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Canadians with choroidal neovascularization (CNV)
secondary to age-related macular degeneration (AMD)
have been receiving treatment for 3 years with the vascular endothelial growth factor (VEGF) inhibitors, ranibizumab and bevacizumab. While ranibizumab was
developed specifically for intraocular use in the treatment
of CNV, bevacizumab was developed as a treatment for
metastatic colorectal cancer. Bevacizumab was not developed for ocular use, and has not been approved anywhere
in the world by government health regulatory bodies for
intravitreal use in the treatment of ocular CNV. While
used by many retinal specialists for the treatment of neovascular AMD, intravitreal injection of bevacizumab is an
off-label use of this agent; it is therefore incumbent on the
clinician to discuss with patients the details concerning
the risks, clinical experience, alternatives, and potential
benefits of this drug. Patients should be informed that
there have been no large-scale prospective, randomized
safety or efficacy trials with this agent, unlike the
approved agent, ranibizumab.
In 2006, 2 randomized, prospective, multicentre clinical
trials were published – MARINA1 and ANCHOR2 – documenting the efficacy and safety of ranibizumab for CNV
secondary to AMD. These studies paved the way for the
approval of ranibizumab for neovascular AMD in Canada.
While ranibizumab was undergoing phase III testing,
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Rosenfeld and colleagues at the Bascom Palmer Eye Institute,
University of Miami, initiated a study treating AMD patients
with bevacizumab,3,4 a drug that is related to ranibizumab,
but one that was approved for use in patients with metastatic colorectal cancer. Both of these anti-VEGF drugs are
now extensively used in Canada for the treatment of wet
AMD and other retinovascular diseases, but bevacizumab
has not been approved by Health Canada for intraocular use
for any indications.5

Concern over adverse events
Although ranibizumab and bevacizumab appear to
produce comparable outcomes in patients who are treated
for AMD, the evidence for the safety of these 2 drugs is different. Ranibizumab has been studied extensively in large
prospective, randomized, controlled trials (RCTs) with
>7500 patients, as well as in meta-analyses that specifically
examined safety issues. These studies of ranibizumab, which
will be discussed in more detail, have found that the rates
of both ocular and systemic adverse events are very low. To
date, no well-designed, large-cohort, prospective, level 1
RCTs have examined the efficacy and safety of bevacizumab
intravitreal injections, nor have large prospective, randomized safety studies examined bevacizumab for ophthalmic
use. Three retrospective chart reviews,6-8 involving more than
21 840 patients, have placed the incidence of endophthalmitis following intravitreal injections with VEGF inhibitors at
≤ 2%. One of these reviews involved both ranibizumab and
bevacizumab, and 2 involved only bevacizumab.
The concern over adverse events when a drug is used offlabel is heightened because when such events occur, they
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may not always be reported accurately or to the appropriate
authorities. Many serious drug toxicities are detected only
through postmarketing surveillance, but the means to track
such events do not exist when a drug is used off-label. As a
result, when drugs are used in an off-label fashion, adverse
events may be significantly underreported.
Given this situation, the ophthalmologist cannot rely
solely on published clinical trials to determine the frequency
of adverse events from the use of off-label products such as
bevacizumab. Most interventional ophthalmic trials are
powered to detect changes in efficacy. It is important to
remember that trials are typically powered to detect clinically relevant differences; the larger the clinical relevance
being sought, the smaller the sample size. Because differential adverse event rates usually differ by orders of magnitude
when compared with safety differences, most efficacy trials
are underpowered to detect clinically relevant differences
in safety.

Table 1: Cases of bevacizumab-associated acute
ocular inflammation, as of February 22, 2009

