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Background: We conducted a meta-analysis of randomized trials of ranibizumab for age-related macular
degeneration (AMD) to elucidate systemic vascular risk.

Clinical Relevance: Although intravitreal vascular endothelial growth factor inhibitors are widely used to treat
AMD, whether they produce systemic adverse effects remains uncertain.

Methods: We searched MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials through
March 2014 to identify the randomized trials that compared systemic safety among different intensities of
ranibizumab treatment for AMD. The outcome measures were the incidence of cerebrovascular accidents (CVAs),
myocardial infarctions, nonocular hemorrhages, overall arterial thromboembolic events (ATEs), and all-cause
mortality. We calculated the Peto odds ratio (OR) with 95% confidence interval for the comparisons between
different intensities of regimens in terms of dose and retreatment frequency.

Results: Eleven trials comprising 6596 patients with AMD were included in the meta-analysis. A significant
increase was observed in the following comparisons: 0.5 versus 0.3/0.0 mg for CVA (OR, 1.86; 95% CI, 1.05e3.29;
P ¼ 0.03), monthly versus pro re nata (PRN)/0.0 mg for CVA (OR, 1.89; 95% CI, 1.06e3.38; P ¼ 0.03), and 0.3/0.5
versus 0.0 mg for nonocular hemorrhage (OR, 1.57; 95% CI, 1.01e2.44; P ¼ 0.04). A nonsignificant increase was
observed in the following comparisons: 0.5 versus 0.0mg for CVA (OR, 2.27; 95%CI, 0.90e5.69;P¼ 0.08), monthly
versusPRN forCVA (OR, 2.04; 95%CI, 0.94e4.45;P¼0.07), 0.5 versus 0.0mg for nonocular hemorrhage (OR, 1.68;
95%CI, 0.98e2.88;P¼ 0.06), 0.3 versus 0.0mg for nonocular hemorrhage (OR, 1.68; 95%CI, 0.95e2.98;P¼ 0.07),
monthly versus PRN/0.0 mg for nonocular hemorrhage (OR, 1.54; 95% CI, 0.98e2.42; P ¼ 0.06), monthly versus
PRN for ATE (OR, 1.58; 95% CI, 0.96e2.61; P¼ 0.07), and monthly versus PRN/0.0 mg for ATE (OR, 1.42; 95% CI,
0.99e2.05; P ¼ 0.06). Among the other analyses, no protective or harmful effects of ranibizumab were observed.

Conclusions: In ranibizumab treatment for patients with AMD, a possible relationship of more intensive
treatment to more systemic vascular adverse events was identified, but no relationship with mortality was
identified. Ophthalmology 2014;121:2193-2203 ª 2014 by the American Academy of Ophthalmology.

Supplemental material is available at www.aaojournal.org.
Age-related macular degeneration (AMD) is a leading
cause of blindness worldwide.1 After establishment of its
efficacy to treat exudative AMD,2,3 ranibizumab has been
the most widely used4 intravitreal vascular endothelial
growth factor (VEGF) inhibitor that has received
approval from the US Food and Drug Administration
(FDA). Ranibizumab has also been the most intensively
evaluated drug for its efficacy and safety through
numerous randomized trials.

Despite the unquestionable effectiveness of VEGF
inhibitors in restoring and improving the vision of
patients with exudative AMD, as long as treatment fre-
quency is maintained, the possible adverse effects on the
systemic vasculature remain uncertain.5e12 Some reports6,7

have indicated an increased risk of cerebrovascular events
with ranibizumab, whereas other postmarketing retrospec-
tive studies9e11 have reported conflicting results.
� 2014 by the American Academy of Ophthalmology
Published by Elsevier Inc.
The results of our previous meta-analysis of 3 randomized
controlled trials indicated a significant increase in cerebro-
vascular accidents (CVAs) in response to ranibizumab
treatment.6 In contrast, in other meta-analysis reports, cere-
brovascular and cardiovascular risks were not specifically
evaluated.13,14 In addition, non-AMD patients were included
and different pharmacologic types of VEGF inhibitors were
collectively discussed.15 Since then, several other
randomized trials investigating ranibizumab for AMD have
been published; thus, we performed an updated meta-
analysis to address the systemic risks associated with rani-
bizumab administration for patients with AMD.
Methods

We conducted a systematic review and meta-analysis based on a
predefined protocol (Appendix 1; available at www.aaojournal.org).
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Figure 1. Selection of studies. VEGF ¼ vascular endothelial growth factor.

Table 1. Characteristics

No. of Patients
by Study Dose/Injection No. of Injections Follow-up (m

MARINA 20062

236 Sham 0 24
238 0.3 mg 24 24
239 0.5 mg 24 24

FOCUS 200836,37

56 PDT 0 24
105 0.5 mg þ PDT 24 24

PIER 200838

63 Sham 0 12
59 0.3 mg 6 12
61 0.5 mg 6 12

ANCHOR 2006, 20093,35

143 PDT 0 24
137 0.3 mg 24 24
140 0.5 mg 24 24

SAILOR 200939

1169 0.3 mg 4.6�1.7 12
1209 0.5 mg 4.6�1.7 12

CATT201141

301 0.5 mg 12 12
298 0.5 mg 6.9�3.0 12

EXCITE 201140

120 0.3 mg 6 12
118 0.5 mg 6 12
115 0.3 mg 12 12

IVAN 201243

157 0.5 mg 12.2�1.6 12
155 0.5 mg 7.5�2.9 12

DENALI 201242

210 0.5 mg þ PDT 5.5 12
111 0.5 mg 10.6 12

EVEREST 201234

21 PDT 0 6
19 0.5 mg þ PDT 3.9 6
21 0.5 mg 5.2 6

HARBOR 201344

274 0.5 mg 11.3�1.8 12
275 0.5 mg 7.7�2.7 12
274 2.0 mg 11.2�2.1 12
272 2.0 mg 6.9�2.4 12

PDT ¼ photodynamic therapy.
*The principal investigators and their hospital had financial relationships with
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Literature Search

We systematically searched MEDLINE, EMBASE, and Cochrane
Central Register of Controlled Trials databases with no language
restrictions from inception until March 2014. The key terms used
for the systematic search were “macular degeneration,” “choroidal
neovascularization,” and “ranibizumab,” while restricting the
search to randomized trials. The detailed search strategy is
described in the protocol presented in Appendix 1 (available at:
www.aaojournal.org). Two independent reviewers (T.U. and
T.T.) performed the electronic searches. First, we assessed titles
and abstracts and excluded reports that were apparently not
randomized trials on ranibizumab use for AMD. After the initial
screening, we retrieved full reports and assessed for eligibility.
We also searched the reference lists of original studies and
review articles identified by the electronic search for other
potentially eligible articles.
of Included Studies

o) Mean Age (yr) Completion Rate (%)
Support by

Manufacturers

Yes
77 79.8
77 88.2
77 89.6

Yes
73 85.2
75 85.2

Yes
78 86
79 97
79 97

Yes
78 76.9
77 83.6
76 82.9

Yes
79 81.4
79 82.0

No
79 93
78 93

Yes
75 88.3
76 80.5
75 89.6

No*
78 98.2
78 98.2

Yes
77 89.1
77 89.1

Yes
62 96.7
64 96.7
69 96.7

Yes
79 94.5
79 94.5
79 94.5
78 94.5

the manufacturer.
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Monthly 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 mg
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Monthly vs PRN

(2.9%) (1.1%)
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(1.3%) (0.8%)

(0.9%) (1.1%)

Figure 2. Ranibizumab and cerebrovascular accidents: comparisons between different regimen categories. CI ¼ confidence interval; PRN ¼ pro re nata.

