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ABOUT ICER

The Institute for Clinical and Economic Review (ICER), based at the Massachusetts General
Hospital’s Institute for Technology Assessment (ITA), provides independent evaluation of
the clinical effectiveness and comparative value of new and emerging technologies.

ICER’s academic mission is funded through a diverse combination of sources, including
health plans, manufacturers, private foundations, state agencies, and the federal
government; funding is not accepted from manufacturers or private insurers to perform
reviews of specific technologies.

No funding for this work was received from manufacturers of any product included in this
review.

More information on ICER’s mission and policies can be found at www.icer-review.org.
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STRUCTURED ABSTRACT

OBJECTIVES: To conduct a systematic review of the evidence on the clinical effectiveness
and potential harms of intravitreal agents which inhibit vascular endothelial growth factor
(VEGF) in patients with diabetic macular edema (DME).

DATA SOURCES: Databases searched included MEDLINE, EMBASE, and the Cochrane
Central Register of Controlled Trials. Searches were conducted using multiple terms and
subject headings, were limited to English-language reports, and focused on reports of
randomized controlled trials (RCTs) and observational studies published between January
2000 and December 22, 2011. Searches were supplemented by manual reference review.
Additional Web searches were conducted to identify relevant data presented at scientific
meetings but not yet published in peer-reviewed journals.

REVIEW METHODS: Abstract screening, full-text article evaluation, data abstraction, and
quality ratings were all subject to dual review; disagreements were resolved by consensus.
Quality ratings were assigned to RCTs and observational studies based on the methods of
the U.S. Preventive Services Task Force.

Candidate studies included those analyzing at least one intravitreal anti-VEGF agent (i.e.,
pegaptanib [Macugen®], bevacizumab [Avastin®], ranibizumab [Lucentis®], or aflibercept
[Eylea™]), in comparison to macular laser, sham injection, or other control (single-arm
observational studies were also eligible). Outcomes of interest must have included
measures of improvement in best-corrected visual acuity (BCVA), expressed in terms of
letters of vision gained or converted to such values from other standard formats. Studies
evaluating outcomes associated with a one-time anti-VEGF injection were excluded.

Analyses were both qualitative and quantitative. Direct meta-analyses were conducted on
BCVA measures for each anti-VEGF agent of interest; indirect comparisons also were
performed for each anti-VEGF pair.

RESULTS: A total of 15 RCTs and 8 observational studies were included; 11 of 15 RCTs
were rated fair- or good-quality. No RCT directly compared any of the anti-VEGF agents of
interest. Patients represented a broad spectrum of those with DME, including duration of
diabetes, level of glycemic control, comorbidity, and baseline visual acuity. In contrast to
RCTs of the other agents, Avastin studies tended to be small, single-center, and
investigator-initiated. Improvement in visual acuity relative to control was seen with all
agents; findings were notable for their (1) consistency and stability across multiple
timepoints; and (2) similarity across agents, with improvements averaging 4-9 letters.
Meta-analyses confirmed qualitative findings, with no statistically-significant and/or
consistent differences between agents in the mean difference (relative to control) in the
average change in BCVA or the rate ratio of the percentage of patients achieving a gain of
>10 letters.
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No discernible differences in the potential harms of anti-VEGFs, including ocular events
(e.g., eye infections, glaucoma), MI, stroke, and other systemic events, as well as death,
were noted in the multicenter trials or observational studies of Macugen, Lucentis, and
Eylea. Data on harms from Avastin RCTs and observational studies were underreported
and lacking in detail when reported. Examination of harms data from RCTs and
observational studies directly comparing anti-VEGF agents for neovascular age-related
macular degeneration yielded no conclusive evidence of differences in safety.