Sherbrooke

3

The Canadian experience

Trois-Rivières

7

Recently, a number of retinal subspecialty groups in
Canada and other countries have reported case clusters of
bevacizumab-associated ocular adverse events, including
acute anterior-segment inflammation with or without hypopyon, vitreous inflammation, or raised intraocular pressure.
Many of these cases were aggressively treated as possible
cases of infectious endophthalmitis.
At the recent meeting of the Canadian Ophthalmological
Society, held in Toronto, June 20-23, 2009, data were
presented on 3 outbreaks of serious ocular adverse events
following intravitreal bevacizumab use.
Michael Fielden, MD (Alberta Children’s Hospital,
Calgary, Alberta),9 presented data on a cluster of acute ocular
inflammation cases following intravitreal bevacizumab
injections. At one retinal practice in Calgary, 4 physicians
performed these injections, and 27 eyes of 23 patients developed uveitis after a mean of 5.8 injections. Onset of symptoms occurred, on average, 1.8 days after the injection: 23
eyes had CNV membranes, 3 had diabetic macular edema,
and 1 had macular edema secondary to central retinal vein
occlusion. Symptoms included a decrease in visual acuity,
floaters, photophobia, and mild-to-moderate eye pain. At
the initial presentation of symptoms, visual acuity was
decreased in 22 of the 27 eyes. The mean follow-up time of
this patient group was 112 days, during which the patients
were treated with topical corticosteroids and antibiotic
therapy, such that 21 of the 27 eyes regained equal or better
than baseline visual acuity.
Riley Hall (fourth year medical student, University of
Saskatchewan, Saskatoon)10 presented data from a 30-month
retrospective chart review examining adverse events among
171 patients who had received a total of 1461 injections of

Halifax

6

Halifax

1

TOTAL

117

City

Cases

Vancouver

22

Vancouver

5

Victoria

8

Calgary

27

Regina

5

Toronto

6

Kingston

14

Montreal

4

Montreal

3 (different lot #)

Québec

6

Holland S (unpublished data). Presented at Angiogenesis, Exudation, and
Degeneration 2009. Key Biscayne, FL, February 21, 2009.

intravitreal bevacizumab. All of the patients were treated at
a single retinal practice in Calgary. There were 40 ocular
adverse events found in 32 patients, for a 2.69% event rate.
These events occurred after a mean of 4.8 injections. Patients
were undergoing treatment for CNV secondary to AMD, as
well as other conditions including branch and central retinalvein occlusion, and diabetic eye disease. The most common
adverse events were eye pain, transient increases in intraocular pressure, and corneal abrasions (12, 7, and 6 patients,
respectively). There were no recorded cases of endophthalmitis, lens injuries, or retinal detachments. The review
also found 9 systemic adverse events, including 1 transient
ischemic attack, 1 stroke, and 3 acute myocardial infarctions.
Mr. Hall concluded that these event rates were similar to
reports previously found in the literature, and that the
systemic events could not be definitively attributed to bevacizumab use, since all of these patients had prior medical
histories of cardio- and cerebrovascular events and/or significant risk factors for cardiovascular disease.
In Kingston, where 2 retinal specialists – 1 of whom is an
author of this paper (SS) – deliver the retinal care for Southeastern Ontario, over a dozen cases of inflammation were
noted following intravitreal injection with bevacizumab.
While no incident cases were noted in the first 1000 cases in
which bevacizumab was injected, the incidence of severe

inflammatory reactions rose to a rate approximating 1 in
every 50 injections over a 6-month period from August 2007
to January 2008. Most cases presented within 24-48 hours
following injection with significant ocular pain and redness
following injection; many subjectively also noted significant
floaters. Cases involved hypopyon, dense vitritis, and
intractable glaucoma, and some cases required anterior
chamber tap and injection with intravitreal antibiotics,
vitrectomy and filtration surgery. A local ad hoc task force was
implemented to investigate process changes to determine the
source for the outbreak over this 4-month period. Only after
initiating the policy of topical post-injection steroids did the
incidence fall. The approval of ranibizumab coincided with
the tail end of the bevacizumab inflammatory outbreak
(manuscript in preparation).
Simon Holland, MD (University of British Columbia and
BC Centre for Disease Control, Vancouver),11 presented findings from a national task force that examined a series of
inflammation outbreaks following intravitreal bevacizumab
injections (Table 1). Dr. Holland reported on an outbreak
of 21 cases of acute ocular inflammation that occurred at
the University of British Columbia over a 9-day period in
October 2008. These patients presented with moderate to
severe inflammation, blurred vision, photophobia, and the
presence of floaters. Symptoms occurred 1-3 days after the
bevacizumab injection, but only 3 of the 21 patients reported
experiencing eye pain. Retinal specialists across Canada were
not immediately informed of this outbreak.
On October 31, 2008, within 2 weeks of the unreported
cluster of cases in BC, one of the authors of this paper (ARB)
noted 6 cases of severe inflammatory reactions shortly after
patients received intravitreal bevacizumab injections at his
retinal practice in Toronto. Five patients complained specifically of eye pain worse than they had ever experienced from
prior injections of bevacizumab, 4 patients were found to
have moderate anterior-chamber reaction, and 3 had moderately elevated intraocular pressure. All of the patients
responded positively to intensive corticosteroid therapy, but
they all had continuing symptoms of floaters or blurred
vision for periods ranging from 3 to 8 weeks. None of the
patients were thought to have endophthalmitis and, as a
result, none of these patients required intravitreal intervention with either pars plana vitrectomy, vitreous tap, or injections of intravitreal antibiotics. All patients in the group
recovered acuity back to their baseline level.
These cases of adverse drug events related to intravitreal
bevacizumab prompted formal reports to be sent by Dr.
Holland and the author (ARB) to Health Canada, HoffmannLa Roche Canada Limited (distributor of bevacizumab), and
Genentech Inc. Dr. Holland, head of the Canadian Ophthalmological Society (COS) task force on toxic anterior segment
syndrome (TASS; characterized by sterile inflammation) and

