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QOCULAR IMPLANT CONTAINING A TYROSINE KINASE INHIBITOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present invention claims priority to U.S. Provisional Application Serial No. 62/994,391 filed March 25,
2020, to International Application PCT/USZ020/029827 filed 24 April 2020, to U.S. Provisional Application Serial No.
63/106,276 filed Cciober 27, 2020, and to U.S. Provisional Application Serial No. 63/148,483 filed February 11, 2021,
which are all hereby incorporated by reference herein.

TECHNICAL FIELD

[OG82] The present invention relates to the treatment of ocular diseases, for example neovascular age-related
macular deganaration (AMD), also referred to as “wet AMD”. According to the prasent invention, ocular diseases are
treated by administaring an injection {g.g., intravitraaily} of an implant that is biodegradable and provides sustained
release of a tyrosing kinase inhibitor such as axitinib,

BACKGROUND

{8883} Macular diseases, including AMD, are among the leading causes of visual impairment and irreversible
blindness in the world for people over the age of 50. Specifically, AMD was one of the most common retinal diseases
in the Unitad States (US) in 2019, affecting approximately 16.9 million people, and this is expected o grow (o 18.8
million people in 2024 {(Market Scope. Ophthalmic Comprehensive Reports. 2018 Retinal Pharmaceuticals Market
Report: A Global Analysis for 2018 to 2019, September 2019). AMD can be subdivided into different disease stages.
Early AMD is characterized by the prasence of a few {<20) medium-size drusen or retinal pigmentary abnarmalities.
Intermediate AMD is characterized by at least one large druse, numerous medium-siza drusan, or geographic atrophy
that does not extend to the center of the macula. Advanced or late AMD can be either non-neovascular (dry,
atrophic, or non-exudative) or nesvascular (wet or exudative}. Advancad non-necvascular AMD is characterized by
drusen and geographic atrophy exdending o the center of the macula, Advanced neovascular AMD is characterized
by choroidal negvascularization and its sequelae (Jager et al., Age-related macular degeneration. N Engl J Med.
2008; 358(24):2006-17).

{08041 The more advanced form of wet AMD is characterized by an increase in vascular endothslial growth factor
(VEGF), which promotes the growth of new vessels (angiogenesis) that grow beneath the retina and leak blood and
fluid into and below the macular and subretinal space. Successful interference of this pathway has been achieved
with the development of inhibitors of vascular endothelial growth factor subtypes, i.e., VEGF inhibitors, initially used
to treat various cancers. Photodynamic therapy in combination with anti-VEGF and steroid administration are
currently reserved as g second-line therapy for patients not responding to monatherapy with an anti-VEGF agent (Al
Zamil gt al,, Recent developments in age-releted macular degeneration: a review. Clin Interv Aging. 2017; 12:1313-
300

(00857 Other common retinal diseases are diabetic macuiar edema (DME) and retinal vein occlusion (RVC). DME
was one of the most common retinal diseases in the US in 2019, affecting approximately 8 million people, and this is
expected to grow o 8.8 million people in 2024 (Market Scope 2018, supra). The condition is categorized by a
decrease in retinal tension and an increase in vascular pressure caused by the upregulation of VEGF, retinal vascular
autoregulation (Browning et al., Diabetic macular edema: evidence-hased management. 2018 Indian journal of
ophthaimology, 65(1), p. 1736) and inflammatory cytokines and chemokines (Miller et al., Diabetic macuiar edema:
current understanding, phamacologic treatment options, and developing therapies. 2018, Asia-Pacific Joumnatl of
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Qphthalmology, 7(1):28-35). The changes that occur from these inflammatory and vasogenic mediators result in the
breakdown of the biood retinal barvier (BRB) in the vascular endothelium (Miller et ai, sypra). Hard exudates enter
into the extracellilar space causing blurred and distorted central vision, resulting in a decrease in the patient’s visual
acuity (Schimidt-Erfurth et al., guidelines Tor the Management of Diabetic Macular Edema by the European Society of
Retina Specialists (EURETINA). 2017, Ophthalmologica, 237(4): 185-222}. On average, a patient wili exparience an
8% decrease in visual acuity after 3 years Tollowing the start of the condition.

{08887 The basis of ali available treatments for DME is to try to control the metabolic functions of hyperglycemia
and blood pressure (Browning et al., supra). Anti-VEGF therapy is currently considered a first ine therapy in the
standard of care treatment of DME as it is proven 1o be less destructive and damaging than other treatment methods
{Schmidt-Erfurth et al., sypra). The pharmacological route is benaficial because the drugs are manufactured to
specifically target VEGF pathways and inhibit the upregulation that occurs with DME (Miller et al., supra). Other
treatment options include intravitreal corticosteroid injections, focal laser photocoagulation, and vitrectomy
{Browning et al., supra).

[880277 RVO affected approximately 1.3 million people in the US in 2019 and is pradicted to affect 1.4 million people
in the US in 2024 {(Market Scope 2018, supra). RVO is a chronic condition in which the ratinal circulation contains a
blockage leading to leakage, retinal thickening, and visual impairment {Ip and Hendrick, Retinal Vein Ccclusion
Review, 2018, Asia-Pacific Journal of Ophthalmology, 7{1):40-45; Pigrry & al,, Occlusions veineuses rétiniennes
retinal vein occlusions. 2017, Joumnal Frangais d'Ophiaimologie, 40(8):696-705). The condition is typically seen in
patients 55 and older who have a pre-existing condition such as high biood pressure, diabetes, and glaucoma. RVO
does not have a projectad course as it can either detenorate a patient’s vision guickly or remain asymptomatic.
Prognosis of RVO and associated treatment options depend on the classification of the disease as the differant
variants have different risk factors despite behaving similarly. Classification of the disease is categorized depending
on the location of the impaired retinal circulation: branch retinal vein occlusion (BRVQ), hemiretinal vein occiusion
{(HRV(), and central retinal vain occlusion (CRVO). BRVO is more common affecting 0.4% worldwide and CRVO
affecting 0.08% worldwide. Studies show that BRVO is more prevalent in Asian and Hispanic groups compared o
Caucasians (Ip and Hendrick, supia).

[0008] Treatment of RVO currently includes symptomatic maintenance of the condition to avoid further
complications, macular edema, and neovascular glaucoma. Anti-VEGF treatment is currently the standard of care
treatment and may temporarily improve vision. Other treatment options inciude lasers, steroids, and surgery (Pierru
et al.,, supra).

(08097 Anti-VEGF agents are currently considered the standard of care treatment for wet AMD, DME, and RVO. The
first treatment approved for wet AMD by the FDA in 2004 was MACUGEN® (pegaptanib sodium injection by Bausch &
Lomb). Since then, LUCENTIS® (ranibizumab injection by Genentech, Inc.) and EYLEA® (aflibercept injection by
Regeneron Fharmaceuticals, Inc.) have been approved for the treatment of wet AMD in 2006, and 2011 respectively,
as well as DME and macular edema following RVQ. Additionally, in October 2019, BEOVU® (brolucizumabs injection by
Novartis Pharmaceuticals Corp)y was approved by the FDA for the treatment of wet AMD. Other developments are
reported in Amadio et al., Targeting VEGF in eye neovascularization: What's new?: A comprehensive review on
current therapies and oligonucleotide-based interventions under development. 20186, Pharmacological Research,
103:253-69.
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{00010} However, despite these advancements, there are limitations to anti-VEGF treatment. Mast patients
currently reguire muitiple injections {such as monthly} essentially for the rest of their lives due to rapid vitreous
clearance. Moreover, not all patients respond to anti-VEGF treatment. Additionally, these treatmeant options further
have potential risks associated with administration including infiection, macular atrophy, loss of vision over time,
ratinal detachment and elevated intraocular gressure {(I0F). Patient complaints include discomfort, eye pain,
decreased vision, and increased photosensitivity. In addition to the burden on the patient and risks associated with
frequent injections, thare are other limitations that are known to be associated with current anti-VEGF treatments
such as the potential risk of immunogenicity, complex manufacturing requirement of biclogics, macular atrophy, and
retinal vasculitis. Importantly, regardless of the number of medications, patients are currently expected to remain on
treatment indefinitely.

(600113 Tyrosine kinase inhibitors were developed as chemotherapeutics that inhibit signaling of receptor
tyrosine kinases {RTKs), which are a family of fyrosing protein kinases. RTKs span the cell membrane with an
intracellular (internal) and extraceliular {external} portion. Upen ligand binding to the extraceliular portion, receptor
tyrosine kinases dimerize and initiate an intracelivlar signaling cascade driven by autophosphoryiation using the
coenzyme messenger adenosine friphosphate (ATP). Many of the RTK ligands are growth factors such as VEGF. VEGF
relates to a family of proteins binding to VEGF-receptor (VEGFR) types, i.e. VEGFR1-3 (all RTKs), thereby inducing
angiogenesis. VEGF-A, which binds to VEGFR2, is the target of the anti-VEGF drugs described above. Besides
VEGFR1-3 several other RTXs are krown to induce angiogenesis such as platelet-derived growth factor receptor
{PDGFR) activated by PDGF or stem cell growth factor receplor / type I receptor tyrosine kinase {c-Kit) activated by
stem celf factor.

(60012} Some TKIs have been evaluated for the treatment of AMD viz different administration routes,
including pazapanib (GlaxaSmithiline: NCTO0463320), regorafenib (Baver: NCT0Z2348359), and PANSDSUS
{PanOptica: NCTD2022540} all administered as eye drops, as well as X-B2, an oral TKI {Tyrogenex; NCT01674569,
NCT02348359). However, topically applied eye drops result in poor penetration into the vitreous and limited
distribution o the retina due to low solution concentration of TKIs, which tend to have low water solubility, and short
residence time of the TKis on the ocular surface. Moreover, drug concentration upon topical administration is difficult
to control due to wash out or user error. Furthermore, systemic administration of TKIs is not practicable, as high
doses are required to achieve effective concentrations of the drug in the eve and particularly at the desired tissue.
This leads to unacceptable side effects due to high systemic exposure. In addition, drug concentrations are difficult
to control. Alternatively, intravitreal injections of TKI suspensions have been performed. However, this way of
administration results in rapid clearance of the drug and therefore injections have to be repeated freguently, such as
on a daily or at least a monthly basis. In addition, several TKIs are poorly solubie which leads to the formation of
aggregates upon intravitreal injection, which can migrate or settle onto the retina and lead to local contact toxicity
and holes, such as macular or retinal holes.

[00013] Thus, there is an urgent need for an improved treatment of ocular diseases such as AMD, DME,
and RVQ with TKIs, which is effective over an extended period of time avoiding the need for freguent {monthly or
aven daily) injections which are currently required for commeoen anti-VEGF therapies, especiaily for individuals not
responding to anti-VEGF therapies (e.g. up to 33% of subjects with BME).

(30014} All references disciosed heargin are hereby incorporated by referance in their entireties for all
purposes.
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OBJECTS AND SUMMARY OF THE DISCLOSURE

[00014a] In an aspect, there is provided a sustained release biodegradable ocular implant comprising a
hydrogel and 150 pg to 800 pg of axitinib, wherein the hydrogel comprises a polymer network comprising
polyethylene glycol (PEG) units, wherein axitinib particles are dispersed within the hydrogel, and wherein the implant

is cylindrical and in its dry state has a diameter of 0.1 mm to 0.5 mm and a length of less than 17 mm.

[00014b] In another aspect, there is provided a sustained release biodegradable ocular implant as defined

above for use in treating neovascular age-related macular degeneration (AMD) in a patient in need thereof.

[00014c] In another aspect, there is provided a method of manufacturing the sustained release
biodegradable ocular implant as defined above, the method comprising the steps of forming a hydrogel by mixing
and reacting an electrophilic group-containing multi-arm PEG precursor with a nucleophilic group-containing multi-
arm PEG precursor or another nucleophilic group-containing crosslinking agent in a buffered solution in the presence

of axitinib particles, allowing the mixture to gel to form the hydrogel, and drying the hydrogel.

[00014d] In another aspect, there is provided a kit comprising one or more sustained release biodegradable

ocular implant(s) as defined above and one or more needles for injection.

[00015] It is an object of certain examples of the present disclosure to provide an ocular implant comprising
a tyrosine kinase inhibitor (TKI) such as axitinib that is effective for treating ocular diseases such as neovascular age-
related macular degeneration (AMD), DME, and RVO in a patient for an extended period of time.

[00016] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a tyrosine kinase inhibitor (TKI) such as axitinib that provides for sustained release of the TKI into the
eye.

[00017] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is pre-loaded into a syringe, thereby avoiding contamination of the implant
prior to injection as no further preparation steps are needed.

[00018] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is sufficiently biodegradable, i.e., cleared from the eye within a time coinciding
with TKI release, avoiding floaters within the patient’s eye (empty implant vehicle residues) and/or avoiding the need
for removal of the empty implant from the eye after the treatment period.

[00019] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is biodegradable, wherein decomposition of the implant into smaller particles
that may e.g. impact vision are avoided during implant degradation.

[00020] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib, wherein the stability of the ocular implant is less affected by varying environments
in the eye such as vitreous humor viscosity, pH of the vitreous humor, composition of the vitreous humor and/or
intraocular pressure (IOP) when compared to hydrogels formed /n situ after injection.

[00021] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is biocompatible and non-immunogenic due to the implant being free or
substantially free of animal- or human-derived components.

[00022] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is free of preservatives, such as antimicrobial preservatives.
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[00023] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is easy to inject, in particular intravitreally.

[00024] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that contains a therapeutically effective amount of said TKI but is relatively small in
length and/or diameter.

[00025] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is dimensionally stable when in a dry state but changes its dimensions upon
hydration, e.g. after administration to the eye.

[00026] Another object of certain examples of the present disclosure is to provide an ocular implant

comprising a TKI such as axitinib that has a small diameter when in a dry state to fit into the lumen of a fine-
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diameter needle (such as a 22- to 30-gauge needle) and increases in diameter but decreases in length upon
hydration, e.g. after administration to the eye; thus, providing a minimally invasive method of administration.
[00027] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is injected in a dry form and hydrates /n situ (i.e. in the eye) when injected.
[00028] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that when placed in the eye has low TKI concentration at the implant surface
thereby avoiding toxicity of the TKI when the implant gets in contact with ocular cells or tissues such as the retina.
[00029] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is stable and has a defined shape and surface area both in a dry state prior to
as well as in a hydrated state after the injection (i.e. inside the eye).

[00030] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is easy to handle, in particular that does not spill or fragment easily.

[00031] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that enables administration of an exact dose (within a broad dose range), thereby
avoiding the risk of over- and under-dosing.

[00032] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that generally stays in the area of the eye to which it was administered.

[00033] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib, wherein the implant causes minimal or no visual impairment after administration.
[00034] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that is safe and well tolerated.

[00035] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that does not induce severe adverse events, such as severe ocular adverse events.
[00036] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that provides for sustained release of a therapeutically effective amount of the TKI
such as axitinib over an extended period of time, such as over a period of up to 3 months or longer, such as at least
6, at least 9, at least 11 months, or at least 13 months.

[00037] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that provides for sustained release of a TKI such as axitinib over an extended
period of time, such as over a period of up to 3 months or longer, such as at least 6, at least 9, at least 11 months,
or at least 13 months, thereby avoiding the need for frequent implant administrations.

[00038] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that provides for sustained release of the TKI such as axitinib over an extended
period of time, such as over a period of up to 3 months or longer, such as at least 6, at least 9, at least 11 months,
or at least 13 months, thereby inhibiting angiogenesis over this period of time.

[00039] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that provides for sustained release of the TKI over an extended period of time,
such as over a period of up to 3 months or longer, such as at least 6, at least 9, at least 11 months, or at least 13

months, wherein the TKI levels in ocular tissues such as the retina and the choroid, as well as the vitreous humor are
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consistently maintained at a therapeutically efficient level, in particular at a level sufficient for inhibition of
angiogenesis, over this period of time.

[00040] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that provides for sustained release of a TKI such as axitinib over an extended
period of time, such as over a period of up to 3 months or longer, such as at least 6, at least 9, at least 11 months,
or at least 13 months, wherein no toxic concentrations of the TKI are observed in ocular tissues such as the retina
and the choroid, as well as the vitreous humor over this period of time.

[00041] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that provides for sustained release of a TKI such as axitinib over an extended
period of time, such as over a period of up to 3 months or longer, such as at least 6, at least 9, at least 11 months,
or at least 13 months, wherein the TKI is not accumulating in the anterior chamber of the eye.

[00042] Another object of certain examples of the present disclosure is to provide an ocular implant
comprising a TKI such as axitinib that provides sustained release of a TKI over an extended period of time, such as
over a period of up to 3 months or longer, such as at least 6, at least 9, at least 11 months, or at least 13 months,
wherein the TKI is not or is not substantially resorbed systemically thereby substantially avoiding systemic toxicity.
[00043] Another object of certain examples of the present disclosure is to provide a method of treating
ocular diseases such as AMD, DME, and RVO in a patient in need thereof, for a treatment period of up to 3 months
or longer, such as at least 6, at least 9, at least 11 months, or at least 13 months.

[00044] Another object of certain examples of the present disclosure is to provide a method of treating
ocular diseases such as AMD, DME, and RVO in a patient in need thereof, for a treatment period of up to 3 months
or longer, such as at least 6, at least 9, at least 11 months, or at least 13 months, without the need for the
administration of rescue medication during the treatment period, or wherein rescue medication is required to be
administered only rarely, such as 1, 2 or 3 times, during the treatment period.

[00045] Another object of certain examples of the present disclosure is to provide a method of treating
ocular diseases such as AMD, DME, and RVO in a patient in need thereof, such as a patient who has been treated
with anti-VEGF before or a patient who is naive for anti-VEGF treatment.

[00046] Another object of certain examples of the present disclosure is to provide a method of treating
ocular diseases such as AMD, DME, and RVO in a patient in need thereof, such as a patient who has been treated
with anti-VEGF before and has not responded to the previous anti-VEGF treatment.

[00047] Another object of certain examples of the present disclosure is to provide a method of treating
ocular diseases such as AMD, DME, and RVO in a patient in need thereof, such as a patient with a diagnosis of
primary subfoveal neovascularization (SFNV) secondary to AMD.