CONCLUSIONS: Evidence accumulated to date suggests that anti-VEGF therapy
improves visual acuity in patients with diabetic macular edema relative to macular laser
treatment or sham injection. Our analyses suggest no significant difference in clinical
performance among the anti-VEGF agents, however. The systemic side effect profile of
Avastin relative to Lucentis or other anti-VEGF agents remains the greatest element of
uncertainty.
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1. Background

Diabetic macular edema (DME) is a consequence of microvascular changes in the retina that
develop as a result of the progression of diabetic retinopathy (Romero-Aroca, 2010, 2011). In
DME, weakened capillaries in the eye allow fluid to cross the blood-retinal barrier, which in turn
results in retinal thickening and an accumulation of fluid in the retinal tissue of the macula.
Patients suffering from DME typically experience blurred vision, floaters and dark areas in the
visual field, and/or poor night vision. Untreated, DME causes moderate vision loss in 25-30% of
patients, and severe vision loss and blindness in many of these individuals (ETDRS, 1985;
Morello, 2007; Wong, 2009; Romero-Aroca, 2010).

Diabetic retinopathy impacts approximately 2 million adults age =65 years in the U.S. (The Eye
Diseases Prevalence Research Group, 2004). Of these, approximately 15% are estimated to have
DME (Lee, 2008; Wong, 2006), and one-half of DME patients may have “clinically significant”
disease. Clinically significant macular edema is characterized by retinal thickening or hard
exudates close to the macula center, the area most critical for preserving vision, or particularly
large zones of retinal thickening within range of the macula center (ETDRS, 1985). DME may also
be characterized as “focal”, in which disease is caused primarily by microaneurysms and other
foci of vascular abnormalities, or “diffuse”, in which widespread dilated retinal capillaries are the
primary manifestation (Ali, 1997).

Several studies have found that levels of independence and ability to perform activities of daily
living such as shopping, meal preparation, and using the telephone decreases as visual acuity
worsens (Hazel, 2000; Haymes, 2002; Bibby, 2007). Worsening DME may also affect diabetes self-
care, as patients report difficulties with reading nutrition and medication labels, testing blood
sugar, and checking feet for wounds or sores (James, 2012). In these studies and others (Brown,
2002), overall quality of life measures have been highly correlated with visual acuity irrespective
of disease etiology. For example, studies that employ the National Eye Institute Visual Function
Questionnaire (NEI VFQ-25), a vision-specific measure of quality of life and functional ability,
have found that improvements in visual acuity correspond to significantly improved perceptions
of quality of life (Sufier, 2009; Cahill, 2005; Miskala, 2003; Miskala, 2004).

Beyond decrements in daily functioning and quality of life, clinically significant macular edema
has been associated with poorer survival in patients with adult-onset diabetes (Hirai, 2008). Over
a 20-year period, the risk of death from all causes among patients with clinically significant
macular edema was estimated to be 40%, a rate twice that of patients without the condition
(Hirai, 2008).

The economic impact of DME and its treatment is also substantial. Findings from a recent study
indicate that patients with DME consume more resources overall than patients with diabetes who
do not have DME, resulting in significantly higher direct medical costs to Medicare (Shea, 2008).
A diagnosis of DME resulted in expenditures of $11,290 and $33,620 at 1 and 3 years,
respectively, a 30% increase over patients without DME when controlling for other factors.
Importantly, these data were collected prior to the introduction of expensive biologic agents to
treat DME and other ocular disorders (see Section 2). The impact on overall utilization and costs
of the introduction of these new agents is unknown.
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2. DME Management Alternatives

Treatment for patients with DME focuses on reducing inflammation and halting or slowing
fluid leakage into the retinal space, with the ultimate goals of stopping visual loss and
potentially restoring vision (Cheung, 2010). The approach to treatment depends on the
severity of underlying retinopathy and whether the macular edema is clinically significant.
Patients presenting with clinically significant macular edema are candidates for focal laser
therapy; intravitreal injections of agents that inhibit vascular endothelial growth factor
(VEGF) and/or corticosteroids are also increasingly used in these patients (AAO, 2008). For
patients with macular edema that is not clinically significant, ophthalmologists may elect to
monitor their patients for progression, treat them with focal or grid laser therapy
(particularly in patients with severe non-proliferative or high-risk proliferative
retinopathy), or utilize adjunctive agents such as anti-VEGF agents (AAO, 2008).

Input from our clinical experts indicated that the goals of treatment differ by approach.
Laser surgery is used primarily to stabilize vision, while the use of anti-VEGF agents is
intended to incrementally improve vision. In certain circumstances, experts stated that they
would start treatment with laser alone (e.g., DME affecting less than 25% of the retina), but
in most other circumstances, treatment with anti-VEGF agents could be initiated first.
Patients could receive laser treatment concurrently; alternatively, laser could be used as
“rescue” option for patients not responding to anti-VEGF therapy. Our experts also agreed
that injections of triamcinolone or other steroids are no longer in favor given their
propensity to cause cataracts and glaucoma in a significant percentage of patients.