Ueta et al � Systemic Safety of Ranibizumab
Selection Criteria

We screened all retrieved publications according to predefined
eligibility criteria for inclusion in this analysis. Eligible studies were
exclusively randomized trials that compared different intensities of
ranibizumab treatment for AMDand reported the incidence ofCVAs,
myocardial infarction (MI), nonocular hemorrhage, overall arterial
thromboembolic events (ATEs), and/or all-causemortality during the
respective trial periods. We evaluated the intensity of ranibizumab
treatment in terms of dose per injection as well as retreatment fre-
quency. Regarding the dose per injection, we included studies that
compared different doses of ranibizumab (0.0, 0.3, or 0.5 mg). In
contrast, regarding retreatment frequency, we categorized the various
frequencies into the following 3 groups: Monthly, less frequent (i.e.,
pro re nata [PRN] or quarterly), and no active ranibizumab treatment.
We then included studies that compared different categories of re-
treatment frequency. In some trials, the regimens were switched or
crossed over in themiddle of the trial periods; hence, the outcomedata
for those patients were often not specifically reported. In such cases,
we included outcome data until the regimen was changed.

Data Extraction

We extracted data regarding the study characteristics; quality, dose,
and re-treatment frequency of ranibizumab; and the number of
nonfatal or fatal CVAs, MIs, and nonocular hemorrhage events,
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0.3 / 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 / 0.0 mg

Monthly vs PRN / cotrol

(1.6%) (0.9%)

(1.6%) (0.8%)

(1.8%) (1.0%)

Figure 3. Ranibizumab and cerebrovascular accidents: comparisons between combined regimen categories. CI ¼ confidence interval; PRN ¼ pro re nata.
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ATEs, and all-cause mortality. Occurrences of “myocardial infarc-
tion” and “coronary artery occlusion” were regarded as MI events.
Descriptions of “stroke,” “cerebral hemorrhage,” “cerebral ischemic
incident,” “ischemic/hemorrhagic cerebrovascular conditions,” and
“cerebral ischemia” were regarded as CVAs. “Transient ischemic
attack” was not regarded as a CVA because this diagnosis might not
always be accurate. We contacted the authors of the studies for
missing data. Disagreements were resolved by consensus with a third
reviewer (T.Y.). If there was an inconsistency in the reported data, we
referenced data available at the US FDA website (available at:
www.fda.gov) because it is considered to have themost accurate data.

Qualitative Synthesis and Risk of Bias Assessment

We evaluated the clinical and methodologic characteristics as well
as the strengths and limitations of the included studies using the
criteria recommended by the Cochrane Collaboration16 for the risk
of bias assessment included in the sequence generation of
allocation; allocation concealment; masking of participants, staff,
and outcome assessors; incomplete outcome data; selective
outcome reporting; and other potential sources of bias.
2196
Statistical Analysis

All statistical analyses were performed in line with the recom-
mendations of the Cochrane Collaboration. We conducted the
meta-analysis using RevMan 5.2 software. Peto odds ratio (OR)
with a 95% confidence interval (CI) was used to estimate the in-
fluence of ranibizumab treatment on systemic adverse events.
According to the Cochrane Collaboration, the Peto OR has superior
statistical properties to analyze rare events. First, we conducted a
meta-analysis of all the possible comparisons between the different
regimen categories, as long as there were �2 trials for which meta-
analysis could be applied. However, it is often difficult to evaluate
the difference in the incidence of rare events with a sufficient
statistical power. For example, provided that the a and 1-b values
are 0.05 and 0.9, respectively, a sample size of 790 subjects in each
group is necessary to detect a 1% increase in the event that occurs
at the rate of 1% in the compared group. Thus, a larger sample size
is necessary to detect a smaller increase in more rare events.
Therefore, we conducted a meta-analysis using a combination of
regime categories, where doses of 0.3 and 0.5 mg were combined
and compared with 0.0 mg (i.e., control); 0.5 mg was compared

www.fda.gov


Monthly 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 mg

Monthly vs PRN

0.3 mg vs 0.0 mg

(1.4%) (1.8%)

(1.3%) (1.3%)

(1.1%) (1.0%)
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Figure 4. Ranibizumab and myocardial infarctions: comparisons between different regimen categories. CI ¼ confidence interval; PRN ¼ pro re nata.
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with the combination of 0.3 and 0.0 mg; and monthly treatment
was compared with the combination of PRN and control treatment.
We assessed heterogeneity by calculating the I2 statistic and per-
forming chi-squared tests.
Results

Literature Search

The first database query yielded 1841 citations. After screening the
titles and abstracts, we selected 31 articles as potentially relevant.
Reviews of the 31 full-length articles resulted in the exclusion of
18 articles.4,17e34 As a result, we included 11 studies with 13
published articles.2,3,34e44 A flow chart of the selection process is
provided in Figure 1. Of note, in one of the included trials,3,35 35%
of the patients in the control group were switched from 0.0 to 0.3
mg of ranibizumab during the second year. Therefore, we used
either 1- or 2-year reports, depending on the analysis.