endophthalmitis, issued a “member alert” in November
2008, notifying physicians of possible outbreaks of endophthalmitis following bevacizumab injections. The COS alert
noted that patients in all of these cases were treated with
bevacizumab from the same manufacturer’s lot and batch
number, and recommended that further injections from this
lot number and batch be suspended.
A letter to physicians posted on the Health Canada
website12 in December 2008 noted that as of that date, 25
cases of sterile endophthalmitis had been reported following
bevacizumab injections. Health Canada’s website has not
published any further data concerning adverse events associated with bevacizumab use since the December 2008 letter
to physicians.
The COS has established a TASS/Infectious Disease (ID)
Task Force Hotline to follow this important emerging issue
for Canadians. Dr. Holland indicated in his presentation that,
as of April 2009, 105 cases of inflammation and/or sterile
endophthalmitis from 13 centres across Canada had been
reported to his office.11

Potential causes for inflammation/
endophthalmitis following bevacizumab use
Following a thorough investigation of the Canadian outbreak by the COS, Hoffmann-La Roche, and Health Canada,
one possible factor suggested for the outbreak of endophthalmitis was contamination of the individual bevacizumab
vials by excess residues of silicone oil in the lot/ batch
sample.11 Laboratory analyses including mass spectrometry,
gas chromatography, and testing for both endotoxins and
benzalkonium chloride (BAK) were conducted. Slightly elevated levels of polydimethylsiloxane (PDMS; a specific type
of silicone oil) were detected in the samples tested when
compared with a control sample. Furthermore, 2 specific
residues of PDMS, m/z248 and m/z249, were found in the
samples. In the case of m/z248, the concentration was twice
that seen in the control samples.
Another potential cause for severe intraocular inflammation is the presence of “excess particulates” in the formulated
drug. Bevacizumab was developed and is produced as an
antineoplastic agent for intravenous use, with doses in the
range of 5.0-10.0 mg/kg of body weight recommended for
systemic cancer therapy. Patients receiving off-label bevacizumab for the treatment of AMD typically receive intravitreal doses of 1.25-1.5 mg. The presence of excess
particulate matter may not be an issue when a cancer patient
is receiving a large dose of 500 mg diluted into their entire
blood volume, but it could be problematic when even small
amounts are injected into the vitreous cavity. This fact would
not explain why only isolated clusters of severe intraocular
inflammation have occurred, however, since it is expected
that all vials would have similar levels of particulate matter.
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Most bevacizumab used for intravitreal injections is
prepared in compounding pharmacies under strict conditions
of sterility and accuracy. Most vials are subdivided into
aliquots of 0.1-0.2 cc to be used for the actual intravitreal
injections. Such vial splitting, or multidosing, is not authorized, nor is it condoned by the manufacturer.13 Bevacizumab
that is manufactured for oncology applications is packaged in
containers of 100 mg each. When these containers are
broken down into smaller doses for ocular use, either in a
pharmacy or in a clinical setting, there is a risk of microbial
or viral contamination due to improper or inadequate
handling procedures. It is important to note that any single
500-mg bevacizumab bottle that might be contaminated or
tampered with prior to the subdivision process could potentially cause severe ocular inflammation or infection in
upwards of 28 separate eyes.
In contrast, ranibizumab is delivered in single-use vials
containing 0.23 mL, without intermediary handling by any
compounding pharmacy. Since these vials are not broken
down into smaller doses, the risk of contamination is minimized, and the risk of affects on multiple eyes by the same
“contaminant” is minimized or eliminated. The American
Society of Hospital Pharmacists14 has advised that numerous
factors, including sterility of the pharmacy setting, toxicity,
pH and buffering, the use of preservatives, and the solubility
of the drug must be considered when preparing ophthalmic
products, particularly those for intravitreal use.