In terms of decisions regarding which eye to treat, experts estimated that approximately
one-third of the patients they see have clinically significant DME in both eyes. If only one
eye is affected severely, there was general consensus that the worse-seeing eye would be
treated, but there was also acknowledgment that DME, even if currently severe in only one
eye, will eventually become bilateral.

In addition to the primary treatments described above, glycemic control along with
management of blood pressure and lipid control remain crucial to controlling the rate of
progression of diabetic retinopathy and preserving vision (ADA, 2011).

2.1 Laser Photocoagulation

Findings from the Early Treatment Diabetic Retinopathy Study (ETDRS) in the mid-1980s
confirmed the role of laser photocoagulation as the gold standard for treatment of DME
(Ali, 1997; Cheung, 2010). A large, multicenter trial sponsored by the National Eye Institute
(n=3,928), the ETDRS examined patients with varying degrees of diabetic retinopathy at
baseline, with or without DME (ETDRS, 1985). DME patients with clinically significant
macular edema who received prompt laser therapy exhibited significantly less visual loss
than those receiving deferred laser therapy beginning at 8 months of follow-up and
continuing through 36 months.
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Laser therapy is applied in a focal or diffuse (grid) manner, depending on the clinical
presentation of the macular edema and concurrent diabetic retinopathy (Romero-Aroca,
2010). Focal laser therapy targets individual microaneurysms, while grid laser therapy
involves the application of laser burns in a grid pattern to areas of diffuse leakage (Romero-
Aroca, 2010). Treatment usually involves an initial session, occurring in the doctor’s office,
with the use of topical anesthesia (Mayo Clinic, 2011; Fraser, 2011). Full effects of therapy
may not be seen for up to 6 months following treatment (Ali, 1997).

Response to laser therapy is difficult to predict, but it is often the case that patients who
respond to such treatment tend to be those with less visual impairment when therapy is
initiated, while those whose vision worsens despite laser therapy tend to have thicker, more
edematous retinas (NICE, 2011). Repeated treatment with laser photocoagulation within 2-
4 months may be indicated, depending on the level of resolution of the edema and
stabilization of vision (AAO, 2008).

Side effects of laser photocoagulation may include transient blurred vision, accumulation of
laser scars, neovascularization, and fibrosis (Mayo Clinic, 2011; Fraser, 2011). While laser
therapy is effective in halting the progression of vision loss, complete reversal of vision loss
and/or improvement in visual acuity are uncommon (Cheung, 2010).

2.2 Anti-VEGF Agents

VEGEF is a mediator of vascular permeability known to play a role in abnormal vessel
growth and leakage in the eye (Romero-Aroca, 2010; Cheung, 2010). Clinical development
efforts have focused on VEGF inhibition as one pathway to improving vision in DME and
other ocular conditions. Inhibition of VEGF interferes with the downstream cascade of
events that contributes to neovascularization, inflammation and edema (Romero-Aroca,
2010).

Currently, there are 3 anti-VEGF agents approved by regulators in one or more countries
for one or more ophthalmologic indications: ranibizumab (Lucentis®, Genentech, Inc.),
pegaptanib (Macugen®, Eyetech Inc.), and aflibercept/ VEGF Trap-Eye (Eylea™, Regeneron
Pharmaceuticals, Inc.). A fourth agent, bevacizumab (Avastin®, Genentech, Inc.), is a cancer
chemotherapeutic agent used in several disease states such as colorectal cancer,
glioblastoma, and metastatic renal cell carcinoma (Avastin package insert, 2011); it has also
seen significant off-label use as an intravitreal injection (Avery, 2006). Regulatory status of
each agent in the U.S., Europe, Canada, and Australia can be found on Table 1 on page 11.

