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Abstract

By 2050 the prevalence of diabetes will more than triple
globally, dramatically increasing the societal and financial
burden of this disease worldwide. As a consequence of this
growth, it is anticipated that there will be a concurrent rise
in the numbers of patients with diabetic macular edema
(DME), already among the most common causes of severe
vision loss worldwide. Recent available therapies for DME
target the secreted cytokine, vascular endothelial growth
factor (VEGF). This review focuses on the treatment of
DME using the first humanized monoclonal antibody tar-
geting VEGF that has been Food and Drug Administration-
approved for the use in the eye, ranibizumab (Lucentis®).

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This article reviews the use of ranibizumab for
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diabetic macular edema. The article presents recent data
on which the practice of ranibizumab injections for diabetic
macular edema is based, and highlights issues regarding
efficacy, safety, and other important considerations for any
retina provider using ranibizumab in practice.
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INTRODUCTION

Diabetic retinopathy is a leading cause of visual impair-
ment wotldwide, and diabetic macular edema (DME) is
the most common cause of vision loss in these patients'".
DME is a consequence of breakdown of the vascular
inner blood-retinal barrier (BRB), and may occur in one
of two ways™: (1) focal leakage arising from microaneu-
rysms; and (2) diffuse leakage arising from the walls of
capillaries (Figure 1). Systemic disease plays a role in the
development and progression of diabetic retinopathy,
and improving control of blood glucose and blood pres-
sure has been shown to slow the progression of diabetic
eye disease’”. However, in many patients, despite ad-

equate diabetic control, if left untreated DME can result
4]

in significant vision loss!

Since 1985, the mainstay of treatment for clinically
significant (diabetic) macular edema had been focal/grid
laser photocoagulation based on the Eatly Treatment Di-
abetic Retinopathy Study (ETDRS)™. In focal/grid laser
photocoagulation, focal laser is applied to leaking micro-
aneurysms while a grid pattern of larger burns of light
intensity at the level of the retinal pigment epithelium is
used to treat diffuse leakage. In the ETDRS, the 754 eyes
treated with laser photocoagulation had approximately a
50% decrease in the risk of vision loss (defined as dou-
bling of the initial visual angle or a loss of three or more
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Figure 1 Fundus photo, optical coherence tomography, and fluorescein angiography of a patient with diabetic macular edema. A: Fundus photo demonstrat-
ing classic presentation of diabetic macular edema with lipid exudate (yellow arrows), retinal thickening (black arrow), and intraretinal hemorrhages (red arrow); B, C:
Horizontal (above) and vertical (below) high-resolution line scan demonstrating the presence of intraretinal cysts (white arrowheads) in the inner retina; D, E: Fluores-
cein angiographic images demonstrating focal leakage arising from microaneurysms (white arrows); F, G: Diffuse leakage arising from the walls of capillaries.

lines) compared to the 1490 eyes without treatment.
However, laser photocoagulation did not significantly im-
prove vision in patients enrolled in the ETDRS.

In 2002, a National Eye Institute-sponsored col-
laborative network, the Diabetic Retinopathy Clinical
Research Network (DRCR.net), compared steroid versus
laser treatment for DME", In this study, 26% of DME
patients treated with laser did gain 15 or more letters of
vision at three years. Nonetheless, despite these promis-
ing results, laser photocoagulation for DME leaves the
majority of patients with little hope for an improvement
in vision. Thus, while many ophthalmologists continue to
employ this modality of treatment, other approaches (e.g.,
intravitreal steroids) have also been explored (alone or in
combination with laser photocoagulation) with the goal
of improving on these results; the use of intravitreal ste-
roids for the treatment of DME is discussed elsewhere in
this review seties.

VASCULAR ENDOTHELIAL GROWTH
FACTOR

In this regard, recent efforts to unravel the molecular
pathogenesis of DME have led to the development of
new therapeutic approaches for the treatment of this dis-
ease. The concept that ischemic retinopathies are driven
by a secteted angiogenic factor was proposed over half a
century ago!”, More recently, appreciation for a single cy-
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tokine, vascular endothelial growth factor (VEGE), as the
central player in the development of DME has facilitated
a paradigm shift in how we treat this disease!”.