[00048] Another object of certain examples of the present disclosure is to provide a method of treating
ocular diseases such as AMD, DME, and RVO in a patient in need thereof, such as a patient with a diagnosis of
previously treated subfoveal neovascularization (SFNV) secondary to neovascular AMD with leakage involving the
fovea, who has been previously treated with anti-VEGF.

[00049] Another object of certain examples of the present disclosure is to provide a method of

manufacturing an ocular implant comprising a TKI such as axitinib.
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[00050] Another object of certain examples of the present disclosure is to provide a method of protecting
an ocular implant from premature hydration during storage and handling, wherein the ocular implant is sensitive to
moisture such that it for instance changes its dimensions upon hydration.

[00051] Another object of certain examples of the present disclosure is to provide a method of minimizing
potential tissue damage during injection of an ocular implant.

[00052] Another object of certain examples of the present disclosure is to provide a kit comprising one or
more ocular implants comprising a TKI such as axitinib and optionally comprising a means for injecting the ocular
implant.

[00053] Another object of certain examples of the present disclosure is to provide a method of reducing the
central subfield thickness as measured by optical coherence tomography in a patient whose central subfield thickness
is elevated due to an ocular disease involving angiogenesis by for instance reducing retinal fluid.

[00054] Another object of the present disclosure is to provide a method of essentially maintaining or
preventing a clinically significant increase of the central subfield thickness as measured by optical coherence
tomography in a patient whose central subfield thickness is elevated due to an ocular disease involving angiogenesis
while not increasing retinal fluid.

[00055] Another object of certain examples of the present disclosure is to provide a method of reducing,
essentially maintaining or preventing a clinically significant increase of the central subfield thickness as measured by
optical coherence tomography in a patient whose central subfield thickness is elevated due to an ocular disease
involving angiogenesis while improving or at least not impairing the patient’s visual acuity as measured for instance
by means of best corrected visual acuity.

[00056] Another object of certain examples of the present disclosure is to provide a method of improving
the vision of a patient whose vision is impaired due to an ocular disease involving angiogenesis.

[00057] Another object of certain examples the present disclosure is to provide a method of improving the
vision of a patient whose vision is impaired due to the presence of retinal fluid (caused for instance by an ocular
disease involving angiogenesis) by means of reducing retinal fluid in the patient (as for instance evidenced by a
reduction the central subfield thickness as measured by optical coherence tomography).

[00058] One or more of these objects of the present disclosure and others are solved by one or more
examples as disclosed and claimed herein.

[00059] The individual examples of the present disclosure are disclosed in the specification and claimed in
the independent claims, while the dependent claims claim particular examples and variations of these examples of
the disclosure. Details of the various examples of the present disclosure are provided in the detailed description
below.

[00060] Throughout this application various references are cited. The disclosures of these references are
hereby incorporated by reference into the present disclosure. In case of conflict, the disclosure in the present

application prevails.

BRIEF DESCRIPTION OF THE DRAWINGS

[00061] Figure 1 Schematic representation of one embodiment of the implant packaging. In this
embodiment, implants are pre-loaded into thin-walled needles separately packaged from the injection device. An all-

in-one device with needles already connected to the injection device is also possible.
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{30082} Figure 2 Schematic reprasentation of one embodiment of implant localization. After injection the
implant hydrates in situ while maintaining a cylindrical shape. The implant is localized in the posterior part of the eye.
[G08631 Figure 3 Schematic representation of hydrogel biodegradation over time. As the drug is released,
a clearance zong is formed (black) as low solubility drug particles (white) gradually dissolve and drug diffuses from
hydroget to the aqueous surrounding {as for instance the vitreous humor). Over time, the gel degrades and is
resorbed, while drug diffuses out. During the degradation process, the gel gradually swells until degradation is
advanced to the point of shrinkage and distortion.

(00064} Figure 4 One embodiment of in vilro axitinib release par day for different implants. (&) In vitro
axitinib release under non-~sink dissoiution conditions from different implants, comprising an axitinib dose of 625,
716, 245, and 490 {23245} ug. (B} In vitro accelerated axitinib release from a 556 pg implant.

(00065 Figure 5 One embodiment of low dose study in rabbits. {A) Infrared reflectance (IR) of &, 2, and 3
implants in rabbits one month post injection. The ovarall shapa of the implants remained intact independent of the
number of implants administered. {(B) Vascular leakage was efficiently suppressed for ali three doses (15, 30, and 45
ugy after 1 month, while vascular leakage was high for the contral animals without imiplant. Error bars represent
standard deviation (5D; solely upper error bars presanted).

[B0066] Figure 6 One embodiment of infrared reflectance (IR} and optical coherence tomagraphy {OCT)
imaging of rabbit eves. IR/QCT images of retinal morphology after 1, 3, and 6 months after implant injection,
respectively. Retinal morphology was normal.

(00067} Figure 7 One embaodiment of biodegradation of implant and inflammation. (&) Significant
biodegradation of the hydroge! component of the implant in rabbit eye was obsarved over time. At weeks 4 and 8
after injection the implant was still intact, whereas at week 12 early stages of hydrogel degradation were visible.
Implant was further narrowed at week 16 due [0 loss of hydrogel structure. Finally, hydrogel was absent after 20 and
26 weeks and free {(undissolved) axitinib particles {white specs) were visible in proximity to the former implant site.
(B} Histopathological analysis demonstrated no inflammation after 26 weeks in regions of un-dissolved axitinib.
Images are presented at 20 x magnification {scale: 1000 ym) and 200 x magnification (scale: 100 ym).

(300683 Figure 8 One embodiment of suppression of vascular leakage in rabbits challenged with VEGF
following administration of an axitinib implant with a dose of 227 ug. Vascular leakage scores (0 (normal) to 4
{severs leakage)) are presented in dependency of the time {months) after VEGF challenge for animals with and
without the implant. Effective suppression of vascuiar leakage was observed for animais having the implant for a
duration of & months. Error bars represent standard deviation (3D solely upper error bars presented).

[O0069] Figure 9 One embodiment of infrared reflectance (IR) imaging of two implants in rabbit eyes.
Impiants show degradation over tme. Implants were intact at days 27 to 117, while implant narrowing was observed
due to hydroge! degradation observed on days 141 and 195, Remaining axitinib particles merged inte a single
monolithic structure on days 141 and 195, Free axitinib particles (white specs) were noted in proximity o the former
implant site post hvdrogel degradation.

{30070} Figure 18 One embodimant of infrared reflectance (IR) imaging of two implants in rabhit eyes.
The implant was intact during 0.5 1o 3 months after injection. After § months, the implant narrowed due to hydrogel
degradation and remaining axitinib particles merged into a single monolithic structure. Free axitinib particles {white
specs) were noted in proximity to the former implant site post hydrogel degradation at 24 months up to 38 months.
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{30071} Figure 11 One embodiment of suppression of vascular leakage in rabbits challenged with VEGF
following administration of two axitinib implants with a total dose of 290 ug without {group 1) and with (group 2} co-
administration of Avastin®. Vascular leakage scores (0 (normal) to 4 (severe leakage)) are presented in dependency
of the time {(months) after VEGF challenge for animals from group 1 and 2 and for animals without an implant.
Significant suppression of vascular leakage was observed for all groups of animals having the implants. Error bars
represent standard deviation.

REE S Figure 12 One embodiment of fluorascein angiography {(FA) images revealed significant laakage,
with fluorescein seen actively leaking from vasculature immediately following injection of flugrescein 48 hours after
aves comprising the impiants (lower panel). Images were collecied after VEGF chalienge 1 month after the implant
injection.

(380731} Figure 13 One embodiment of average vascular leakage score for rabhbits which were not treated
with implant or anti-VEGF therapeutic (white squares and dashed line), rabbits which were treated with Avastin®
only (black triangles, curve fit until 3 months), rabbits with implants {black squares, solid line until 12 months), and
rabbits with implants and Avastin® {striped squares and dashed line until 12 months). Vascular leakage was
efficiently inhibited for 12 months for all animals that received the implants. Animals solely treated with anti-VEGF
therapeutic showed rapid onset of leakage inhibition in the first 2 0 4 weeks, but leakage re-occurred after 3
months. Values represent mean and standard error of the mean (SEM).

(000743 Figure 14 One embodiment of in vitro axitinib release from a 200 g impiant. {A) Axitinib was
completely released from the 200 yg implant after 225 days as observed by the in vitro real-time assay. (B) Axitinib
was completely released from the 200 pg implant after 12 days as observed by the in vitro accelerated assay. In vitro
data were not indicated for in vivo release observed.

[00075] Figure 15 One embodiment of IR images of sulbject #1 from cohort 2 (2 implants, 400 ug axitinib
in total per eye). Impiants are clearly visible and well-shaped on the injection day. After @ months, impiants are fully
degraded while undissolved axitinib is remaining at the former implant locations. The undissoived axitinib continues
to release drug, while after 11 months almost no undissolved axitinib is ieft.

(00076} Figura 18 One embodiment of spectral domain optical coherence tomography (SD-0CT} images
from the study eve of subject #1 of cohort 1 {1 implant, 200 ug axitinib in total per eye}. For this treatment naive
subject a significant reduction in central subfield thickness (CSFT) was observed while best corrected visual acuity
{BCVA) was not impaired over 10.5 months.

[B80773 Figure 17 One embodiment of central subfield thickness {CSFT) in the study eyes of patients
suffering from neovascular age-related macular degeneration {wet AMD) treated with &dctinib implants (one implant,
total dose of 200 pg: cohort 1; two implants, total dose of 400 ug: cohort 2; three implants, total dose of 600 pg:
cohort 3a; two implants, total dose of 400 ug and concurrent initial anti-VEGF: ¢ohort 3b). Prasented in this chart are
mean changes in CSFT with standard error of the mean (SEM) compared to the baseline value. For this chart: Six
patients were followed in cohort 1 until month 9. Seven patients were followed in cohort 2 until month 12, five unti
month 14 and two until month 16, Six patients were followed in cohort 3a untll day 14, five until month 2, two until
month 4.5, and one untii months 6 and 7.5. Two patients were followed in cohort 3b until month 3, and one until
month 4.5, Follow-up is ongoing.
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{00781 Figure 18 One embodiment of best corrected visual acuity (BCVA) in the study eyes of patients
suffering from neovascular age-related macular degeneration (wet AMD) treated with axitinib implants (ong implant,
total dose of 200 ug: cohort §; two implants, total dose of 400 wg: cohort 2; three implants, total dose of 600 ug:
cohort 3a; two implants, total dose of 400 pg and concurrent initial anti-VEGF: cohort 3h). Presented in this chart are
mean changas in BOVA with standard error of the mean {SEM) compared to the baseline value in Early Treatment
Diabetic Retinopathy Study {ETDRS) Letter Score {(a representative value for ietters that can be read correctly at a
certain distance). For this chart {as for Figure 17 above): Six patients were followed in cohort 1 until month 9.
Seven patients were followed in cohort 2 untii month 12, five until month 14 and two until month 16. Six patients
were followed in cohort 3a until day 14, five until month 2, two until month 4.5, and one until months 6 and 7.5.
Two patients were foliowed in cohort 3b until month 3, and one unti month 4.5, Follow-up is ongoing.

(00079} Figure 198 A and 198 Cne embodiment of spectral domain optical coherence tomography (SD-
OCT) images from the study eye of subject #1 of cohort 2 (2 implants, 400 gg axitinib in total per eya) with
aflibercept treatment history of 16 months prior to injection of the implants in the right eye {OD). Sub-retinal fluid
was clearly visible at baseline {pre-treatment). Importantly, the sub-retinal fluid was gone after 2-3 months after
implants injection and this stage was essentially maintained over 15.5 months (15.5 months shown in Figure 188,
the garfier visits in Figure 184). Best corrected visual acuity (BCVA) was not impaired.

(G008} Figure 28 One embodiment of spectral domain optical coherence tomography (SD-0CT) images
from subject #7 of cohort 2 {2 implants, 400 pg axitinib in total per eye). Subject #7 who had received aflibercept
for 6 years prior to study start showed significant reduction in CSFT und no impairment of BCVA for @ months after
implant injection.

(60081} Figure 21 One embaodiment of spectral domain optical coherence tomography (SD-0OCT} images
from subject #1 of cohort 3a (3 implants, 600 yg axitinib in total per eye). A significant reduction in CSFT was
ohserved at 2 months and maintained for 7.5 months in subject #1 from cohort 3a who was naive for AMD
treatment. BCVA was not impaired.

(000823 Figure 22 One embodiment of spectral domain optical coherence tomography (SD-OCT) images
from subject #1 from cohort 3b (2 implants, 400 ug axitinib in total per eye including co-administration of an anti-
VEGF agent), who was anti-VEGF treatment naive. CSFT was rapidiy reduced within 7 days and further reduced and
maintained iow until month 3.

[000833 Figure 23 One embodiment of spectral domain optical coherence tomography (SD-0CT) images
from subject #2 from cohort 3b (2 implants, 400 ug axitinib in total per eye including initial co-administration of an
anti-VEGF agent), who had received anti-VEGF treatment for 7 months prior to implant injection. CSFT was rapidly
reduced within 7 days. The low CSFT value was maintained until month 2.

(000841 Figure 24 One embodiment of the agglomeration tendency of axitinib when preparing and casting
a hydrogel implant according © an embodiment of the invention using micronized vs. non-micronized axitinib under
otherwise identical conditions.

{30085} Figures 254 and 258 One embodiment of an injector according to the present invention for
injecting an implant into the vitreous humor of a patient. This depicted embodiment of an injector comprises a
Hamilton syringe body and a Nitinol push wire to deploy the implant. Figure 254 shows the Hamilton syringe body
inside of an injection molded casing. Figure 258 shows a schematic view of the components of this embodiment of
the injector.



4

i0

20

30

WO 2021/195163 PCT/US2021/023806
11

{30086 Figure 284 Dxploded view diagram of ong embodiment of an injector according to the present
invention that is made of an injection molded body. Figure 268 shows a photograph of the fully assembled injector.
Figure 26C shows an exploded view of a first assembly of an injector according to the present invention. Figure
265 shows an explnded view of a second assembly of an injector according to the present invention. Figure 2868
shows that the first and the second assembly can be aligned. Figure 28F shows the cowl of the second assembly
being secured to the body of the first assembly. Figure 266G shows the needle shield being removed Tfrom the cowt
of the second assembly and the plunger clip baing removed from the body and plunger of the first assembly. Figure
Z6H shows the plunger of the first assembly being actuated to deploy the implant from the lumen of the needie of
the second assembly.

(00087} Figure 27 Phase 1 study design with implants containing 200 pg &dtinib according to one
embodiment of the invention.

(000881 Figure 28 Proposed phase 2 stucly dasign with an implant containing 600 pg axitinib according to
one embodiment of the invention,

DEFINITIONS

(80089} The term “implant” as used herein {sometimes also referrad 1o as “depot”} refers to an object that
contains an active agent, specifically a tyrosine kinase inhibitor (Ti) such as axitinib, as well as other compounds as
disclosed herain, and that is administerad into the human or animal body, &.g., 1o the vitreous humor of the aye
{also called “vitregus chamber” or “vitreous body”) where it remains for a cartain period of time while it releases the
active agent into the surrounding environment. An implant can have any predetarmined shaps (such as disclosed
herein} before being injected, which shape is maintained to a certain degres upon placing the implant into the
desired location, aithough dimensions of the implant {e.q. length and/or diameter} may change after administration
due to hydration as further disclosed herein. In other words, what is injected into the eye is not a solution or
suspension, but an already shaped, coharent object. Tha implant has thus been completely formed as disclosed
herein prior to being administered, and in the embodiments of the present invention is not created /7 sity at the
desirad location in the aya (as would generally also be possible with suitable formulations}. Once administered, over
the course of time the implant is biodegraded {as disclosed below) in physiological environment, may thereby change
its shape while it decreases in size untit it has been completely dissolved/rasorbed. Herein, the term “implant” is used
to refer both to an implant in & hydrated (also referred to herein as “wet”} stale when i contains water, e.g. after
the implant has been hydrated or re-hydrated once administered (o the eye or otherwise immarsed into an agqueous
environment (such as in vitro), as well as to an implant in its/a dry {dried/dehvdrated) state, i.e., after the implant
has been produced and dried and just prior to being loaded into a needle, or after having been loaded into a needle
as disclosed herein, or wherein the implant has been manufactured in a dry state without the nead for gehydration.
Thus, in certain embodiments, an implant in its dry/dried state in the context of the present invention may contain
no maore than about 1% by weight water. The water content of an implant in its dry/dried state may be measured
&.g. by means of a Karl Fischer coulometric method. Whenever dimensions of an implant {i.e., iength, diameter, or
volume} are reported herein in the hydrated state, these dimensions are measured after the implant has been
immersed in phosphate-huffered saling at 37 °C for 24 hours. Whenever dimensions of an implant are reported
herein in the dry state, these dimensions are measured after the implant has been fully dried {and thus, in certain
embadiments, contain no more than about 1 % by weight water) and the implant is in 3 state 10 be ivaded into a
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needle for subseguent administration. In certain embodiments, the implant is kept in an inert atmosphere glove box
containing below 20 ppm of both oxygen and moisture for at least about 7 days. Details of an embodiment of the
dimension measurement are reporfed in Example &.1.

[B00981 The term “ocular” as used in the present invention refers to the eye in general, or any part or
portion of the aye (85 an "ocular implant” according to the invention can in principle be administered to any part or
portion of the eye) or any disease of the eye (as in one aspect the present invention generally refers to treating any
diseases of the eye (“ocular diseases™), of variopus origin and nature. The prasent invention in certain embodiments is
directed to intravitreal injection of an ocular implant (in this case the “ocular implant” is thus an “intravitreal
implant™, and to the treatiment of ocular diseases afferting the posterior segment of the eye, as further disclosed
below.