Macugen

Macugen is an RNA aptamer that selectively binds VEGFe5, a particular isoform of VEGF
(Macugen package insert, 2011). Macugen was approved by the FDA, HealthCanada, and
the European Medicines Agency (EMA) for treatment of neovascular age-related macular
degeneration (AMD) in 2004, 2005, and 2006 respectively. In early 2011, Pfizer, Inc., the
European distributor of Macugen, submitted an application to EMA for an additional
indication of DME. In July 2011, Pfizer withdrew its application, believing that the
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recommendation from the internal evaluating committee of the EMA would not provide a
favorable risk-benefit assessment for this additional indication (Pfizer Ltd., 2011).

Avastin

Avastin is a recombinant humanized monoclonal antibody to VEGF type A comprised of
human and mouse DNA. Avastin was approved for use in the U.S. in 2004 as an
intravenous chemotherapeutic agent, and was first used intravenously to treat ocular
disease in patients with neovascular AMD by an investigator familiar with the molecule
(Steinbrook, 2006). Further studies have been conducted with Avastin administered as an
intravitreal injection, and this agent has seen increasing off-label use for multiple ocular
conditions including DME (Rosenfeld, 2006). Currently Avastin has not been submitted for
regulatory approval for any intraocular use (Table 1, page 11).

Lucentis

Lucentis is an antibody fragment developed from the identical parent antibody as Avastin;
both medications are manufactured by Genentech, Inc. Lucentis was approved for
neovascular AMD in the U.S. in 2006, and is authorized for multiple ocular conditions in
Australia, Canada, and Europe (Table 1). It has a licensed indication for use in DME in
Australia, Canada and Europe. A supplemental biologics license application for DME has
been submitted to the FDA with a decision expected in late summer 2012.

Avastin and Lucentis differ in two ways. First, Avastin is a much larger molecule,
approximately 3 times the size of Lucentis (Wong, 2007). It has been suggested that
Avastin’s greater molecular weight is associated with increases in both ocular and systemic
half-life, which may in turn increase the potential for adverse effects (Lim, 2011; Meyer,
2011). The plasma half-life of intravitreal Avastin has been estimated to be approximately
21 days, vs. 0-5 days for Lucentis (Wong, 2007).

There is also a difference in the cost of these agents. While the cost of intravenous use of
Avastin for chemotherapeutic purposes can exceed $4,000 per infusion, the wholesale price
of a single 100 mg vial is approximately $500; when compounded into fractional doses for
intravitreal use, the cost per injection has been reported to range from $17 - $50 (Rosenfeld,
2006). In contrast, a single 0.5 mg injection of Lucentis has a wholesale price of $1,950
(Steinbrook, 2006).

The similarities between Avastin and Lucentis, as well as uncertainty regarding how the
effectiveness and safety of these agents compares, led to the development and conduct of
the Comparison of Age-Related Macular Degeneration Treatments Trials (CATT), which
randomized patients to 4 groups based on agent (Lucentis vs. Avastin) and dosing regimen
(monthly vs. as-needed) (Martin, 2011). One-year results have been released, and suggest
equivalent efficacy and similar rates of death and specific adverse events known to be
associated with systemic use of Avastin (e.g., myocardial infarction, stroke). However, the
proportion of patients with “serious systemic adverse events” was higher with Avastin.
This finding was the subject of some controversy, however, as hospitalizations for any
cause were included in this definition and excess risks were not seen in organ systems
typically associated with systemic anti-VEGF therapy (Rosenfeld, 2011). Detailed safety
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findings from the CATT trial are available in Section 7 of this report under “Potential
Harms”.

Two-year results from CATT are expected to be presented at the Association for Research in
Vision and Ophthalmology (ARVO) meeting in May, 2012.

Eylea

Eylea is a fusion protein that binds VEGF-A and placental growth factor, another
angiogenic factor (Eylea package insert, 2011). Approved for neovascular AMD in the U.S.
in November 2011, Eylea is currently under review for use in central retinal vein occlusion
in Europe. It is not currently being considered for any indications in Australia and Canada.