An important issue in the use of bevacizumab as an
intravitreal treatment for AMD is also that, while normal
intravitreal pH should be in the range of 6.5-8.5, the pH of
bevacizumab in solution is below this threshold, at 6.2.15
Once again, this is not likely to have been a factor in the
clusters of inflammation/endophthalmitis cases reported
in Canada.
Another potential explanation for excessive inflammation
following intravitreal bevacizumab may be its larger protein
load, a result of the additional Fc fragment compared with
ranibizumab.16 As only the molecular fragment with the
VEGF-binding receptor, ranibizumab theoretically passes
more readily through the retina and may work faster than the
full-sized bevacizumab molecules. The Fc component of
bevacizumab promotes elimination from the eye back to the
circulation, which may lead to accumulation in platelets,
increasing the agent’s systemic half-life. This may induce an
immunogenic response, despite the very low concentrations
of the drug found systemically and possibly offer a partial
explanation. Patients who had previously received intravitreal bevacizumab were “sensitized” and had a higher relative
risk of developing the severe inflammation/endophthalmitis
in the cases reported by Dr. Holland.
According to Dr. Holland, the specific causes of the outbreaks in Canada have not been positively identified, but
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variations in drug preparation, surgical procedures, and location of the retinal practices were not considered risk factors.
Dr. Holland stated that all of the affected patients received
bevacizumab from the same manufacturer’s lot/batch number
(odds ratio [OR] 25; P < 0.0001), which likely indicates a
specific contaminant/abnormality of that specific lot and
batch. The likelihood of experiencing an adverse event also
increased with the number of injections the patient had
previously received (OR 2.29; P = 0.0157). Age and sex of
the patient were not predictive of these adverse events.

Safety issues not limited to Canada
Cases of endophthalmitis and/or inflammation among
patients treated with bevacizumab have been reported in the
United States, Australia, Britain, and the European Union.
This has led regulatory authorities and professional associations in some European countries to issue guidelines informing doctors of the risks involved with off-label bevacizumab
use. In other countries, restrictions have been placed on the
off-label use of the drug.
An Australian study17 reported 14 cases of ocular inflammation in a cohort of patients who received a total of 1278
injections of intravitreal bevacizumab. These were elderly
patients, mean age 83.7 years, who had previously received
an average of 2.7 injections (range 1-6). Most of the patients
reported a painless but substantial reduction in vision occurring anywhere within 24 hours to 6 days following the injection. There were signs of inflammation present in both the
anterior and posterior segments. Following intensive treatment with topical steroids, vision returned to baseline within
25 days for most of these patients.
A large, open-label, uncontrolled, multicentre, interventional case series conducted in 7 Latin American countries18
reported 7 cases of bacterial endophthalmitis (0.16%), 7
cases of tractional retinal detachment (0.16%), and 4 cases of
uveitis (0.09%) among 1173 patients who received a total of
4303 injections of intravitreal bevacizumab. Patients with
uveitis were managed with intravitreal corticosteroids, while
patients with endophthalmitis were managed with pars plans
vitrectomy (PPV; n=5) or PPV with intravitreal corticosteroids (n=2). Six of the 7 eyes with endophthalmitis experienced significant, permanent vision loss. It should be stated
that in this review, the majority of patients (84%) received
2.5-mg doses of bevacizumab, which is generally double the
dosage most commonly prescribed worldwide.
As a result of their concern over the risk of adverse
events, the Royal College of Ophthalmologists (RCO) in the
United Kingdom (UK) has categorically recommended
against the routine use of intravitreal bevacizumab for the
treatment of wet AMD when another anti-VEGF drug,
ranibizumab, for which a formal indication has been given,
is available. The RCO, in issuing its 2009 guidelines,19 noted