(00081} The term "patient” herein includes both human and animal patients. The implants according to the
present invention are therefore suitable for human or vetaringry medicinal applications. The patients enrolied and
treated in the clinical study reported in Example 6 are referred 1o as “subjects”. Generally, a “subject” is & (human or
animal) individual to which an implant according to the present invantion is administered, such as during a clinical
study. A "patient” is a subject in need of treatmant due t© a particular physiological or pathological condition.
(0002} The term "biodegradable” refers to a material or object (such as the ocular implant according to
the present invention) which hecomes degraded in vivg, i.e., when placed in the human or animal body. In the
context of the present invention, as disciosed in detail herein below, the implant comprising the hydrogel within
which particles of & TKI such as particles of axitinib, are dispersed, siowly biodegrades over time once deposited
within the eve, &.g., within the vitreous humor. In certain embodiments biodegradation takes place at least in part
vig ester hydrolysis in the agueous environment of the vitregus. The implant siowly dissolves until it is fully resorbed
and is no longer visibie in the vitreous.

[00093] A Thydrogel” is a three-dimensional network of hydrophilic natural or synthetic polymers (as
disclosed herein) that can swell in water and hold an amount of water while maintaining or substantially maintaining
its structure, 2.g., due to chemical or physical cross-linking of individual polymer chains. Due to their high water
content, hydrogeis are soft and flexible, which makes them very similar to natural tissue, In the present invention the
term Thydrogel” is used to refer both 1o a hydrogel in the hydrated state when it containg water {e.g. after the
hydrogel has been formed in an agueous solution, or after the hydrogel has been (re-}hydrated once implanted into
the eye or other part of the body or otherwise immersed into an aguesus environment) and 10 a hydroged in its dry
{dried/dehydrated) state when it has been dried to a low water content of e.g. not more than 1% by weight. In the
present invention, whersin an active principle is contained {e.g. dispersed) in a hydroge!, the hydrogel may also be
referred 1o as a “matrix”.

(000941 The term "polymer network” describes a structure formed of polymer chains (of the same or
different molecular structure and of the same or different molecular weight) that are crosslinked with sach other. The
types of polymers suitable for the purposes of the present invention are disclosed herein. The polymer natwork may
also be formed with the aid of a crosslinking agent as also disclosed hersin,

(38095} The term “amorphous” refers 1o & polymer or polyimer network or other chemical substance or
entity which does not exhibit crystaliine structures in X-ray or electron scattering experiments.
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{30096 The term “semi-crystatiing” refers to a polymer or polymer nebwork or other chemical substance or
antity which possesses some crystalling charactar, i.e., exhibits some crystalline properties in X-ray or electron
scattering experiments.

(300971 The term “crystalling” refers to a polymer or polymer network or other chemical substance or entity
which has crystailine character as evidenced by X-ray or glectron scattering expanments.

[o0098] The term “precursor” herein refers to those molecuies or compounds that are reacted with each
other and that are thus connected via crosslinks to form the polymer network and thus the hydrogel matrix. Whila
other materials might be present in the hydroge!, such as active agents or buffers, they are not referred © as
“precursors”.

[ 000991 The parts of the precursor molacuies that are still present in the final polymer network are also
called "units” herein. The “units” are thus the building blacks or constituents of the polymer network forming the
hydrogel. For example, & polymer network suitable for use in the present invention may contain identical or different
polyethylene glycol units as further disclosed herein,

(380180} The molecular weight of a polymer precursor as used for the purposes of the prasent invention and
as disclosed herein may be determinad by analytical methods known in the art. The molecular weight of polyethylena
glyeol may for example be determined by any method known in the art, including gel electrophoresis such as SDS-
PAGE (sodium dodecy! sulphate-polvacrylamide gel electrophoresis), gel permeation chromatography (GPC),
including GPC with dynamic light scattering (DLS), fiquid chromatography (LC), as well as mass spectrometry such as
matrix-assisted laser desorption/ionization-time of flight (MALDE-TOF) spectrometry or electrospray ionization (ESI)
mass spectrometry. The molecular weight of a polymer, including a polyethylene glycol precursor as disciosed herein,
is an average molecular weight (based on the polymer's molecular weight distribution), and may therefore be
indicated Iy means of various average vaiues, inciuding the weight average molecular weight (Mw) and the number
average molecular weight {Mn). In the case of polysthylene alyeol precursors as used in the present invention, the
molecular weight indicated herein is the number average molecular weight (Mn).

(000101} In certain embodiments of the present invention, the term “fiber” {used interchangeably herein
with the term “rod™) characterizes an object {i.e., in the present case the implant according o the present invention}
that in general has an elongated shape. Specific dimensions of implants of the present invention are disclosed herain,
The implant may have a cylindrical or essentially cvlindrical shape, or may have & non-cylindrical shape. The cross-
sectional area of the fiber or the implant may be either round or essentially round, but may in certain embodiments
also be oval or ghiong, or may in other embodiments have different geomelries, such as cross-shaped, star-shaped
or other as disclosed herein.

[(00182] The term “release” (and accordingly the terms “released”, “releasing” etc.) as used herein refers to
the provision of agents such as an API from an implant of the present invention to the surrounding environment, The
surrounding environment may be an in vitrg or in vivo environmaent, as described harein. In certain speacific
embodiments, the surrounding environment is the vitreous humor and/or ocular tissue, such as the retina and the
choroid. Thus, whenever it is herein stated that the implant “releases” or “provides for {sustained) release” of a TKI
such as axitinib, this not only refers to the provision of TKE such as axitinib directly from the implant while the
hydrogel has not yet {fully) biodegraded, but also refers {o the continued provision of TKI such as axitinib to the
surrounding envirenment following full degradation of the hydrogel when remaining TKE is still present in this
surrounding environment {(&.¢. in an agglomerated form as further disclosed herein} for an extended period of time
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and continues to exart its therapeutic effect. Accordingly, the “reatment period” referred to herein {i.e., the paricd
during which a certain therapeutic affect as describad herein is achieved) may axtend to a period of time even after
the implant/the hydrogel has fully biodegraded as further disclosed herein.

[B00183] The term “sustained release” is defined for the purposas of the present invention to refer to
products (in the case of the present invention the products are implants) which are formulated to make a drug
available over an extended period of time, thereby allowing a reduction in dosing freguency compared 10 an
immediate release dosage form {such as e.g. a solution of an active principle that is injected into the eye}. Cther
terms that may be used herein interchangeably with “sustained release” are “extended releasa” or “controlled
release”. “Sustained release” thus characterizes the release of an API, specifically, the TKI, such as axitinib, that is
containgd in an implant according 1o the present invention. The term “sustained release” per se is not associated
with or limited to a parficufar rate of (in vitro or in vivo) release, although in certain embodimeants of the invention an
implant may be characterized by a certain average rate of (in vitre or in vivo) release or a certain release prafila as
disciosed herein, As an implant of the present invention (whether explicitly referred to herein as a “sustained release”
implant or simply as an “implant”) provides for sustained release of the APL an implant of the present invention may
therefore also be referred to as a “depot”.

[000104] Whenever it is stated herein that a certain administration or injection is performed “concurrently
with” or “simultaneously to” or “at the same time as” an administration or injection of an implant according to the
present invention, this means that the respective injection of either two or more implants or the injection of one or
more implant(s) together with the injection of a suspension or solution 2.g. of an anti-VEGF agent as disclosed herein
is normally performed immediately one after the other, i.e., without any significant delay. For example, if a total dose
of about 400 ug axitinib is to be administered to one eye and that total dose is comprised in two implants according
o the invention, each containing about 200 pg of axitinil, these two implants are normaily injected into the vitreous
chamber immediately one after the other within the same treatment session, of course by respecting all precautions
for a safe and precise injection at the desired site, but without any unnecessary delay. The same appiies to the
administration of one or more implant{s) according to the present invention concurrently with/simultaneously tofet
the same time with the administration of an additional anti~VEGF agent as described herein. In case the additional
anti-VEGF agent is administerad by an intravitreal injection of 2 suspension or solution containing the anti-VEGF
agent, this injection is also normally intended to take place immediately {as disciosed above} before or after the
intravitrea! injection of the one or more implant{s} according to the present invention, i.e., ideally during one
treatment session.

[G80105] Howsver, under specific circumstances, e.g. in case complications during the administration of the
first implant are experienced and/or the physician carrying out the injection concludes that a second injection during
the same session on the same day, or within the following days, may not be advisable, the second implant may aiso
be administerad &.g. one or two weeks after the first implant. Since, as will be disclosed in more detail herein, the
implants may persist in the vitreous of a human eye for a duration of an extended period of time, such as for about 9
to about 12 months, the administration of two implants e.g. one or two weeks apart is still regarded as
“eoncurrently” in tha context of the presant invention. Similar considerations apply for the “concurrent”
administration of an implant according to the present invention and an anti-VEGF agent. Thus, an anti-VEGF agent
can be administered concurrently, i.e., at or arpund the same time as described herain, with the intravitreal
administration of an imiplant of the present invention.
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[300106] In certain other embodiments, however, an anti-VEGF agent can also be administered in
combination with an intravitrea! implant of the present invention such that the anti-VEGF agent is administered later,
such as 1 month or 2 months or 3 months after the intravitreal injection of an implant according to the prasent
invention.

{00107} The term “rescue medication” gangrally refers to a medication that may be administered (o a
patient under pre-defined conditions (e.g. during a study in case & patient does not sufficiently respond to
investigational treatment}, or 10 manage an emergency situation. The conditions for administering rescus medication
in the clinical study disclosed in Example § herain are indicated under the sub-heading “Rescue medication” in the
description of Example & (for % rescue medication administration, see in particular Table 27). In certain
embodiments of the present invention, “rescue medication” refers to one dose of an anti-VEGF agent as disclosed
herein, administered as an infravitreal injection of a solution or suspension of the anti-VEGF agent. In certain specific
ambodiments, the rescue medication is one dose (2mg) aflibercept administered iy means of intravitreal injection.
(0001081 As used herein, the terny "about” in connection with @ measured guantity, refers to the normal
variations in that measured quantity, as expected by one of ordinary skill in the art in making the measurement and
exercising a level of care commensurata with the objective of measurement and the pracision of the measuring
aquipment.

[¢600109] The term "at least about” in connection with a measured quantity refers to the normal variations in
the measured guantity, as expected by one of ordinary skill in the art in making the measurement and exercising &
level of care commensurate with the objective of measurement and precisions of the measuring equipment and any
guantities higher than that,

(6001107 The term "average” as used herein refers (0 & central or typical value in a set of deta{paints),
which is calculated by dividing the sum of the data(points) in the set by their number {i.e., the mean value of a set of
datal.

(400111} As used herein, the singuiar forms "a,” "an", and "the" inciude plural references uniess the context
clearly indicates otherwise.

(6001123 The term "andfor” as used in a phrase such as "A and/or B" hergin is intended to include both "A
and B" and "A or 8",

o

[068113] Open terms such as Minclude,” "including,

o o,

contain,” “containing” and the like as used herein mean
"comprising” and are intended to refer to open-ended lists or enumerations of elements, method steps, or the like
and are thus not intended {0 be limited to the recited elements, method steps or the like but are intended to also
include additional, unrecited elements, method steps or the like.

(00114} The term “up to" when used herein together with a certain value or number is meant to include the
respective value or number,

[G00115] The terms “from Ato B”, "of from A to B”, and "of A to B” are used Interchangeably herein and all
refer to a range from A to B, including the upper and lower limits A and B,

[380116] The terms “API”, “active {pharmaceutical) ingredient”, “active {(pharmaceutical) agent”, “active
(pharmaceutical) principle”, “{active) therapeutic agent”, “active”, and “drug” are used interchangeably herein and
refer to the substance used in a finished pharmaceutical product (FPP) as well as the substance used in the
preparation of such a finished pharmaceutical product, intended o furnish pharmacological activity or o otherwise
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have direct effect in the diagnosis, cure, mitigation, treatment or prevention of a disease, or to have direct effect in
restoring, corracting or modifying physiciogical functions in a patient.

{00117} In certain embodiments, the TKE used according to the present invention is axitinib. Axitinib is the
active ingredient in INLYTA® {Pfizer, NY), indicated for the treatment of advanced renal cell carcinoma. It is a smali
molacule (386.47 Daitons) synthetic tyrosing kinase inhibitor. The primary mechanism of action is inhibition of
angiogenesis (the formation of new blocd vessels) by inhibition of receptor tyrosine kKinases, primarily: VEGFR-1,
VEGFR-2, VEGFR-3, PDGFR-B and ¢-Kit {Keating. Axitinily: a review in advanced renal call carcinoma. 2015, Drugs,
75(163:1903-13; Kernt et al., Inhibitory activity of ranibizumab, sorafenib, and pazopanib on light-induced
overexpression of platelet-derived growth factor and vascular endothelial growth factor A and the vascular
endlothelial growth factor receptors 1 and 2 and neuropilin 1 and 2. 2012, Reting, 32(8):1652-63), which are involved
in pathologic angiogenesis, tumor growth, and cancer progression. Axitinib is therefore a multi-target inhibitor that
inhibits both VEGF and PDGF pathways.

[000118] The molecular formula of axitinib is CHiaN«QS, and its IUPAC name is N-methyi-2-{3-{(E}-2-
pyridin-2-yi-vinyi}-1H-indazol-6-yisulfanyi}-benzamide. It has the following chemical structure:

AR e

NH 4
H

(0600119} The solubility of axitinib in biorelevant media (PBS, pH 7.2 at 37 °C) has been determined {0 be
low, approximately 0.4 to 0.5 ug/ml. is partition coefficient {n-octanol/water) s 4.2 {logP; ¢f. DrugBank entry
“axitinib”).

(000120} For the purposes of the present invention, active agents (including axitinib) in all their possible
forms, including any active agent polymorphs or any pharmaceutically acceptable salts, anhydrates, hydrates, other
sclvatas or derivatives of active agents, can be used. Whenever in this description or in the claims an active agent is
referred to by name, e.g., “axitinib”, even if not explicitly stated, it also refers to any such polymorphs,
pharmaceutically acceptable salts, anhvdratas, solvates {including hvdrates) or derivatives of the active agent.
(0001213 The term "polymorph” as used hereain refers {0 any Crystalline form of an active agent such as
axitinib. Frequently, active agents that are solid at room temperature exist in a variety of different crystailine forms,
i.e, polymorphs, with one polymorph being the thermoadynamically most stable at a given temiperature and pressure.
(000122} With respect to axitinih, sultable solid forms and polymorphs of axitinib including anhydrous forms
and solvates are for exampie disclosed in A.M.Campeta &t al,, Journal of Pharmaceutical Sciences, Vol 99, No. 9,
September 2018, 3874-3886. All axitinib polymorphs (whether anhydrous forms or solvates) can be used for
preparing impiants according to certain embodiments of the present invention, including the most thermodynamically
stable polymaorph of axitinib referred to as XLE in e.g. US 8,791,140 B2. XL is an anhydrous crystalline form of
axitinib. In certain embodiments of the invention, the axitinib used for preparing the implants according to the
present invention is the anhydrous crystaliine form XLI In certain other embodiments, crystalline anhydrous forms of
axitinib that are suitable for use in the present invention include {but are not limited to) polymorphs I, IV, VI, and
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XXV. In addition to the anhydrous forms, there exist numerous solvates of axitinib with various solvents, as aiso
described in the cited art, which also can ail be used Tor preparing implants according 10 the present invention. All
the ahove-mentioned forms are weli-characterized and described in the art, such as in the paper by Campeta et al.
cited above, or in the patent literature, including, but not limited to US 8,791,140 B2, US 2006/0094763, and WO
2016/178150 AL, Any of the axitinib polymorphic forms known and disclosed in the art, specifically (but not limited
to) the references cited herein, may be used in the present invention.

[GG3123] In certain specific embodiments, the axitinib usad for preparing the implanis according to the
present invention and/or present in the implants according to the present invention is characterized by an XRD
pattern comprising at least five characteristic 26 peaks selected from 8.3, 8.3, 13.7, 156, 16.1, 165, 17.6, 18.5,
21.0, 22.6, 23.1, 23.4, 24.1, and 26.0, each value = 0.2 25°, Particularly, axitinib used for preparing the implanis
according o the present invention and/or present in the implants according to the present invention is characterized
by an XRD pattern comprising at ieast five characteristic 20° peaks selected from 8.3, 9.3, 15.6, 165, 17.5, 21.5,
24.1 and 26.0, each value = .2 20°, and/or 2C NMR in DMS50 solvent comprising chemical shifts at 26.1, 114.7,
154.8 and 167.8, each shift = 0.2 ppm, and/or °C solid state NMR comprising chemical shifts at 171.1, 153.2, 142.6,
138.5, 1531.2, 128.1 and 126.3, each shift + 0.2 ppm, and/or characterized by a DSC isotherm comprising two
endothermic peaks ranging between 213 °C 1o 217 °C (Peak 1) and 219 °C to 224 °C (Peak 2). In one speadific
embaodiment, the non-solvated crystalling form SAB-I of axitinib disclosed in WQ 2016/178150 may be used for
preparing the implants according to the present invention.

[O00124] Axitinib inhibits VEGF signaling and it aiso inhibits PDGF signaling. In addition (o inhibiting
VEGF/POGF, it inhibits ¢-kit, a survival factor for developing blood vessels with a clearance half-iife (i) of a few
hours {Rugo et al., Phase I trial of the oral antiangiogenesis agent AG-013736 in patients with advanced solid
tumors. 2005, 3 clin Oncol., 23(24):5474-83), whereas ranibizumab and aflibercept each have ty; of several days in
the human eye. Longer tyz of these large molecule antibodies enable them to maintain efficacious tissue
concantrations for weeks, whergas small molecules are cleared mare guickly. However, due to the low solubility of
axitinib and its inclusion in the hydrogel impiant of the present invention which remains in the vitreous humor {(VH})
for an extended period of time, such as for months, therapeuticaily effective amounts of axitinib are delivered over
the period the implant persists in the VH. Therefore, intravitreal sustained delivery of axitinib provides a multi-target
inhibitor that can in principle inkibit beth VEGF and PRGF pathways without the need of combination therapies and
without the need for frequent intravitreal injections.