Table 1 Regulatory status of anti-VEGF medications in ocular conditions
Macugen Avastin Lucentis Eylea
Australia ~ Not currently Not currently Approved for use  Not currently
under under in: under
consideration for ~ consideration for e Neovascular consideration for
ocular conditions  ocular conditions AMD ocular conditions
e DME
e ME following
CRVO
Canada Approved for use  Not currently Approved foruse  Not currently
in: under in: under
e Neovascular consideration for e Neovascular consideration for
AMD ocular conditions AMD ocular conditions
e DME
e ME following
CRVO
Europe Approved for use  Not currently Approved for use ~ Under review for:
in: under in: e ME following
e Neovascular consideration for e Neovascular CRVO
AMD ocular conditions AMD
e DME
Application for e ME following
use in DME CRVO
withdrawn
United Approved for use  Not currently Approved for use  Approved for use
States in: under in: in:

e Neovascular
AMD

consideration for
ocular conditions

e Neovascular
AMD
e ME following
CRVO
Under review for:
e DME

e Neovascular
AMD

AMD: age-related macular degeneration; CRVO: central retinal vein occlusion; DME: diabetic macular
edema; ME: macular edema
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Administration of the different anti-VEGF agents may be done in an ophthalmologist’s
office, under aseptic conditions with use of topical anesthesia and appropriate antibiotics.
The volume of each injected agent is identical: 0.05 ml. The approved dose of Lucentis is
0.5 mg, given every 4 weeks (Lucentis package insert, 2010). The observed dose of Avastin
for intravitreal use is 1.25 mg, also given every 4 weeks. Macugen is dosed as 0.3 mg every
6 weeks (Macugen package insert, 2011), and Eylea is given as 2 mg every 4 weeks for 3
months, and every 8 weeks thereafter. Ophthalmologists observe their patients following
the procedure for signs of increased intraocular pressure and infection, and patients
typically use antibiotic eye drops for 2-3 days as a prophylactic measure.

As described previously, input from clinical experts indicated that anti-VEGF agents may
be used alone or in combination with laser photocoagulation, given before, after, or at the
same time as anti-VEGF therapy. Opinions were mixed on the course and number of
injections required; our experts reported that between 3 and 6 injections are typically given
at 4-6 week intervals before vision is re-evaluated and a decision made about the need for
further treatment. The course of treatment is heavily dependent on the level of glycemic
control maintained: the poorer the control, the greater the number of injections required.

In terms of the choice of anti-VEGF agent, our experts said that in the clinical practices of
which they are aware, Avastin is used as the initial anti-VEGF agent for the majority of
patients because it is viewed as equally effective compared to Lucentis and more affordable.
Macugen was not used as an initial agent, although there was mention of its occasional use
as a maintenance therapy once patients appear to be “leveling off” on other anti-VEGF
agents. Eylea was not currently being used because it was viewed as too new an agent on
which to form an opinion.

Because Avastin is only commercially-available as a solution to be administered
intravenously as a chemotherapeutic agent, it must be compounded and repackaged to be
used as an intravitreal injection. In the summer of 2011, 4 clusters of infectious
endophthalmitis were identified in patients receiving repackaged Avastin, raising concerns
about variability in aseptic technique among compounding pharmacies (Goldberg, 2012).
Two of these clusters were at Veteran’s Administration (VA) hospitals, prompting the VA
to suspend use of Avastin for ocular conditions until further notice (Berkrot, 2011). The VA
has since rescinded this order, and both the VA and American Academy of Ophthalmology
(AAO) have issued new guidelines requiring the repackaging of Avastin by accredited
compounding pharmacies that adhere to U.S. Pharmacopeial Convention (USP) quality
standards for aseptic technique (VA National PBM Bulletin, 2011; AAO, 2012).

Patients who should not receive intravitreal anti-VEGF agents are those with ocular or
periocular infections, as well as those with hypersensitivities to the medications or their
components. Side effect profiles vary among the different agents and include transient eye
pain, cataracts, vitreous hemorrhage, retinal detachment, and endophthalmitis (Boscia,
2010; Cheung, 2010; AAO, 2008). Use of intravitreal anti-VEGF agents may also be
associated with systemic cardiovascular and/or thrombotic events. For further discussion
on this issue see “Potential Harms” in Section 7 of this report.

© Institute for Clinical and Economic Review, 2012 12



2.3 Additional Therapies

Although not part of the scope of this assessment, other therapeutic alternatives are
available to treat DME, particularly for patients who are refractory to initial treatment.