that medium- and long-term safety data concerning bevacizumab are unknown, since no long-term randomized
studies have been conducted and the side effects of intravitreal bevacizumab remain undocumented. The RCO
recommendations stated that the dose frequency for bevacizumab use is also unknown. They note that it is important
to inform patients that bevacizumab is not indicated for
AMD, asserting: “Bevacizumab is unlicensed and its ‘off-label’
status should be clearly stated prior to its use in patients.
There are no long-term results on safety and effectiveness of
intravitreal bevacizumab.”19 Further, if intravitreal bevacizumab is to be used, the clinician is exhorted to maintain a
very detailed record of all data relevant to the use of this drug
with every patient. They state that the clinician must also
discuss alternative treatments in detail with the patient, and
the appropriate informed consent must be obtained according to preferred practice guidelines. In a separate communication,20 the RCO reminded clinicians in Britain that if an
adverse event occurs as a result of using any drug off-label,
the responsibility for any consequences would rest with the
physician alone, noting: “Responsibility for prescribing drugs
outside the terms of the product licence remains that of the
prescriber i.e. the clinician.”
The UK General Medical Council states that a physician
prescribing a medication off-label should “(b)e satisfied that
it would better serve the patient’s needs than an appropriately licensed alternative” and “(b)e satisfied that there is a
sufficient evidence base and/or experience of using the medicine to demonstrate its safety and efficacy.”21
In Italy, the federal licensing authorities have rescinded
prior directives that would cover the cost of bevacizumab in
the treatment of wet AMD. Interestingly, Italian patients
who have been treated with off-label bevacizumab will
be disqualified from healthcare coverage in the event that
their macular degeneration continues to progress, and
treatment with any other approved anti-VEGF drug
becomes necessary.

to be a reasonable standard of care within their community.
Whether bevacizumab represents “a reasonable standard of
care for the treatment of wet AMD in all provinces of Canada”
remains a debatable point.

Differences between drugs
Although bevacizumab and ranibizumab are both VEGF
inhibitors and are derived from the same molecule, they are
not identical drugs. Bevacizumab is a full-length immunoglobulin antibody with a molecular weight of 149 kD.
Ranibizumab is the fragment antigen-binding (Fab) portion
of the molecule, comprising only the active binding site of
bevacizumab. It is approximately one-third the molecular
weight of bevacizumab (48 kD). Due to their differences in
molecular weights, in vitro studies with ranibizumab have
demonstrated that it penetrates the retinal and internal limiting membrane more readily than bevacizumab and it is
cleared from the body more rapidly than the larger molecule.22-24 Ranibizumab also has an approximately 100 times
greater affinity for VEGF, which translates into a 30- to 100fold increased potency in bioassays that measured human
VEGF-induced endothelial cell mitogenesis, and a 5-20 times
greater potency than bevacizumab.25 Recent evidence
also indicates that bevacizumab accumulates in the retinal
pigment epithelial cells.26 Although not yet proven, there
exists the theoretical risk that the extended serum half-life
of bevacizumab versus ranibizumab may induce more
patient risk for ocular and systemic adverse events. It is
believed that a certain level of VEGF is needed in the body
to facilitate wound healing and other physiological
processes. Therefore, while VEGF inhibition is desirable in
the treatment of CNV secondary to AMD, it may not be
ideal to eradicate VEGF completely from the serum. VEGF
depletion may be associated with the higher risk of stroke
and myocardial infarction, and could present additional
risks for patients with diabetes.27

Medical-legal issues

Safety concerns
Bevacizumab compared with ranibizumab

The issue of using an off-label drug to treat a condition,
for which another drug has been approved, remains controversial for both medical and legal reasons. Echoing the
warning from Britain’s RCO about the legal implications of
off-label drug use, the courts in Germany have recently ruled
that when a drug is used off-label, the physician, not the
manufacturer, bears the legal responsibility.
In Canada, the issue of who may be liable in a case where
the patient is injured through the use of an off-label product
has not been decided in the courts. Personal communication
with the Canadian Medical Protective Association has indicated that the association would defend any practitioner
using a therapy, even if it is an off-label drug, if it is deemed