VEGTF is a sub-family of growth factors (the platelet-
derived growth factor family of cysteine-knot growth fac-
tors) produced by hypoxic cells that act as signal proteins
to stimulate both vasculogenesis and angiogenesis[gl. The
VEGEF sub-family includes VEGF-A, VEGFE-B, VEGF-C,
VEGF-D and placental growth factor (PIGF). These
proteins act by binding to VEGF receptors (e.g.,, VEGEFRs
1-3), which are tyrosine kinase receptors with an extracel-
lular ligand binding domain and an intracellular tyrosine
kinase domain®”. Upon ligand (VEGF) binding to the
receptor, the receptors dimerize, and the tyrosine kinase
domain initiates phosphorylation at the C-terminus of the
molecule. This initiates an intracellular signaling cascade
that ultimately leads to changes in gene transcriptionm.

VEGTF affects a number of cell types (e.g., monocytes
and macrophages, neurons, tumor cells, kidney epithelial
cells). However, VEGFR2 is expressed predominantly
on vascular endothelial cells, which are predominantly
responsible for the pathological effects of VEGF in the
eye. In particular, VEGF-A has been shown to promote
the growth and survival of vascular endothelial cells
(promoting angiogenesis) and to disrupt endothelial
cell-endothelial cell tight junctions (promoting vascular
permeability), leading to retinal neovascularization and
macular edema in diabetic eye disease, respectivelym.
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Figure 2 Development of humanized neutralizing monoclonal antibodies against vascular endothelial growth factor. A: A polypeptide from the vascular en-
dothelial growth factor (VEGF) receptor-binding domain (RBD) was used to immunize mice. The spleen from the mice was isolated and lymphocytes were cultured
with immortal myeloma cell lines. Fusion of the cell lines results in the generation of hybridomas. Supernatants from the hybridoma cultures are tested for antibodies
that bind specifically and with high affinity to VEGF. This resulted in the identification of the parental mouse monoclonal antibody, A.4.6.1; B: Site directed mutagenesis
was then used to “humanize” the Fab (epitope-binding) fragment of A.4.6.1. Fab-12 was used to construct the full-length antibody, bevacizumab (left). Rhu Fab v1 was

further affinity matured to produce the Fab fragment, ranibizumab (right).

ANTI-VEGF THERAPIES

The rationale for using anti-VEGF agents to treat diseases
characterized by dysregulated angiogenesis is based largely
on studies demonstrating the role of VEGF in the context
of cancer, where this angiogenic cytokine has been shown
to play a critical role in tumor growth and metastasis' . A
role for VEGF has subsequently been established in path-
ological angiogenesis in other diseases, including those af-
fecting the eye!!. Indeed, increased levels of VEGF have
been demonstrated in the eyes of patients with diabetic
retinopathy and diabetic macular edema compared to
normal controls' ', Collectively, these observations have
prompted exploration of therapies targeting VEGF as an
approach for patients with DME.

The first attempt to inhibit VEGF in ocular disease
was with the pegylated anti-VEGF aptamer, Pegaptanib
(Macugen®), a single strand of nucleic acid that binds
with specificity to VEGF-165 mRNA™, Pegaptanib was
originally developed and approved by the United Sates
Food and Drug Administration (FDA) in December 2004
as an anti-angiogenic medicine for the treatment of neo-
vascular (wet) age-related macular degeneration (AMD).
The use of Pegaptanib for DME was also explored,
and although it was not as effective as investigators had
hoped, it did confirm the therapeutic potential of anti-
VEGF therapy for diabetic eye disease!”.

K
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An alternative approach developed by Genentech to tat-
get VEGF was the use of humanized monoclonal antibod-
ies targeting VEGF-A. Since VEGF is a secreted protein, it
was vulnerable to targeting in the extracellular environment.
The first monoclonal antibody against VEGF developed by
Genentech was bevacizumab (Avastin®). Bevacizumab is a
recombinant humanized monoclonal immunoglobulin G1k
antibody that was FDA-approved in February 2004 and
marketed as a treatment for colon cancet"). However, as
emerging evidence pointed to VEGE as a central player in
ocular disease, ophthalmologist began to use bevacizumab
as an “off-label” treatment for wet AMD and later diabetic
eye diseasem’lsj; the use of intravitreal bevacizumab for the
treatment of DME is discussed briefly in this review and
extensively elsewhere in this review series.