Qualitative Synthesis

The characteristics of the included studies are presented in Table 1.
All 11 studies included in this meta-analysis were prospective,
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0.3 / 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 / 0.0 mg

Monthly vs PRN / cotrol

(1.6%) (1.5%)

(1.3%) (1.4%)

(1.4%) (1.2%)

Figure 5. Ranibizumab and myocardial infarctions: comparisons between combined regimen categories. CI ¼ confidence interval.
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multicenter, randomized trials with follow-up completion rates of
>80%. Only 1 of the 11 trials41 was conducted independent of
support from a drug manufacturer or without a declared conflict
of interest. Eight studies2,3,34,38,40e42,44 were double-masked (i.e.,
patients and outcome assessors) and 2 studies37,39 were single-
masked trials. In 1 trial,43 neither the patients nor investigators
were masked to the ranibizumab regimens. For randomized trials,
adverse events are recorded using terms from the Medical
Dictionary for Regulatory Activities (MedDRA). Antiplatelet
Trialists’ Collaboration criteria were sometimes used to select
more severe events from the MedDRA-based events. In the trials
included for the present meta-analysis, 6 studies34,36,37,40-43 used
the MedDRA-preferred terms to describe the outcome data,
whereas the other 5 trials2,3,35,38,39,44 used the Antiplatelet Tria-
lists’ Collaboration criteria. As is typical for patients with AMD,
the patients were elderly in most trials (mean age, >75 years). The
range of the observation periods was 6 to 24 months among the
included studies. Five trials2,3,34,35,36,37,38 compared ranibizumab
to control treatments (i.e., sham injection or photodynamic therapy
[PDT]), whereas the other 6 studies39,40,41,42,43,44 compared
different dosages and frequencies of ranibizumab. None of the 11
trials indicated a significant increase in systemic adverse events. In
a phase IIIb trial39 that primarily evaluated safety, a significant
increase in the incidence of CVAs in patients treated with
2198
0.5 mg of ranibizumab compared with those treated with 0.3 mg
was observed until an interim analysis at 6 months.5 However, the
significant difference disappeared by 12 months. In 1 trial,3,35 the
number of reported CVAs was inconsistent between the 1- and
2-year reports.3,35 Because the 1-year report was published in the
highest-quality journal and the number of CVAs was also recorded
by the FDA,45 the number of CVAs was included in the present
meta-analysis after discussion with the third reviewer (Y.T.).

Risk of Bias Assessment

Two studies2,38 were judged to have a low risk of bias in all
assessment categories. The other 9 studies were considered to have
some risk of bias because of unclear descriptions of random
sequence generation, allocation concealment, and/or masking
procedures (Table 2; available at www.aaojournal.org).

Ranibizumab and CVAs

The meta-analysis results of comparisons between different
regimen categories are shown in Figure 2. There was a
nonsignificant increase of CVAs in the regimens of 0.5 versus
0.0 mg (OR, 2.27; 95% CI, 0.90e5.69; P ¼ 0.08), 0.5 versus
0.3 mg (OR, 1.79; 95% CI, 0.79e4.06; P ¼ 0.10), and monthly

www.aaojournal.org


Monthly 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 mg

0.3 mg vs 0.0 mg

(7.6%) (4.6%)

(4.5%) (3.9%)

(7.1%) (4.3%)

Figure 6. Ranibizumab and nonocular hemorrhage: comparisons between different regimen categories. CI ¼ confidence interval.
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treatment compared with PRN treatment (OR, 2.04; 95% CI,
0.94e4.45; P ¼ 0.07). There was no apparent difference in the
influence of treatment with 0.3 mg ranibizumab compared with
no ranibizumab (OR, 0.80; 95% CI, 0.22e2.98; P ¼ 0.74). The
meta-analysis results of comparisons between combined regimen
categories are shown in Figure 3. When we compared the
combination of the 0.3 and 0.5 mg groups with the no
ranibizumab group, the influence was not significant (OR, 1.72;
95% CI, 0.72e4.12; P ¼ 0.22). On the other hand, the influence
of 0.5 mg compared with the combination of 0.3 mg and no
ranibizumab groups was significant (OR, 1.86; 95% CI,
1.05e3.29; P ¼ 0.03). In addition, when the monthly treatment
group was compared with the combined PRN and no
ranibizumab groups, we observed a significant increase in the
number of CVAs (OR, 1.89; 95% CI, 1.06e3.38; P ¼ 0.03).

Ranibizumab and Myocardial Infarction

The meta-analysis results of comparisons between the different
regimen categories are shown in Figure 4. There was no apparent
influence of ranibizumab in the comparisons of 0.5 versus 0.0 mg
(OR, 0.74; 95% CI, 0.26e2.06; P ¼ 0.56), 0.5 versus 0.3 mg
(OR, 0.92; 95% CI, 0.52e1.63; P ¼ 0.78), monthly versus
PRN (OR, 1.04; 95% CI, 0.49e2.21; P ¼ 0.93), or 0.3 versus
0.0 mg (OR, 1.79; 95% CI, 0.62e5.16; P ¼ 0.28). Similarly,
for the comparisons between combined regimen categories (Fig
5), the OR (95% CI) for 0.3/0.5 versus 0.0 mg, 0.5 versus
0.3/0.0 mg, and monthly versus PRN/control treatments were
1.01 (0.43e2.38), 0.88 (0.52e1.50), and 1.03 (0.58e1.81),
respectively.

Ranibizumab and Nonocular Hemorrhage

Comparisons between treatment categories (Fig 6) revealed a
nonsignificant increase in the number of nonocular hemorrhage
events in 0.5 versus 0.0 mg treatment regimens (OR, 1.68; 95%
CI, 0.98e2.88; P ¼ 0.06) and 0.3 versus 0.0 mg (OR, 1.68;
95% CI, 0.95e2.98; P ¼ 0.07). The meta-analysis results using
the combined categories (Fig 7) revealed a significant difference
for the comparison of 0.3/0.5 mg with no ranibizumab (OR,
1.57; 95% CI, 1.01e2.44; P ¼ 0.04), whereas the meta-analysis
of 0.5 versus 0.3/0.0 mg (OR, 1.24; 95% CI, 0.91e1.68; P ¼
0.18) and monthly versus PRN/control (OR, 1.54; 95% CI,
0.98e2.42; P ¼ 0.06) did not show a difference.

Ranibizumab and Overall Arterial Thromboembolic
Event

The meta-analysis results of comparisons between each regimen
category and those between combined regimen categories are shown
in Figs 8 and 9, respectively (available at www.aaojournal.org). The
meta-analysis indicated a nonsignificant increase in monthly treat-
ment compared with PRN (OR, 1.58; 95% CI, 0.96e2.61; P¼ 0.07)
and monthly treatment compared with PRN/control (OR, 1.42; 95%
CI, 0.99e2.05; P ¼ 0.06). In contrast, there was no apparent differ-
ence in ATE risk among regimens using different doses.
2199
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0.3 / 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 / 0.0 mg

Monthly vs PRN / cotrol

(7.1%) (4.4%)

(4.5%) (4.2%)

(5.9%) (2.9%)

Figure 7. Ranibizumab and nonocular hemorrhage: comparisons between combined regimen categories. CI ¼ confidence interval; df ¼ degree of freedom;
PRN ¼ pro re nata.
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Ranibizumab and All-cause Mortality

