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Abstract
Purpose—To assess the feasibility and potential obstacles of a departmental switch from ranibizumab
(Lucentis, Genentech, South San Francisco, CA) to bevacizumab (Avastin, Genentech) for the treatment of
neovascular age-related macular degeneration (AMD).

Methods—A total of 154 eyes treated for wet AMD with ranibizumab or bevacizumab were examined
over a 10-month period. The treatment protocol was monthly induction therapy followed by injections as
needed for macular edema or subretinal fluid on optical coherence tomography, new hemorrhage or edema
on examination, worsening vision, or leakage on fluorescein angiography. Central subfield thickness and
pinhole vision were the main treatment outcomes. Study windows were compared using t tests and Mann-
Whitney U tests. Statistical significance was defined as a P value of <0.05.

Results—The majority of patients (88%) were willing to accept a bevacizumab injection. There was no
difference in frequency of injection, central subfield thickness, visual outcome, or endophthalmitis rate
between the ranibizumab and bevacizumab groups. A small subset of patients (4.5%) appeared to respond
more favorably to ranibizumab than bevacizumab.

Conclusions—Bevacizumab appears to be a cost-effective alternative to ranibizumab for the treatment of
neovascular AMD. Patients previously treated with ranibizumab are typically willing to switch to bevacizu-
mab. In the overwhelming majority of patients, there is no major decline in clinical status. However, select
patients may respond better to ranibizumab injections.

 
Introduction
Age-related macular degeneration (AMD) is the leading
cause of blindness in individuals over 50 years of age in
the United States and developed Western countries.1,2
The neovascular form of the disease (wet AMD) is less
common although more devastating when untreated.

New treatments for AMD have emerged over the past
decade, the most recent and efficacious of which have
involved blockage of vascular endothelial growth factor
(VEGF) by frequent intravitreal injection of pharmaco-
logic agents.
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Pegaptanib sodium was the first such treatment, receiv-
ing approval by the US Food and Drug Administration
(FDA) in 2004 for treatment of wet AMD.3 Ranibizu-
mab (Lucentis; Novartis Pharma AG, Basel, Switzer-
land, and Genentech Inc, South San Francisco, CA) was
later approved by the FDA for the treatment of choroidal
neovascularization (CNV) in wet AMD. Ranibizumab is
a recombinant, fully humanized, affinity-matured mono-
clonal antigen-binding antibody fragment that inhibits
the binding of multiple biologically active forms of
VEGF-A to their receptors.4–6 The Minimally Classic/
Occult Trial of the anti-VEGF Antibody Ranibizumab in
the Treatment of Neovascular AMD (MARINA) and
anti-VEGF Antibody for the Treatment of Predomi-
nantly Classic Choroidal Neovascularisation in AMD
(ANCHOR) studies, both of which were multicenter,
randomized, double-masked trials, established the supe-
riority of ranibizumab to prior FDA-approved treat-
ments.7,8 Bevacizumab (Avastin; Genentech South San
Francisco, CA), another humanized monoclonal VEGF
antibody, was approved by the FDA in 2004 for treat-
ment of metastatic cancer of the colon or rectum as an
intravenous infusion.9–11 Bevacizumab has been shown
to carry clinical efficacy and has been used as an off-
label therapy for intravitreal injection for wet AMD.12,13

There has been debate over the preferred agent of choice
for wet AMD, especially given bevacizumab’s off-label
status for this indication and significantly lower cost per
injection. A recent examination of 2008 Medicare data-
base information revealed that bevacizumab was admin-
istered in 58% of injections to treat neovascular AMD
and ranibizumab was used in 41%, revealing the former
to be the more widely used drug for this indication in the
Medicare population.14

Until recently, the evidence supporting use of bevacizu-
mab as a treatment comparable to ranibizumab has been
limited to retrospective comparisons of cases series. The
Comparison of Age-related Macular Degeneration
Treatments Trials (CATT) study, an NIH-sponsored mul-
ticenter, randomized controlled trial, showed similar
efficacies between ranibizumab and bevacizumab at 1
year.15,16 Furthermore, bevacizumab and ranibizumab
demonstrated similar safety profiles in terms of endoph-
thalmitis, death, venous thrombotic events, and arterio-
thrombotic events such as nonfatal stroke, nonfatal myo-
cardial infarction, and vascular death.

Most studies have examined efficacies of wet AMD
treatment strategies in a treatment-naive population. Ste-
pien et al showed no significant difference in efficacy in
a population switched from bevacizumab to ranibizu-
mab.17 More recently, 2 studies demonstrated possible

tachyphylaxis to ranibizumab or bevacizumab.18,19

However, we are not aware of any studies examining the
ability to switch an established population of patients
previously initiated on ranibizumab treatment to bevaci-
zumab therapy. Additionally, we are unaware of any cur-
rent or planned studies examining comparative efficacy
of ranibizumab or bevacizumab on a mixed population
with varying maturity anti-VEGF therapy.