Soon after the release of bevacizumab, Genentech
developed a second humanized monoclonal antibodies
targeting VEGF-A, ranibizumab (Lucentis®) that was
FDA-approved in June 2006 and marketed for use in the
eye“gj. Ranibizumab was created from the same parent
mouse anti-human VEGF monoclonal antibody (mAb
A.4.6.1) as was bevacizumab, and targets the identical
epitope of VEGF (AS82-91) from within the receptos-
binding domain (AS8-109) of VEGF165 (Figure 2).
Ranibizumab underwent affinity purification to improve
its binding to VEGE And like bevacizumab, ranibizumab
has neutralizing activity on all VEGF isoforms. However,
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there are five important differences between bevacizum-
ab and ranibizumab: (1) ranibizumab (48 kDa) contains
only the Fab fragment of the parental antibody, while be-
vacizumab (149 kDa) contains the Fab and Fc fragments
(whole antibody); (2) the sequence of ranibizumab dif-
fers from the corresponding sequence in bevacizumab by
six amino acids; (3) each ranibizumab molecule has one
binding site for VEGF (compared to bevacizumab’s two);
(4) ranibizumab is produced in prokaryotic Escherichia
coli, and therefore it does not carry any glycosylation sites
while bevacizumab is produced in a eukaryotic cell line
(CHO cells) and is N-glycosylated in its Fc region; and (5)
ranibizumab costs approximately 40 fold more than beva-
cizumab (32000 per injection compared to approximately
$50 per injection, respectively).

Ranibizumab was developed as an Fab fragment be-
cause it was thought that enhanced diffusion from the
vitreous into the retina and choroid could be achieved
with the smaller size molecule relative to full-length an-
tibodies"”. However, subsequent studies comparing the
two suggest that the predicted size advantage may not
translate into a therapeutic advantage in patientslzoj. Af-
finity maturation of ranibizumab was also predicted to
result in higher affinity binding to VEGF and increased
biologic activity compared to bevacizumab'”. Indeed,
initial studies using the monovalent Fab-12 (from which
the divalent bevacizumab was derived), suggested that the
binding affinity of bevacizumab is markedly lower than
what was later demonstrated for ranibizumab®". How-
ever, in a more recent study using a bivalent antibody
(which reflects the two binding sites of bevacizumab),
the dissociation constant (Kp; inversely proportional to
how tightly they bind to a molecule) of ranibizumab and
bevacizumab for VEGF-A165 was roughly equivalentlzz].

A potential disadvantage of the Fc fragment is that
bevacizumab may be more stable systemically than is ra-
nibizumab; studies in animals appear to substantiate this
predictionml. However, it remains unclear whether the
low systemic levels of either bevacizumab or ranibizumab
are sufficient to result in unwanted systemic effects. Ad-
ditionally, reasonable disagreement remains as to whether
a recent trial comparing bevacizumab to ranibizumab for
the treatment wet AMD demonstrated a difference in the
safety of the two therapies™”. Nonetheless, some authors
still argue that ranibizumab has been well studied in many
randomized clinical trials with more long-term findings
when compared with bevacizumab. Though this remains a
hot topic of debate among retina specialists, the superiority
of ranibizumab over bevacizumab has not been proven in
clinical trials and both drugs are actively in use for treatment
of VEGF driven retinopathies. A brief discussion compat-
ing the two medications clinically is found below; extensive
discussions on this topic can be found elsewhere™.