The results of our meta-analysis confirmed that ranibizumab
treatment for AMD did not influence the overall risk of mortality
(Figs 10 and 11; available at www.aaojournal.org).
Table 3. Studies of Ranibizumab for Age-related Macular
Degeneration Included in Previous Meta-analyses to Evaluate

Systemic Vascular Safety

Reference
No. of
Patients Study Names

Ueta 20096 3 MARINA, ANCHOR, FOCUS
Schmucker 201113 3 MARINA, ANCHOR, PIER
Schmucker 201214 5 MARINA, ANCHOR, PIER, SAILOR,

EXCITE
Cheng 201215 4 MARINA, ANCHOR, FOCUS, PIER
This report 11 MARINA, ANCHOR, FOCUS, PIER,

SAILOR, EXCITE, CATT,
EVEREST, DENALI, IVAN, HARBOR

2200
Sensitivity Analyses

Herein we have reported the findings of all possible comparisons
between single and combined treatment categories. In addition, we
performed a meta-analysis of the assumption that all participants
with incomplete records did not experience systemic adverse
events. Likewise, we assigned 1 patient2 to the no ranibizumab
group, although the patient actually received 1 injection of
ranibizumab by mistake and experienced a CVA 8 months later.
By excluding the patient from the meta-analysis because of the
apparent protocol violation, the following comparisons became
significant: 0.5 versus 0.0 mg for CVA (OR, 2.66; 95% CI,
1.03e6.85; P ¼ 0.04) and monthly versus PRN/control for ATEs
(OR, 1.46; 95% CI, 1.01e2.10, P ¼ 0.04). There were no changes
in statistical significance among the remaining comparisons.
Discussion

The results of the present meta-analyses show that intra-
vitreal ranibizumab, as a treatment for AMD, did not affect

www.aaojournal.org
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overall mortality; however, more intensive ranibizumab
treatment may increase the risk of CVAs, nonocular hem-
orrhage, or ATEs. Moreover, these findings present a
dilemma because an 0.5-mg dose of ranibizumab is the most
commonly used in clinical practice, and frequent retreatment
is often necessary to maintain visual acuity in some patients.
In addition, the 0.5-mg dose used for intravitreal ranibizu-
mab injection is small compared with that of the intrave-
nously administered VEGF inhibitors. Nonetheless, our
meta-analysis results suggest that even a small anti-
angiogenic insult may produce an effect in patients with
exudative AMD. This may be related to the fact that cere-
brovascular integrity becomes considerably more vulnerable
after the age of 75.46 The increased number of CVAs,
but not of MIs, may be attributable to the anatomic
closeness of the vitreous cavity to the subarachnoid space.
Therefore, future studies to discern the mechanisms of
how intravitreal ranibizumab affects the cerebrovasculature
are warranted.

In our previous report of a small meta-analysis conducted
in 2009,6 the incidence of CVA significantly increased in
patients treated with monthly injections of either 0.3 or 0.5
mg of ranibizumab compared with that of patients treated
with sham injections or PDT. In the same report, the risk of
MI was unaffected by ranibizumab treatment, which is
consistent with the results of the present study. In 2012, a
pooled analysis of the initial pivotal randomized controlled
trials stratified by the grades of baseline stroke risk was
reported.7 The report indicated that 0.5 mg of ranibizumab
further increased the risk of stroke (OR, 7.7) compared
with either a sham injection or PDT in high-risk patients.
However, the relatively small sample size with a wide CI
range for the subcategory analysis (n ¼ 289) was not
considered sufficiently persuasive.

There have been several retrospective, population-based
studies in the setting of nonrandomized, postmarketing sur-
veys. In one such study based on data from the US Medicare
program,9 the incidence of stroke did not increase in AMD
patients treated with ranibizumab. However, the incidence of
mortality and MI was lower in AMD patients treated with
ranibizumab than in those treated with PDT. However, this
finding was difficult to explain, and the possible serious
influence of other confounders may also have played a pivotal
role.47 The other 2 studies consisted of a nested caseecontrol
study10 and a time-series analysis.11 In these studies, the
incidence of ischemic stroke did not increase because of
ranibizumab or bevacizumab treatment for retinal disorders.
Limitations of these retrospective studies include that the
intensity of treatment with VEGF inhibitors was not taken into
account and that unexpected confounders could not be ruled out.

A list of studies of ranibizumab treatment for AMD that
were included in previous meta-analyses to evaluate systemic
vascular safety is presented in Table 3. Notably, there were
fewer studies included in these previous meta-analyses, and
some reports13,14 did not specifically address cerebrovascular
and cardiovascular risks. Another report15 assessed studies of
bevacizumab and pegaptanib for diabetic macular edema and
retinal vein occlusions together with those of ranibizumab for
AMD. However, it is difficult to include studies of different
disorders with different backgrounds treated with different
VEGF inhibitors in the same meta-analysis without adjust-
ing for various confounders.

The present meta-analysis had several limitations. First,
although we categorized the study groups based on the dose
and frequency of ranibizumab injections, there was still
some variation among the PRN treatment regimens. In
addition, there was a difference in the follow-up periods
among the included studies. Second, only 1 of the 11
included studies was independent of support of a drug
manufacturer or a conflict of interest. The influence of in-
dustry sponsorship on research outcomes has been previ-
ously discussed as a possible source of bias.48e50 Third,
although safety evaluation was a specific aim of all the
included trials, randomized trials are sometimes not suitable
to evaluate rare adverse events, and postmarketing studies
may provide useful information regarding safety issues.
Fourth, the Peto OR is suitable for meta-analysis of rare
events. Although the minority of study arms have unequal
size, the influence is considered to be small.

In conclusion, the results of the present systematic review
and meta-analysis suggest that intravitreal ranibizumab treat-
ment for AMD could produce systemic adverse vascular ef-
fects, although there was no noticeable impact on the risk of
mortality. In addition, the results of thismeta-analysis provide a
basis for other safety issues under debate, including compari-
sons between ranibizumab and bevacizumab30,41,43 as well as
ranibizumab and aflibercept.51,52

References

1. Jager RD, Mieler WF, Miller JW. Age-related macular
degeneration. N Engl J Med 2008;358:2606–17.

2. Rosenfeld P, Brown D, Heier J, et al; MARINA Study Group.
Ranibizumab for neovascular age-related macular degenera-
tion. N Engl J Med 2006;355:1419–31.

3. Brown DM, Kaiser P, Michels M, et al; ANCHOR Study
Group. Ranibizumab versus verteporfin for neovascular age-
related macular degeneration. N Engl J Med 2006;355:
1432–44.