[G00125] As used herein, the term “therapeutically effective” refers to the amount of drug or active agent
needed to produce a certain desired therapeutic result after administration. For example, in the context of the
present invention, one desired therapeutic result would be the reduction of the central subfield thickness (C5FT) as
measured by optical coherence tomography in a patient suffering from neovascular AMD as patients suffering from
neovascular AMD have elevated CSFT. A “therapeutically effective” amount of an active agent in the context of the
present invention may also be a multiple of the ICsx this active agent provides against a particular substrate, such as
50 or more timas the ICqo. For example, I valuas of the TKI axilinib against angiogenasis-related RTKS are
presentad in Tabile 12,

[BB0126] The abbreviation "PBS” when used herein means phosphate-buifered saline,

[oB3127] The abbraviation "PEG” when used herein means polyethyiena glycol.
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DETAELED DESCRIPTION
i, The implant
The active principie:
(000128} One aspect of the present invention is a sustained release biodegradable ocular implant comprising

a hydroge! and at feast ahout 150 ug of a tyrosine kinase inhibitor {TKE), wherein TKI particles are dispersed within
the hydrogel. In one embodiment, the present invention provides a sustained release biodegradabie ocular implant
comprising & hydrogel and at least about 150 pg of 8 byrosine kinase inhibitor (TKI}, wherein TKI particles are
dispersed within the hydrogel, and wherain the implant in its dry state has a length of less than about 17 mm.
(000129 The active principle contained in an implant of this aspect of the invention is a TKI. Examples for
suitable TKIs are axitinip, sorafenip, sunitinib, nintedanib, pazopanib, regorafenid, cabozantinib, and vandetanib. In
particular embodiments, the TKE used in this and other aspects of the present invention is axitinib. Details on axitinib,
its chemical structure, polymorphs, solvates, salts etc. and s properties such as solubility are provided above in the
definitions section.
[G03130] All features {individually or any combinations of features) disclosed herein with respact to an
implant according to the presant invention may be usad 0 charactarize the sustained ralease biodegradable ocular
implant comprising a hydrogel and at least about 150 ug of a tyrosine kinase inhibitor {TKI), wherein TKI particles
are dispersed within the hydrogel, and wherein the implant in its dry state has a length of less than about 17 mm.
(380131} In paiticular embodiments, the implant of the invention is an intravitreal implant; i.e., is
administered to the vitreous humaor {(also referred to herein as “administered infravitreally”}).
[0G3132]} The 1K1, such as axdtinib, is contained in the implant of the invention in a range of dosas as
discliosed herein of at laast 150 ug, such as from about 150 ug to about 1800 ug, from about 150 yg t© about 1200
g, or from about 200 ug to about 800 ug. Any TKE, such as axitinib, amount within these ranges may be used, such
as about 150 ug, about 200 ug, about 300 ug, sbout 400 ug, about 500 ug, about 600 ug, about 700 pg, about 830G
ug, about 990 ug, about 1000 ug, about 1100 yg or about 1200 ug. In alternative embodiments, the dose of TKI
contained in an impiant of the invention, such as axitinih, may alsc be up t© about 1800 ug, such as about 1300 ug,
about 1400 ug, about 1500 ug, about 1600 ug, about 1700 ug, or sbout 1800 pg. In further alternative
embodiments, the dose of TKI contained in an implant of the invention, such as axitinib, may be even higher than
about 1800 g or higher than about 2000 yg, such as up to about 3000 ug, up to about 6000 ug, or up to about
10000 pg. All mentioned values also include a vanrance of +25% and -20%,; or a variance of +/- 10%.
[G00133] In certain particular embodiments, the doses of axitinib contained in an implant of the invention
are:
- arange from about 160 ug to about 250 pg, or from about 180 ug to about 220 ug, or about 200 ug (...,
including a variance of +25% and -20%, or a variance of +/~ 10% of 200 pg)
- arange from about 320 ug to about 500 ug, or from about 360 ug to about 440 ug, or about 400 ug {i.e.,
including a variance of +25% and -20%, or a variance of /- 10% of 400 pg)
- arange from about 375 ug to about 600 pg, or from about 450 g to about 550 pg, or about 500 ug (e,
including a variance of +25% and -20%, or a variance of +/~ 10% of 500 pg}
- arange from about 480 ug to about 750 pg, or from about 540 pg to about 560 g, or about 600 pg (e,
including a variance of +25% and -20%, or a variance of +/~ 10% of 600 pg)
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- arange from about 640 ug to about 1000 pg, or from about 720 pg to about 880 ug, or about 800 ug (e,
including a variance of +25% and -20%, or a variance of +/- 10% of 800 ug}
- arange from about 800 ug to about 1250 ug, or from about 200 ug to about 1100 ug, or about 1000 g
{i.e., including a variance of +25% and -20%, or a variance of +/- 10% of 1000 ug)
- arange from about 860 ug to about 1500 pg, or from about 1080 ug to about 1320 pg, or about 1200 ug
(i.e., including a variance of +25% and -20%, or a variance of +/- 10% of 1200 ug)
-~ arange from about 1440 ug to about 2250 pg, or from about 1620 pg to about 1880 ug, or about 1800 pyg
{i.e., including a veriance of +25% and -20%, or a variance of +/- 10% of 1800 yg).
[G600134] In one preferred embodimeant, the dose of axitinib contained In one implant of the invention is from
about 480 ug to about 750 ug, or from abeout 540 ug to about 660 ug, or in particular embodimants is about 600 g,
(0001353 The disclosed ampunts of TKI, such as axitinib, including the mentioned variances, refer £o both
the finai content of the active principle in the implant, as well as to the amount of active principie used as & starting
component per implant when manufacturing the implant.
(380136} As will ba disclosed in more detall herein below and as will become apparent from the Examples
section, in certain embodiments of the invention tha total duose of the TKI, such as axitinib, to be administered to a
patient, may be contained in two, three or more implants administered concurrently. For example, a dose of about
400 pg of TKI, such as axitinib, may be administered in one implant containing about 400 yg axitinib, or in two
implants e.g. each containing about 200 ug axitinib and so on. Of course, one may not only combine two or more
identical implants {or implants containing the identical dosa), but also two or more different implants (or implants
containing different dosas) in order 10 arrive at 3 desired total dose. In a particular embodiment, a total axitinib dose
of from about 480 ug to about 750 ug, or from about 540 ug to about 660 g, or of about 503 ug, is contained in
one implant and only one such implant is administered {0 a patient in need of such treatment in accordance with the
invention. In another embodiment, a total dose of higher than about 008 g, such as from about 800 ug to about
1250 pag, or from about 800 ug to about L1100 pg, or of about 1000 ug, or a total dose from about 960 ug to about
1500 pg, or from about 1080 ug to about 1320 pg, or of about 1200 ug, or a total dose from about 1440 pg to about
2250 yg, or from about 1620 ug to about 1980 ug, or of about 1800 ug is contained in one implant and oniy one
such implant is administerad to a patient in nead of such traatment in accordance with the invention. In other
embodiments, the fotal dose administered to a patient in accordance with the present invention may be contained in
two or more implants (containing the same or different amounts of APT) administered concurrently.
[OB8137] The TKI, such as axitinib, is contained in the implant of the inventionand is dispersed or distributed
in the hydrogel that is comprised of a polymer network, In certain embodiments, the particles are homogenesusly or
essentially homogeneously dispersed in the hydrogel, The hwdroge! may prevent the particles from aggiomerating
and may provide a matrix for the particies which holds them in the desired location in the eye while slowly releasing
drug.
(000138} In certain embodiments of the invention, the TKI particles such as the axitinib particies may be
microancapsulated. The term “microcapsule” {also referred 1o as “microparticle™) is sometimes defined as a roughly
spherical particle with a size varying between &.g. about 50 am to about 2 mm. Microcapsules have at least one
discrete domain (or core) of active agent encapsulated in a surrounding material, sometimes also referred to as a
shell. One suitable agent (without limiting the present disclosure to this) for microencapsulating the TKI, such as the
axitinib, for the purposes of the present invention, is poly {lactic-co-glycalic acid).
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[3600139] In other embodiments, the TKI particles such as the axitinib particles are not microencapsulated
and are thus dispersad in the hydroge! and thus in the implant of the invention as they are, i.&., without being
adimixed to or adjoined with or microgncapsulated by angther material such as {but not limited to) poly (lactic-co-
glycotic acid).

[B03140] In oine embodiment, the TKI particles, such as the axitinib particles, may be micronized particles. In
another embodiment, the TKI particies, such as the axitinib particles, may not be micronized. Micronization refers to
the process of raducing the average diameter of particies of a solid material, Particles with reduced diamaters may
have miter afiz higher dissolution and erosion rates, which increases the bicavailability of active pharmaceutical
ingredients and may have in certain embodiments a positive impact on release kinetics. Furthermore, micronized
particles may have a reduced tendency 1o agglomerate during manufacturing operations {see also Fig. 24). In the
composite materials field, particle size is known to affect the mechanical properties when combined with a matrix,
with smalier particles providing superior reinforcement for & given mass fraction. Thus, a hydrogel matrix filled with
micronized TKI particles may have improved mechanical properties {e.g. brittleness, strain to failure, etc.} compared
to a similar mass fraction of larger TKI particles. Such properties are important in manufacturing, during
implantation, and during degradation of the implant. Micronization may also promote a more homoganaous
distribution of the active ingredient in the chosen dosage form or matrix. The particie size distribution can be
measured by methods known in the art, including sieving, laser diffraction or dynamic light scattering. In certain
embodiments of the invention the TKI, such as the axitinib, particies used in preparing the implants of the present
invention may have a d90 of less than about 100 um and/or a d50 of less than about 50 um, or a d90 of less than
about 75 um and/or a d50 or less than about 20 ym as determined by laser diffraction. In specific embodiments, the
d90 of the TKI, such as the axitinib, may be less than about 30 um), less than about 20 ym as determined by laser
diffraction. In very particular embodiments, the d90 of the TKI, such as axitinib, is less than about 10 um as
determined by laser diffraction. In these or other embodiments, the d50 of the TKE, such as axitinib, particles used
in preparing the implants of the present invention may be less than about 5 um as determined by laser diffraction. In
these or other embodiments, the d10 of the TKI, such as the axitinib, particies used in the present invention may be
less than about 3 pm as determined by laser diffraction. In certain embodiments, the di00 of the TKI, such as the
axitinib, particles used in the preparation of the implants of the present invention may be less than about 20 um as
determined by laser diffraction. The “d90" {also referred to as "DYY” herein) value means that 90 volume-% of all
particles within the measured bulk material (which has a certain particie size distribution} have a particle size below
the indicated vaiue. For exampie, a d90 particle size of less than about 10 gm means that 90 volume-% of the
particles in the measured bulk material have a particle size below about 10 um. Corresponding definitions apply to
other “d” values, such as the “diQ”, “d50" or the “d100” values (also referred to herein as the "D107, "D50” and
“D100" values, respectively). In certain other embodiments also TiIA, such as axitinib, particles with diameters above
this specification may be used.

(000141} Micronized TKI such as axitinib particles may be purchased per specification from the supplier, or
may be prepared e.g. according to the following exemplary procedure for axitinib (disclosed in WO 2016/183296 AL,
Example 13}: 1800 ml of sterile Water For Injection (WFI} is measured into & 2 L beakar and placed on a stir plate
stirring at 600 RPM with a stir bar, creating a large WFIL vortex in the center of the beaker. One 60 mL 8D syrings
containing axitiniby in ethano! is placed on a syringe pumg which is clamped above the WFI beaker. A hypodermic
needle (21G, BD} is connected to the syringe and aimed directly into the center of the vortex for dispensation of the
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axitinib solution. The syringe pump is then run at 7.5 mbl/min in order to add the axiinib solution dropwise to the
WFI to precipitate micronized axitinib. After micronization, the axitinib is filtered, e.¢. through a 0.2 um vacuum filter
and rinsed with WFL After filtration, the axitinib powder is collected from the filter e.g. by using a spatula and
vacuum dried for an extendad period of time, such as for about 12 or about 24 hours, in order to remove excess

4

solvent. Another exernplary methad of micronizing axitinib is disclosed in Example 9 of WO 2017/091749. The
described method of micronization is not limiting, and other methods of micronizing the active agent such as axditinib
may egually be usad. The disclosed micronization method {or other methods) may also be used for other actives
than axitinib.

(36001427 Another aspect of the present invention is a sustained release bindegradable ocular implant

10 comprising a hydrogel and at least about 150 g of a tyrosine kinase inhibitor {(TKI), wherein T particles are
disgersad within the hydrogel, and wherein the implant in s dry state has a total weight of about 0.2 mg to about
1.5 mg. In certain embodiments, the TKI is axitinib or another TKI as disciosed herain.

[000143] In certain embodiments, the total weight {also referred t hergin as “total mass”) of an implant
according to the present invention in its dry state may be from about 400 pg to about 1.2 mg. In certain specific

[y
(4]

embodiments, the total weight of an implant accarding to the invention in its dry state may be from about §.3 mg to
about 0.6 mg, such as from about 0.4 mg to about 0.5 mg, or may be from about 0.8 mg to about 1.1 mg, such as
from about 8.9 mg toabout 1.0 mg.

(3001447 All features {individually or any combinations of features) disclosed herein with respect to an
implant according to the present invention may be used to characterize the sustained release bindegradable ocular
20 implant comprising a hydrogal and at least about 150 yg of a tyrosine kinase inhibitor {TKI), wherein TKI particles
are dispersed within the hydrogel, and wherein the implant in its dry state has & total weight of about 0.2 mg to
about 1.5 mg.

The polymer network:

[G00145] In certain embodiments, the hydrogel may be formed from precursors having functional groups
25 that form crosslinks to create & polymer network. These crosslinks between polvmer strands or arms may be
chemical {i.e., may be covalent bonds) and/or physical {such as ionic bonds, hydrophobic association, hydrogen
bridges etc.) in nature,
(0001461 The polymer network may be prepared from precursors, either from one type of precursor or from
two or more types of precursors that are allowed to react. Precursors are chosen in consideration of the properties
30 that are desired for the resuitant hydrogel. There are various suitable precursors for use in making the hydrogels.
Generally, any pharmaceutically acceptable and crossiinkable polymers forming a hydrogel may be used for the
purposes of the present invention. The hydrogel and thus the components incorporated into &, including the
polymers used for making the polymer network, should be physiologically safe such that they do not elicit e.g. an
immune response or other adverse effects. Hydrogels may be formed from natural, synthetic, or biosynthetic

o2
(¥4

polymers.

[BO0147] Natural polymers may include glycosaminoglycans, polysaccharides {e.g. dextran), polvaminoacids
and proteing or mixtures or combinations thereof.

(0001481 Synthetic polymers may generally be any polymers that are synthetically produced from a variety of
feedstocks by different types of polymerization, including free radical polymerization, aniohic or cationic
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polymerization, chain-growth or addition polymerization, condensation golymerization, ring-opening polymerization
ate. The polymerization may be initiated by certain initiators, by light and/or heat, and may be mediated by catalysix,
[000148] Generally, for the purposss of the present invention one or more synthetic polymears of the group
comprising ong ar more units of polyalkylene glycol, such as polyethyiene givcol {(PEG), polvpropylene givoa,
poly{ethylena gliycol}-block-poly{ propylene giycol} copolymers, or polyethyiene oxide, polypropylene oxide, polyvinyt
alcohol, poly (vinylpyrrolidinone), polvlactic acid, polviactic-co-glycolic acid, random or block copolymers or
combinations/mixtures of any of these can be used, while this list is not intended o be limiting.

[G03150] To form covalently crossiinked polymer networks, the pracursors may be covalently crosslinked
with each other. In certain embodimants, pracursors with at least two reactive centers (for exampie, in free radical
polymerization} can serve as Crosslinkars since each reactive group can participate in the formation of a different
growing polymer chain.

(003151} The precursors may have biologically inert and hydrophilic portions, &.g., a corg. In the case of a
branched polymer, a core refers to a contiguous portion of a molecule joined to arms that extend from the core,
where the arms carry a functional group, which is often at the terminus of the arm or branch. Multi-armed PEG
precursors are examyles of such precursors and are further disclosed herein balow.

[B00152] Thus & hydrogel for use in the present invention can be made e.g. from one multi-armed precursor
with a first {set of) functional group(s) and ancther multi~armed precursor having a second (set of) functiona!
group(s). By way of example, a multi-armed precursor may have hydrophilic arms, e.g., poiyethylene giycol units,
terminated with primary amines (nucleophile), or may have activated ester end groups {electrophile). The polymer
network according to the present invention may contain identical or different polymer units crosslinked with each
other.

(300153} Certain functional groups can be made more reactive by using an activating group. Such activating
aroups include (hut are not limited to) carbonyidiimidazole, sulfonyl chioride, aryl halides, sulfasuccinimidy! esters, N-
hydroxysuccinimidyl ester, succinimidy! ester, epoxide, aldehyde, maleimides, imidoesters, acryiates and the like. The
N-hydroxysuccinimide esters (NHS) are useful groups for crosslinking of nucieophilic polymers, e.g., primary amine-
terminated or thiokterminated polyethylene givcols. An NHS-amine crosslinking reaction may be carried outin
agueous solution and in the presence of bhuffers, e.g., phosphate huffer {(pH 5.0-7.5), triethanolamine buffer (pH 7.5-
6.3}, borate buffer (pH 9.0-12), or sodium bicarbonate buffer {pH 8.0-10.08).

[000154] In certain embodiments, each precursor may comprise only nucleophilic or only electrophilic
functional groups, 50 long as both nucieophilic and electrophilic precursors are used in the crosslinking reaction,
Thus, for example, if & crosslinker has only nuclesphilic functional groups such as amines, the precursor polymer may
have electrophilic functional groups such as N-hydroxysuccinimides. On the other hand, if a crosslinker has
electrophilic functional groups such as sulfosuccinimides, then the functional polymer may have nucieophilic
functional groups such as amines or thiols. Thus, functional polymers such as proteins, poly (allyl aming), or amine-
terminated di-or multifunctional poly{ethviene giycol) can be also used to prepare the polymer network of the
present invention,

[008155] In one embodiment a first reactive precursor has about 2 to about 16 nucleophilic functional
groups each (termed functionality}, and & second reactive precursor allowed to react with the first reactive precursor
to form the polymer network has about 2 to about 16 electrophilic functional groups each. Reactive precursors
having a number of reactive (nudleophilic or electrophiiic} groups as & multiple of 4, thus for example 4, 8 and 16
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reactive groups, are particularly suitable for the present invention. Any number of Tunctional groups, such as
including anv of 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, or 16 groups, is possible for precursors to be used in
accordance with the present invention, while ensuring that the functionality is sufficient to form an adequately
crosslinker! network.