RANIBIZUMAB IN DME
DRCR trials

Several large clinical trials have investigated the role of
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ranibizumab in the treatment of diabetic macular edema
(Figure 3). The DRCR.net has conducted (and continues
to conduct) large, multicenter, randomized clinical trials
evaluating the treatment of diabetic eye disease. In an
early study, the DRCR network demonstrated that ap-
proximately 30% of patients treated with laser photoco-
agulation gained two ETDRS lines of vision after 2 years
following treatment, but up to 20% of these patients
worsened by two ETDRS lines™. This led the DRCR to
investigate additional treatment modalities. In a hallmark
paper published in 2010, the DRCR showed that intravit-
real injections of ranibizumab with prompt or deferred
laser is more effective than prompt laser treatment alone
for center involving DME"™, In this study, 854 study eyes
were randomized to sham injection with prompt laser, 0.5
mg ranibizumab with prompt laser, 0.5 mg ranibizumab
with deferred (= 24 wk) laser, or 4 mg triamcinolone
with prompt laser. Sham or ranibizumab injections were
given every four weeks up to week 12 and on a pro re
nata (PRN or as needed) basis thereafter. In the two year
follow up of this study, 29% of patients receiving ranibi-
zumab plus prompt laser and 28% of patients receiving
ranibizumab plus deferred laser had = 15 letters of im-
provement, compared to 18% of patients in the prompt
laser only group and 22% of patients in the triamcino-
lone plus prompt laser group gaining = 15 letters. The
mean change in visual acuity was a gain of 3 ETDRS
letters for the prompt laser only group and a gain of 2
ETDRS letters in the triamcinolone plus prompt laser
group. In contrast, the ranibizumab plus prompt laser
group and the ranibizumab plus deferred laser group had
a mean ETDRS letter gain of 7 and 9, respectively. At
the three-year follow uplZGJ, the ETDRS letters gained in
the ranibizumab plus prompt laser group was 6.8, and in
the ranibizumab plus deferred laser group was 9.7. The
percentage of patients with = 15 letters of improve-
ment was 26 and 32 in the ranibizumab plus prompt laser
and ranibizumab plus deferred laser groups, respectively.
Overall, this study clearly demonstrated that ranibizumab
therapy (alone or in combination with laser) is supetior to
laser monotherapy. The suggestion that the ranibizumab
plus prompt laser group may have slightly poorer visual
outcomes than the ranibizumab plus deferred laser group
will be investigated further by the DRCR.net in the lon-
ger term follow up of these patients.

READ-2 trial

The first landmark study to demonstrate the efficacy of
ranibizumab monotherapy was the READ-2 Studym.
This prospective, multicenter trial randomized 126 pa-
tients to receive ranibizumab, combination ranibizumab
and laser, or laser treatment alone in a 1:1:1 ratio. The
ranibizumab group received 0.5 mg ranibizumab at base-
line and months 1, 3 and 5. The laser group received laser
photocoagulation at baseline and month three if needed,
and the combination group received 0.5 mg ranibizumab
and laser at baseline and month three. The primary end-
point was 6 mo, but patients were followed to 24 mo.
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Figure 3 High resolution optical coherence tomography demonstrating different responses to treatment of diabetic macular edema patients with ranibi-
zumab. A: Modest cystoid macular edema (CME) with few inner retinal cysts (white arrows) and loss of the foveal contour (left) which completely resolved with return
of a normal foveal contour (NF) and excellent vision one month after a single injection of ranibizumab (right); B: Massive CME with numerous inner and outer retinal
cysts (white arrows) with complete loss of the foveal contour (left) which partially resolves resulting in a blunted but improved foveal contour (BF) and a significant im-
provement in vision following treatment with ranibizumab (right); C: Massive CME with numerous inner and outer retinal cysts (white arrows) with complete loss of the
foveal contour (left) which does not respond despite repeated treatment with ranibizumab (right). The last response is uncommon,; this patient was ultimately treated
with intraocular steroids, and did have a sustained improvement of the edema and a modest improvement in vision.

After the primary endpoint of 6 mo, all patients were potential of ranibizumab for the treatment of DME in
eligible to receive additional ranibizumab, and patients in the United States. It was anticipated that the efficacy of
the laser or combination group wete also eligible to re- ranibizumab could be extrapolated to populations outside

ceive additional laser treatments. At the primary endpoint of the United States; this assumption has been supported
of 6 mo, the mean number of ETDRS letters gained in by several international clinical trials. The RESOLVE

the ranibizumab group was 7.24 letters, in the combina- study was a smaller, multi-center, sham controlled trial
tion group was 3.80 letters, and in the laser alone group which randomized 151 patients to receive either sham,
there was a mean reduction of 0.43 ETDRS letters. In ranibizumab 0.3 mg, or ranibizumab 0.5 mg injections,
the long term follow up at 24 mo, the laser group had an monthly for three months followed by PRN treatment™,
increase of 5.1 letters, the increase in the ranibizumab Rescue treatment with laser was permitted if necessary.
group (7.7 letters) and the combination group (6.8 letters) This study also allowed for “dose doubling” at the discre-
was higher, though not significantly so. At the 24-mo tion of the investigator; thus, after month one, patients in
point, 24% of patients in the ranibizumab monotherapy the 0.3 mg ranibizumab group wete eligible to receive 0.6
group gained = 15 ETDRS letters compared with 18% mg, and patients in the 0.5 mg group were eligible to re-
of the laser monotherapy patients and 26% of the com- ceive 1.0 mg, At the 12 mo follow up, the pooled ranibi-
bination therapy patients. This trial nicely complemented zumab group had an average gain of 10.3 ETDRS letters
the DRCR trial, as it demonstrated that long-term im- compared to an average decline of 1.4 letters in the sham
provements in visual acuity could be achieved with ra- group. The percentage of patients gaining = 15 ETDRS
nibizumab monotherapy. letters was 33% and 5% for the pooled ranibizumab and