4. United States Senate Special Committee on Aging Hearing on
Sustaining the Medicare Program through Lower Costs.
Statement of Jonathan Blum, Deputy Administrator and Di-
rector, Center for Medicare and Medicaid Services. July 21,
2011. Available at: http://www.aging.senate.gov/hearings/
a-prescription-for-savings-reducing-drug-costs-to-medicare.
Accessed May 6, 2014.

5. MedWatch, FDA Safety Information and Adverse Event
Reporting Program. Lucentis (ranibizumab injection) [letter,
package insert]. Available at: http://www.fda.gov/downloads/
Safety/MedWatch/SafetyInformation/SafetyAlertsforHuman
MedicalProducts/UCM154545.pdf. Accessed May 6, 2014.

6. Ueta T, Yanagi Y, Tamaki Y, Yamaguchi T. Cerebrovascular
accidents in ranibizumab [letter]. Ophthalmology 2009;116:362.

7. Bressler NM, Boyer DS, Williams DF, et al. Cerebrovascular
accidents in patients treated for choroidal neovascularization
with ranibizumab in randomized controlled trials. Retina
2012;32:1821–8.

8. Kemp A, Preen DB, Morlet N, et al. Myocardial infarction
after intravitreal vascular endothelial growth factor inhibitors:
a whole population study. Retina 2013;33:920–7.

9. Curtis LH, Hammill BG, Schulman KA, Cousins SW. Risks of
mortality, myocardial infarction, bleeding, and stroke associated
2201

http://refhub.elsevier.com/S0161-6420(14)00486-2/sref1
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref1
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref2
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref2
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref2
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref3
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref3
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref3
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref3
http://www.aging.senate.gov/hearings/a-prescription-for-savings-reducing-drug-costs-to-medicare
http://www.aging.senate.gov/hearings/a-prescription-for-savings-reducing-drug-costs-to-medicare
http://www.fda.gov/downloads/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/UCM154545.pdf
http://www.fda.gov/downloads/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/UCM154545.pdf
http://www.fda.gov/downloads/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/UCM154545.pdf
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref4
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref4
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref5
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref5
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref5
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref5
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref6
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref6
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref6
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref7
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref7


Ophthalmology Volume 121, Number 11, November 2014
with therapies for age-related macular degeneration. Arch
Ophthalmol 2010;128:1273–9.

10. Campbell RJ, Gill SS, Bronskill SE, et al. Adverse events with
intravitreal injection of vascular endothelial growth factor in-
hibitors: nested case-control study. BMJ 2012;345:e4203.

11. Campbell RJ, Bell CM, Paterson JM, et al. Stroke rates after
introduction of vascular endothelial growth factor inhibitors
for macular degeneration: a time series analysis. Ophthal-
mology 2012;119:1604–8.

12. Tolentino M. Systemic and ocular safety of intravitreal anti-
VEGF therapies for ocular neovascular disease. Surv Oph-
thalmol 2011;56:95–113.

13. Schmucker C, Loke YK, Ehlken C, et al. Intravitreal bev-
acizumab (Avastin) versus ranibizumab (Lucentis) for the
treatment of age-related macular degeneration: a safety review.
Br J Ophthalmol 2011;95:308–17.

14. Schmucker C, Ehlken C, Agostini HT, et al. A safety review
and meta-analyses of bevacizumab and ranibizumab: off-label
versus goldstandard. PLoS ONE [serial online] 2012;7:
e42701. Available at: http://www.plosone.org/article/info%
3Adoi%2F10.1371%2Fjournal.pone.0042701. Accessed May
6, 2014.

15. Cheng JW, Cheng SW, Lu GC, Wei RL. Effect of intravitreal
anti-vascular endothelial growth factor therapy on the risk of
arterial thromboembolic events: a meta-analysis. PLoS One
[serial online] 2012;7:e41325. Available at: http://www.
plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.
0041325. Accessed May 6, 2014.

16. Higgins JP, Altman DG, Cochrane Statistical Methods Group,
Cochrane Bias Methods Group, eds. Ch. 8: Assessing risk of
bias in included studies. In: Higgins JP, Green S, eds.
Cochrane Handbook for Systematic Reviews of Interventions,
version 5.0.0. Chichester, England: Wiley; 2008:187e241.

17. Holz FG, Amoaku W, Donate J, et al; SUSTAIN Study Group.
Safety and efficacy of a flexible dosing regimen of ranibizu-
mab in neovascular age-related macular degeneration: the
SUSTAIN study. Ophthalmology 2011;118:663–71.

18. Schmidt-Erfurth U, Wolf S; PROTECT Study Group. Same-
day administration of verteporfin and ranibizumab 0.5 mg in
patients with choroidal neovascularisation due to age-related
macular degeneration. Br J Ophthalmol 2008;92:1628–35.

19. Spielberg L, Leys A. Treatment of neovascular age-related
macular degeneration with a variable ranibizumab dosing
regimen and one-time reduced-fluence photodynamic therapy:
the TORPEDO trial at 2 years. Graefes Arch Clin Exp Oph-
thalmol 2010;248:943–56.

20. Oishi A, Kojima H, Mandai M, et al. Comparison of the effect
of ranibizumab and verteporfin for polypoidal choroidal vas-
culopathy: 12-month LAPTOP study results. Am J Oph-
thalmol 2013;156:644–51.

21. Dugel PU, Bebchuk JD, Nau J, et al; CABERNET Study
Group. Epimacular brachytherapy for neovascular age-related
macular degeneration: a randomized, controlled trial
(CABERNET). Ophthalmology 2013;120:317–27.

22. Soderberg AC, Algvere PV, Hengstler JC, et al. Combination
therapy with low-dose transpupillary thermotherapy and
intravitreal ranibizumab for neovascular age-related macular
degeneration: a 24-month prospective randomised clinical
study. Br J Ophthalmol 2012;96:714–8.

23. Rosenfeld PJ, Heier JS, Hantsbarger G, Shams N. Tolerability
and efficacy of multiple escalating doses of ranibizumab
(Lucentis) for neovascular age-related macular degeneration.
Ophthalmology 2006;113:623–32.

24. Flaxel C, Schain MB, Hamon SC, Francis PJ. Prospective ran-
domized controlled trial of combination ranibizumab (Lucentis)
2202
and bromfenac (Xibrom) for neovascular age-related macular
degeneration: a pilot study. Retina 2012;32:417–23.

25. Larsen M, Schmidt-Erfurth U, Lanzetta P, et al; MONT
BLANC Study Group. Verteporfin plus ranibizumab for
choroidal neovascularization in age-related macular degener-
ation: twelve-month MONT BLANC study results. Ophthal-
mology 2012;119:992–1000.

