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Summary

TIE2 Is a receplor-like tyrosine kinase expressed al-
most exclusively in endothelial cells and early hemo-
poletic cells and required for the normal development
of vascular structures during embryogenesis. We r

port the identification of a secreted ligand for TIEZ,
termed Angiopaletin-1, using a novel expression clon-
ing technigue that involves intracellular trapping and
dotection of the ligand in COS colls. The structuro of
Angiopolotin-1 differs from that of known anglogenic

sine phosphorylation of TIE2, it does not directly pro-
mote the growth of cultured endothelial cels. How-
ever,its expression in close proximity with developing
blood vessels implicates Angiopoietin-1 in endothelial
developmental processes.

Introduction

Embryonic vascular dovelopment Involves a complex
sarios.of events during which endothelial colls differenti-
ale, profferate, migrate, and undergo morphologic or-
ganization in the context of their surrounding tissues
(Risau, 1991, 1995). Vasoular development is genorally
classified into two successive phases, The first, known
as vasculogenesis, refors o the process wheraby newly
differentiated endothalial clls spontaneously coassem-
bla into tubulos that fusa to form a rather homegancous
primary vasculaturs in the embryo. Subsequent remad-
ing of this primary vascular network into large and
‘small vessels brings into play a different process, termed
anglogonesis. Anglogenasis in tho embryo also laads to
the sprouting of vessels Into Initially avascular organs,
such as the brain. In the adult, angiogenesis accounts
for noovascularization that accompanies the normal
processes of ovulation, piacental development, and
wound healing, as well as various clinically significant
patnolagic processes such as Wmor Growth and dia-
betic retinopathy {Ferrara, 1985; Folkman, 1995; Hana-
han and Folkman, 1996).
Intorcellular signaling mechanisms that govem the
jon of blood vessels have only recently begun to
bo studied at the molscular level, Two familles of racop-
tortyrosine kinases have been identified whose expres-
sion . frgely estile £ enctheilock and wich
devalopmant of blood vesssls
m-mnmn and Altalo, 1995). Gne family includas Fit-1,

Fit-4, and Flk-1/KDR, all of which are members of the.
elial growth factor (VEGF) receptar fam-
roles of FIt-1 and Flk-1 during vascular
development, as well as that of VEGF, have been con-
firmed by analysis of genetically engineered mice lack-
ing these proteins (Fong et al., 1995; Shalaby et al, 1995;
Carmaliet ot al, 1996; Ferrara ot al., 1996). The more
racently discoversd TIE receptor family (Dumont et al.,
1992; Partanen et al., 1992; wama ot al., 1993; Maison-
pierre et al., 1993; Sato et al, 1993; Schnurch and Risau,
1993; Ziegler et al., 1993), consisting of TIET and TIE2
{also termed Tek), also have been found to be critically
invelved in the formation of vascutature (Dumont et al.,
1994; Pur ot al., 1995; Sato ot al., 1995). Mica deficlont

poor structural integrity of the endothelial cells (Purl et
al., 1995; Salo et al., 1995). In contrast, mice deficient
in TIEZ have an eartier lethal phenotype and die by E10.5
(Dumont et al., 1994; Sala el al., 1995). The most promi-
nent defects observed In these mice include the failure
of the endothelial lining of the heart to develop properly,
the failure of remadalling of the primary capilary plexus
Into large and smal vessels, and the lack of capillary
sprouts nto the neuroectoderm. In addition 1o their ex-
s, the TIES are aiso spocifl-
in early ietic stem cells (wama
of al., 1993; Batard et al., 1996; Hashiyama ot al., 1996).
perhaps refiecting the origin of both ineages from a
common hemangioblastprecursor (Shalaby ot al,, 1985);
hawever, the early death of mice lacking the TIEs has
limited the Use of these mice in elucidaling the precise
roles of the TIEs In hemopolesis (Rodewald and Sato,
1996). Bocausa the TIE receplor family is critically in-
olvad in angiogenesis and may play a rola in hemopoio-
sis as well, we Initiated a search for ligands that may
activate these receptors. Here we describe the use of a
novel expression cloning strategy 10 identify a secreted
ligand for the TIE2 receptor, which we designate Angio-
poletin-t toreflectnotony s raquisite role n anglogar-
esis (Suri et al., 1996 [this issue of Celll) but also its
potential actions during h-“upalis\!