As previously discussed, bevacizumab has not been
subjected to any large-scale clinical trials to evaluate its safety.
By comparison, ranibizumab has revealed a relatively low
rate of ocular adverse events in a number of large trials. The
HORIZON trial28 followed 768 patients who had been previously enrolled in the MARINA,1 ANCHOR,2 and FOCUS29
studies and treated with ranibizumab. The trial found only 1
case (0.2%) of vitreous hemorrhage, and no cases of either
endophthalmitis or uveitis over 1 year of ranibizumab use.
Serious and nonserious intraocular events, including uveitis,
occurred in approximately 11.4% of patients in the first year
of the FOCUS study. Many of these cases of inflammation
were considered due to the lyophilized formulation of the
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drug, which required reconstitution to a liquid before an
injection was given. No serious intraocular events were
reported once the switch was made to the liquid formulation.
No systemic adverse events were seen that had not been
anticipated from the original Phase III studies. The gains in
visual acuity that these patients experienced in the Phase III
trials were maintained throughout the first year of the
HORIZON analysis. Among a subgroup of 110 patients, who
had either received ranibizumab plus verteporfin photodynamic therapy (PDT) at some point during the original
trial (n = 64) or were receiving ranibizumab for the first time
(n = 46), 1 case of ocular inflammation (iritis) was recorded,
and that patient was in the cohort previously treated with
verteporfin PDT.
Hypertension is a recognized complication of bevacizumab as an antineoplastic agent;30-32 however, its effect on
blood pressure (BP) levels is less clear when administered
intravitreally. Rasier et al33 found that intravitreal bevacizumab was associated with significant increases in systolic and
diastolic blood pressure (BP), both in normotensive and
hypertensive subjects (N = 82). In the group with established
hypertension, systolic BP measurements were consistently
elevated at 1, 3, and 6 weeks of treatment (P= 0.001,
P<0.001, and P= 0.003, respectively) and diastolic BP levels
were higher at 3 and 6 weeks (P< 0.001 and P=0.016, respectively). In normotensive subjects, mean systolic and diastolic
BP were significantly higher only at 3 weeks (P=0.004 and
P<0.001, respectively). Conversely, in a retrospective review
of intravitreal bevacizumab in 707 patients (1300 injections),
Shima et al 34 identified only 2 elevations of systolic BP.
As well, Gregori et al35 detected a slight mean decrease in
BP levels (-3/-3 mm Hg), with a range of -45 mm Hg to +43
mm Hg, in 36 patients undergoing intravitreal bevacizumab
therapy for branch and hemiretinal vein occlusion.
Pooled safety data for ranibizumab reveal no significant
changes in BP compared with placebo.36

SAILOR study
The largest analysis of safety data with ranibizumab is the
Safety Assessment of Intravitreal Lucentis for Age-Related
Macular Degeneration (SAILOR)37 study. This 1-year, Phase
IIIb trial involved 2378 patients who were treated with 0.3
mg or 0.5 mg of intravitreal ranibizumab in 3 initial doses at
1-month intervals, followed by quarterly doses (ie, every 3
months) according to prespecified criteria. The cohorts
included patients who were treatment-naïve, as well as
patients who had received previous treatments for their
disease. Ocular adverse events, including presumed endophthalmitis and vitreous hemorrhage, did not exceed 0.4% and
0.9%, respectively, in any arm of the study (Table 2).
Although there were more cases of death from any cause
numerically, including vascular death, myocardial infarction,
and stroke among patients who received the 0.5-mg dose of
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Table 2: SAILOR: key serious ocular adverse
events18
Cohort 1
Event,% (n)
Presumed
endophthalmitis

0.3 mg
(n=1169)

0.5 mg
(n=1209)

0.5 mg
(n=1922)

0.2 (2)

0.4 (5)

0.1 (1)

0

0.1 (1)

0

0.1 (1)

0

0.1 (1)

0

0.1 (1)

0

Uveitis
Retinal detachment
Retinal tear
Retinal hemorrhage

Cohort 2

0.9 (11)

0.9 (11)

0.3 (6)

Detachment of retinal
pigment epithelium

0

0.2 (2)

0.1 (2)

Vitreous hemorrhage

0.3 (4)

0.1 (1)

0.2 (3)

Cataract

0.1 (1)

0.1 (1)

0.1 (1)

ranibizumab versus the 0.3-mg dose, these differences were
not statistically significant. More cases of ischemic stroke
were seen among patients who had had a prior stroke,
regardless of the treatment received, but again, the betweengroup differences were not significant.