PEG hydrogels:

[B00156] In a certain embodiments of the present invention, the polymer network forming the hydrogel
contains polvethylene giveol (PEG) units. PEGs are known in the art to form hydrogels when crosslinked, and these
PEG hydrogels are suitable for pharmaceutical applications e.g. as matrix for drugs intended to be adnvinistered to all
parts of the human or animal body.

[000157] The poiymar network of the hydroge! implants of the presant invention may comprisa ong or more
multi~arm PEG units having from 2 to 10 arms, or 4 to 8 arms, or 4, 5, 6, 7 or 8 arms, The PEG units may have a
different or the same number of arms. In certain embodimants, the PEG units used in the hydroge! of the present
invention have 4 and/or 8 arms. In certain particular embodiments, a8 combination of 4- and &-arm PEG units is
utitized.

(000158} The number of arms of the PEG used contributes to controlling the flaxibility or softness of the
resulting hydrogel. For example, hydrogels formad by crosslinking 4-arm PEGs are generally softer and more flexible
than those formed from 8-arm PEGS of the same molecular weight. In particular, if stretching the hvdrogel prior to or
after drying as disciosed herein below in the section relating to the manufacture of the implant is desired, a more
flexible hydrogel may be used, such as a 4-arm PEG, optionally in combination with another multi-arm PEG, such as
an 8-arm PEG as disclosed above.

[B30152] In certain embodiments of the present invention, polysthylene ghyeol units used as precursors have
an gverage molecular weight in the range from about 2,000 to about 100,000 Daltons, or in a range from about
10,000 to about 60,000 Dalons, or in a range from about 15,000 to about 50,000 Daltons. In certain particular
embodiments the polysthylene glycol units have an average molecular weight in a range from about 13,000 to about
40,000 Daitons, or of about 20,000 Daltons. PEG precursors of the same average molecular welght may be used, or
PEG precursors of different average molecular weight may be combined with each other. The average molecular
weight of the PEG precursors used in the present invention is given as the number average molecular weight (Mn),
which, in certain embodiments, may be determined by MALDL

[B0018680] In a 4-arm PEG, each of the arms may have an average arm length {or molecular weight) of the
total molecular weight of the PEG divided by 4. A 4520kPEG precursor, which is one precursor that can be utilized in
the present invention thus has 4 arms with an average molecular weight of about 5,000 Daltons each. An 8320k PEG
precursor, which may be used in addition to the 4a20kPEG precursor in the present invention, thus has 8 arms each
having an average molecular weight of 2,500 Daltons. Longer arms may provide increased flexibility as compared to
shorter arms. PEGS with longer arms may swell mare as compared to PEGs with shorter arms. A PEG with a lower
number of arms also may swell more and may be more flexible than a PEG with a higher number of arms. In certain
particular embodiments, combinations of PEG precursors with different numbers of arms, such as a combination of a
4-arim PEG precursor and an 8-arm pracursor, may be utilized in the present invention. In addition, longer PEG arms
have higher melting temperatures when dry, which may provide more dimensional stability during storage. For
example, an 8-arm PEG with a molecuiar waight of 15,000 Daiton crossiinked with trilysine may not be able to
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maintain a stretched configuration at room temperature, whereas a 4-arm 20,000 Dalton PEG crossiinked with an 8-
arm 20,000 Dalton PEG may be dimensionally stable in a stretched configuration at room temperature.
[GBB161] When referring to a PEG precursor having a certain average molecular weight, such as a 15iPEG-
or a 20kPEG-precursor, the indicated average molecular weight (ie., a Mn of 15,000 or 20,000, respectively) refers
o the PEG part of the grecursor, before end groups are added {"20k” here means 20,000 Baltons, and “15k” means
15,000 Daitons — the same abbreviation is used herein for other average molecular weights of PEG precursors). In
certain embodiments, the Mn of the PEG part of the precursor is determined by MALDIL The degree of substitution
with end groups as disciosed herain may be determined by means of 'H-NMR after end group functionalization.
(36001627 In certain embodiments, electrophilic end groups for use with PEG precursors for preparing the
hwdrogels of the present invention are N-hydroxysuccinimidyl (NHS) esters, including but not limited to: "SAZ”
referring to a suctinimidylazelate end group, "SAP” referring to a succinimidyladipate end group, “5G” referring to 8
succinimidyiglutarate end group, and "S3” referring 1o a succinimidvisuccinate end group.
(0001631 In certain embodiments, nucleophilic end groups for use with PEG precursors for preparing the
hydrogels of the present invention are amine {denotad as “NH,") end groups. Thiol (-SH} end groups or other
nucleophiiic and groups are aiso passible.
[B00164] In certain preferred embediments, 4-arm PEGs with an average molecular weight of about 20,000
Daltons and an electrophilic end group as disclosed above and 8-arm PEGS also with an average molecular weight of
about 20,000 Daltons and with a nucleophilic end group as disclosed above are crosslinked for forming the polymer
network and thus the hydrogel according to the present invention.
[003165] Reaction of nucleophilic group-containing PEG units and electrophilic group-containing PEG units,
such as amine end-group containing PEG units and activated ester-group containing PEG units, results in a plurality
O
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of PEG units being crosslinked by a hydrolyzable linker having the formula: G , wherein mis

annee

an integer from 0 to 10, and specificallvis 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10. In one particular embodiment, mis §, .q.
in the case & SAZ-end group-containing PEG is used. For a SAP-end group, m would be 3, for a 5G-end group, m
would be 2 and for an S5-end group m wouid be L. All crossiinks within the polymer network may be the same, or
may be different.

[GO0166] In certain preferred embodiments, the SAZ end group is utilized in the present invention. This end
group may provide for increased duration in the eye, and the implant of certain embodiments of the present
invention comprising a hydrogel comprising PEG-5AZ units is biodegraded in the eye, such as in the vitreous humor
of a human eye, only after an extended period of time, e.g., 9 to 12 months as further disclosed below, and may in
certain circumstance persist even longer. The SAZ group is more hydrophobic than e.g. the SAP-, 5G- or S5-end
groups hecause of a higher number of carbon atoms in the chain {m being 6, and the total of carbon atoms between
the amide group and the ester group being 7).

[GBB167] In certain preferred embodiments, a 4-arm 20,000 Dalton PEG precursor is combined with an 8-
arm 20,000 Dalton PEG precursor, such as a 4-arm 20,000 Dalton PEG precursor having & SAZ group {(as defined
above) combinad with an 8-arm 20,000 Dalton PEG precursor having an anving group {as defined above). These
precursors are also abbraviated hergin as 4a20kPEG-SAZ and 8a20kPEG-NH., respectively. The chemical structure of
4a20kPEG-5AZ is:
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wherein R represents a pentaerythritol core structure. The chemical structure of 8a20kPEG-NH, (with a hexagiveerol
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N

'R = hexaglycerol sore structure

core} is:

R

In the above formulae, n is determined by the molecular weight of the respective PEG-arm.

[(00168] In certain embodiments, the molar ratio of the nucleophiiic and the electrophilic end groups
reacting with each other is about 111, Le., one amine group is provided per one SAZ group. In the case of 4a20kPEG-
SAZ and 8a20kPEG-NH: this results in a weight ratio of about 2:1, as the 8-arm PEG contains double the amount of
and groups as the 4-arm PEG. However, an excess of aither the electrophilic {e.g. the NHS end groups, such as the
SAZ) end groups or of the nudleophilic {&.q. the amine} end groups may be used. In particular, an excess of the
nucleophilic, such as the amine-end group containing precursor may be used, i.e., the weight ratio of 4220kPEG-5AZ
and 8a20kPEG-NH, may aiso be less than 2:1.

[B00169] Each and any combination of electrophilic- and nucleophilic-group containing PEG precursors
disclosed herein may he used for preparing the implant according to the present invention. For example, any 4-arm
or 8-arm PEG-NHS precursor {(e.g. having a SAZ, SAP, 5G or 55 end group) may be combined with any 4-arm or 8-
arm PEG-NH; precursor (or any other PEG precursor having a nucieophilic group}. Furthermgore, the PEG units of the
electrophiiic- and the nucieophilic group-containing precursors may nave the same, or may have a different average
molecular weight.

(080178} Another nucleophiiic group-containing crossliinking agent may be used instead of a PEG-based
crosslinking agent. For example, a low-molecular weight amine linker can be used, such as trilysine {or a trilysine salt
or derivative, such as trilysing acetate) or other low-molecular weight multi-arm amines.

[0DO17L] In certain embodiments, the nucieophilic group-containing crosslinking agent may be bound to or
conjugated with a visualization agent. A visualization agent is an agent that contains a fluorophoric or other
visualization-enabling group. Fluorophores such as flugrascein, rhodaming, coumarin, and cyanine may for example
be used as visualization agents. The visualization agent may be conjugated with the crossiinking agent e.g. through
some of the nucleophilic groups of the crossiinking agent. Since a sufficient amount of the nucieophilic groups are
necessary for crosslinking, “conjugated” or “conjugation” in general includes partiai conjugation, meaning that only a
part of the nucieophilic groups are used for conjugation with the visualization agent, such as about 1% to about
20%, or about 5% to about 10%, or about 8% of the nucleophilic groups of the crosslinking agent may be
conjugated with a visualization agent. In other embodiments, & visualization agent may also be conjugated with the
polymier precursor, e.¢. through certain reactive {such as electrophilic) groups of the polymer precursors.
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Additional ingredients:

[000172] The implant of the present invention may contain, in addition to the polvmer units forming the
polymer network as disclosed above and the active principle, other additional ingredients. Such additional ingredients
are for example salis originating from buffers used during the preparation of the hydrogel, such as phosphates,
horates, bicarbonates, or other buffer agents such as triethanolamine. In certain embodiments of the present
invention sodium phosphate buffers (specifically, mono- and dibasic sodium phosphate) are used.

[B808173] Optionally, preservatives may be used for the implants of the present invention. However, in
cartain embodiments, the implants of the prasent invention including the implants containing axitinib as active agent,
are free of preservatives, such as anti-microbial preservatives {including, but not limited to benzalkonium chloride
{BAK), chlorobutand!, sodium perborate, and stabilized oxychloro complex {SOC)), or are substantially free of such
preservatives,

(0001741 If an in situ gelation is preferred in an embodiment of the invention, possible additional ingredient
may be other agents used during manufacture of the hvdrogsl, such as {without being limited to) viscosity-
influencing agents (such as hyaluronic acid ete.), surfactants ete.

[000175] In certain embodiments, the inserts of the present invention may contain a visualization agent.
Visualization agents that may be used in the context of the invention are all agents that can be conjugated with the
components of the hvdrogeal or can be entrapped within the hydrogel, and that are visible, or may be made visible
when exposed &.g. o light of a cartain wavelength, or that are constrast agents. Suitable visualization agents for use
in the present invention are (but are not limited to) &.g. fluoresceins, rmodamings, coumaring, Cyanines, eurgpium
chelate complexes, boron dipyromethenes, henzofrazans, dansyls, bimanes, acridines, triazapentalenes, pyrenes and
derivatives thereof. A visualization agent may be conjugated with either the nucleophilic- or the electrophilic group-
containing precursor of which the polymer network is formed, as disclosed above, or the visualization agent may be a
separate {(non-conjugated) agent that is added during the manufacture of the implant and that is prasent in the
hydrogel.

Formulation:

[o08176] In certain embodiments, implants according to the present invention comprise a TKI, a polymer
network made from one or more polymer precursors as disclosed herein above in the form of a hydrogel, and
optional additional components such as salts etc. remaining in the implant from the production process (such as
phosphate salts used as buffers etc.). In certain preferred embodiments, the TKE is axitinib.

[G08177] In certain embodiments, the implants according to the present invention in their dry state may
contain from about 15% to about 80%, such as from about 25% to about 75% by weight T«{ and from about 15%
o about 80%, such as from about 20% t© about 60% by weight polymer units, or in particular embodiments from
about 35% 10 about 65% by weight TKI and from about 25% to about 0% by weight polymer units {diy
composition). In specific embodiments, the implants according to the present invention may contain from about 45%
to about 55% by weight TKI and from abiout 37% to about 47% by welght polymer units {dry composition), with the
TKI and the polymer units heing selected from those disciosed herein above. In other specific embodiments, the
implants according to the present invention in thelr dry state may contain from about 55% to about 75% by weight
TKI and from about 20% to about 40% by weight polymer units {(dry composition), with the TKI and the pobymer
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units being selected from those disclosed herein above. In other specific embodiments, the implants according to the
present invention in their dry state may contain from about 30% to about 45% by waight TKE and from about 47%
o about 70% by weight polvmer units {dry composition}, with the TKI and the polymer units being selacted from
those disclosed herein above.

[B03178] In oie particular embodiment, the implants according o the prasent invention in their dry state
may contain from about 25% to about 75% by weight axitinib and from about 20% to about 60% by weight PEG
units, or from about 35% to about 85% by weight axitinib and from about 25% to about 50% by welght PEG units,
or from about 45% to about 55% by weight axitinib and from about 37% to about 47% by weight PEG units, or from
about 48% 1o about 52% by weight axitinib and from about 40% 10 about 44% by weight PEG units (dry
compaosition). In other particular embodiments, the implants according to the present invantion in their dry state may
contain from about 55% to about 75% by weight axitinib and from about 20% to about 40% by weight PEG units, or
from about 60% to about 75% by weight axitinib and from about 21% 1o about 31% by weight PEG units {dry
composition).

(080179} In one further particular embodiment, on a dry weaight basis the axitinib to PEG ratio in an implant
according to the invention may be approximately 50% by weight or more axitinih to approximately 40% by waight or
less PEG, the balance being phosphate salt. Alternatively, on a dry weight basis the axitinib to PEG ratic in an implant
according to the invention may be from about 1:1 to about 3:1.

(3001807 In certain embodiments, the balance of the implant in its dried state {i.e., the remainder of the
formulation when TKI, such as axitinib, and polymer hydrogel, such as PEG hydrogel, have already been taken
account of) may be salts remaining from buffer soiutions as disclosed above. In certain embodiments, such salts are
phosphate, borate or (b} carbonate salts. In one embadiment the buffer sait is sodium phosphate {mono- and/or
dibasic).

(000181 The amounts of the TKI and the polymer(s} may be varied, and cther amounts of the TKI and the
polymer hydroge! may be used to prepare implants according to the invention.

(000182} In certain embodiments, the maximum amount of drug within the formulation is about two times
the amount of the polymer {e.g., PEG} units, but may be higher in certain cases, but it is desired that the mixture
comprising, e.q., the precursors, buffers and drug {in the state before the hydrogel has gelled completely) can be
uniformiy cast into a mold or tubing.

[000183] In one embodiment of the invention, the hydroge! after being formed and prior to being dried, i.e.,
in & wet state, may comprise about 3% to about 20% polyethylene glyeol representing the polvethylene glycol
weight. divided by the fluid weight x 100. In one embodiment, the hydroge! in a wet state comprises about 5% to
about 15%, such as about 7.5% to about 15%, or about 5% to about 10% polyethylene glyveol representing the
potyethylene glycol weight divided by the fluid weight x 100,

[o00184] In one embodiment of the invention, the wet hydroge! composition (i.e., after the hvdrogel
composition has been formed, i.e., all components forming the hydrogel have been admixed} comprises from about
5% to about 50% by weight active principle, such as axitinib, and from about 5% to about 50% or from about 5% o
about 30% by weight PEG units.

(000185 In certain embodiments, a solids content of about 10% to about 50%, or of about 25% to about
50% (w/v) {whereain “solidds” means the combinad weight of polymer precursor(s), salts and the drug in
solution/suspension) may be utilized in the wet compositionwhen forming the hydrogel for the implants according to
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the present invention, Thus, in certain embodimants, the total solids content of the wet hydrogel composition to be
cast into a moid or tubing in order to shape the hydrogal may be no more than about 80%, or no more than about
50%, or no more than about 40%, such as egual to or lower than about 35% (w/v). The content of TKI, such as
axitinib, may be no more than about 40%, or no more than about 30%, such as egual to or lower than about 25%
{wi/v} of the wet composition. The solids content may influence the viscosity and thus may aiso influence the
castability of the wet hydrogel composition,

[(801886] In certain embodiments, the water content of the hydrogel implant in its dry (dehvdratad/dried)
state, &.g. prior to being loaded into a neadle, or when lgaded in & needie, may be very low, such as not more than
1% by weight of water. The water content may in certain embadiments also be lower than that, possibly not more
than 0.25% by weight or evan not more than 0.1% by waight. In the present invention the term “implant” is used to
refer both to an implant in a hydrated state when it contains water {2.g. after the implant has been (re-}hydrated
once administered 1o the ave or otharwise immersed into an agueous environment} as well as {o an implant in its dry
{dried/dehydrated) state, .g., when it has been dried to a low water content of e.g. not more than about 1% by
weight or when the preparation results in such a low water content implant withaut the necessity of a diving step. In
certain ambaodiments, an implant in its dry state is an implant that after production is kept under inert nitrogen
atmosphere {containing less than 20 ppm of both oxygen and moisture} in a glove box for at least about 7 days prior
0 heing loaded into a needie. The water content of an implant may be e.g. measured using a Karl Fischer
coulometric method.

[000187] In certain embodiments, the total weight (also referred to herein as “ota! mass”) of an implant
according to the present invention in its dry state may be from about 200 pg (i.e., 0.2 mg) 1o about 1.5 mg, or from
about 400 ug to about 1.2 mg. In certain specific embodiments, the total weight of an implant according to the
invention in its dry state may be from about 0.3 mg to about 0.6 mg, such as from about 8.4 mg o about 8.5 mg,
€.g. in case the implant containg axitinib in an amount of from about 160 ug to about 250 yg. In certain other
specific embodiments, the total mass of an implant according to the invention in its dry state may be from about
0.75 mg to about 1.25 mg, or from about (1.8 mg to about 1.1 mg, or from about 0.9 mg to about 1.0 mg, .g. in
case the implant contains axitinib in an amount of from about 480 ug to about 750 ug.