Searches for the ligands for orphan receptors. have
{radtionaly proccedd by seveal roulas, dopendingon
the type of ligand that is sought. Inthe case of secrot
ligands, two major approaches have been used. me
s uses solubl forms of th receplors o olfec alfnty
purification of the igands, followed by protein
g and cloning of anAa containing the desirod pop-
fides (2.g., Sttt et al, 1995). Altematively, expression
cloning strategies ot th conatructon and sce
ing of “pocled expression libraries” (e.g., Lok el al.,
1994). In these strategies, many small pools of CONAS
are individually transfected into cells, and conditioned
media from the individual iransfections are then sep-

arately assayed for their ability to produce activities that
stimutate receptor-bearing reporter cells. A sensitive
and simpia assay must be avallable, sinca tens of hou-
sands of poals ofton must ba scroened, particularly If
the desirod cDNA Is present only at low abundance.
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Angiopoietin-2, a Natural
Antagonist for Tie2 That
Disrupts in vivo Angiogenesis
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a naturally oo ¢ ic overexpression of Ang2
disrupts blood vessel formation in the mouse embryo. In adult mice and humans, Ang2
is expressed only at sites of vascular remageling. Natural antagonists for vertebrate
receptor tyrosine kinases are atypical; thus, the discovery of a negative regulator acting
n TiaZ emphasizes the need for exquisite regulation of this angiogenic receptor system
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ANGIOPOIETIN/TIE2Z SIGNALING PATHWAY
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Tie2 is an endothelial cell-specific tyrosine kinase
receptor to which two ligands bind

Angl —
Expressed in normal adult tissues to help
maintain vascular integrity

Ang2 —
Secreted by endothelial cells

Required for post-natal vascular remodeling
and is only expressed under pathological
conditions

Expressed in endothelial cells at

very low levels in quiescent blood vessels
high levels in ‘angiogenic’ vessels
ndothelial ce

vival interact Thurston and Daly. Cold Spring Harb Perspect Med 2012;2:a006650
Jones et al. Nature Reviews Molecular Cell Biology 2, 257-267 (April 2001)
Eklund, Lauri et al. "Angiopoietin signaling in the vasculature.” Experimental cell research 319.9 (2013): 1271-1280
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Effect of IVT Administration of Nesvacumab, Alone or in Combination with
Aflibercept in a Retinal Vascular Development Mode
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Ang-2 Levels Elevated in Human Vitreous
RVO > DR > AMD

Vitreous levels in newly diagnhosed patients
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Nesvacumab Increased Duration Of Anti-leak Action Of Aflibercept
In Preclinical Model Of Chronic Vascular Leak

Single IVT injection of aflibercept or nesvacumab or both co-formulated
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NESVACUMAB/AFLIBERCEPT
(CO-FORMULATED ANTI-ANG2 + ANTI-VEGF)

Nesvacumab/aflibercept is a co-formulated drug product consisting of the
fully human mAb, REGN910, and the fusion protein, aflibercept
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Study Design
Baseline - Week 12

Multiple-dose, double-masked, randomized, controlled study in patients with DME
Randomized 1:2:3

Key Eligibility Criteria
Clinically significant DME with central involvement
BCVA ETDRS letter score equivalent to 20/40 to 20/320
Intravitreal anti-VEGF = 3 months from screening
Panretinal laser photocoagulation or macular laser photocoagulation = 3 months from screening
Intraocular or periocular corticosteroids in the study eye = 4 months from screening

LD Combo HD Combo
Nesvacumab (3 mg) + . Nesvacumab (6 mg) +

1Al
Intravitreal aflibercept
, aflibercept (2 mg) g4 weeks -\ afllbercept (2 mg) q4 weeks
A (n=50) (n—lOO) o

injection (2 mg) q4 weeks
: (n=152) >

P

Week 12
Week 36 (End of Study)

LD: Low Dose; HD: High Dose 11



Study Design
Week 12 — Week 36

LD Combo
Nesvacumab (3 mg) +

HD Combo 1Al

Nesvacumab (6 mg) + Intravitreal aflibercept
aflibercept (2 mg) q4 weeks injection (2mg) g4 weeks