The purpose of the present study was to examine the
feasibility of a switch in preferred drug treatment in a
population of patients with wet AMD from an FDA-
approved treatment modality of ranibizumab to an off-
label therapy using bevacizumab and to examine the
clinical efficacy of both treatments.

Subjects and Methods
This study was approved by the Harvard Vanguard Med-
ical Associates Institutional Review Board and follows
the requirements of the US Health Insurance Portability
and Accountability Act of 1996. All patients provided
informed consent.

On March 1, 2010, the investigators initiated a mass
switch from ranibizumab to bevacizumab as the prefer-
red agent for primary treatment of wet AMD. Each
patient who underwent an intravitreal injection from this
time forward was recommended bevacizumab as a pre-
ferred agent. The study window was considered from
March 1, 2010, to December 31, 2010. The study popu-
lation included chronic patients (those who had previ-
ously received ≥6 injections), patients in their induction
phase of treatment (1–5 prior injections), and patients
who were treatment naive. Bevacizumab was recom-
mended after an extended discussion regarding the off-
label use of the drug, current literature comparing the
two drugs, and cost differential of the two drugs. Both
drugs remained available to the patient at their prefer-
ence.

The clinical treatment strategy was not standardized;
however, all three clinicians use a similar strategy of
monthly injections until optical coherence tomography
(OCT) showed no edema (induction) followed by pro re
nata (PRN) injections. As-needed treatments were gui-
ded by presence of macular edema or subretinal fluid on
OCT or new hemorrhage or edema on clinical examina-
tion, worsening vision, or leakage on fluorescein angiog-
raphy. If bevacizumab therapy was not felt to be effec-
tive or if clinical outcomes were worsening as deemed
by the physician, a return to ranibizumab was considered
and offered.
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The medical records of patients with a diagnosis of wet
AMD who received an intravitreal injection of either
bevacizumab or ranibizumab during the study period
were retrospectively reviewed. For any patient who
received an injection during this interval, all prior visits
and prior injections were analyzed. The treating physi-
cians in this group included three physicians (CA, JS,
MP) at two office locations. For each included patient,
demographics, visit dates, visual acuity, OCT data, and
treatment type were entered into an electronic database.
OCT was performed on each patient at every visit
according to a standardized protocol. Central subfield
thickness was recorded for all OCT scans performed on
the RTVue spectral domain OCT (Optovue Inc, Fre-
mont, CA). Visual acuity was recorded by clinic proto-
col using spectacle correction and additionally with pin-
hole improvement.

Feasibility of the mass switch was determined by the
percentage of patients who were offered to switch to
bevacizumab from ranibizumab or who were offered and
received bevacizumab as a primary therapy at some
point versus those who preferred to stay with ranibizu-
mab. The success of the switch to bevacizumab was
determined by several factors. First, those patients who
were switched back to ranibizumab after at least 1 beva-
cizumab injection were analyzed individually. Those
cases where there was evidence suggestive of the superi-
ority of ranibizumab were reported. Evidence of superi-
ority generally consisted of consistently better OCT cen-
tral subfield thickness or visual acuity. Second, visual
acuity was used as an outcome measure. Best-pinhole
visual acuity was converted to logMAR for analysis.
Visual acuities were analyzed over a period of time
extending from 10 months prior to the study window
and through the 10-month study window. Each visit dur-
ing this period was assigned a drug designation corre-
sponding to the last injection received prior to that visit
by that eye. The mean vision in treatment intervals fol-
lowing ranibizumab injections and following bevacizu-
mab injections were compared over the entire 20-month
period in all patients. Additionally, a paired t test was
performed to compare chronic patients who switched
from ranibizumab to bevacizumab in the interval before
and after the switch. OCT central subfield thickness was
also used as an outcome measure. All visits at which an
OCT scan was performed on the Optovue machine were
included. Excluded were dates in which an OCT scan
was not performed, scan quality was not adequate to
obtain a central subfield value, or visits before the pur-
chase of the Optovue machine at one site (September 1,
2009). The mean OCT central subfield thickness in
intervals following ranibizumab injections were com-

pared to intervals following bevacizumab injections in
all patients at all visits. Additionally, a paired test was
performed to compare chronic patients who switched
from ranibizumab to bevacizumab in the interval before
and after the switch.