26. Ranchod TM, Ray SK, Daniels SA, et al. LUCEDEX: A pro-
spective study comparing ranibizumab plus dexamethasone com-
bination therapy versus ranibizumabmonotherapy for neovascular
age-related macular degeneration. Retina 2013;33:1600–4.

27. Heier JS, Antoszyk AN, Pavan PR, et al. Ranibizumab for
treatment of neovascular age-related macular degeneration: a
phase I/II multicenter, controlled, multidose study. Ophthal-
mology 2006;113:633–42.

28. Abraham P, Yue H, Wilson L. Randomized, double-masked,
sham-controlled trial of ranibizumab for neovascular age-
related macular degeneration: PIER study year 2. Am J Oph-
thalmol 2010;150:315–24.

29. Comparison of Age-related Macular Degeneration Treatments
Trials (CATT) Research Group, Martin DF, Maguire MG,
Fine SL, et al. Ranibizumab and bevacizumab for treatment of
neovascular age-related macular degeneration: two-year re-
sults. Ophthalmology 2012;119:1388–98.

30. Nguyen QD, Schachar RA, Nduaka CI, et al; MONET Clinical
Study Group. Evaluation of the siRNA PF-04523655 versus
ranibizumab for the treatment of neovascular age-related
macular degeneration (MONET Study). Ophthalmology
2012;119:1867–73.

31. Krebs I, Schmetterer L, Boltz A, et al; MANTA Research
Group. A randomised double-masked trial comparing the vi-
sual outcome after treatment with ranibizumab or bevacizumab
in patients with neovascular age-related macular degeneration.
Br J Ophthalmol 2013;97:266–71.

32. Kodjikian L, Souied EH, Mimoun G, et al; GEFAL Study
Group. Ranibizumab versus bevacizumab for neovascular
age-related macular degeneration: results from the GEFAL
noninferiority randomized trial. Ophthalmology 2013;120:
2300–9.

33. Chakravarthy U, Harding SP, Rogers CA, et al; IVAN
Study Investigators. Alternative treatments to inhibit VEGF
in age-related choroidal neovascularisation: 2-year findings
of the IVAN randomised controlled trial. Lancet 2013;382:
1258–67.

34. Koh A, Lee WK, Chen LJ, et al. EVEREST Study: efficacy
and safety of verteporfin photodynamic therapy in combina-
tion with ranibizumab or alone versus ranibizumab mono-
therapy in patients with symptomatic macular polypoidal
choroidal vasculopathy. Retina 2012;32:1453–64.

35. Brown DM, Michels M, Kaiser PK, et al; ANCHOR Study
Group. Ranibizumab versus verteporfin photodynamic therapy
for neovascular age-related macular degeneration: two-year re-
sults of the ANCHOR study. Ophthalmology 2009;116:57–65.

36. Heier JS, Boyer DS, Ciulla TA, et al; FOCUS Study Group.
Ranibizumab combined with verteporfin photodynamic therapy
in neovascular age-related macular degeneration: year 1 results
of the FOCUS Study. Arch Ophthalmol 2006;124:1532–42.

37. Antoszyk A, Tuomi L, Chung C, Singh A; FOCUS Study
Group. Ranibizumab combined with verteporfin photodynamic
therapy in neovascular age-related macular degeneration
(FOCUS): year 2 results. Am J Ophthalmol 2008;145:862–74.

38. Regillo CD, Brown DM, Abraham P, et al; PIER Study Group.
Randomized, double-masked, sham-controlled trial of ranibi-
zumab for neovascular age-related macular degeneration:
PIER Study year 1. Am J Ophthalmol 2008;145:239–48.

http://refhub.elsevier.com/S0161-6420(14)00486-2/sref7
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref7
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref8
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref8
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref8
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref9
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref9
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref9
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref9
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref10
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref10
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref10
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref11
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref11
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref11
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref11
http://www.plosone.org/article/info&percnt;3Adoi&percnt;2F10.1371&percnt;2Fjournal.pone.0042701
http://www.plosone.org/article/info&percnt;3Adoi&percnt;2F10.1371&percnt;2Fjournal.pone.0042701
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref14
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref14
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref14
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref14
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref15
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref15
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref15
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref15
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref16
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref16
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref16
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref16
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref16
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref17
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref17
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref17
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref17
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref18
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref18
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref18
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref18
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref19
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref19
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref19
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref19
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref19
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref20
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref20
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref20
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref20
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref21
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref21
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref21
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref21
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref22
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref22
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref22
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref22
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref22
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref23
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref23
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref23
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref23
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref24
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref24
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref24
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref24
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref25
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref25
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref25
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref25
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref26
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref26
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref26
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref26
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref26
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref27
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref27
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref27
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref27
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref27
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref28
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref28
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref28
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref28
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref28
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref29
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref29
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref29
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref29
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref29
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref30
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref30
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref30
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref30
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref30
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref31
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref31
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref31
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref31
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref31
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref32
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref32
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref32
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref32
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref33
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref33
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref33
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref33
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref34
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref34
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref34
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref34
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref35
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref35
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref35
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref35


Ueta et al � Systemic Safety of Ranibizumab
39. Boyer DS, Heier JS, Brown DM, et al. A Phase IIIb study to
evaluate the safety of ranibizumab in subjects with neovascular
age-related macular degeneration. Ophthalmology 2009;116:
1731–9.

40. Schmidt-Erfurth U, Eldem B, Guymer R, et al; EXCITE Study
Group. Efficacy and safety of monthly versus quarterly rani-
bizumab treatment in neovascular age-related macular degen-
eration: the EXCITE study. Ophthalmology 2011;118:831–9.

41. CATT Research Group. Ranibizumab and bevacizumab for
neovascular age-related macular degeneration. N Engl J Med
2011;364:1897–908.

42. Kaiser PK, Boyer DS, Cruess AF, et al; DENALI Study Group.
Verteporfin plus ranibizumab for choroidal neovascularization
in age-related macular degeneration: twelve-month results of
the DENALI study. Ophthalmology 2012;119:1001–10.

43. IVAN Study Investigators, Chakravarthy U, Harding SP,
Rogers CA, et al. Ranibizumab versus bevacizumab to treat neo-
vascular age-related macular degeneration: one-year findings from
the IVAN randomized trial. Ophthalmology 2012;119:1399–411.

44. Busbee BG, Ho AC, Brown DM, et al; HARBOR Study
Group. Twelve-month efficacy and safety of 0.5 mg or 2.0 mg
ranibizumab in patients with subfoveal neovascular age-related
macular degeneration. Ophthalmology 2013;120:1046–56.