sham groups, respectively. These numbers are similar to
RESOLVE and RESTORE that found in the READ-2 study. It is unclear how to in-

The DRCR and READ studies examined the therapeutic terpret the variable dosing, and no clear guidelines can be

K
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deduced from the dosing scheme.

The RESTORE study group examined patients from
10 European countries”™. This study randomized 345 pa-
tients to one of three treatment groups: ranibizumab 0.5
myg injection monotherapy, laser monotherapy, or ranibi-
zumab plus laser combination therapy. Patients in either
the ranibizumab monotherapy or combination group
received three initial consecutive monthly injections, fol-
lowed by PRN monthly injections through month 11.
Laser monotherapy or combination patients received ini-
tial laser treatment either in one ot two sessions, followed
by re-treatment every three months if necessary. The
investigators found that at the primary endpoint (12 mo),
the average gain in ETDRS letters in the ranibizumab
monotherapy group was 6.1, in the combination group
was 5.9, and in the laser monotherapy group was 0.8.
At the 12-mo endpoint, the percentage of patients who
gained = 15 letters was 26, 27, and 9 for the ranibizumab
monotherapy, combination therapy, or laser monotherapy
groups, respectively. These percentages are consistent
with those found in the other studies discussed above.
The percent of patients gaining = 15 letters with laser
monotherapy is lower in this study compared with the
DRCR and READ-2 studies, which may reflect the fact
that this study only followed patients out to one year.
Overall, this study supports the findings of the studies
discussed above.

RISE and RIDE
More recently, results from the RISE and RIDE studies
were publishedm]. These two parallel, phase 3, multi-
center, sham controlled studies randomized patients to
sham injections, or injections with 0.3 or 0.5 mg ranibi-
zumab, on a monthly basis for 24 mo. Patients were eligi-
ble for laser rescue treatment if treatment critetia - as es-
tablished by the study investigators - were met. The RISE
study enrolled 377 patients, whereas the RIDE study
enrolled 382 patients. The patients in each study were
randomized 1:1:1 to each of the three treatment groups.
In the RISE study, at the 24-mo end point, 39.2% of
patients receiving monthly ranibizumab at a 0.5 mg dose,
and 44.8% of patients receiving monthly ranibizumab at
a 0.3 mg dose gained = 15 ETDRS letters, compared to
18.1% of patients receiving sham injections. Similarly, in
the RIDE trial, the percentage of patients gaining = 15
ETDRS letters in the 0.5 and 0.3 mg ranibizumab dose
was 45.7 and 33.0, respectively, compared with 12.3% in
the sham laser group. The studies were not powered to
compare the two doses of ranibizumab, but were pow-
ered to show significance compared with sham injections.
From the RISE and RIDE studies, it appears that fur-
ther improvements in visual acuity can be achieved with
monthly dosing of ranibizumab rather than PRIN dosing;
However, it is not clear whether monthly injections will
result in a further improvement in vision in an individual
who responds well to PRN dosing, or whether a sub-
group of patients requires monthly injections to achieve
a significant improvement in vision. Ultimately, the ad-
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ditional improvement in visual acuity in an individual
patient must be balanced with the theoretical and known
safety concerns associated with an increase in the fre-
quency of intravitreal injections of ranibizumab. Though
the treatment and dosing varied among the different tri-
als, collectively, these trials demonstrate that ranibizumab
therapy (alone or in combination with laser therapy) re-
sults in improved visual acuity outcomes than does laser
monotherapy.

