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Expertopinion

Background: Age-related macular degeneration (AMD) affects > 14 million
individuals worldwide. Although 20% of patients with AMD have the dry
form, neovascular AMD accounts for the vast majority of patients who
develop legal blindness. Until recently, few treatment options existed for
treatment of neovascular AMD. The advent of anti-VEGF therapy has sig-
nificantly improved the safe and effective treatment gf.negvascular AMD.

For personal use only.

on (AMD) affecis > 1.75 million individuals in the

US and it & d ¢ y 2020 this number will increase to almost 3 million ).
Worldwide, Al mated to affect 14 million people [21. While the vast major-

ity of patients suffering from AMD have the dry form, ~ 80 — 90% of patients who

{evelop severe vision loss have the neovascuar or ‘wet’ form of the disease [2]. Uniil
devel loss have th i t { the d @, Unal
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recently, healtheare professionals had few options when it came to

reating neovascular
AMD. For many years, subfoveal choroidal neovasculatization (CNV) was weated
with argon laser therapy according to guidelines from the Macular Photoccagulation
Study [4-121. This trearment, in the setring of subfoveal disease, was unsatisfactory for
a number of reasons, including the limited benefits in visual swabilization and the
high sk of inducing central vision deficits {13]. Treatment outcomes improved with
the introduaction of photwodynamic therapy (PDT) which wtilized & photosensitizing

dye {verteporfin) to selectively rargec CNV. While more efficacious than previous
treatments, patients receiving PDT failed to recover vision and continued to experi-
ence a decline in visual acuity (141 and the weatment was of questionable cost

. - ‘ : . : . -
Eﬁf@g« a : cifectiveness (151
= L 8 § . : The more recent development of agents thar inhibic VEGF has largely
: h&aithiaf@ : : supplanted these previous treatments. The pathogenesis of CNV in the setting of
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VEGF Trap-Eye

AMD is complex; however, there is overwhelming evidence
s. VEGE

are expressed by a number of important cell types

that VEGF is a predominant mediator in its ger

receptors
in the eye, including vascular endothelial cells, choroidal
fibroblasts, retinal pigment epithelial cells and inflammatory
cells auracted by hypoxia (16191, Higher levels of VEGF
expression have been demonstrated in animal models 021
and human studies of eyes with AMD 1172224 and antago-
nism of VEGF in both settings have definitively demon-

strated inhibition of neovascularizarion and vascular permeability.
VEGEF-A is the predominant member of the VEGF family
targeted by drugs currently in widespread use; however, the
group s also comprised of VEGE-B, VEGF-C, VEFG-D and
placenwl growth factors-1 and -2,

Systet

ic administration of bevacizumab is effective against
neovascular AMDY; however, systemic complicadons limir its
use [25). Accordingly, all anti-VEGFE agents for neovascular
AMD are administered ounly by intravirreal i m}ectmn The two
la rgu.t studies examining anti-VEGF the'ap v, the MARINA [2¢;
and the ANCHOR 127,281 tials, were randomized, controlled,
ked Phase HI clinical trials that together evaluated
monthly ranibiznmab for the tearment of all types of neovas-
cular AMD. In both trals, 94% of patients with neovascular

double-mas

AMD lost fewer than 15 lerters of visual acuiy at 12 and
24 months when weated with ranibizamab. Surprisingly, as

many as 40% of patients in the two trials improved by » 15
leteers from baseline at

B

2 years. Ranibizumab received the
FDA approval for all eypes of neovascular AMD in 2006,
Based on the results of these two landmark studies, anti-VEGE
therapies for neovascular AMD have largely replaced previous
treatment modalities