: =) n:152) _

afhbercept (2 mg) g4 weeks
(n=50)

Re-randomization at Week 12

T N | —

Week 36 (End of Study)

Stratification for re-randomization based on VA outcomes at week 12
LD: Low Dose; HD: High Dose 12




Patients Disposition and Demographics

Total
(n=50) (n=100) (n=152) (N=302)
Patients completing Week 12 , n (%) | 46 (92.0%) 97 (97.0%) 148 (97.4%) 291 (96.4%) ’
Mean Age, years (SD) 62.1 (8.90) 62.4 (10.37) | 59.5 (10.24) 60.9 (10.15)
Female, n (%) 21 (42.0%) 49 (49.0%) 68 (44.7%) 138 (45.7%)
Race, n (%)
White 37 (74.0%) 87 (87.0%) 121 (79.6%) 245 (81.1%)
Black or African American 11 (22.0%) 8 (8.0%) 19 (12.5%) 38 (12.6%)
Asian 1 (2.0%) 2 (2.0%) 4 (2.6%) 7 (2.3%)
American Indian or Alaska Native 1 (2.0%) 0] 3 (2.0%) 4 (1.3%)
Native Hawaiian or Other Pacific Islander 0 1 (1.0%) 0 1 (0.3%)
Other 0 0 3 (2.0%) 3 (1.0%)
Not Reported 0 2 (2.0%) 2 (1.3%) 4 (1.3%)

SAF
LD: Low Dose; HD: High Dose 13




Baseline Disease Characteristics

Prior Treatment for DME/DR*, Study Eye, n %

27 (57.4%)

40 (40.4%)

58 (38.7%)

125 (42.2%)

Total
(n=47) (n=99) ‘ (n=150) (N=296)
Mean Baseline Hemoglobin A1C (SD) 8.5 (1.86) 78(161) ||  8.1(1.86) 8.0 (1.79)
Mean Diabetes Duration, years (SD) 17.6 (10.93) 17.5 (11.22) \ 15.8 (10.69) 16.7 (10.90)
Diabetes Type, n (%)
Type 1 2 (4.3%) 5(5.1%) | 11(7.3%) 18 (6.1%)
Type 2 45 (95.7%) 94 (94.9%) || 139 (92.7%) 278 (93.9%)
|
|

Prior Focal or Grid Laser

19 (40.4%)

27 (27.3%)

36 (24.0%)

Prior Intravitreal Anti-VEGF

12 (25.5%)

28 (28.3%)

27 (18%)

82 (27.7%)

Prior Intravitreal Steroids

4 (8.5%)

7 (7.1%)

7 (4.7%)

67 (22.6%)

18 (6.1%)

FAS
*Patients could have had more than one treatment
LD: Low Dose; HD: High Dose
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Baseline Disease Characteristics

LD Al Total
(n=47) (n=99) (n=150) (N=296)
Mean ETDRS BCVA, letters (SD) 57.7 (11.13) 60.6 (11.11) 58.7 (10.78) 59.2 (10.96)

Mean CRT, um (SD)

484.2 (152.78)

497.8 (151.77)

520.1 (151.27)

507.0 (151.80)

Diabetic Retinopathy Severity Score, n (%)

FAS, 3 patients (1 in each group) were ungradable for DRSS and are not included
LD: Low Dose; HD: High Dose

10, 20 0 3 (3.0%) 1 (0.7%) 4 (1.4%)
35 10 (21.3%) 14 (14.1%) 17 (11.3%) 41 (13.9%)
43 10 (21.3%) 15 (15.2%) 37 (24.7%) 62 (20.9%)
47 9 (19.1%) 34 (34.3%) 46 (30.7%) 89 (30.1%)
53 13 (27.7%) 19 (19.2%) 35 (23.3%) 67 (22.6%)
61 1(2.1%) 2 (2.0%) 4 (2.7%) 7 (2.4%)
65 1 (2.1%) 7 (7.1%) 3 (2.0%) 11 (3.7%)
71 1(2.1%) 4 (4.0%) 5 (3.3%) 10 (3.4%)
75 1 (2.1%) 0 1 (0.7%) 2 (0.7%)