[600188] In certain embodiments, an implant according 1o the present invention in is dry state may contain
from about 200 ug to about 1000 ug TKI, such as axitinib, per mm? {.e., per 1 mm? volume of the dry implant). In
certain specific embodiments, an implant according to the present invention in its dry state may contain from about
200 ug to about 300 ug axitinib per mm¥, &.¢. in case the implant containg axitinib in an amount of from about 160
ug to about 250 pg. In certain other specific embodiments, an implant according to the present invention in its dry
state may contain from about 500 ug to about 800 ug axitinib per mm3, e.g. in case the implant contains axitinib in
an amount of from about 480 ug to about 750 yg.

[300189] The impiants of the present invention may thus have different densities. The densities of the final
implants {i.e., in their dry state) may be controlied and determined by various factors, including but not limited to the
concentration of the ingredients in the wet composition when forming the hydroge!, and certain conditions during
manufacturing of the implant. For example, the density of the final implant in certain embodiments can be increased
by means of sonication or degassing, e.g. using vacuum, at certain points during the manufaciuring process.
(300190} In certain embodiments, implants according to the invention contain a therageutically effective
amount of TKE such as axitinib for release over an extended period of time, but are nevertheless refatively small in
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length and/or diameter. This is advantageous both in terms of ease of administration (injection) as well as in terms
of reducing possible damage to ocular tissue and reducing & possible impact of the patient’s vision while the implant
is in place. The implants of the present invention combine the benefits of a suitably high dose of the TKI {i.e., &
therapeuticatly effective dose adjusted to a particular patient’s nerd) with a relatively smail implant size.

[B03191] Exemplary implants according to the invention are disclosed in the Examples section, in Tables 1,
6, 234, 21.2, and 28 (including proghetic examples of implants according o the invention containing & high
amount of TKE which are disciosed in Table 29).

Dimensions of the implant and dimensional change upon hydration through stretching:

[OB3182] The dried implant may have different geometries, depending on the method of manufacture, such
as the use of mold or tubing into which the mixture comprising the hydroge! precursors including the TKI is cast prior
to complete gelling. The implant according to the present invention is also referred as a ™fiber” (which term is used
interchangeabiy herein with the term “rod”), wherein the fiber is an object that has in general an elongated shapa.
The implant {or the fiber) may have different geometries, with specific dimensions as disciosed herein.

[600183] In one embodiment, the implant is cylindrical or has an essentially cylindrical shape. In this case,
the implant has a round or an essentially round cross-section.

[G00184] In other embodiments of the invention, the implant is non-cyiindrical, wherein the implant is
optionally elongated in its dry state, wherain the length of the implant is greater than the width of the implant,
wherein the width is the largest cross sectionai dimension that is substantially perpendicular to the length. In cerlain
embodiments, the width may be about 0.1 mm to about 0.5 mm. Various geometries of the outer implant shape or
its cross-section may be used in the present invention. For exampie, instead of a round diameter fiber (ie,, a
cylindrical implant}, a cross-shaped fiber (L.e., wherein the cross-sectional geometry is cruss-ike) may be used. Cther
cross-sectional geometries, such as oval or oblong, rectangular, triangular, star-shaped etc. may generally be used.
In cerlain embodiments, the fiber may also be twisted, In embodiments where the implant is administered to the eye
by means of a neadle, the dimensions of the implant {i.e., its length and diametar) and s cross-sectional geometry
must be such as to enable loading the implant into the needle, particularly a fine-diameter needle such as a 25-
gauge or 27-gauge needle as further disclosed herain.

[300195] The polymer network, such as the PEG network, of the hydrogel implant according to certain
embodiments of the present invention may be semi-crystalline in the dry state at or below room temperature, and
amorphous in the wet state. Bven in the stretched form, the dry implant may be dimensionaily stable at or below
room temperature, which may be advantageous for loading the impiant into the neadie and for quality control,
[680196] Upon hydration of the implant in the eye (which can be simulated by immersing the implant into
PES, pH 7.2 at 37 °C) the dimensions of the implant according 10 the invention may change: generally, the diameter
of the implant may increase, while its length may decrease or at least may stay essentially the same. An advantage
of this dimensional change is that, while the implant in its dry state is sufficiently thin to be loaded into & fine
diameter needie (such as a 25-, or 37-, or in some cases even a smaller diameter needle, such as a 30-gauge
needie) to be injected into the eye, once it has been placed in eye, e.g., in the vitreous humor, the implant may
pacome shorter 1o bettar fit within the limited, small volume of the eve. The needles used for injaction of the
implants of the present invention as disclosed herein, such as the 25- or 27-gauge needles in certain embodiments,
are small in diameter (and e.g. may have an innar diameter of about 0.4 mm). As the implant also may become
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softer upon hydration, injuries of any ocular tissue can be prevented or minimized even when the implant comes into
contact with such tissue. In certain embodiments, the dimensional change is enabled at least in part by the “shaps
memory” effect introduced into the implant by means of stretching the implant in the longitudinal direction during #s
manufacture {(as aiso disclosed below in the section "Method of manufacture”). In certain embodiments, the
stretching may either be parformed in the dry or in the wet state, i.e., after drying the hydrogel implant, or before
drying. It is noted that if no stretching is performed, and the hydrogel implant is only dried and cutinto a desired
length, the implant may increasa in both diameter and length upon hydration, If this is not desired, the hydroge!
fiber may be dry or wel streiched.

[G00187] in pre-formed dried hydrogels, a degreg of molecular onentation may be imparted by dry-
stretching the material then aliowing it to solidify, locking in the molecular orientation. This can be accomplished in
certain ambodiments by drawing the materiai {opticnally while heating the material to a temperature above the
meiting point of the crystallizable regions of the material), then allowing the crystallizable regions to crystallize.
Alternatively, in certain embodiments the glass fransition temperature of the dried hydrogel can be used o lock in
the molecular orientation for polymers such as PVA that have a suitable glass transition temperatura. Stil! another
alternative is to stretch the gel prior to complate drving (also referred o as “wet stretching™ and then drying the
matarial while under tension. The molecular orientation provides ong machanism for anisotropic sweiling upon
introduction into @ hydrating medium such as the vitreous. Upon hydration the implant of certain embadiments will
swell only in the radial dinmension, while the length will either decrease or be essentially maintained. The term
“anisotropic swelling” means swelling preferentially in one direction as opposed to another, as in a cylinder that
swells pradominantly in diameter, but does not appreciably expand {or does even contract) in the longitudinal
dimension.

[300198] The degree of dimensional change upon hydration may depend inter afiz on the stretch factor, As
an example, strefching at e.q. & streteh factor of about 1.3 {e.9. by means of wet stretching) may have g less
pronounced effect or may not change the length during hydration to a large extent. In contrast, stretching at e.g. 2
stretch factor of about 1.8 {e.g. by means of wel strelching} may result in a markedly shorter length during
hydration. Stretching at e.g. a stretch factor of 4 {e.g. by means of dry strefching) could result in a much shorter
length upon hydration (such as, for exampile, a reduction in length from 15 to 8 mm). One skilled in the art will
appreciate that other factors besides stretching can aiso affect swelling behavior.

[000199] Amaong other factors influencing the possibility to strefeh the hydrogel and (o elicit dimensional
change of the implant upon hydration is the composition of the polymer network. In the case PEG precursors are
used, those with & lower number of arms {such as 4-armed PEG precursors) contribute in providing a higher
flexibility in the hydrogel than those with a higher number of arms (such as 8-armed PEG precursors), IF a hydrogel
contains more of the less flexible components (e.g. a higher amount of PEG precursors containing a larger number of
arms, such as the 8-armed PEG units), the hydroge! may be firmer and less easy to stretch without fracturing. On
the other hand, a hydrogel containing more flexible components {such as PEG precursors containing a lower number
of arms, such as 4-armed PEG units) may be easier to stretch and softer, but also swells more upon hydration, Thus,
the behavior and properties of the implant once it has been placed into the eye {i.e., once the hydroge! becomes (re-
hydrated) can be tailored by means of varying structural features as well as by modifving the processing of the
implant after it has been initially formed.
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[B00200] Exemplary dimensions of implants used in the Examples herein below are provided ider ala in
Tables &, 21.1 and 21.2 of the Examples saction. Specific implants containing about 200 pg and about 800 pg
axitinib are disclosed in Tables 21.14 and 21.2. Implants containing about 200 g or about 600 pg axitinib may
however also have dimensions {i.e., lengths and/or diameters) differing from the dimensions disclosed in these
Tabies. The dried implant dimensions /e afiz depend on the amount of TKI incorporated as well as the ratio of TKI
to polymer units and can also be controfled by the diamester and shape of the moid or tubing in which the hydrogsl is
allowed to gel. Furthermore, the diameter of the implant is further determined inter alia by {wet or dry} stretching of
the hydrogel strand once formed. The dried strand {after strefching) is cut into segments of the desired length to
form the impiant; the length can thus be chasen as desired.

(000201} In the following, embodiments of implants with specific dimensions are disclosed. Whenever the
dimensional ranges or vaiues disclosed herein relate to the length and the diameter of an implant, the implant is
cylindrical or essentially cylindrical, However, all values and ranges disciosed herein for lengths and diametars of
cvlindrical implants may egually be used for lengths and widths, respectively, of non-cylindrical implants as also
disclosed herein.

[GO0202] In certain embodiments, an implant of the present invention may have in its dry state a length of
less than about 17 mm. In specific embodiments, the length of an implant in its dry states may be less than about 15
mim, o fess than or equal to about 12 mm, or iess than or equal to about 10 mm, or less than or equal to about 8.5
mm. In specific embodiments, an implant of the present invention may have in its dry state a length of about 12 to
about 17 mm, or may have in its dry state a length of about 6 mm to about 10 mm or specifically of about 6 mm to
about 9 mm.

(6002031 In certain embodiments, an implant of the present invention may have in its dry state a diameter of
about 0.1 mm to about 0.5 mm. In certain other embodiments, an implant in {18 dry state may have a diameter of
about 0.2 mm to about 8.5 mm. In specific embadiments, an implant in s dry state may have a diameter of about
0.2 mm to about 0.4 mm, or of about 0.3 mm to about 0.4 mm. In specific embodiments, an implant of the present
invention may have a diameter in the dry state of about §.2 mm o about 9.3 mm, or of about 0.3 mm to about G4
mm.

[G00204] In particular embodiments, an implant in s dry state may have a lagth of about & mm to about 10
mm and a diameter of about 0.2 to about 0.4 mm.

[000205] In certain embodiments, an implant of the present invention may have in its wetl/hydrated state a
length of about & mm to about 12 mm. In certain other embodiments, an implant of the present invention may have
in its wet/hydrated state a length of equal {0 or less than about 10 mm, or of about 6 mm to about 10 mm. In
specific ambodiments, an implant of the present invention in its wet/hydrated state may have a length of about &
mim o about 8 mm.

[300206] In certain embodiments, an implant of the present invention may have in its wet/hydrated state a
diameter of egual to or less than about 0.8 mm, or of about 0.5 mm to about 0.8 mm, or of about 0.65 mm to about
0.8 mm. In specific embodiments, an implant of the present invention may have a diametear in its wet/hydrated state
of about 0.7 mm to about 0.8 mm.

(0002071 In particular embodiments, an implant in its wet/hydrated state may have a legth of equal to or
less than about 10 mim and a diamater of egual 1o or less than about 0.8 mm.
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[300208] In embodiments of the present invention, the diameter of an implant in its dry state must be such
that the implant can be loaded into a thin-diameter naedle as disclosed herein, such as a 25-gauge or 27-gauge
needie. Specifically, in one embodiment an implant containing from about 480 ug to about 750 pg axitinib may have
a diameter such that it can be loaded into a 25-gauge needle, or that it can be loaded into a 27-gauge needle
without afflicting any damage to the implant while loading, and such that the implant remains stably in the nesdla
during further handling {including packaging, sterilization, shipping efc.).

IRELE Whenever herein a length or a diameter of an implant of the Invention in the wet/hydrated state is
disclosed (in mim), this disclosure refers to the implant’s length or the diameter, respectively, determinead after 24
hours at 37 °C at pH 7.2, It is understood that in this context a pH of 7.2 comprises a pH range of about 7.2 to about
7.4.

[G002103 The dimensions of an implant may further change {&.g. the length may increase slightly again) over
the course of time (i.e., after 24 hours) when the implant remains in these conditions. However, whenever hydrated
dimensions of an implant are reported herein, these are measured after 24 hours at a pH of 7.2 at 37 °Cin PBS as
disclosed above.

[GO0211]} In case several measuraments of the length or diameter of one implant are condudted, or several
datapoints are collected during the measurement, the average (i.e., mean} value is reported as defined herain, The
length and diameter of an implant according to the invention may be measured .4. by means of microscopy, or by
means of an (optionaily automated) camera system as described in Example 6.1,

46002123 In certain embodiments, an implant of the present invention may have a ratio of the diameter in
the hydrated state to the diameter in the dry state of less than about 5 mm, or less than about 4 mm, or less than
about 3.25 mm, or less than about 2.5 mm, or less than about 2.25 mm, or less than about 2.10 mm.

(300213} In certain same or other embodiments, an implant of the present invention may have a ratio of the
length in the dry state to the length in the hyvdrated state of greater than about .7, or greater then about 0.8, ar
greater than about 0.9, or greater than about 1.0, In certain specific embodiments, the ratio of the length of an
implant in the dry state 1o the length of the implant in the hydrated state may be greater than about 1.5, or even
greater than about 2.6, This ratio of length in the dry state 10 length in the hydrated state may apply in addition to,
or indepandently of, the ratio of the diameter in the hydrated state to the diameter in the dry state disclosed above.
[oB8214] A smiall diemeter in the dry state may be advantageous as the implant may it into a small diameter
needle for injection as disclosed herain, such as a 25-gauge or a 27-gauge needie. Also, only moderate swelling upon
hydration may be advantageous for the implant 1o not occupy too much space in the vitreous humor. A relatively
shorter length of the implant may be advantageous in reducing the potential likelihood for contact with the retina.
[BD0215] In one embaodiment, an implant of the present invention contains from about 160 yg to about 250
g, or from about 180 ug o about 220 ug, or about 200 pg axitinib, is in the form of a fiber {or ¢ylinder) and has a
length of about 14.5 mm to about 17 mm, or of about 15 mim to about 18.5 mm and a diameter of about 8.20 mm
to about 0.30 mm in the dried state. Such an implant may decrease in length and increase in diamster upon
hydration in vivo in the eye, such as in the vitreous humor, or in vitro (wherein hydration in vitro is measured in
phosphate-buffered saline at a pH of 7.2 at 37 °C after 24 hours) to a length of about 6.5 mm to about 8 mm or of
about 7 mm to about 8.5 mm, and a diameter of about 0.65 mm to about 0.8 mm, or of about 0.70 to about .80
miv. In one embodiment, this dimensional change may be achieved by dry stretching as disclosad harein at a stretch
factor of about 2 to about 5, or a streteh factor of about 3 to about 4.5
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[008216] In ancther embodiment, an implant of the present invention contains from about 480 ug to about
750 pg, or from about 540 uy to about 660 pg, or about 600 wg of axitinib, is in the form of a fiber {cylindar) and in
its dried state may have a length of in the range of from about & mm or about 7 mm to about 32 mm and a diameter
of about §.25 mim to about 8.50 mim, or a length of about 7 mm to about 10 mm, or of about 8 mm i about 11 mm,
and a diameter of about 8.3 mm 1o about 0.4 mm. In specific embodiments, an implant of the present invantion that
contains from about 480 ug to about 750 pg, or from about 540 ug to about 660 pg, or about 600 pg of axitinib, isin
the form of a fiber (Cvlinder) and in its dried state may have a length of from about 7 mm to about 10 mm, such as
from about 7 mm to about 8 mim, and a diameter of from about 8.3 mm to about 0.4 mm, such as from about .35
mim o about 0.3% mm.

(000217} Such an implant may increase in diameter upon hydration in vivo in the eye, such as in the vitreous
humor, or in vitro {wherein hydration in vitro is measured in phosphate-buffered saline at a pH of 7.2 at 37 °C after
24 hours) while its length may be essentially maintained or may be reduced, or only slightly increased t© a length of
e.q. in the range of from about § mm or about 9 mm 1o about 12 mm and a diameter of about 0.5 mm to about 0.8
mm, or & length of about 9.5 mm to about 11.5 mm and a diameter of from about 0.65 mm to about 0.75 mm or
abiout 0.8 mmi in its hydrated state. In specific embodiments, an implant of the presant invention that contains from
about 480 ug to about 750 pg, or from about 540 pg to about 660 ug, or about 500 ug of axitinib and is in the form
of a fiber (¢ylinder} in its hydrated state (i.e., at a pH of 7.2 at 37 °C after 24 hours as explained above) may have a
length of from about 6 mm to about 10.5 mm, such as from about 6.5 mm 1o about 85 mm, and a diameter from
abiout 0.7 mm o about 0.8 mm.

[000218]) In one embodiment, the length of an implant of the present invention that contains from about 480
g to about 750 g, or from about 540 pg to about H60 pg, or about 660 ug of axitinib in the dried state is no longer
than 10 mm, and in the hydrated state (as measured in phosphate-buffered saline at a pH of 7.2 at 37 °C after 24
hours) is aiso no longer or not substantially longer than about 18 mm, or ne longer than about 9 mm, or no longer
than about 8 mm.

(000219} In one or more embodiment!(s), the above-described dimensionai change can be achieved by wet
strefching at a stretch factor of about 0.5 0 about 5, or & stretch factor of about 1 to about 4, or a stretch factor of
about 1.3 to about 3.5, or a stretch factor of about 1.7 o about 3, or a strefch factor of about 2 1o about 2.5, In
other embodiments the implant of the present invention containing from about 480 g to about 750 ug, or from
about 540 pg to about 6560 pg, or about 600 pg of axitinib may be longer than about 12 mm in the dry state, but
may end up being shorter than about 10 mm or about 9 mm in the hydrated state.