2. Background

2.1 Overview of the market (unmet needs,
competitor compounds/in dinical development}

By far the most commonly used antd-VEGF drugs currently
in use for neovascular AMD are ranibizumab and bevaci-
zumab. Pegaptanib was the first anti-VEGF drug approved
by the FDA for the trearment of AMD; however, it proved
fess efficacious than current treatments [13) {possibly duc to
its selective binding of VEGF-1635) and is no longer widely

used in most counties. Ranibizumab is the only drug in
widespread use currently approved by the FDA for treat-
ment of neovascular AMD and is by far the most extensively
studied [26.27.29,301. It is a recombinant monoclonal antibody
o

fragment with a high binding affinity for all isotypes of

VEGE-A. Bevacizumab, currenty being used off-label for
the treatment of AMD in the US, is a humanized whole
antibody o VEGE-A used in oncology regimens rhat also
binds all isotypes of VEGF-A. A]t"mugh rani
been shown to have 2 higher affinity for VEGE-A, it is not
clear if ranibizumab has superior efficacy to bevacizumab.
Retrospective and small randomized studies have suggested
similar efficacy profiles 131321, The Comparisons of Age-Related

sumab has

Macular Degeneration Treatment Trial (CATT) is a 2-year,

multi-centered, randomized clinical trial comparing ranibi-
zumab and bevacitzumab for neovascalar AMD. Enrollment
began in February 2008. Despite the off-label status of beva-
cizamab, it continues to be a popular treatment choice in the
US because of the significandy reduced price of treatment
{$ 50 - 100 for bevacizumab versus $ 2000 for ranibizumab

2008 pricing)).

As previously mentioned, the MARIMNA 26) and the
ANCHOR [27.28] trials examined the efficacy of ranibizumab
when administered monthly. The time and financial burden
of monthly injections has led to the initiation of studies 0
cxamine the efficacy of alternative dosing schedules. In the
PIER study (01, patienss initially received monthiy injections

of ranibizumab for 3 months followed by quarwrly injec-
tons. Although patient visual acuides actually improved at
3 months, daring the quarterly dosing segment visual acuity
rerurned to baseline. The PrONTO study 9] looked at as
needed (p.rn) dosing of ranibizumab after three consecutive
monthly doses. The need for further injections was made on
the basis of recurrent CNV as mdcnccd by worsening
vision, retinal {Hickemng on ocular coherence tomography

{OCT) or abnormalities on fluorescein angiogram (FA). At
2 years of follow up, 78% of patients had maintained vision
and vision had improved by > 3 lines in 43% of patients
with an average of five injections a year. These later studies

seem to indicate that quarterly dosing is associated with

poorer outcomes but it may be possible to extend the tume
between injections if the patient is frequendy monitored.
However, even with the p.r.o. dosing utilized in the PFrONTCO
study, patients are still required to make monthly visits to the
office with frequent and expensive testing.

The development of new drugs for neovascular AMD has
thus focused on both improving efficacy and extending
duration of actdon. Most new compounds in development
are targeted toward inhibition of various steps in the VEGF
signaling pathway. There are a number of drugs in develop-
ment that inhibit the downstream ryrosine kinase cascade
activated by the binding of VEGF with its
(VEGFR). Vamalanib is an oral formulation thar binds 1o all
three VEGFERs and has recently completed Phase Vil study
as adjuvant to PUT and ranibizumab (331, Topical tyrosine

recep tor

ly undergoing Phase I clinical stud-

kinase inhibitors curr
ies include pazopanib

7

and TGI00801 (351, Another
¢ ice genes which express pro-
teins involved in angiogenesis. Bevasiranib, an siRNA that
targets VEGF-A mRNA, showed encouraging Phase [ and I
data, bur the Phase 111 rrial was halted in March 2009 for
point 3¢ An
extra antlangiogenic target being developed is pigment
cpithelium-derived factor (PEDF), a potent inhibitor of new
vessel growth, AAGVPEDELID uses an adenovector to
deliver the PEDF gene to warget cells, resuling in the local
production of PEDF in the treated eye. AJGVPEDEILD
has recently completed Phase T clinical wials 1371, Another

projected failure to meet the primary end
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recently discovered alternative pathway for decreasing angio-

genesis involves inhibiton of nicot
tors. ATG3 lamine}, a topical formulation that
inhibits the nicorinic acetylcholine receprors, has shown
promising results in animal and Phase I wrials and is carrenty
undergoing a Phase 11 study 1231

inic acetyicholine recep-

2.2 Introduction to compound

VEGF Trap-Eye is a novel anti-VEGF drug currendy in
commercial development for the trearment of neovascular
AMD by Regeneron Pharmaceuticals, Inc. {Tarrytown, NY,
USA) ia the US and in collaboration with Bayer HealthCare
{Leverkusen, Germany) in  global markets. Structurally,
VEGE Trap-Eye is a fusion protein of key binding domains
of human VEGFR-1 and -2 combined with 2 human IgG
Fe fragment (Figare 1). Functionally, VEGF Trap-Eye acts as
a receptor decoy with high affinity for all VEGF isoforms,
binding more tightly than their native receptors. Unlike
anti-VEGE  drugs currently in use, VEGF Trap-Eye is
designed o y

hibit placental growth factors-1 and -2 in
addition to all isoforms of VEGF-A.