Vitrectomy

In patients refractory to laser therapy or with macular traction (i.e., tension on the central
macular area of the retina, causing blurred or distorted vision), vitrectomy is an alternate
approach, involving the removal of fluid and scar tissue from the middle of the eye through
a small incision (Mayo Clinic, 2011; Boscia, 2010). Potential benefits of this surgical
procedure include a decrease in macular edema and diminished risk of retinal
neovascularization (Stefansson, 2009); associated risks include iris neovascularization,
cataract formation, and endophthalmitis (AAO, 2008). Changes in visual acuity with
vitrectomy have yet to be confirmed in randomized, placebo-controlled trials, however, and
its place in therapy remains undetermined (Boscia, 2010; AAO, 2008).

Intravitreal Corticosteroids

While the intravitreal use of corticosteroids in DME has not received FDA approval, several
agents have been investigated as therapeutic alternatives given their anti-inflammatory
properties. The primary medication used is triamcinolone acetonide; potential benefits
include improved visual acuity and decreased macular edema (Boscia, 2010; Cheung, 2010).
Adverse effects, however, are observed frequently with the use of intravitreal
triamcinolone, including increased intraocular pressure, cataract progression, development
of glaucoma, and endophthalmitis (Boscia, 2010; AAO, 2008). In the era of anti-VEGF
agents, many ophthalmologists consider the use of intravitreal corticosteroids as a last-
choice alternative. Current studies are investigating triamcinolone and other
corticosteroids as adjunctive therapy to laser therapy or other intravitreal injections (Boscia,
2010).

24 Ongoing Clinical Studies

(from www.clinicaltrials.gov)

There are 13 ongoing clinical studies of DME treatment for which patient recruitment is
complete. Table 2 on the following page summarizes the 7 largest of these studies (>50
patients). One relatively small (n=53) study (IBERA-DME) is a head-to-head trial of
Lucentis and Avastin; this study is scheduled to complete in September 2012.

As previously mentioned, while not specific to DME, the Comparison of Age-Related

Macular Degeneration Treatments Trials (CATT) will release 24-month efficacy and safety
data for Lucentis and Avastin at the ARVO Annual Meeting in May 2012.
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Table 2 Ongoing studies in DME

Estimated
Completion
NCT ID Name Trial Sponsor Design Primary Outcomes Populations Treatment Arms Date
NCT00444600 LRT for DME Diabetic Retinopathy Phase Il A BCVA with various n=691 Triamcinolone Mar 2012
Clinical Research subgroup analyses Acetonide 4 mg +
Network; National Eye A OCT; BCVA <=78 and laser; Lucentis 0.5 mg
Institute (NEI); # of Injections in First >=24; OCT >250 + laser;
Allergan; Genentech Year; microns Sham injection +
# of Laser Treatments laser;
Received Prior to the 1 Lucentis 0.5 mg +
Year Visit deferred laser
NCT00901186 RED-ES Novartis Phase II A BCVA 12-month. n=84 Lucentis 0.5 mg vs. Jul 2012
Pharmaceuticals [Time Frame: 4 weeks] laser
HbAlc <11.0%;
CSME in >1 eye;
BCVA of 78 to 25
letters;
OCT >250pm
NCT01487629 IBERA-DME University of Sao Phase II A BCVA; n=53 Avastin 1.5 mg; Sep 2012
Paulo; Fundacéao de A CSFT Lucentis 0.5 mg
Amparo a Pesquisa do BCVA >20/40
Estado de Sao Paulo and < 20/800;
OCT thickness >
300 pm
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Estimated

Completion
NCT ID Name Trial Sponsor Design Primary Outcomes Populations Treatment Arms Date
NCT01171976 RETAIN Novartis Phase Il  ABCVA n=374 Lucentis 0.5 mg "treat May 2013
Pharmaceuticals VFQ-25 and EQ-5D & extend"+ laser;
A CSFT HbA1c<12.0% Lucentis 0.5 mg "treat
BCVA >39and < & extend";
78 letters Lucentis 0.5 mg PRN
NCT00168337 - Allergan Phase Il % with BCVA 215 Letters n=510 per study Dexamethasone 700 Jun 2013
NCT00168389 from Baseline Bg
[Time Frame: Baseline, 36 Decrease in VA in  Dexamethasone 350
Months] at least 1 eye; VA g
in other eye no Sham
worse than 20/200
NCT01363440 VISTA DME Regeneron Phase Il A BCVA [ Time Frame: n=466 Eylea vs. laser Nov 2014
Pharmaceuticals; Bayer week 100 ]
BCVA of 73 to 24