[080220] In certain embodiments, the stretching thus creates a shape memory, meaning that the implant
upon hydration when administered inlo the eye, e.g., into the vitreous cavity, will shrink in length and widen in
diameter until it approaches (more or less) its equilibrium dimensions, which are determined by the ¢riginal moided
dimensions and compaositional variables. While the narrow dry dimensions facilitate administration of the product
through a small gauge needle, the widened diameter and shortened length after administration vield a shorter
implant {such as about 9 to 10 mm ong, or at least not much longer than that) in the posterior chamber of the eye
relative 1o the eye diameatar minimizing potential contact with surrounding eye tissues. Thus, in one aspect the
present invention aiso relates to a method of imparting shape memeory to a hydroge! fiber comprising an active agent
such as a TKI, &.g. axitinib, dispersed in the hydrogel by stretching the hydroge! fiber in the longitudinal direction. In
another aspact the present invention relates to @ method of manufacturing an ocular implant comprising a hydrogel
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comprising an active agent, such as a TKL, e.g. axitinib, dispersed therein, wherein the impiant changes its
dimensions upon administration to the eve, the method comprising preparing a fiber of the hydrogel and stretching
the fiber in the longitudinal direction.

En vitro release:

[G00221] The in vitro-release of TKI from the implants of the invention can be determined by various
methods disclosed in detail in Example 2:
(080222} Briefly, one method 10 datermineg the in vitre releass of the TKI from the implant is under agn-sink

simutated shysiological conditions in PBS {phosphate-buffered saline, pH 7.2} at 37 °C, with daily replacement of PBS

in a volume comparabie o the vitreous volume in the human eye. Resulls for exempiary implants are shown in Fig.
44, In the tasted implants comprising axitinib in 8 PES hydroge! miatrix as described in Example 2 the higher dose
strengths resulted in higher axitinib concentrations in the release medium.

(000223} Generally, in embodiments of the invention, an implant according the invention may release on
average about 0.1 pg to about 3 g, or about 0.25 yg to about 2.5 pg, or about 8.1 ug to about 2 yg, or may release
about 0.25 ug to about 1.5 g par day in vitro in PBS at pH 7.2 and 37 °C for & period of 30 days.

(000224} In one embodiment, an implant according to the invention containing about 200 pg axitinib, may
release on average in vitro about 0.01 ug to about 0.15 pg of axitinib per day in phosphate-buffered saline at pH 7.2
and 37 °C for a period of 30 days.

[000225] In one embodiment, an implant according to the invention containing about 600 pg axitinib may
release on average in vitro about 0.3 ug to about 0.5 pg of axitinib per day in phosphate-huffered saline at pH 7.2
and 37 °C for & period of 30 davs.

[BB3228] In an accelerated in vitrg test, also described in detail in Example 2, the release of the TKI from
the implant can be determined in a 25:75 ethanol/water mixture {v/v) at 37 °C. This accelerated in vitro test can be
completed in about 2 weeks. Fig. 148 shows the accelerated in vitro release data for an implant according to the
invention containing about 200 ug axitinib, and Fig. 48 the accelerated in vitro release data for an implant according
to the invention containing about 556 pg axitinib.

[G00227] In one embodiment, an implant according to the invention containing about 200 pg axitinib
refeases in vitro about 35 % 1o about 45 % of the axitinib in 3 days, about 65 % to about 75 % of the axitinib in 7
days, and about 80 % to about 100 % of the axitinib in 12 W 13 days in a 25:75 ethanol/water mixture (v/v) at 37
°C.

[000228] In one embodiment, an implant according to the invention containing about 600 ug axitinib
refeases in vitro about 40 % to about 60 % of the axitinib in 2 days, about 65 % 10 about 83 % of the axitinib in 4
days, and about 75 % to about 90 % of the axitinib in 6 days in a 25:75 ethanol/water mxdure {v/v) at 37 °C. An
implant according to the invention containing about 600 pg axitinib may also release in vitro about 45 % to about 55
Y of the axitinib in 2 days, about 70 % to about 80 % of the axitinid in 4 days, and about 80 % to about 80 % of
the axitinib in 6 days in a 25:75 ethanol/water mixture {v/v} at 37 °C.

[BO0229] Finally, the release of TKI from implants of the present invention can also be determined under
real-time sink simulated shysiological conditions, as also described in detail in Example 2. For this real-time test,
release of the TKI is determined in PBS {pH 7.2)/0.01% NaF at 37 °C with an octanol top laver on the PBS, This is
one method o qualitatively simulate release of the TKI from the impiant into the vitreous humor and from there
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resorption of the TKY into ocular tissue. An exemplary real-time release profile for an implant according to the
present invention containing about 200 gg axitinib is shown in Fig. 144,

[000230] In one embodiment, an implant according to the invention containing about 200 pg axitinib
releases in vitro about 25 % to about 35 % of the axitinib in 2 months, about 47 % to about 57 % of the axitinib in 3
months, about 78 % to about 80 % of the axitinib in & months, and about 80 % to about 100 % of the axitinib in 7
maonths in phosphate buffered saline at a pH of 7.2, at 37 °C and with an octano! top layer.

[BR0231] The in vitro release tests, especially the accelerated in vitro release test described herein, may be
used #ter afig o compare different implants (g.g. of different production batches, of different composition, and of
different dosage strangth etr.) with each other, for example for the purpose of quality control or other gualitative
assessments.

En vivo release and persistence:

(3002323 In an embediment of the present invention, when the dried implant of the present invention is
administered 1o the eye, such as the vitreous humor, it becomes hydrated and changes its dimensions as disclosed
above, and is then over time biodegraded until it has been fully resorbad. When the implant is biodegraded, such as
through ester hydrolysis, it gradually may sweall and soften, then become smaller, softer and move Hquid until it is
fully dissolved and no longer visible. As recognized by the inventors from the animal studies presented in the
Examples section herein below, an implant according fo the invention may persist about 2 to about 6 months, or
about 5 to about 6 months in rabbit eves (see Figs. &, 9 and 18). After full degradation of the implant, undissclved
axitinib particles may remain at the former site of the implant and have been observed 1o aggiomerate, i.e., merge
into a monolithic structure. Thase remaining undissolved axdtinib particles may continue to dissolve slowly at & rate
sufficient to provide therapeutically effective axitinib levels, If in certain embodiments two or more implants are
administerad to achieve a desired total dose, they are equally bindegraded over time, and the remaining axitinib
particles also merge into one single monolithic structure {see Fig. 9).

[G00233] In the human ave, such as in the vitreous humor, the implant of the invention in certain
embodiments biodegrades within about 2 to about 15 months after administration, or within about 4 to about 13
months after administration, or within about 9 to about 12 months after administration, specifically within about 9 to
about 10.5 months after administration. This has been demonstrated in the clinical trials with one or two implant(s),
each comprising about 200 pg axitinib. See the Bxamples section, in particular Example 6 and Fig, 15.

[B00234] In one embodiment, the implant after administration to the vitreous humor releases {as defined
herein} the TKI, such as & therapeutically effective amount of TKI, such as axitinib, over a period of at least about 3
manths, at least about & months, at least about 9 months, at least about 10 months, at least about 11 months, or at
least about 12 months, or at least about 13 months or longer after administration. In particular embodiments, the
implant releases the TKI, such as axitinib, for a period of about & fo about 9 months.

[(00235] In one embodiment of the invention, the implant provides for a treatment period of at least about 3
months, at ieast about 9 months, at least about 10 months, at least about 11 months, at least about 12 months, or
at least about 13 months or longer after administration of the (i.e., a single) implant into the vitreous humor of a
patient.

[000236] In one embodiment of the invention, TKE, such as axitinib is released from the implant at an
average rate of about 0.1 yg/day to about 10 pg/day, or about 0.5 ug/day to about 7 pg/day, or about 0.5 yg/day o
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about 2 ug/day, or about 1 pg/day to about 5 pg/day in the vitreous humor, over a time period of at least 3, or at
least 6, or at least 9, or at least 11, or at least 12, or at least 13 months. In particular embodiments the releass of
TKI, such as axitinib, is maintained for about & to about 9 months after administration of the implant.

[B00237] Pre-clinical studies in animals as well as clinical studies in humans, as prasented in the Examples

4

section herein, have shown that the implants of the invention may continuously release therapautically effective
amounts of TKI over an extended period of time, until the implants are fully biodegraded. Any remaining undissolved
TKE particies (if prasent) may essentially remain at the site of the former implant and may agglomerate to forim an
essentially monolithic structure (see Figs. 74, 8 and 18) that may continue to ralease TKI info the vitraous at levels
sufficient to achieve the therapeutic effect. In certain embodimants, however, the entire amount of TKI contained in
10 the implant is released from the imiplant prior to complete biodegradation of the implant. In this case, no undissolved
TKI particies would remain {and/or aggiomerate} near the site of the former implant or glsewhere in the eye after
complele biodagradation of the implant,

[000238] In one embodiment, the persistence of the hydrogel within an aqueous environment and in the
human eye depends inter alia on the hydrophobicity of the carbon chain in proximity to the degradable ester group.

[y
(4]

In the implants usad in the Examples herein, this carbon chain comprises 7 carbon atoms as it stems from the SAZ
functional group of the 4220k PEG precursor. This may provide an extended persistence in the human eye of up to
about 9 to about 12 months, or from about 9 to about 10.5 months. In other embodiments, different precursors than
the 4a20KkPEG-SAZ and the 8a20kPEG~-NH; may be used to prepare hydrogel implants that bicdegrade in the human
eve and have similar or different persistence as the implants exemnplified in the Examples.

20 [000239] In certain embodiments, the hydroge!l implant soflens over time as it degrades, which may depend
inter alia on the structure of the linker that crosslinks the PEG units in the hydrogel. An implant as used in the
exampies of the present application formed from a 4a2kPEG-SAZ and a 8a2DkPEG-NH: softens rather slowdy over
time.

Mechanism of release:

25 [000240] Without wishing to be bound by theory, the mechanism of release of the TKI from an implant of
the invention may be explained as follows: In embodiments of the invention, release of the TKI into the eye and inte
the vitreous humor is dictated by diffusion and drug clearance. An exemplary TKI according 1o the present invention
is axitinib. The solubility of axitinib has been determined to be very low in physiclogical medium (about 0.4 to about
0.5 pg/ml in PBS at pH 7.2). According to the present invention, the TKI, such as axitinib, is confined in a

30 hiodegradable hydrogel having a particular geometry and surface. The liguid in the posterior chamber of the eve is
viscous, has a slow clearance and a relatively stagnant flow (at least as compared o the anterior chamber of the
ave).

(0002417 In certain embodiments, the implant of the present invention comprises a hydrogel made of a
polymer network and a drug dispersed within the hydrogel. The drug gradually gets dissolved and diffuses out of the

o2
(¥4

hydrogel into the eye. This may happen first at the outer region of the hydrogel (i.e., the drug particles that are
located in the outermost region of the hydrogel get disscived and diffuse out first, the innermost last) that is in
contact with the liguid environmant of the vitreous, Thereby, in cartain embodiments, the outer region of the
hydrogel becomes devoid of drug particles, This region is therefore also called the “clearance zone”, which is limited
o dissolved drug only, with a concentration at or below the solubliity of the drug. In certain ambodiments, this low
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surface concentration may protect tissus (retinal or other celis) from potential drug toxicity by physically separating
drug particles from the tissue should the implant get in contact with such tissue. In other embodiments, upon
hydration the “clearance zone” is an outer region that has a concentration of active agent that is less than the active
agent in an inner region of the hydrated hydrogel.

[pD0242] In embodiments with clearance zones, because drug has dissolvad and has diffused out of the
clearance 2one, this area of the hydroge! develops voids and becomes softer and weaker, Concurrently with the drug
diffusing out of the hydrogel, the hwdrogel may also ba slowly degraded by means of, e.g., aster hydrolysis in the
aquenus environment of the eye. This degradation accurs uniformiy throughout the bulk of the hydrogel. At
advanced stages of degradation, distortion and erosion of the hydrogel begins to occur. As this happens, the
hwydrogel bacomes softer and more liguid {and thus s shape becomes distortad) until the hydrogel finally dissolves
and is resorbed completaly. This process is schematically shown on Fig. 3 and demonstrated by means of infrared
reflectance (IR} imaging e.g. in Fig. 18.

(0002437 As axitinib is a relatively low solubility drug, undissolved axitinib particles may remain at the former
site of the implant after the implant has already fully degraded in certain embodiments. Since these remaining
undissolved axitini particies arg no longer fixated and held apart by the hydrogel, they may agglomearate and form a
substantially monglithic structure. This menolithic axitinib structure may still continue to release axitinib, at rates
sufficient to achieve the therapeutic effect (specifically, to reduce CSFT).

[O03244]7 In one embodiment, however, the entire amount of axitinib is released prior to the complete
degradation of the hydrogel. As the hydrogel may hold the axitinib particles in place and prevent them from
agglomeration the release of axitinily from the hydrogel can be faster as long as the hydrogel has not vet fully
degraded. When the hydrogel has fully degraded, remaining axitinib particles may form a monolithic structure from
which axitinib may slowly be dissoived. Therefore, compiete release of the axitinib prior to full degradation of the
hydroget is desired in one embodiment of the invention.

[300245] This whole process makes it possibie in certain embaodiments (o advantageously maintain the
therapeutic efect of the implant of the present invention over an extended periad of time, such as at least 3 months,
or at least 6 months, or at least 9 months, or at least 11 months, or at least 12 months, or at least 13 months, or at
least 14 months, or even longer, such as up to 15 months. It has been demonstrated by the present inventors that
this is a great advantage for patients receiving treatment for negvascular age-related macular degeneration, which
treatment praviously involved very fraquent intravitreal injections of an anti-VEGF agent. In contrast, the implants
according to the present invention may need to be injectad only &t much greater intenals of time, which is
advantageous for the patient for a number of reasons as already disclosed above in the section "Obijects and
Summary”.

Specific implant containing from about 160 pg to about 250 pg such as about 200 pg axitinib:

[000246] In one particular embodiment, the present invention relates to a sustained release biodegradabie
ocular implant containing axitinib in an amount in the range from about 160 pg to about 250 ug, or from about 180
ug to about 220 pg, and specifically about 200 ug disparsed in a hydroge!, wherein the hydrogel comprises a polymer
natwork comprising polyethylens glycol units, and wherein the implant is in a dried state. In this embodiment the
polymer network contains polyethyiene glycol units comprising multi-arm polyethylene glycol units, such as 4-arm
and/or 8-arm polyethyleng glyco! units having an average molecular weight in the range of from about 10,000
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Daltons to about 60,000 Daltons. In this embadiment, the polymer network of this implant is formed by reacting
4320KPEG-SAZ with 8a20KPEG-NH:, at a weight ratio of about 2:1. In this emboadiment the hydrogel when formed
and before being dried (i.e., the wet composition) contains about 6.5% to about 7.5% polyethylene glycol,
representing the polyethylens gliveol welght divided by the fluld weight x 100. Also, in this embodiment the implant in
a dried state contains from about 45% 1o about 55% by weight axitinib and from about 37% to about 47% by
weight polyethylene glyeol units, or from about 47% to about 52% by weight axitinib and from about 40% to about
45% by weight polyethyiens glycol units, such as about 48% to about 50% by weight axitinib and about 42% by
weight PEG units, or about 47% by weight axitinib and about 44% by weight PEG units (dry composition), the
balance being sodium phosphate. The implant furthermore in its dried state may contain not more than about 1% by
weight water, or not more than about 0.25% by weight water.

(000247} In this embodiment, the implant containing axitinib in an amount in the range from about 160 ug
to about 250 ug, or from about 180 ug to about 220 ug, and specifically about 200 ug releases in vitro about 0.01 yg
to about 0.15 ug of axitinib per day in phosphate-buffered saline at 37 °C for a period of 30 days. Furthermore, in
this embodiment the implant releases in vitro about 35 % 1o about 45 % of the axitinib in 3 days, about 65 % 1o
about 75 % of the axitinib in 7 days, and about 30 % to about 100 % of the axitinib in 12 to 13 days in a 25:75
ethanol/water (v/v) mbdure at 37 °C. In this embodiment the implant may also release in vitro about 25 % to about
35 % of the axitinib in 2 months, about 47 % o about 57 % of the axitinib in 3 months, about 70 % to about 80 %
of the axitinib in 5 months, and about 90 % to about 100 % of the axitinib in 7 months in phosphate buffered saline
at a pHof 7.2, at 37 °C and with an octano! top layer.

[000248]) In this embodiment, the implant containing about 200 pg axitinib may be in the form of a fiber (or
cvlinder} and may have a length of less than about 20 mm, or less than about 17 mm, or of about 15 mm to about
16.5 mm and a diameter of about 0.20 mm 1o about 0.30 mm in its dried state and may decraase in length and
increases in diameter upon hydration in vivo in the vitreous humor or in vitro {wherein hydration in vitro is measured
in phosphate-buffered saline at a pH of 7.2 at 37 °C afler 24 hours) to a length of about 6.5 mm t© about & mm and
a diameter of about 0.70 mm to about 0.80 mm in the hydrated state. This dimensional change upon hydration may
e achieved by imparting shape memory to the implant by dry stretching the implant in the longitudinal direction as
axplained in more detall slsewhere harain, by a streteh factor of about 2 to about 5, ar a stretch Factor of about 3 o
about 4.5, In other embodiments, the implant may be non-gyciindrical.

(002493 In this embodiment, the implant containing about 200 pg axitinib may have a ratio of the diameter
in the hydrated state to the diameter in the dry state of less than about 3.25 mm, and/or a ratio of the length in the
dry state to the length in the hydrated state of greater than about 1.5,

[(00250] The totai weight of an implant as disclosed in this embodiment in its dry state may be from about
0.3 mg to about 0.6 mg, such as from about 8.4 mg to about 0.5 my. Such an implant in the dry state may contain
about 10 g to about 15 pg of &xitinib per 1 mm final length, and may contain from about 200 ug 1o about 300 ug
axitinib per mm3,

[o00251]) In this embodiment, prior to administration, the implant containing an axitinib dose of about 200
ug is loaded into a 25-gauge needie or a 27-gauge needle {or an even smaller gauge needle, such as a 30-gauge
needle) for injection into the vitreous humor.

