevacizumab for treatment of neovascular AMD, both the ophthalmologist and
patient must be comfortable with off-label use of this anti-VEGF agent.
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APPENDIX

Details of Search Strategy for the MEDLINE Database

=

o o~ w N

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

randomized controlled trial.pt.
(randomized or randomised).ab;ti.
placebo.ab;ti.

dt.fs.

randomly.abti.

trial.ab,ti.

groups.ab,ti.

or/1-7

exp animals/

exp humans/

9 not (9 and 10)

8 not 11

exp macular degeneration/

exp retinal degeneration/

exp retinal neovascularization/
exp choroidal neovascularization/
exp macula lutea/
maculopath$.tw.

((macul$ or retina$ or choroid$) adj3 degener$).tw.
((macul$ or retina$ or choroid$) adj3 neovasc$).tw.
(macula$ adj2 lutea).tw.

(AMD or ARMD or CNV).tw.
or/13-22
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25.
26.
217.
28.
29.
30.
31.

32.
33.
34.
35.
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exp angiogenesis inhibitors/
angiogenesis inducing agents/
endothelial growth factors/

exp vascular endothelial growth factors/
(anti adj2 VEGF$).tw.

(endothelial adj2 growth adj2 factor$).tw.
(anti adj1 angiogen$).tw.

(macugen$ or pegaptanib$ or lucentis$ or rhufab$ or ranibiz umab$ or
bevacizumab$ or avasting).tw.

VEGF TRAPS.tw.
or/24-32

23 and 33

12 and 34

The search filter for trials at the beginning of the MEDLINE strategy is from the published
paper by Glanville 2006).

Abbreviations

AMD
BCVA
CATT
CEVG
Cl
CRT
CNV
DA

GEFAL

IQR
IVAN

LUCAS
MANTA

MD
RCT

age-related macular degeneration

best-corrected visual acuity

Comparison of Age-related macular degeneration Treatment Trial
Cochrane Eyes and Vision Group

confidence interval

central retinal thickness

choroidal neovascularization

optic disc area

Group d'Evaluation Frangais Avastin® versus Lucentis® [French Evaluation
of Avastin® versus Lucentis®

interquartile range

Inhibit VEGF in Are-related choroidal Neovascularization
Lucentis Compared to Avastin Study

Multicenter Anti-VEGF Trial in Austria

mean difference

randomized controlled trial
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RevMan Cochrane's Review Manager software
RR risk ratio
VEGF vascular endothelial growth factor
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4827 records identified 403 records identified 19 additional
through electronic searches through searches of records identified
of bibliographic databases clinical trial registries by handsearching

| | |
!

5249 total records screened }_.[5070 records excluded

1

179 full-text reports assessed for 48 full-text reports
eligibility (153 from electronic of 41 studies
searches, 19 from handsearching, excluded, with
and 7 from clinical trial registrations) reasons

1
12 studies from 124 records
of anti-VEGF agents for
neovascular AMD identified

1

6 studies from 29 records
comparing bevacizumab
versus ranibizumab included in
review

Figure 1.
Identification and selection of trials that had compared bevacizumab with ranibizumab for

any outcome targeted for the systematic review.
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Bevacizumab  Ranibizumab

Study or Subgroup  Events  Total Events

Risk Ratio
Total Weight M-H, Random, 95% CI

Page 16

Risk Ratio
M-H, Random, 95% CI

Biswas 2011 (1) 6 50 14
CATT 2011 159 536 168
GEFAL 2013 39 191 39
IVAN 2013 40 251 64
MANTA 2013 36 154 35
Subramanian 2010 5 15 1
Total (95% CI) 1197

Total events 285 kKyil

54  51% 0.46(0.19,1.11)
569 37.7% 1.00[0.84,1.21)
183 18.1% 0.96 [0.65,1.42)
273 20.7% 0.68 [0.48,0.97)
163 17.3% 1.09(0.72,1.64]

7 11% 2.33[0.33,16.41)
1249 100.0% 0.90[0.73, 1.11]

Heterogeneity: Tau®= 0.02; Chi*=7.57, df=5 (P=0.18), F= 34%

Test for overall effect: Z= 0.95 (P = 0.34)