45. Center for Drug Evaluation and Research. BLA Application
number: 125156. Medical review. Lucentis [ranibizumab
injection]. Available at: http://www.accessdata.fda.gov/drug
satfda_docs/nda/2006/125156s0000_Lucentis_MedR.pdf. Ac-
cessed May 6, 2014.

46. Vernooij MW, Ikram MA, Tanghe HL, et al. Incidental find-
ings on brain MRI in the general population. N Engl J Med
2007;357:1821–8.

47. Wong D, Joussen AM. The safety of using anti-VEGF: is there
strength in numbers? Curtis LH, Hammill BG, Schulman KA,
Cousins SW (2010) Risks of mortality, myocardial infarction,
bleeding, and stroke associated with therapies for age-related
macular degeneration. Arch Ophthalmol 128:1273e1279.
Graefes Arch Clin Exp Ophthalmol 2011;249:161–2.

48. Bekelman JE, Li Y, Gross CP. Scope and impact of financial
conflicts of interest in biomedical research: a systematic re-
view. JAMA 2003;289:454–65.

49. Lexchin J, Bero LA, Djulbegovic B, Clark O. Pharmaceutical
industry sponsorship and research outcome and quality: sys-
tematic review. BMJ 2003;326:1167–70.

50. Lundh A, Sismondo S, Lexchin J, et al. Industry sponsorship
and research outcome. Cochrane Database Syst Rev 2012;12:
MR000033.

51. Ueta T. Safety in aflibercept vs ranibizumab [letter online].
Ophthalmology 2014;121:e5. author reply e5e6.

52. Beaumont PE, Petocz P, Kang HK. Is there risk of stroke with
aflibercept [letter online]? Ophthalmology 2014;121:e4
Footnotes and Financial Disclosures
Originally received: May 13, 2013.
Final revision: May 21, 2014.
Accepted: May 21, 2014.
Available online: July 12, 2014. Manuscript no. 2013-771.
1 Department of Ophthalmology, Graduate School of Medicine and Faculty
of Medicine, The University of Tokyo, Tokyo, Japan.
2 Division of Biostatistics, Tohoku University Graduate School of Medi-
cine, Miyagi, Japan.

Financial Disclosures:
The authors have made the following disclosures:

Shiro Amano e Lecturer e Santen Pharmaceutical, Senju Pharmaceutical,
Alcon, Merck Sharp & Dohme, Otsuka Pharmaceutical, Novartis Pharma,
Abbott Medical Optics, HOYA.

The sponsors and funding agencies were not involved in the design or
execution of this review or interpretation of the results. No drug
manufacturing company was involved in the study design, data collection,
analysis, and interpretation, writing of the report, or decision to submit this
report for publication.

Abbreviations and Acronyms:
AMD¼ age-related macular degeneration; ATE¼ arterial thromboembolic
event; CVA ¼ cerebrovascular accident; FDA ¼ US Food and Drug
Administration; MedDRA ¼ Medical Dictionary for Regulatory Activities;
MI ¼ myocardial infarction; OR ¼ odds ratio; PDT ¼ photodynamic
therapy; PRN ¼ pro re nata (as needed); VEGF ¼ vascular endothelial
growth factor.

Correspondence:
Takashi Ueta, MD, PhD, Department of Ophthalmology, University of
Tokyo School of Medicine, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-8655,
Japan. E-mail: ueta-tky@umin.ac.jp.
2203

http://refhub.elsevier.com/S0161-6420(14)00486-2/sref36
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref36
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref36
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref36
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref37
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref37
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref37
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref37
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref38
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref38
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref38
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref39
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref39
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref39
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref39
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref40
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref40
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref40
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref40
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref41
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref41
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref41
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref41
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2006/125156s0000_Lucentis_MedR.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2006/125156s0000_Lucentis_MedR.pdf
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref42
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref42
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref42
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref43
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref43
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref43
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref43
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref43
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref43
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref43
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref44
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref44
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref44
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref45
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref45
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref45
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref46
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref46
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref46
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref47
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref47
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref47
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref48
http://refhub.elsevier.com/S0161-6420(14)00486-2/sref48
mailto:ueta-tky@umin.ac.jp


Takashi Ueta, MD, PhD (ueta-tky@umin.ac.jp)
Department of Ophthalmology, Graduate School of Medicine and Faculty of Medicine, The University of Tokyo, Tokyo,

Japan

Background: Vascular endothelial growth factor
(VEGF) inhibitors have drastically changed the way to treat
exudative age-related macular degeneration (AMD) since
the appearance of ranibizumab in 2006.1,2 Ranibizumab is a
VEGF inhibitor that has been most intensively evaluated in
various randomized trials. Other VEGF inhibitors including
off-label bevacizumab and recently introduced aflibercept
have established their usefulness in comparison with rani-
bizumab. Despite the unquestionable effectiveness, the
increased risk of systemic vascular events has been hotly
discussed but remained unclear.3-6

Ranibizumab has also been tested for other pathologies
including diabetic macular edema and retinal vein occlusion
through phase III randomized trials. In those trials patients
with high risk for systemic vascular events were excluded
from the trials.8-12 In contrast, in most of the trials for AMD,
there has been no exclusion criterion for systemic vascular
conditions. However, considering that a majority of patients
with exudative AMD is considerably old (>75 years old),
intensive treatment with ranibizumab might lead to
increased systemic vascular risks. In that case we may also
need to take systemic vascular risks into account to treat
AMD patients with VEGF inhibitors.

Review Objectives: To conduct a meta-analysis of ran-
domized trials of ranibizumab for AMD and assess whether
ranibizumab treatment affects the systemic vascular risk or
mortality.

Methods: The study will be conducted according to the
PRISMA statement and will be reported according to the
PRISMA reporting guideline.

Population

Patients with exudative AMD participating in randomized
trials published in peer-reviewed journals in which the
relevant outcomes were analyzed.

Selection Criteria

Inclusion criteria (all of the following must be true)
� Original reports (primary data collection) of randomized
trials, regardless of the number of participants and
follow-up period, with or without exclusion of partici-
pants due to systemic vascular conditions at baseline.

� Studies comparing different intensities of ranibizumab
treatment for AMD in terms of dose per injection and re-
treatment frequency including control sham injection.

� Studies reporting the number of systemic adverse events
including cerebrovascular accident (CVA), myocardial
infarction (MI), nonocular hemorrhage, arterial throm-
boembolic event (ATE), and/or overall mortality.