15



Mean Change in Best-Corrected Visual Acuity |
Baseline - Week 12

15 1 8- LD (n=47)
== HD (n=99)
~- 1Al (n=150)

12 +

ETDRS Letters

p = 0.1368 (95% CI: -4.84 , 0.67)
p=0.9716 (95% CI: -2.10, 2.18)

12

FAS, LOCF
LD: Low Dose; HD: High Dose WeekS
16

All p values are nominal




Mean Central Retinal Thickness .
Baseline - Week 12

Absolute Change Weeks
0 4 8 12
550 1 - LD (n=47) 0 . . .
== HD (n=99)
—m- Al (n=150) —&- LD (n=47)
—#- HD (n=99)
500 —=- 1Al (n=150)
-50 =
450 -
=
= S 100 -
400 -
350 - B Vo 1207
315
300 ' ' 314
0 A 3 12 * -200 - p = 0.1105 (-54.46, 5.61)
ES:SI’_év?([:)Ese; HD: High Dose Weeks P = 0.0183 (-50.83, -4.74)

All p values are nominal 17




Proportion of Patients With Complete
Resolution of Fluid at the Foveal Center at \Week 12

100%
80% -+
Z %
S 66.3%
% : 59.6% o
o P04 53.7%
S
c
2 40% -
S
Q.
o
O 20% -
*p = 0.0489 compared
with Al
0%
LD HD Al
n=47 n=99 n=150

FAS, Patients with no intraretinal or subretinal fluid at the foveal center on SD-OCT, LOCF; LD: Low Dose; HD: High Dose; All p values are nominal 18




Proportion of Patients With Normalization of
Macular Thickness (CRT <300 um) at Week 12

100%
80% -

60% | 57.6%

40.4%

40% -

35.3%

Proportion of Patients

20% +

* p = 0.0006
0%

lAl

FAS, LOCF n=99 n=150
LD: Low Dose; HD: High Dose

All p values are nominal 19




Proportion of Patients With 22 Step Improvement .,
iIn DRSS at Week 12

i Total DRSS 247 DRSS =53
Moderately Severe Non-Proliferative Severe Non-Proliferative
Diabetic Retinopathy or Worse Diabetic Retinopathy or Worse
2 80%
c
L
IS A=14.4%
O 60%
O 48.4%
= A=8.2%
= 40% A=6.1% 0
= 30.2% 34.0%
8— 21 3% 24. O% 22 0% 25.0%
E - - . = !
0% f
Al Al IAl
n= 47 n= 99 n=150 n= 25 n= 63 n=89 n= 17 n= 32 n=48
FAS, LOCF

LD: Low Dose; HD: High Dose 20







Study Design
Week 12 — Week 36

LD Combo
Nesvacumab (3 mg) +

HD Combo 1Al

Nesvacumab (6 mg) + Intravitreal aflibercept
aflibercept (2 mg) q4 weeks injection (2 mg) q4 weeks

afllbercept (2 mg) g4 weeks
(n=50)

Re-randomization at Week 12

Week 36 (End of Study)

Stratification for re-randomization based on VA outcomes at week 12
LD: Low Dose; HD: High Dose 22




Patient Disposition

D Q3 D Q8 D Al g8 Al @ A
) G
Number of patients in the Secondary = = _ = 5 k2
Randomization Set, n (%) (n=45) (n=44) (n=52) (n=46) (n=48) (n=49)
Number of patients completing 44 42 50 46 43 45
week 36, n (%) (97.8%) (95.5%) (96.2%) (100%) (89.6%) (91.8%)

FAS -Secondary randomization set
LD: Low Dose; HD: High Dose 23




Dose Exposure Through Week 36

LD g8 HD g8 HD q12 Al g8
(n=45) (n=44) (n=52) (n=46) (n=48) (n=49)
Number of Planned Injections, n 6 6 5 6 5 §)
Tl 1. 2" 5.9 5.1* 5.9 4.8 5.8
pesl LU Rl g o - et (0.92) (0.35) ) (0.45) (0.63) (0.44)

*~10% and 50% of patients received per protocol dosing in the LD g8 and HD g12 groups, respectively.