Footnotes
(1) follow-up was 18 months

Bevacizumab  Ranibizumab

Study or Subgroup  Events  Total Events

Risk Ratio
Total Weight M-H, Random, 95% CI

Favors ranibizumab Favors hevacizumab

Risk Ratio
M-H, Random, 95% CI

01 02 05 2 5 10

4.2.1 Participants in groups as randomized at baseline

CATT 2011 144 502 162
IVAN 2013 41 249 63
Subtotal (95% CI) 751

Total events 185 225

528 639% 093[0.77,1.13)
268 36.1% 0.70[0.49, 1.00]
796 100.0% 0.84[0.64, 1.11]

Heterogeneity: Tau*= 0.02; Chi*= 2.01, df=1 (P = 0.16); F= 50%

Test for overall effect: Z=1.23 (P=0.22)

4.2.2 Participants remaining in same groups after re-randomization

CATT 2011 112 380 125
IVAN 2013 41 249 63
Subtotal (95% CI) 629

Total events 153 188

398 62.0% 0.94[0.76,1.16)
268 38.0% 0.70[0.49,1.00]
666 100.0% 0.84[0.64, 1.11]

Heterogeneity: Tau®= 0.02; Chi*= 1.94, df=1 (P = 0.16), F= 49%

Test for overall effect: Z=1.23 (P=0.22)

Figure 3.

ﬂj

o+

0.05 0.2
Favors ranibizumab Favors bevacizumah

Forest plot showing estimated risk ratios with their 95% confidence intervals for
bevacizumab versus ranibizumab for gain of 15 of more letters from baseline, for each of the
6 individual trials and combined. Part a: One-year findings. Part b. Two-year findings.
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Summary of Estimated Relative Effect of Intravitreal Bevacizumab Versus Ranibizumab on Selected

Outcomes
Bevacizumab Ranibizumab : :
Outcome No. of Trials EstlmategSFoi/elgcllve Effect
No. of Events | No. at Risk | No. of Events | No. at Risk (95% C1)
a. After 1 year of treatment and follow up
Gained = 15 letters of 6 285 1197 321 1249 RR=0.90 (0.73t0 1.11)
BCVA
Lost < 15 letters of BCVA 6 1122 1197 1176 1249 RR=1.00 (0.98 to 1.02)
BCVA better than 20/200 4 899 994 947 1032 RR=0.98 (0.96 to 1.01)
Mean change in BCVA, 6 — 1197 — 1249 MD=-0.5 (-1.6 to +0.6)
letters
Mean reduction in CRT, 4 — 972 — 1023 MD=-14.0 (-26.5 to —-1.4)
pm
*
b. After 2 years of treatment and follow up
Gained = 15 letters of 2 185 751 225 796 RR=0.84 (0.64 to 1.11)
BCVA
Lost < 15 letters of BCVA 2 673 751 733 796 RR=0.97 (0.94 to 1.00)
BCVA better than 20/200 2 672 751 711 796 RR=1.00 (0.95 to 1.06)
Mean change in BCVA, 2 — 629 — 666 MD=-1.2 (-2.8 to +0.5)
letters
Mean reduction in CRT, 2 — 592 — 607 MD=-12.4 (-33.8 to +9.0)

um

BCVA, best-corrected visual acuity

Cl, confidence interval

CRT, central retinal thickness

RR. risk ratio

*
Based on data from the Comparison of AMD Treatments Trial (CATT) participants as assigned at original randomization!3 and the Inhibit VEGF

in Age-related choroidal Neovascularization (IVAN} participants16
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Summary of Estimated Relative Risk of Serious Ocular Adverse Events Following Treatment with
Bevacizumab Versus Ranibizumab

Serious Ocular Adverse

Bevacizumab

Ranibizumab

Estimated Risk Ratio

Event No.of Trials N (96) with | No.atRisk | No. (%) with | No. at Risk (95% Cl)
Event Event
a. By 1 year of treatment and follow up
Endophthalmitis 2 4(<1) 832 3(<1) 838 1.34 (0.30 - 5.98)
Retinal detachment 2 3(<1) 832 0 838 7.05 (0.4 - 136.3)
RPE tear 2 3(<1) 882 3(<1) 913 1.04 (0.21-5.11)
Traumatic cataract 3 1(<1) 1128 2 (<1) 1152 0.51 (0.05-5.62)
Severe uveitis 2 4(<1) 882 1(<1) 913 4.14 (0.46 - 37.0)
b. By 2 years of treatment and follow up*
End Ophthalmmsf 1 7(1) 586 4(1) 599 1.79 (0.53 - 6.08)
Retinal detachment 1 0 296 1(<1) 314 0.35 (0.01 - 8.64)
RPE tear 1 1 (<1) 296 3(1) 314 0.35 (0.04 — 3.38)
Traumatic cataract 1 1(<1) 296 1(<1) 314 1.06 (0.07 - 16.9)
Severe uveitis 1 1(<1) 296 0 314 3.18 (0.13-77.8))