2.3 Chemistry

VEGF Trap-Eye and aflibercepr (the oncelogy product) have
the same molecular structure, but there are substandal dif-
ferences between the prepararion of the purified drug prod-
uct and their formulations. Both aflibercept and VEGF
‘frap-Eye are manufactured in bioreactors from industry
standard Chinese hamster ovary cells that overexpress the
fusion protein. However, VEGF Trap-Eye undergoes further

E}u['iﬁ’ ton St{,pS (~L1El 15 A ll*d&,tu"l"l\) o minimize I‘;‘ui OF

irvitarion to the eye. VEGF Trap-Eye is also formulated with
different buffers and at different concentrations (for buffers
in common) suitable for the comfortable,

direct injection into the eye.

non-irritating,

24 Pharmacodynamics

The aflibercept dose that is admiuistered in oncology setrings
is cither 4 mglkg every 2 weeks or 6 mglkg every 3 weeks,
which corresponds to 2 mg/(kg week) with either schedule.
The highest intravitreal dose being used in pivotal tials for
VEGF Trap-Eye is 2 mg/month, which corresponds o ar
feast a 280-fold lower potential systemic exposure than in the
oncology setting. Farly rials with aflibercept administered
intravenously for AMD indicated that doses of 0.3 mglkg
(21 mg twowl) were inadequate to fully caprure systemic
VEGE Thus, the low intravitreal dose of 2 rag allows for
extended blocking of VEGEF in the eye, but would be pre-
dicted to give negligible systemic activity as it will be rapidly
bound to VEGF and inactivated.

2.5 Pharmacokinetics and metabolism

Aflibercept is cleared from circulation through two pathways:
by binding o VEGF to form an inactive VEGE-aflibercepr
complex and by Fe-recepror or pinocyrotic mediated pathways

Bixon, Cliver, Glson & Mandava

that end in proteolysis, which are presumed o be similar o
pathways that metabo

ze antibodies. At very high doses, free
aflibercept has a terminal half-life of ~ 17 days in the circu-
lation. The half-life of human intravitreal doses is unknown.
Intravitreal pi'li*i;ztc doses of ranibizumab have a half-ife of
~ 3 days {281, Ar low blood levels, clearance of fre
cept is rapid as a result of binding o VEGF with pi
affiniry 391

C

2.6 Clinical efficacy

2.6.1 Phase !

A Phase {, randomized, double-blind, placebo-conrrolled trial
of intravenous aflibercept (oncology formulation) was com-
pleted in 25 padents with AMD, Although systemic afliber-
cept did demonstrate a dose-dependent decrease in retinal
thickness, the study was halred due 1o concerns of dose-
dependent toxicity when one patient developed hypertension
and another prowcinuria [40].

The safety, tolerability and biological activity of intravitreal
VEGEF Trap-Eye in trearment of neovascular AMD was eval-
vated in the two-part Clinical Evaluation of Anti-anglogenesis
in the Retna-1 (CLEAR-IT-1) study 1411, The first parr was
a sequential cohort dose-cscalation study in which 21 patients
;, changes in foveal thickness on
OCT, best corrected visual acuity (BCVA} and lesion size on
FA for 6 weeks. No adverse systemic or ocular events were

were monitored for saf

noted and visual acuity remained swble or improved =
lines in 93% of patdents with a mean increase in B(J\v;
of 4.6 letters at & weeks 421, Patients showed substantdally
decreased foveal thickness 1411,