SAF-Secondary randomization set
LD: Low Dose; HD: High Dose
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Mean Change in Best-Corrected Visual Acuity
Baseline — Week 36

—¢— | D g8 (n=45)
15 H ~#— HD g8 (n=44)
—#— HD q12 (n=52)

== |Al 8 (n=46)
== |Al q12 (n=48)
- =0- |Al to HD g8 (n=49)
. = S 11.9
/'\ 103
% 10 : s / 10
— 9.8
g // B / \ ' 8.7
@ w 4 85
)
0
= -
O : T T T T T T T T l
0 4 8 12 16 20 24 28 32 36
FAS -Secondary randomization set, LOCF Week S
27

LD: Low Dose; HD: High Dose




Mean Change in Central Retinal Thickness
Baseline — Week 36

0 4 8 12 16 20 24 28 32 36

0
——- LD g8 (n=45)
=i— HD 8 (n=44)
=& HD q12 (n=52)
—- |Al g8 (n=46)
-50 ~ —4— IAI q12 (n=48)
== |Al to HD g8 (n=49)
-100 +
S
3
-150 +
161.9
193.7
-200 -+ -203.7
210.4%
210.6
223.4%
-250 - *p < 0.05 vs 1Al g8

FAS -Secondary randomization set, LOCF
LD: Low Dose; HD: High Dose. All p values are nominal

AS



Proportion of Patients with Complete Resolution
of Fluid at the Foveal Center at \WWeek 32* 5

100%

= 81.6% 81.0%

£ 80% -

02

E 61.0% 61.8%

= 60% - 56.1%

o

(&

o

E 40% -

o

o

o

o 20% -

0%
HD g8 HD g12 IAl 8 Al 12 AN
n=38 n=21 n=41 n=34 HD g8
n=41

*8 or 12 weeks from the last study treatment

FAS -Secondary randomization set, OC

Per Protocol Set

LD: Low Dose; HD: High Dose 29




Proportion of Patients with Complete Resolution
of Fluid at the Foveal Center at \Week 36

Combined gq8+g12 Groups

100% - .
90.4%

*2 80% + 74.0%
@
I
9_— 60% -
(@]
(&
2 a8
o
S
o 0 _
£ 20%

0% n=75/83 n=57/77

0

* p =0.0044

HD Al
g8 +ql2 g8 + ql2
FAS -Secondary randomization set, Patients with no intraretinal or subretinal fluid at the foveal center on SD=-OCT; OC

LD: Low Dose; HD: High Dose
All p values are nominal
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Patients Maintaining® Complete Resolution of Fluid
at the Foveal Center through \Week 36

Combined gq8+g12 Groups

100% 1
*

(%, 79.5%

c 80% -

)

.6_":'5

(0)

— 60% - 57.1%
@)

S

= 40% -

| -

o

o

O

5 20% -

0% n=44/77
: HD 1Al
q8 +ql2 g8 + ql2

* Defined as reaching “No fluid at the foveal center” and maintaining that status for all subsequent study visits.
FAS -Secondary randomization Set, OC *p = 0.0025

LD: Low Dose; HD: High Dose
All p values are nominal 31




Proportion of Patients with Normalization of
Macular Thickness (CRT <300 um) at \Week 36

Combined gq8+g12 Groups

100% -
12 *
& = 80% - 74.7%
§
e B0 56.6%
o
c
2
c  40% A
o
Q.
2
A 20% -

- n=62/83 n=43/76
0
HD [Al

g8 +ql2 q8 + 12
* p=0.0089

FAS- Secondary randomization set; OC
LD: Low Dose; HD: High Dose
All p values are nominal 32




Patients Maintaining® Normalization of Macular
Thickness (CRT <300 pym) through Week 36

Combined g8+gl12 Groups

100%

=
c % -
& 80% * :
E 66.3%
Y 60% =
o
g 42.1%
£ 40% -
o
o
=
a 20% -

0% n=55/83

; HD IAl
g8 + q12 g8 +ql2

* Defined as reaching CRT<_=3OO and maintaining <=300 for all subsequent study visits.
FAS -Secondary randomization Set, OC * = 0.0005