letters in the study

eye

BCV A=best corrected visual acuity; CRT=central retinal thickness; CSME=clinically significant macular edema; CSFT=central subfield thickness;
HbAlc=glycosylated hemoglobin test; OCT=optical coherence tomography; PRN=as needed;
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3. Clinical Guidelines

American Academy of Ophthalmology, 2008

“There is insufficient evidence to make definitive treatment recommendations for
intravitreal therapies, but anti-VEGF agents and intraocular corticosteroids show promise
in treating diabetic macular edema and neovascularization. The visual gain found in the
initial 1 year follow-up is encouraging, but longer follow-up is needed to determine which
treatment strategies are most beneficial for patients with DME.”

Available at:

http:/ /one.aao.org/CE/PracticeGuidelines/PPP_Content.aspx?cid=d0c853d3-219f-487b-
ab24-326ab3cecd9a

American Diabetes Association, 2011

“Laser photocoagulation therapy is indicated to reduce the risk of vision loss in patients
with high-risk proliferative diabetic retinopathy, clinically significant macular edema, and
in some cases of severe non-proliferative diabetic retinopathy.” Intravitreal injections with
anti-VEGF or other agents are not listed in the treatment recommendations section of this
document.

http:/ /care.diabetesjournals.org/content/35/Supplement 1/S11.full

American Optometric Association, 2009

“Intravitreal steroid injections, such as triamcinolone, and intravitreal anti-VEGF injections,
such as- Avastin or Lucentis, are sometimes used in clinical practice to treat macular edema,
despite the lack of definitive studies on their effectiveness or safety.”

http:/ /www.aoa.org/documents/CPG-3.pdf

Joslin Diabetes Center, 2010

“For clinically significant macular edema, focal laser and/or intravitreal Lucentis injection
is generally indicated regardless of level of retinopathy. If a patient is receiving intravitreal
Lucentis injection, follow-up may be as frequent as monthly. Intravitreal injections of
steroids and anti-VEGF agents other than Lucentis are sometimes used in clinical practice to
treat macular edema despite limited studies on their effectiveness or safety to date. These
modalities are currently under rigorous investigation to further define their role.”

http:/ /www.joslin.org/bin_from cms/Adult guidelines -edit 7 2 10.pdf
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4. Previous Technology Assessments

Health technology assessment documents evaluating treatment modalities for DME were
searched for from agencies in the U.S,, Canada, the U.K., Germany, and Australia. No
reports were found from the U.S., Germany, or Australia.

Canadian Agency for Drugs and Technologies in Health, 2012

Lucentis has been submitted to the Common Drug Review (CDR) and is currently under
review by the Canadian Agency for Drugs and Technologies in Health (CADTH) for use in
patients with DME. A recommendation is anticipated in March, 2012.

http:/ /www.cadth.ca/media/cdr/tracking/cdr tracking Lucentis.pdf

National Institute for Health and Clinical Excellence, 2011

In final guidance (November 2011) from the National Institute for Health and Clinical
Excellence (NICE), Lucentis was not recommended for use in patients with DME. The
primary reason for this was that the committee believed there remained too many
uncertainties around the assumptions of the economic analysis, thereby concluding that
Lucentis is “not an effective use of NHS resources”. A new review of the evidence may be
considered as early as March 2013.

http:/ /www.nice.org.uk/nicemedia/live/13621 /57342 /57342 .pdf

Scottish Medicines Consortium, 2011

In June 2011 the National Health Service (NHS) in Scotland conducted a single technology
assessment of Lucentis use in patients with DME. Despite strong clinical evidence of effect
and a positive association with patient reported outcomes, the Scottish Medicines
Consortium (SMC) concluded that Lucentis was not recommended for use in patients with
DME. The basis for this decision was insufficient evidence justifying the economic impact
of Lucentis.

http:/ /www.scottishm