Statistical analysis was performed using GraphPad
Prism software (San Diego, CA). An unpaired t test was
used to compare means of continuous variables between
the bevacizumab and ranibizumab groups. In a subpopu-
lation analysis, a paired t test compared the ranibizumab
and bevacizumab treatment phases in the chronic treat-
ment patients who underwent therapy switch. Nonpara-
metric variables were analyzed using a Mann-Whitney
U test. Statistical significance was defined as a P value
of <0.05.

Results
The study included a total of 154 eyes of 138 patients
(average age, 79.4 years; range 56–104 years; 53 males
[38%]). Patient demographics are summarized in Table
1. Sixteen patients (12%) had both eyes injected at some
point during the study window.

Of 154 total eyes, 48 were considered naive, 29 were in
the induction group, and 77 were in the chronic group
(range, 6–41 injections).

A total of 593 injections of bevacizumab were adminis-
tered during the study window. Two patients who

Table 1. Patient demographics

Table 2. Success of treatment switch from ranibizumab
(R) to bevacizumab (B)
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entered the study died during the study window. Two
patients included in the study population developed
endophthalmitis. One occurred during the study window
after subsequent switch back to ranibizumab following
initial switch to bevacizumab for several injections. The
other case of endophthalmitis occurred in 2009, prior to
the study window following a ranibizumab injection.
This patient continued to receive injections after com-
plete resolution of the infection and inflammation. One
patient had alternating bevacizumab and ranibizumab
injections every 2 weeks due to perceived lack of suffi-
cient efficacy with either drug monthly.

Table 2 outlines the treatment switch for all of the
patients. Of the eyes in the study window, 134 received
a bevacizumab injection at least once (86%). Twenty of
the eyes in the study window never received a bevacizu-
mab injection. When broken down by treatment group,
48 eyes were in the treatment-naive group and all were
started on bevacizumab as an initial therapy. Of the 29
patients in the induction group, 21 (72%) switched to
bevacizumab and 8 remained with ranibizumab. Of the
77 eyes in the chronic group, 64 (83%) switched to bev-
acizumab and 13 remained with ranibizumab.

Fourteen eyes that had received at least 1 bevacizumab
injection later received at least 1 ranibizumab injections
during the study interval. Of these, 6 eyes were felt to
show evidence suggestive of a better clinical response to
ranibizumab, whereas the remaining 8 did not show an
improvement with switch back to ranibizumab.

Another measure of relative effectiveness of the two
therapies was the number of injections per year (see
Table 3). In the entire population, including all patients
prior to therapy switch and those patients who stayed
with ranibizumab, the mean number of ranibizumab

injections per year was 6.9. The mean number of bevaci-
zumab injections per year in those that switched thera-
pies was 7.6 (P = 0.1686). When using the same metric
in only those in the chronic group that switched thera-
pies, the mean number of injections per year was 7.0 for
ranibizumab and 6.9 for bevacizumab (P = 0.8377).

OCT central subfield thickness at each visit during a
period from 10 months prior to the start of the study
until the end of the study was analyzed (May 1, 2009, to
December 31, 2010). In the full population, the mean
OCT central subfield thickness for those visits following
a bevacizumab injection was 266.5 and visits following
ranibizumab injections was 264.8 (P = 0.6240; Table 3).
For the chronic patients who underwent therapy switch
alone, the mean OCT central subfield thickness follow-
ing a bevacizumab injection was 265.4 and for ranibizu-
mab injections was 265.8 (P = 0.7289).

The best-corrected pinhole visual acuity was converted
to logMAR for analysis and averaging and reported as
logMAR and Snellen equivalent. For the entire cohort,
the mean visual acuity during a ranibizumab treatment
window was 0.46 logMAR (20/57 Snellen equivalent)
and during a bevacizumab treatment window was 0.48
logMAR (20/60 Snellen equivalent; P = 0.2256). For the
chronic patients who underwent therapy switch alone,
the mean visual acuity during a ranibizumab treatment
window was 0.42 (20/53 Snellen equivalent) and during
a bevacizumab treatment window was 0.46 (20/58
Snellen equivalent; P = 0.1232).

Discussion
The main goal of the study was to examine the ability to
switch a large population of wet AMD patients from
ranibizumab (the gold standard FDA-approved treatment

Table 3. Efficacy of treatment with ranibizumab (R) and bevacizumab (B)
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modality at the time of the study) to bevacizumab (an
established, more widely used, off-label treatment
option). The results of this study confirm that it is possi-
ble to switch a mixed population of chronic and treat-
ment-naïve patients with wet AMD from ranibizumab to
bevacizumab. Following discussion regarding FDA
approval status, price, and status of current research,
88% of patients were willing to receive a bevacizumab
injection. When examining this by population subtype,
patients in the treatment-naive group were all willing to
begin treatment with bevacizumab following a discus-
sion of both options, with a lower rate in the chronic
group and even lower in the induction group.