SAFETY

Each of these trials also reported safety data. In each
study, the incidence of ocular adverse events, as well as

serious adverse events such as stroke or heart attack were
rare. The biggest ocular concern is endophthalmitis. In
the RISE and RIDE studies there were four total cases
of endophthalmitis out of 500 patients in the two-year
follow up of the study (0.8%; 1 in RISE with 0.3 mg ra-
nibizumab, 3 in RIDE, 1 from 0.3 mg group and 2 from
0.5 mg group). The three year follow up of the DRCR
study reported a total of 3 cases of endophthalmitis
out of 375 (also 0.8%) patients receiving ranibizumab
injections, in either the prompt or deferred laser groups.
The RESTORE study had no cases of endophthalmitis.
RESOLVE had 2 cases of endophthalmitis out of 102
injection patients (2%) over the year of the study. The
average number of injections per patient varied in all of
these studies, but generally speaking, the rate of endo-
phthalmitis was similar among the trials, and risk of en-
dophthalmitis with an individual injection was extremely
low based on these numbers.

The major systemic safety concern with anti-VEGF
treatment is thromboembolic events. In the one-year
RESTORE study there were 6 arterial thromboembolic
events (5.2%) in the ranibizumab (0.5 mg) group, whereas
only one such event occurred in the laser group and the
laser plus ranibizumab group. The group sizes were simi-
lar, and the analysis did not support a statistical differ-
ence between ranibizumab treated groups and the laser
only group. The one-year RESOLVE study also reported
a low incidence of arterial thromboembolic events with
no significant difference among treatment groups (3 of
102 in ranibizumab groups, 2 of 49 in sham group). The
two-year follow up of the DRCR study also reported
no significant difference in thromboembolic events in
ranibizumab or sham treated groups. There was a trend,
however, for a decreased number of such events in the
ranibizumab treated groups. Non-fatal CVAs occurred
in 8 out of 130 (6%) sham injection patients, and in 7
out of 375 (2%) ranibizumab treated patients. The total
number of cardiovascular events was 17 out of 130 (13%)
in the sham injection patients, and 25/375 (7%) in the
ranibizumab treated patients.

In the RISE and RIDE studies, thromboembolic
events and deaths were similar between sham and treat-
ment groups. These studies did report that the number
of deaths and CVAs were numerically higher in the ra-
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nibizumab groups compared to sham groups, with the
highest incidences of CVA and death being in the ranibi-
zumab 0.5 mg group. The number of CVAs in the RISE
and RIDE studies combined wete 4 out of 250 (1.6%), 3
out of 250 (1.2%), and 8 out of 250 (3.2%), in the sham,
0.3 mg, and 0.5 mg groups, respectively. The number of
deaths in the combined studies was 3 out of 250 (1.2%),
7 out of 250 (2.8%), and 11 out of 250 (4.4%) in the
sham, 0.3 mg, and 0.5 mg groups, respectively. At this
time, the trend towards increased CVA and death in the
higher ranibizumab group should be acknowledged but
interpreted with caution. Longer follow up studies will
be necessary to substantiate any increased risk of stroke
with ranibizumab treatment.

COMBINATION TREATMENTS AND

INJECTION FREQUENCY

The long term follow up from the DRCR.net clinical
trial raises the possibility that combination therapy with
ranibizumab and laser treatments may not be as effec-
tive as ranibizumab monotherapy alone for the treatment
of DME. In clinical practice, many physicians continue
to employ focal laser as part of the treatment for these
patients. One theoretical advantage of combination
treatment is that it may decrease the frequency and total
number of required intravitreal ranibizumab injections.
In the DRCR studies discussed above, the median num-
ber of ranibizumab injections during the first year was 8
and 9, in the ranibizumab plus prompt or deferred laser,
respectively, out of a maximum of 13. Between years 1
and 2, the median number of injections was 2 and 3, in
the prompt and deferred laser groups, out of a maximum
of 13. In year three, the median number of injections
decreased to 1 and 2, in the prompt and deferred laser
groups, respectively. This study suggests that initiating
prompt laser or deferring laser does not significantly af-
fect the number of injections needed, although the trend
is towards less total injections in the prompt laser group.
However, this decrease in number of injections in the
prompt laser groups was speculated to contribute to the
slightly worse visual acuity outcomes in three year fol-
low upl%].