In the sccond part, 30 patients received a single intravitreal
injection of cither 8.5 or 4 mg of VEGF Trap-Eye and were
foliowed for 8 weeks. All patients were evaluated for their
rates of retreatment, changes in BCVA, foveal thickness as
well as change in total lesion size and arca of CNV. Patients
had ETDRS (Bady Treatment of Disberic Retinopathy
Study) BCVA ranging from 20/40 to 20/320 with any angio-

graphic subtype of CNV at baseline. No serious adverse
events or ocular inflammation was identified during the
study. At 8 weeks, the mean decrease in retinal thickuess in
the low dose group was 63.7 pm compared to 175 um for
the high dose group. OFf the first 24 patients o complete the
stady, 11 out of 12 padents in the 0.5
required retreatment in 3

mg dose group
» median of 64 days, compared with
4 out of 12 in the 4 mg dosg group who required retreatment
in & median of 69 days

Y
safety study for the treatment of disberic
(DME) 144, T
intravirreal injection to five patients wit

5F Trap-Eye has ,ﬂso undergone a small open-label
macniar edema
he drug was adrministered as a single 4 mg
t longstanding dia-
betes and several previous treatments for DME. The single

resulred in a median decrease of central macular
thickness measured by OCT of 79 pm. BCVA increased by
9 letters at 4 weeks and regressed to 2
at 6 weeks.

3 letter improvement

Expart Opip. Investig. Drugs (2009) 18(10)

Regeneron Ex. 2023
Alvotech v. Regeneron
PGR2025-00085

Page 3 of 8




Expert Opin. Investig. Drugs Downloaded from informahealthcare.com by Nyu Medical Center on 06/23/15
For personal use only.

VEGF Trap-Eye

VEGFR1 VEGFR2 VEGF

Trap

VEGFRT 10~ 30 pbd
VEGFR2 100 - 300 pM
VEGF Trap Eye ~ 0.5 pM

TYYTIe

% Y YYYYY

Figure 1. Schematic diagram of VEGF Trap-Eye, a fusion
protein of binding domains of VEGF receptors-1 and -2
attached to the F¢ fragment of buman igG.

26.2 Phase li

CLEAR-FIR2 weial 1950 was o prospective, randomized,
multi-center, controlled dose- and interval-rangiog Phase 11
trial in which 157 padents were randomized to five dose
groups and treated with VEGE Trap-Eve in one sye. The
niean age of the group was 78.2 years and all angiographic
subtypes of CNV were represenied at basshine. The mean
ETDBS BCYA in letters at baseline was 56. Two groups
received rapnthly doses of cither 8.5 or 2.0 mg for 12 weeks
(at weeks 0, 4, 8 and 12) and three groups received quar-
tedy dases of cither 0.5, 2.0 or 4.0 mg for 12 weeks
{at weeks 0 and 12), Pollowing this fixed dosing period,
patients were treated with the same dose of VEGE Trap-Eve
on 2 p.rn. basts. Criteria for re-dosing included an increase in
central retinal thickness of 2 100 pm by OCT, aloss of 2 5
ETDRS letters in conjunction with recurrent fluid by OCT,
persistent fluid as indicared by OCT, new onset classic neo-
vascularization, new or persisient leak on FA or new macular
subretinal hermorthage.

Patients initially teated with 2.0 or 0.5 mg of VEGF Trap-
Eye monthly achieved mean improvements of 9.0 (p < 0.0001)
and 5.4 {p < 0.085) ETDRS letters with 29 and 19% gaining,
respectively, 2 15 ETDRS Jewters at 52 weeks. During the
p.rn. dosing period, patents initially dosed on a 2.0 mg
roonthly schedule recetved ao average of 1.6 muore njections
and those initially dosed on a 0.5 mg monthly schedule
received an average of 2.5 injections. The median time w fust
reinjection in all groups was 110 days and 19% of patients
required no raore injections at week 52. Patients (o these two
monthly dosing groups also displayed mean decreases in

retinal thickness versas baseline of 143 pm {p < 0.0001) in the
2.8 mg group and 125 pm (p < 6.0001) in the 8.5 mg group
at 52 weceks as measured by OCT 14

Patients in the three quarterly dosing groups also showed

ents in BCVA and retinal thickness; how-
ever, they were generally not as profound as the monthly
injection group [45).