Using a nonstandardized induction until dry then PRN
injection strategy, there was no obvious difference in
outcomes between the bevacizumab and ranibizumab
groups. OCT central subfield thickness was nearly iden-
tical when comparing patients during ranibizumab injec-
tion windows to the bevacizumab injection windows.
The average pinhole visual acuity was also similar
between the groups. The time between injections was
slightly shorter for bevacizumab than ranibizumab but
was not statistically significant. There has been prior
suggestion from animal studies20,21 and a retrospective
case series22 that bevacizumab may have a longer effec-
tive half life; however, this was not confirmed by clini-
cal efficacy in either the CATT study15,16 or our data.

The unique features of our practice may have implica-
tions on the willingness of patients to accept treatment
changes. Although we are not currently a health mainte-
nance organization (HMO), our physician organization
had its roots in such a model. Many of our patients have
remained with our physician group since this organiza-
tional change. Also, a large portion of our wet AMD
patients have a Medicare-preferred insurance plan,
which carries a capitated risk strategy. Such a population
may be more experienced with, and willing to accept,
limited treatment options based on factors such as cost
effectiveness.

Although our population was highly accepting of a
switch to bevacizumab, this switch predated the release
of the CATT study results.15,16 With rigorous proof of
efficacy and safety, one would assume that a population
would be even more accepting of such a change.

Additionally, although the nature of our payer mix
incentivizes our organization to preferentially use a less
expensive treatment modality, the decision to undergo a
mass switch was made entirely by the clinicians, with no
suggestion by the organization. The clinicians sought
approval to make the switch clinically and were required

by the organization to measure and report certain safety
measures. Additionally, none of the clinicians/investiga-
tors or the department of visual services benefited finan-
cially directly from the cost savings involved in using a
less expensive therapy. The organization is a nonprofit,
multispecialty physician group. The cost savings seen by
the organization, however, were not distributed to the
department of visual services or the investigators. Also,
the difference in cost of the therapies was discussed with
each patient. Continual review of patient billing records
was performed to ensure that no patient was negatively
affected financially from the decision to switch thera-
pies.

The cost of bevacizumab at our organization is $22 per
injection. Ranibizumab costs $1,950 per injection. At
our organization, the decreased cost represents a savings
to a combination of Medicare, various insurance payers,
and our institution. With a savings of $1,928 per injec-
tion for a total of 593 injections during this study, a total
savings of $1,143,304 was seen. In this small study, at
one organization, this highlights the incredible savings
possible to the health care system by using bevacizumab
rather than ranibizumab.

Although the present study was not a rigorous random-
ized controlled trial, several factors were analyzed to
investigate relative efficacy and used as a marker of rel-
ative “safety” in switching from ranibizumab to bevaci-
zumab. Of the 134 eyes that received as least 1 bevaci-
zumab injection, a high percentage remained with that
therapy. Fourteen eyes were later switched to ranibizu-
mab at some point during the 10-month study window.
This switch was made at investigator or patient discre-
tion. Of those who switched back to ranibizumab, 8
either switched back to bevacizumab or were felt to have
no difference in treatments. The remaining 6 patients
were felt by the clinicians and verified by retrospective
review by the authors to have had a suggestion of a
superior treatment response to ranibizumab. Although
the CATT study15,16 shows equivalent efficacy in vision
outcomes at 1 year, there may be some patients in whom
ranibizumab therapy provides superior results. Alterna-
tively, observed differences in effectiveness may be due
to tachyphylaxis to bevacizumab or ranibizumab. The
present study was not designed or powered to directly
compare the efficacy of these two therapies.

The present study is limited by its overall design and ret-
rospective nature. Our analysis of efficacy fails to meet
the hallmarks of a prospective, randomized trial. Never-
theless, OCT measurements do provide a well-accepted,
objective measurement. The visual acuity measurements
were not recorded using ETDRS charts or with standar-
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dized refractions. The lack of randomization introduces
significant bias in the efficacy results. Although all
patients were recommended to switch therapies, this was
not required. It is possible that those patients doing more
poorly may have been more readily predisposed to try a
new therapy or conversely more hesitant to switch to a
nonapproved therapy.

In summary, a mass switch from ranibizumab to bevaci-
zumab is possible with high rate of acceptance in a large
population of mixed treatment maturity. Overall, a
switch to bevacizumab resulted in similar clinical out-
comes; however, there a was small percentage of
patients who seemed to respond better clinically to rani-
bizumab therapy. We recommend consideration of use of
bevacizumab therapy as a primary therapy with an aim
to reduce health care costs, while considering a trial of
ranibizumab therapy in those patients with suboptimal
response.
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