Exclusion criteria

� Studies in which safety data for the specific regimen of
ranibizumab are not available.

� Concomitant use of other drugs that also have an anti-
VEGF effect.

Database search

MEDLINE, EMBASE, and Cochrane Central Register of
Controlled Trials will be used with the following search
strategy.

1. exp macular degeneration/
2. (macular adj6 degeneration).mp.
3. exp choroidal neovascularization/
4. (choroidal adj6 neovascularization).mp.
5. 1 or 2 or 3 or 4
6. ranibizumab.mp.
7. randomized controlled trial.pt.
8. controlled clinical trial.pt.
9. randomized.ab.

10. placebo.ab.
11. drug therapy.fs.
12. randomly.ab.
13. trial.ab.
14. groups.ab.
15. 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14
16. 5 and 6 and 15

Preliminary independent screening of the titles ad ab-
stracts obtained from the database searches will be carried
out by two researchers (T.U. and T.T.). This step will be
carried out to remove obviously irrelevant articles.
Because it is often difficult to find out whether the articles
have safety data that satisfy selection criteria based on
only the titles and abstracts, all reports will be included as
long as they are randomized trials of ranibizumab for

Protocol
Systemic Vascular Safety of Ranibizumab for
Age-related Macular Degeneration: Systematic
Review and Meta-analysis of Randomized Trials

Ophthalmology Volume 121, Number 11, November 2014

2203.e1

ueta-tky@umin.ac.jp


Ueta et al � Systemic Safety of Ranibizumab
AMD. Then the screened articles will be examined for
their eligibility based on a full review of the article. Any
disagreements at any of the screening stages will be
resolved by discussion between the two reviewers in the
first instance. If agreement cannot be reached, then a third
reviewer (T.Y.) will independently review the title, ab-
stract, or full article, as appropriate, and a majority deci-
sion will be made on inclusion/exclusion.

Hand searches

To ensure that we have a complete list of articles relevant to
our research question, we will conduct hand-searches
through the reference lists of the articles included in our
review and published systematic reviews.

Languages

No language restriction for the inclusion of relevant studies.

Data extraction

Study characteristics

Data relating to study names, design, year of publication, the
number of participants, the mean age, regimens of ranibi-
zumab including dose and retreatment frequency, follow-up
period, completion rate of follow-up, support from manu-
factures, and existence of exclusion criteria as for baseline
systemic vascular conditions will be extracted. For this
purpose, data at ClinicalTrials.gov and FDA.gov will be
used in addition to published data. Authors of the trials will
be contacted for missing data.

Study quality

As recommended by Cochrane Collaboration, risk of bias
will be assessed based on the following criteria: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, and

other biases. Because the injection of active drug requires
puncturing the eye with needles, whereas sham injection
does not require puncture, the physicians who administer
the injection cannot be blinded. In that case, the evalu-
ating physician should be blinded for the patients’ treat-
ment assignment for proper blinding. Blinding of other
personnel and patients is also necessary for the comple-
tion of double blinding.

Outcome data

� Interventions and comparators
Intravitreal injection of ranibizumab with different

doses and frequencies, including sham injection, will
be compared. Photodynamic therapy is not considered
to influence the risk of systemic vascular events.

� Outcome measures
The number of events for CVA, MI, nonocular

hemorrhage, ATE, and overall death.

Meta-analysis

Peto odds ratio will be used to estimate the risk ratio with
95% confidence interval. Heterogeneity will be tested by
calculating the I2 statistic. Treatment regimens will be
categorized based on the intensities of ranibizumab treat-
ment: 0.5, 0.3, and 0.0 mg (no active treatment); monthly
retreatment; and less frequent retreatment. From a clinical
viewpoint where frequent injections of 0.5 mg ranibizumab
are often necessary to maintain good visual acuity, the meta-
analysis will especially focus on the safety of intensive
treatment (i.e., 0.5 mg and/or monthly treatment) compared
with other less intensive treatment including no active
treatment. This grouping will confer statistical power by
maximizing the number of patients included in the meta-
analysis. However, meta-analysis comparing each category
of regimen will also be conducted. As for missing data,
analysis will be conducted according to intension-to-treat
(ITT) basis. Participants who violated protocols (e.g., par-
ticipants who were treated by mistake) will also be analyzed
on an ITT basis, but their exclusion will be tested in a
sensitivity analysis.
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Table 2. Risk of Bias Assessment

Random Sequence
Generation

(selection bias)

Allocation
Concealment
(selection bias)

Blinding of Participants
and Personnel

(performance bias)

Blinding of Outcome
Assessment

(detection bias)

Incomplete
Outcome Data
(attrition bias)

Selective
Reporting

(reporting bias)
Other
bias

MARINA 20062 L L L L L L L
FOCUS 200836,37 U H H L L L L
PIER 200838 L L L L L L L
ANCHOR 2006, 20093,35 U U L L L L L
SAILOR 200939 U U H H L L L
CATT 201141 L L L H L L L
EXCITE 201140 U U L L L L L
IVAN 201243 L L H H L L L
DENALI 201242 U U L L L L L
EVEREST 201234 U U L L L L L
HARBOR 201344 L L H L L L L

H ¼ high risk; L ¼ low risk; U ¼ unclear risk.
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Monthly 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 mg

Monthly vs PRN

0.3 mg vs 0.0 mg 

(6.6%) (4.4%)

(4.0%) (3.7%)

(3.3%) (2.2%)

(4.1%) (4.1%)

Figure 8. Ranibizumab and overall arterial thromboembolic events: comparisons between different regimen categories. CI ¼ confidence interval; PRN ¼
pro re nata.
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0.3 / 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 / 0.0 mg

Monthly vs PRN / cotrol

(4.6%) (3.9%)

(4.4%) (3.9%)

(4.3%) (2.8%)

Figure 9. Ranibizumab and overall arterial thromboembolic events: comparisons between combined regimen categories. CI ¼ confidence interval; PRN ¼
pro re nata.
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Monthly 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 mg

Monthly vs PRN

0.3 mg vs 0.0 mg

(1.9%) (2.1%)

(2.3%) (1.7%)

(1.9%) (1.6%)

(1.8%) (1.8%)

Figure 10. Ranibizumab and all-cause mortality: comparisons between different regimen categories. CI ¼ confidence interval; PRN ¼ pro re nata.
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0.3 / 0.5 mg vs 0.0 mg

0.5 mg vs 0.3 / 0.0 mg

Monthly vs PRN / cotrol

(1.7%) (1.7%)

(2.1%) (1.8%)

(2.0%) (1.7%)

Figure 11. Ranibizumab and all-cause mortality: comparisons between combined regimen categories. CI ¼ confidence interval; PRN ¼ pro re nata.
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