mean im? rovern

2.6.3 Phase lii

A two part Phase 11 wial of VEGF Trap-Eye was initiated in
August of 2007. The first part, VIEW 1 (VEGF Trap:
Investigarti

n of Efficacy and safery in Wert age-relared macular
degencration) [46] will enroll ~ 1200 patients with neovascu-
far AMD 1o the US and Canada. This non-inferierity study
will evaluate the safety and efficacy of intravitreal VEGF
Trap-Eye at doses of 0.5 and 2.0 mg administered ar 4-week
dosing intervals and 2.0 mg at an 8 week dosing interval
{following three monthly doses), compared with 6.5 mg of
ranibizamab administered every 4 weeks. After the first year
of the study, patients will enter a second year of p.tn. desing
cvaluation. The VIEW 2 147) study has a similar study design
and is currendy enrolling patents in Europe, Asia Pacific,
Japan and Latin America. In both o

the primary out-
come will be the proportdon of patients who mainain vision
at week 52 {defined as 2 loss of < 15 ETDRS letters).

27 Safety and tolerability

Based on Phase U study data, VEGF Trap-Eye seems to be
zenerally well tolerated with no serious drog-related adverse
events. In the 157 patents enrolled in CLEAR-IT 2 trial,
there was one reported case of culture-negative endophthal-
mits not deemed to be relared to the study drug, There
were also two deaths {one from pre-existing pulmonary
hypertension and one from pancreatic carcinoms) aud one
arterial thromboembolic event (in a patient with a history of
previous stroke) that occurred during the study period, but

no serious emic adverse events were deemed related o

VEGF Trap-Eye administravion. The most common adverse
events reported in the study included conjunctival hemor-
rhage (38.2%), transient increased intraocular pressure
{18.5%), refraction disorder {15.9%), retinal hemorrhage
{14.6%), subjective visual acuity loss (13.4%), virreous
detachrent (11.3%) and eye pain (9.6%) (451

3. Conclusion

Anti-VEGF therapy has vastdy improved the treatment of
neovascular AMD in terws of both safety and efficacy. The
ANCHOR 26; and MARINA [27.28) erials have established
ranibizumab as an effective therapy when dosed meonthly. It

has been shown to stabilize vision in 94% of patients and in
almost 409 of patients vision will actually improve by 3 or
more lines. However, the monthly dosing schedules used in
these trials present a financial and time burden to patiems
and healtheare practitioners. The more recent PIER (305 and
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PrONTO 129 trials have shown that ranibizumab is less
effective when dosed quarterly, but it may be possible to
extend the time between injections when patients are
followed closely with frequent examinations and ancillary
testing. The most effective dosing regimen and monitoring
program for ant-VEGF therapy has yer to be firmly estab-
fished but new treatments are aimed at extending and
improving on the efficacy of ranibizumab. VEGE Trap-Eye
differs from established and-VEGF therapies in it higher
binding affinity for VEGF-A and iis blockage of placental
growth factors-1 and -2. Phase I data demonstrated accept-
able safety and tolerability of VEGF Trap-Eye in the weat-
ment of neovascular AMD. In Phase I study data, patients
desed in a similar fashion to the PrONTO wial demon-
strated stabilization of their vision that was similar to previ-
ous studies of ranibizumab at 1 year. Of the greatest interest,
patients dosed at 2.0 mg during the initial monthly dosing
period required 1.6 i

dosing phase. While this number is difficult o compare
directly 1o the number of injections required during the
p.r.o. phase of the PrONTO ranibizumab study, it is prom-
ising. A direct comparisen of the efficacy of VEGF Trap-

jections on average during the p.rao.

}

ye

versus ranibizumab will be possible with the completion of

two Phase HI trials, the VIEW-1 and -2 studies.
4. Expert opinion
‘The advent of anti-VEGE therapy for treatment of neovascu-

far AI\AD has revolutionized therapy for a common blinding
disease. Before the development of pegapranib, ranibizumab
and bevacizumab, the diagnosis of neovascular AMD por-
rended a prognosis of nearly universal decline in vision, and
- ) cy e N

frequently loss of useful vision in the affected eve.