The data regarding number of injections in the
READ-2 study is difficult to interpret because the fre-
quency of evaluation varied between the two groups

(every two months for the injection only group and every
three months for the combination group). Perhaps the
most straightforward comparison can be made from the
RESTORE study in which both ranibizumab mono-
therapy patients and combination therapy patients were
evaluated monthly and eligible for additional ranibizumab
injections monthly. At the 12-mo follow up, the ranibi-
zumab monotherapy group and the combination group
received a mean of 7 and 6.8 injections, with a median
of 7 and 7 injections, respectively. This data from the
RESTORE study suggests that combination therapy with
laser and ranibizumab does not reduce the number of
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required injections. However, it is not known what the
results would be if these patients were followed to two
years and beyond. Based on the current follow up data
from clinical trials, the role of focal laser in the treatment
of diabetic macular edema in the anti-VEGF era is not
well delineated.

OTHER ISSUES FOR CONSIDERATION

The wealth of data from the clinical trials described here
strongly suggests that ranibizumab, (and likely other
effective anti-VEGF therapies) are beneficial for the
treatment of DME. The safety data from these studies
suggest that ranibizumab injections, including monthly
injections for two years, are well tolerated and safe. It
also appears that treatment of DME with ranibizumab
may have additional benefits in patients with diabetic eye
disease. The progression of diabetic retinopathy in pa-
tients treated with monthly injections with ranibizumab is
significantly lower than those treated with laser photoco-
agulation”. This was not surprising since VEGF is also
known to play a fundamental role in the development
and progression of diabetic retinopathy. The use of ra-
nibizumab to treat diabetic tetinopathy is discussed else-
where. The contribution of anti-VEGF therapy to the
promotion or inhibition of peripheral retinal and macular
ischemia remains unclear; a comprehensive recent review
of this topic can be found clsewhere™.

What is also not clear is whether patients who fail
treatment with one anti-VEGF approach would be sen-
sitive to another approach. Certainly there are patients
who develop tachyphylaxis after the use of either ranibi-
zumab or bevacizumab; and these patients may respond
well to the other anti-VEGF drug. However, given the
similarities between these two medications, it would seem
unlikely that an individual patient would be sensitive to
one treatment but not the other. No large studies directly
comparing bevacizumab to ranibizumab have been pub-
lished in the setting of diabetic macular edema, but a
large study directly comparing the two medications for
the use of neovascular age-related macular degeneration
suggested that the medications are probably equivalent
for this disease™. Nonetheless, this remains a conten-
tious issue.

The use of bevacizumab for diabetic macular edema
was Investigated in the BOLT trial"”. The purpose of
this study was to compare bevacizumab therapy to macu-
lar laser therapy for diabetic macular edema. The bevaci-
zumab arm patients received three injections, six weeks
apart, followed by PRN treatment every six weeks. The
results showed that after two years, bevacizumab treat-
ment was supetior to focal laser treatment. Patients in the
bevacizumab arm gained a mean of 8.6 ETDRS Iletters,
and those in the laser arm lost 2 mean of 0.5 letters. In
the bevacizumab arm, 32% of patients gained at least
15 ETDRS letters, and the median number of injections
was 9 during the first year, and 4 during the second year.
Although the results cannot be directly compared to the
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ranibizumab studies due to differences in the specifics
of the study design and criteria, the changes seen with
bevacizumab are of similar magnitude as the changes in
the ranibizumab studies. Given the similarities between
bevacizumab and ranibizumab, the introduction of other
anti-VEGF therapies (e, aflibercept or Eylea®) may be
a better alternative for patients who fail treatment with
ranibizumab or bevacizumabm; the use of intravitreal
aflibercept for the treatment of DME is discussed else-
where in this review seties.

A final issue that remains under debate is the cost-
effectiveness of ranibizumab compared to bevacizumab.
Despite the similarities between these two medications,
there is a significant difference in the cost between ra-
nibizumab and bevacizumab. It is not clear whether the
cost difference reflects a difference in safety or efficacy
of these two medications. Several analyses have been per-
formed exploring this question; a comprehensive recent
review of this topic can be found elsewhere™.

CONCLUSION

Their remains little doubt that ranibizumab has an impor-
tant role in the treatment of DME. Current studies are
now focused on fine-tuning the recommended treatment

regimen to determine the most effective treatment dose,
frequency, and duration to optimize visual outcomes and
safety. Additional efforts to extend the interval between
treatments or to identify populations of patients who re-
quire less frequent follow up or injections are also under-
way. The results from these studies may reduce the risks
of monthly injections, and the burden on many patients
tethered by their required monthly visits to their ophthal-
mologists.
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