Under-reporting
Even important clinical trials can underestimate the true
risk of adverse events, because subjects enrolled are typically
healthier than the general population.38 This is particularly true
when evaluating data on patients who have diseases like AMD,
because they are often elderly, and present with multiple conditions and symptoms that interact and therefore confound the
trial results. The opposite of this problem may also be true,
however. In trial results presented at the recent meeting of the
European Society of Ophthalmology, in Amsterdam, The
Netherlands,39 patients were specifically excluded if they had
had a prior stroke or cardiac event, or if they either were using,
or anticipated using warfarin. Nonetheless, 2 patients in the
trial experienced myocardial infarctions, 1 of which was fatal.

Lack of comparative data
Given the lack of data comparing the use of intravitreal
bevacizumab with ranibizumab, there are inherent limitations in discussing treatment safety issues. There are no
formal avenues for either reports or follow-up concerning
adverse drug reactions (ADRs) with the ocular use of bevacizumab, although physicians are instructed to report to the
drug-maker within 24 hours of ADR awareness. It is highly
likely that there is under-reporting of ADRs with this offlabel product.

The only truly comparative data between ranibizumab
and bevacizumab will come from the Comparison of AgeRelated Macular Degeneration Treatments Trials (CATT).40
This multicentre study will enroll 1200 patients for treatment with varying regimens. Its value will be limited,
however, by the fact that this is a noninferiority trial, with
the predefined margin of only 5 Early Treatment Diabetic
Retinopathy Study (ETDRS) letters. The trial may reveal
interesting data with respect to efficacy, but as for safety
measures, it is likely too small to demonstrate a statistical
difference between the drugs. The number of subjects
required to be enrolled to show statistically significant differences in safety between the two drugs would need to be
5000 to 10 000 subjects (5-10 times the number of patients
slated for enrolment in CATT). The CATT, in its current
form, will not be completed until 2011.

Conclusion
The use of intravitreal bevacizumab has recently been
associated with a significant number of cases of ocular inflammation and/or sterile endophthalmitis among Canadian
patients undergoing treatment for AMD. These cases were
predominantly, but not exclusively limited to patients receiving treatment from a specific manufacturer’s lot/ batch
number. Administered systemically, bevacizumab has demonstrated excellent outcomes when used to treat patients with
metastatic colorectal cancer. Since late 2005, intravitreal bevacizumab has been used globally for the treatment of CNV and
for the treatment of multiple retinovascular diseases, with
encouraging efficacy results. The long-term safety and efficacy
profiles of intravitreal bevacizumab have yet to be established.
Clinically, for all anti-VEGF treatment, care should be exercised if atherothrombosis/cardiovascular disease, diabetes, or
hypertension are evident and optimal evaluation and treatment for these disorders should be confirmed.26 The fact that
a significant number of cases of inflammation and/or endophthalmitis have occurred after treatment with bevacizumab is a
cause for concern as clinicians search for the best treatment
options with their AMD patients.
Canadian ophthalmologists who suggest therapy with
intravitreal bevacizumab for CNV due to AMD should obtain
a detailed informed consent documenting the following:
• That an explanation was given to their patients that there
are no formal, randomized, multicentre clinical trials
documenting the efficacy and safety of bevacizumab
• That information was provided regarding the recent
reports of sporadic outbreaks involving clusters of patients
at different institutions with severe intraocular inflammation/endophthalmitis following intravitreal use of bevacizumab
• That they highlighted that the drug is off-label and not
approved for intraocular use by Health Canada, or pro-

moted as such by Hoffmann-La Roche (the Canadian
distributor) or Genentech Inc.
• And finally, that they stated that an approved therapy,
ranibizumab, exists for the treatment of CNV due to AMD,
and that it has proven safe and effective in large-scale
clinical trials.
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