Carrent treatment regimens with either ranibizumab or
bevacizumab now afford swbilization of visien tn > 90%
ne-third of sll
patients treated. There have been no significant, proven

of patients, with significant vision gain in o

adverse systemic effects with rthe inmaocular use of either
drug. However, limitations of current therapy include the
need for frequent intraccular injections, as often as
monthly, without a defined stopping point. Each injection
subjects patients to risks of cataracr, inrraocular inflamma-
don, rednal detachment and endophihalmitis. A signifi-
cant time and financial burden falls on patients during
thelr treatment course

Desirable atiribures for emerging therapies for neovascular

AMD include higher visual improvement rates and decreased

dosing intervals, For other indications, time-release delivery
methods have met with some success, including the follow-
ing agents: intraocular steroids, including polymeric fluoci-
nolone and dexamethasone, lasting 3 years and 6 months,
respectively  [48-50), and for a single biologically active
cytokine, ciliary neurowophic factor, which is released for a
eriod greater than 1 year by encapsulated, bioenginesred,
implanted cells (511

While efforts are underway 1o develop

Bixon, Cliver, Glson & Mandava

encapstlated cell technology for sustained-release ant-VEGF
therapy, no tavestigational drugs or devices have progressed
yet to clinical wial enrollment.

VEGFE 'IhD?Eye represents the most promising anti-VEGE
igational drug that is currently in Phase I wial. VEGF

)

invest
Trap-Eye, a decoy VEGE recepror protein, binds all isoforms
of free VEGF with high affinity, in addidon o placental
growth factor. In contrast to current anti-VEGY antibodies,
which are rapidly cleared, the VEGF-VEGF Trap complex
is relatively inert, and is degraded more slowly. Duc to its
high binding affinity and the ability to safely inject high
doses 1ato the eye, VEGE Trap-Eye may have longer dura-
tion of effect in the eye. Two Phase I studies in wet AMD,
VIEW 1 and VIEW 2, are currently under way and seek to
compare monthly
VEGF Trap-Eye,
Data from the Phase I study with VEGF Trap-Eye were
positive and the results from the non-inferiority Phase 1H{
trials will establish its efficacy versus ranibizumab. Its adop-
ton into clinical practice will depend on efficacy at 4 and

8 week intervals. If effective ar 4 week intervals oplv, VEGF

ranibizumab to monthly or bimonihly

Trap-Eye will be adopred inte clinical practice if it offers a

competitive price advantage over ranibizumab. If cff'cc-.lve at
intervals, VEGF Trap-Eye offers the oppmmmty o
ificantly reduce treatment burden on patients and physi-

8 wee

=3

cians, and would probably find wide acceptance. The second
p.ra. dosing stage of the Phase HI wrial will also provide
insight into whether VEGF Trap-Eye offers longer duration
of treatment effectiveness than ranibizurab.

Data from the VIEW-1 and VIEW-2 trials will need o
be interpreted by clinicians in the context of emerging adju-
vant therapies that may extend the time berween anti-VEGFE
therapy injections. Many clinicians now treat patients with
anti-VEGF therapies in combination with verteporfin PDT.
Randomized, open-label studies and one farge retrospective
case series database seem to indicate lower retreatment rates
and improved visual outcomes when compared with mono-
therapy [52-531. As a result, at least two prospective, randomized
trials are currently underway to further examine combination
verteporfin PDT and anti-VEGF treatments 56571
combination treatment currently under study s the use of
epiretinal brachyther‘zpv with Strontium-9¢ combined with

An exrs

bevacizumab. A recently published small pilot study showed
good safery and efficacy with a single application of epiretinal
radiation and two bevacizamab injections after 12 months (58]
A larger, multi-center P}‘wsc T trial is underway 59,
Anti-VEGF agents are currently only approved for the
trearment of exudative AMD. factorial narure of
DME, including non-VEGF mediated causes such as peri-
cyte aund endetheli

The muld

cell damage and tracdonal mecha-
nisms, has made treatment of this condition difficule using
current meodalities. Clinical studies are underway with anti-
VEGFE agents in DME and ret vein occlusion. VEGF
Trap-fye is under Phase Il investigation in DME and

i

Phase T investigation in central retinal vein occlusion. The
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VEGF Trap-Eye

FDA approval of VEGF fha} -Eye
significantly add to the ephihaimologists’ armamentarium for

treatment of retinal vascular disease.

Eventually, injectable
may be supplanted by implantable devices that deliver polymer-
bound drug or manufacrure the protein iz vive. Further thers-
pies for neovascular AMD such as targeted radi
extra trearment benefit. In the meantme, VEGF

agents targe tmg e
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