LD: Low Dose; HD: High Dose
All p values are nominal 33



Proportion of Patients with 22 Step Improvement
in DRSS at Week 36

Combined gq8+g12 Groups

100% -
; Total DRSS 247 DRSS 253
Moderately Severe Non-Proliferative Severe Non-Proliferative
@ oo Diabetic Retinopathy or Worse Diabetic Retinopathy or Worse
E 0
(ah)
_% 64.5% A =24.5%
0. 60% -
Y— = 0
o 47.6% 4=1.9%
c
0
S 25.8%
=
o 20% -
0%
HD Al IAl IAl
g8 + ql12 g8 + ql2 g8 + ql12 g8 + ql2 g8 + ql2 g8 + ql12
n=96 n=94 n=63 n=56 n=31 n=25

FAS- Secondary randomization set, LOCF

LD: Low Dose; HD: High Dose 34




Proportion of Patients with 23 Step Improvement -
in DRSS at Week 36

Combined gq8+g12 Groups

100% -
! Total DRSS 247 DRSS 253
Moderately Severe Non-Proliferative Severe Non-Proliferative
9 800 Diabetic Retinopathy or Worse Diabetic Retinopathy or Worse
E 0
L
©
9_— 60% -
o
= A=13.0%
= 40% -
— BE 0
8_ 4=6.8% 29.0%
o A=4.2%
g 20% - 17.5% 16.0%
11.7% 10.7%
7.5%
.. IEN 3 a1 25
- HD IAl HD IAl HD IAl
g8 + 12 g8 + ql12 g8 + ql12 g8 + ql12 g8 + ql12 g8 + gl2
n=96 n=94 n=63 n=56 n=31 n=25

FAS- Secondary randomization set, LOCF
LD: Low Dose; HD: High Dose 35







Most Frequent Ocular Adverse Events

Through Week 36

(n=46) ) (n=44) (n=53) (n=47) (n=49) (n=49)
r'\]"(’%‘;f SEE L 14 (30.4%) | 12 (27.3%) | 19(358%) | 10 (21.3%) | 11 (22.4%) | 17 (34.7%)

Vitreous detachment 0 l 4 (9.1%) 3 (5.7%) 1(2.1%) 0 4 (8.2%)
Conjunctival hemorrhage 4 (8.7%) ' 1 (2.3%) 1 (1.9%) 6 (12.8%) 2 (4.1%) 3 (6.1%)
Cataract 122%) | 0 0 2 (4.3%) 2 (4.1%) 2 (4.1%)
Eye pain 2 (4.3%) ' 1 (2.3%) 2 (3.8%) 0 2 (4.1%) 2 (4.1%)
Punctate keratitis 0 ' 1 (2.3%) 0] 0] 0] 2 (4.1%)
Visual acuity reduced 1 (2.2%) ’ 1 (2.3%) 1 (1.9%) 0 1 (2.0%) 2 (4.1%)
Vitreous hemorrhage 0] ) 1(2.3%) 1 (1.9%) 0 0 2 (4.1%)
Vitreous floaters 1 (2.2%) ' 0 2 (3.8%) 1 (2.1%) 2 (4.1%) 1 (2.0%)
Dry eye 0 | 1(2.3%) 4 (7.5%) 0 0

Retinal exudates 1 (2.2%) i 0 3 (5.7%) 2 (4.1%) 0

SAF-Secondary randomization set; >4% in any treatment group.
LD: Low Dose; HD: High Dose
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Anti-Platelet Trialists’ Collaboration-Defined

Arterial Thromboembolic Events Through Week 36

(n=46) (n=44) (n=53) (n=47) (n=49) (n=49)
r'\]"z%‘;f patichts Wi-allEds il o 3 (6.5%) 0 2(3.8%) | 2(43%) | 1(2.0%) 0
Non-fatal MI 1(2.2%) 0 1(1.9%) | 1(21%) | 1(2.0%) 0
Non-fatal stroke 1 (2.2%) 0 1 (1.9%) 0 0 0
Vascular death 2 (4.3%) 0 0] 1 (2.1%) 0 0

SAF-Secondary randomization set
LD: Low Dose; HD: High Dose
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Conclusions

 Ocular and systemic safety consistent with IAl monotherapy

Mean Change in Best-Corrected Visual Acuity » = Patients Maintaining® Complete Resolution of Fluid ” Proportion of Patients with =22 Step Improvement 7
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e 100% - o Total DRSS 247 DRSS 253
g ol aamec] * MnduardySwanumlm Mnmm tive
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g o £ 20%
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