Cl, confidence interval

RPE, retinal pigment epithelium

*
Reported from Inhibit VEGF in Age-related choroidal Neovascularization (IVAN)16 except as indicated.

TReported from the Comparison of AMD Treatments Trial (CATT)13.
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Summary of Estimated Relative Risk of Non-Ocular Adverse Events Following Treatment with Bevacizumab

Versus Ranibizumab

Bevacizumab Ranibizumab
Serious Non-Ocular Adverse No. of Trials - - Estimated Risk Ratio
Event No. (%) No. at Risk No. (%) No. at Risk (95% CI)
with Event with Event
a. By 1 year of treatment and. follow up
One or more event 4 227 (18) 1282 183 (14) 1315 1.27 (1.06 -1.52)
Death 4 25 (2) 1282 20 (2) 1315 1.28 (0.72 - 2.30)
Myocardial infarction 4 8 (1) 1282 10 (1) 1315 0.82 (0.32-2.07)
Stroke or cerebral infarction 4 5 (<1) 1282 8 (1) 1315 0.64 (0.21 - 1.95)
Transient ischemic attack 3 4(<1) 1128 4 (<1) 1152 1.02 (0.26 — 4.07)
Venous thrombotic event 3 8 (1) 1128 2 (<1) 1152 4.09 (0.87 -19.2)
Cardiac disorders 4 37(3) 1282 36 (3) 1315 1.05 (0.67 — 1.66)
Gastrointestinal disorders 4 24 (2) 1282 11(1) 1315 2.24 (1.10 - 4.55)
Infections 4 42 (3) 1282 27 (2) 1315 1.60 (0.99 — 2.57)
Injuries or procedural 4 30 (2) 1282 21 (2) 1315 1.47 (0.84 — 2.55)
complications
Neoplasms 4 20 (2) 1282 21(2) 1315 0.98 (0.53 — 1.79)
Nervous system disorders 4 25(2) 1282 24 (2) 1315 1.07 (0.61 - 1.86)
Surgical or medical procedure 4 26 (2) 1282 13 (1) 1315 2.05 (1.06 - 3.97)
b. By 2 years of treatment and follow up*
One or more event 2 314 (36) 882 271 (30) 913 1.20 (1.05-1.37)
Death 2 51 (6) 882 47 (5) 913 1.12 (0.76 — 1.65)
Myocardial infarction 2 11 (1) 882 13 (1) 913 0.88 (0.39 - 1.94)
Stroke or cerebral infarction 2 11(1) 882 14 (2) 913 0.81(0.37-1.78)
Transient ischemic attack 1 1(<1) 296 1(<1) 314 1.04 (0.06 - 16.5)
Venous thrombotic event 2 14 (2) 882 6 (1) 913 2.42 (0.93 - 6.26)
Cardiac disorders 2 81(9) 882 67 (7) 913 1.25(0.92-1.71)
Gastrointestinal disorders 2 37 (4) 882 14 (2) 913 2.74 (1.49 - 5.02)
Infections 2 66 (7) 882 50 (5) 913 1.37 (0.96 — 1.95)
Injuries and procedural 2 45 (5) 882 35 (4) 913 1.33 (0.86 — 2.05)
complications
Neoplasms 2 36 (4) 882 38 (4) 913 0.98 (0.63 — 1.53)
Nervous system disorders 2 44 (5) 882 43 (5) 913 1.06 (0.70 — 1.60)
Surgical or medical procedure 1 14 (5) 296 16 (5) 314 0.91 (0.44 - 1.84)

Cl, confidence interval

*
From the Comparison of AMD Treatments Trial (CATT)13 and Inhibit VEGF in Age-related choroidal Neovascularization (IVAN)16 except

when data not reported for CATT.
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