(300252} To summarize and exemplify, the individual characteristics of an implant of the invention disclosed
with respect to the embodiment described in this section containing a dose of about 200 ug (including the implant
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that is used in the clinical study presented in Example ) are provided in Table 21.1 in the Examples section,
which is aiso reproduced here:

Implant #1
Implant type
fen Axitinib 49.4%
g AY
5F Dose (260 ug)
fé 2 PEG Hydrogel 42.0%
N © :
ES 4220K PEG-5AZ 8%
o
£ = Ba20K PEG-NH2 14%
& (272
< Sodium phosphate 8.6%
E Axitinily 7.5%
c ¥ PEG Hydrogel 5.9%
S 4a20K PEG-SAZ 45%,
=3
E g 8a20K PEG-NH2 2.3%
& -
M E Sodium phosphate 1.5%
ét' WL 84.1%
Axitinib per final dry length 12.3 pg/mm
Approximate Implant Mass 423
(dose ug/APIY%)
tretching Methaod Dry
{Stretch Facton) {(4.5)

Needie Size

27GTW 1.25" (0.27mm

" D)
L
]
&
& Injector / Syringe Implant Injector
&
-]
W . .

Packaging Foil Pouches

Sterilization Type Gamma
Site Storage Refrigerated
Dried

Diameter 0.24 + 0.013mm
@® Length 16.5 + 0.26 mm
.g Volume 0.75 = 0.08 mny®
o
g Implant Mass 0.45 mg
= Axitinib per volume 266.7

{ug/mm)

Hydrated

Diameter 0.75 mm
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tength 7.5 mm
Ratio of diameter (hydrated) to 3.13
diameter {dry)
Ratio of length {dry) to length 2.20
{hydrated}
[GO0253] The sustaingd release biodegradable ocular implant of claim 1, wherein the implent is an

intravitreal implant and comprises from about 180 g to about 220 ug adtinib, is cylindrical and has in its dry state a
length of less than about 17 mm and a diameter of about 0.2 mm to about 0.3 mm, and in its hydrated state {after
24 hours in phosphate-buffered saling at a pH of 7.2 at 37 *C) has a length of from about 6.5 mm to about 8 mm
and a diameter of from about (1.7 mm to about 0.8 mm, and wharein the hydrogel comprises crosslinked 4a20k and
Ba20k PEG units, wherein the crosslinks between the PEG units include a group reprasented by the foliowing formula

Ly
Ao
i m
O
whergin mis 6.
(0600254} Alternatively, an implant of this particular embodiment may also be non-cyclindrical as disclosed

herein,

Specific implant containing about 488 pg to about 750 ug such as about 6060 pg axiinib:

[600255] In another particular embodiment, the present invention relates to a sustained release
biodegradable ocular implant containing axitinib in an amount in the range from about 480 pg to about 750 uy
dispersed in a hydrogel, wherain the hydrogel comprises a polymer natwaork that comprises crosslinkad polyethylene
glycol units, The amount of axitinib in said implant may also be in the range from about 540 ug to about 660 g, or
may specifically be about 500 pg.

[0D0256] In this implant, the polyethylene glycol units comprise multi-arm polyethylene ghycol units, such as
4-arm and/or 8-arm polyethviene glycol units having an average molecular weight in the range of from about 10,000
Dattons to about 60,000 Daltons. In this embodiment, the polymer network of the implant comprises 4a20kPEG and
Ba20kPEG units and is formed by reacting 4a20kPEG-5AZ with 8a20kPEG-NH,, in a weight ratio of about 2:1.
[G00257] In this embodiment, the implant in a dried state may contain from about 45% to about 55% by
weight axitinib and from about 37% to about 47% by weight polvethviene glyeol units, or may contain from about
50% to about 75% by weight axitinib and from about 21% o about 31% polyethylene glyco! units, such as from
about 63% 10 about 72% by weight axitinib and from about 23% o about 27% polyethylene ghycol units (dry
composition}, the balance being sedium phosphate. In certain spexific embodiments the implant may contain about
68% to about 68% axitinib and about 26% polyethyiene glycol units (dry composition), the balance being sodium
phosphate. The implant may contain not more than about 1 % by weight water, or not more than about .25 % by
weight water.

[B03258] In this embodiment, this implant containing axitinib in an amount in the range from about 480 ug
to about 750 ug, or fromy about 540 g to about 660 ug, or specifically about 600 pg releases in vitro about 8.3 ug to
about 0.5 pg of axitinib per day in phosphate-bufferad saline at 37 °C for & period of 30 days. Furthermore, this
implant releases in vitro about 40 % to about 60 % of the axitinib in 2 days, about 65 % {0 about 85 % of the
axitinib in 4 days, and about 75 % o about 90 % of the axitinib in & days in a 25:75 {v/v) ethanci/water mixtura at
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37 °C. In this embodiment, this implant may also release in vitro about 45 % {0 about 55 % of the @xdtinib in 2 days,
about 70 % to about 80 % of the axitinib in 4 days, and about 83 % to about 80 % of the axitinib in 6 days in a
25:75 ethanol/water {v/v) mixture at 37 °C.
[B00259] In this embodiment, the implant containing about 6800 Lig axitinib may be in the form of a fiber {or
cylinder) and may have in its drigd state a length of less than about 20 mm, or less than about 17 mm, or less than
about 15 mm, or less than or equal to about 12 mm, such as about 7 mm to about 12 mm and a diameter of about
.25 mim 1o about 0.50 mm, or a length of from about 7 mm or about & mm 1o about 11 mm and a diameater of
about 0.3 mm to about 0.4 mm, and may incraase in diameter upon hydration in vivo in the vitreous humor or in
vitro {(wherein hydration in vitro is maasured in phosphate-buffered saline at a pH of 7.2 at 37 °C after 24 hours). In
specific embodiments, an implant containing about 600 g of axitinib in its dried state may have a length of less than
or egual to about 10 mm, or less than or egual to about 8.5 mm, or from about 7 mm o about 3 mm, or from about
7 mim to about 8.5 mim and a diameter of from about 0.3 mim to about 0.4 mm, such as from about 0.35 mm to
about 0.39 mm.
[003260] The dimensions of this implant after hydration in vivo or in vitro (wherein in vitro hydration is
measured in phosphate-bufferad saline at a pH of 7.2 at 37 °C after 24 howrs) may be a length of less than or equal
to about 10 mm, such as of from about & mm or about @ mm to about 12 mm and a diameter of about 0.5 mm to
about 0.8 mm, or a length of about 9.5 mm o about 11.5 mm, ¢or a length of not more than about 10 mm or not
more than about 9 mm, and & diameter of from about 0.65 mm to about .75 mm or fo about §.80 mm. In specific
embodiments, an implant containing about 600 pg of axitinib in its hydrated state {wherein hydration in vitro is
measured in phosphate-buffered saline at a pH of 7.2 at 37 °C after 24 hours) may have & length of from about 6
mim to about 10.5 mm, such as from about 6.5 mm to about 8.5 mm, and a diameter of from about 8.7 mm to about
0.8 mm. In particular embodiments, a length of about 10 mm or less, such as about 9 mm or less when hydrated in
the vitrecus humor of the eye is an acceptable length given the limited volume of the eye.
[G00261]) This dimensional change upon hydration may be achieved by wet stretching in the longitudinal
direction prior o drying as disclosed in more detail below by a stretch factor of about 0.5 to about 5, or a strelch
factor of about 1 to about 4, or a stretch factor of about 1.3 to about 3.5, or a stretch factor of about 1.7 1o about 3,
or a strefeh factor of about 2 o about 2.5.
[0D0262] In this embodiment, the implant containing about 600 pg axitinib may have a ratio of the diameter
in the hydrated state 1o the diameter in the dry state of less than about 2.25 mm and/or a ratio of the length in the
dry state to the length in the hydrated state of greater than 0.75.
[B80263] The total weight of an implant as disclosed herein containing about 500 pg axitinib may in the dry
state be from about 0.8 mg to about 1.1 mg, such as from about 0.9 mg to about 1.0 mg. Such an implant in the dry
state may contain about 70 1g to about 85 jg of axitinib per 1 mm final iength, and may contain from about 500 pg
to about 800 pg axitinib per mm3.
(000264} In this embodiment, the preferred shape of the implant is ¢ylindrical or essentially cyiindrical (and
may also be referred to as & fiber), In other embodiments, the implant may be non-cylindrical. Prior to
administration, this implant containing an axitinib dose of about 600 g is loaded into a 25-gauge (or a smaller
gauge, such as a 27-gauge) needie for injection into the eye, e.q., the vitreous humor.
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[0B0265]
the embodiment describad in this section containing a dose of about 800 Jg axitinib are provided in Table 21.2 in

To summarize, the individual characteristics of implants of the invention disclosed with respect to

the Examples section, which is also reproducad here:

{ug/mm?)

Implant type Implant #2 Implant #3 Implant #4

'§ Axitinib 49.8% 68.6% 68.6%

g "ig Dose {600 pg) {600 ug} {600 ua}
e PEG Hydrogel 42.0% 26.0% 26.0%
= B

E 'g 4a20K PEG-SAZ 28% 17.4% 17.4%
£ E 8a20K PEG-NHZ 14% 8.7% 8.7%

~

< Sodium phosphate 8.2% 54% 54%

»g Axitinib 12.0% 16.5% 16.5%
£F PEG Hydrogel 6.3% 5.3% 6.3%
8% 4320K PEG-SAZ 4.2% 4.2% 4.2%
=
Ely 8a20K PEG-NH2 2.1% 2.1% 2.1%
£ % Sadium phosphate 1.3% 1.3% 1.3%

S

ko WL 80.4% 75.9% 75.9%

Axitinib per final dry length 71.4 yg/fmm 71.4 yg/mm 81.1 pg/mm
Approximate Implant Mass - - -
{dose ug/APTY) 1205 875 875
Stretching Method Wet Wet Weat
{Stretch Factor) (2.1} (2.1 2.1
. . 25G UTw 17 25G UTW 17 256G UTW 0.57
ﬂ Needle Size (0.4mm ID) (0.4mm ID) (0.4mm 1)
.g
g
_%, Injector / Syringe Implant Injector implant Injector Implant Injector
=
3 . . - B
Packaging Foll Pouches Foil Pouches Fail Pouches
Sterilization Type Gamma Gamma Gamma
Site Storage Refrigerated Refrigerated Refrigerated
Dried
Diameter (.36 mm (.37 = 0.014 mm (.37 + 0.008 mm
% Length 8.4 mm 8.4 +0.04 mm 7.4 = 0.03 mm
g Volume 0.86 mm? 0.90 + 0.07 mm® | 0.81 = 0.05mm?
£ Implant Mass 1.20 mg 0.95 £0.04 mg 085+ 0.01mg
- Axitinib per volume
Unio per volu 697.7 666.7 740.7

Hydrated
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Diameter 0.7 mm 0.68 mm 0.77 mm
Length 10 mm 8.23 mm 6.8 mm
Ratio of diameter
{hydrated) to diameter 1.84 1.84 2.08
{dry})
Ratio of length {dry) to )
fength (hydrated ) 0.84 1.02 1.09
[000266] In a particuiar embodiment, the sustained release biodegradable ocular implant of the present

invention is an intravitreal implant and comprises from about 540 ug to about 6680 ug axitinib, is cylindrical and has in
its dry state a length of less than or equal to 10 mim and & diameter of about 0.3 mm to about 04 mm, and in its
hydrated state {after 24 hours in phosphate-buffered saling at & pH of 7.2 at 37 °C) has a length of from about 6
mim £0 about 10.5 mm and a diametar of from about 0.6 mm to about 0.8 mm, and wherein the hydrogel comprises
crosslinked 4a20k and 8a20k PEG units, wherein the crossiinks between the PEG units include a group represented
by the following formula

H 0]
bt Ao
i m
(&)
wherein m is 6.
(3002671 Alternatively, an implant of this particular embodiment may alse be non-¢cyclindrical as disclosed
hereir.
EL. Manufacture of the Implant
Manufacturing process:
[G00268] In certain embodiments, the present invention also relates to a method of manufacturing a

sustained release biodegradable ocular implant as disclosed herein. Generally, the method comprises the steps of
forming a hydrogel comprising a polymer network and TKI particles dispersed within the hydrogel, shaping the
hydrogel and drying the hydrogel. In certain ambodimeants the method comprises the steps of forming a hydrogel
comprising a polymer network from reactive group-containing precursors {e.g., comprising PEG units} and TKI
particles dispersed in the hydrogel, shaping the hydrogel and drying the hydrogel, more specifically the polymer
network is formed by mixing and reacting an electrophilic group-containing multi-arm PEG precursor with a
nucleophilic group-containing multi-arm PEG precursor or another nucleophilic group-containing crosslinking agent
{precursors and crosslinking agent as disclosed herain in the sections “The polymer network™ and "PEG hydrogeis™) in
a buffered solution in the presence of TKI particles and allowing the mixture to gel to form the hydrogel. In
embaodiments of the invention, the hydrogel is shaped into a hydroge! strand as disclosed herein, by casting the
mixture into a tubing prior to complete gelling of the hydrogel. In certain embodiments, the hydrogel strand is
stretched in the longitudinal direction prior to or after drying as further disclosed hersin,

[380268] In certain embodiments, the TKI in the method of manufacturing according to the invention in all
its aspects is axitinib. In one embodiment the TKI, such as axitinib, may be used in micronized form for preparing the
implant as disclosed herein, and may have a particle diameter as also disclosed herain in the section "Tha active
principie”. In certain specific embodiments, the axitinib may have a d90 of less than about 30 um, or less than about
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10 pm. Using micronized TKI, specifically micronized axitinib, may have the effect of reducing the tendency of the
TKI, specifically axitinib, particles to agglomerate during casting of the hydroge! strands, as demonstrated in Fig. 24.
In another embodiment, the TKE, such as axitinib, may be used in non-micronized form for preparing the implant.
[BO0270] The precursors for forming the hydrogel of certain embodiments have been disclosed in detail
above in the section relating to the implant itself. In case PEG precursors are used to prapare a crosslinked PEG
network, the method of manufacturing the implant in certain embodiments may comprise mixing and reacting an
elactrophiiic group-containing polymer precursor, such as an electrophilic group-containing multi-arm polvethylene
glyeal, such as 4a20kPEG-5AZ, with a nucleophilic group-containing polymer precursor or gther cross-linking agent,
such as a nucleophilic group-containing multi-arm polyethyiene glycol, such as 8a20kPEG-NH,, in a bufferad solution
in the presence of the tyrosine kinasg inhibitor, and allowing the mixture to gel. In certain embodiments, the molar
ratio of the electrophilic groups t© the nucleophiiic groups in the PES precursors is about 1:1, but the nucleophilic
groups {such as the amine groups} may alse be used in excess of the electrophilic groups. Gther precursors,
including other electrophilic group-containing precursors and other nuclsophilic group-tontaining precursors or
crosslinking agents may be used as disclosed in the section “Tha polymer network” and the section “PEG hydrogels™
harein,

[B00271] In certain embodiments, a mbdure of the electrophilic group-containing precursor, the nucleophitic
group-containing precursor or other crosslinking agent, the TKI and optionally buffer (and optionally additiona!
ingredients as disclosed in the section "Additional ingredients™) is prepared. This may happen in a variety of orders,
inciuding but not fimited to first preparing separate mixtures of the glectrophilic and the nucleophilic group-~
containing precursors each in buffer solution, then combining one of the hufer/precursor mixtures, such as the
buffer/nucleophilic group-containing precursor mixture, with the TKI and subseguently combining this TKI-containing
buffer/ precursor mixture with the other buffer/precursor mibdure (in this case the buffer/electrophilic group-
containing precursor mixture). After a mixture of all components has been prepared (1.¢., after all components have
been combined and the wet composition has been formed), the mixture is cast into 2 suitable mold or tubing prior o
complete gelling of the hydrogel in order (o provide the desired final shape of the hydrogel. The mixture is then
allowed 1o gel. The resulting hydrogel is then dried.

[000272] The viscosity of the wet hydrogel composition to be cast into a mold or tubing may depend infer
atiz on the concentration and the solids content of the hydrogel composition, but may also depend on extemal
conditions such as the temperature. Castability of the weat hydrogel compaosition especially in case the composition is
cast into fine-diameter tubing, may be improved by decreasing the viscosity of the wet composition, including {but
not limited to) decreasing the concentration of ingredients in the solvent and/or decreasing the salids content, or
other measures such as increasing the temperataure ete. Suitable solids contents are disciosed herein in the section
“Formulation”.

[G00273] In case the implant should have the final shape of a fiber (such as a ¢ylinder), the reactive mixture
may be cast into a fine diameter tubing {of e.g. an inner diameter of about 1.0 mm {o about 1.5 mm), such as a PU
or siticone tubing, in order to provide for the extended cylindrical shape. Different geometries and diameters of the
tubing may be used, depending on the desired final cross-sectional geometry of the hydroge! fiber, its initial diameter
{which may still be decreased by means of streiching), and depending also on the ability of the reactive mixture to
uniformiy fill the tubing.
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[000274] Thus, the inside of the tubing may have & round geometry or a non-round geometry, suchas a
cross-shapead {or ather} geometry. By maans of a cross-shaped geometry, the surface of the implant may be
incraased. Also, in certain embodimants, the amount of Tid incorporatad in the implant may be increasad with such
cross-shaped geometry. Overall, by using a cross-shaped geometry, release of the API from the implant may in
certain ambodiments be increased, Cther cross-sectional geometries of the implant may be used as disciosed herein.
[B00275] In certain embodiments, after the hydrogel has formed and has been left to cure to complete
gelling, the hydrogel strand may be longitudinally stretched in the wet or dry state as already disclosed in detail
herein e.g. in the section refating to the dimensional change of the implant upon hydration. In certain embodiments,
a stretching factor {also referred to herein as “stretch factor™ may be in a range of about 1 to about 4.5, or about
1.3 1o about 3.5, or about 2 to about 2.5, or within other ranges also as disciosad herein (e.q. in, but not limited to,
the section “Dimensions of the implant and dimensional change upon hydration through strefching”. The stretch
factor indicates the ratio of the length of a certain hydrogal strand after stretching w the length of the hydrogel
strand prior to stretching. For example, a stretch factor of 2 for dry stretching means that the length of the dry
hydrogel strand after (dry) stratching is twice the length of the dry hydrogeal strand before the stretching. The same
applies to wet stretching. Whan dry stratching is performed in certain embodiments, the hydrogel is first dried and
then stretched. When wet stretching is performed in cerfain embodiments, the hydrogel is streiched in the wet
{undried) state and then left to dry under tension. Optionally, heat may be applied upon stretching. Further
optionally, the hydrogel fiber may additionally be twisted. In certain embodiments, the stretching and/or drying may
be performed when the hydrogel is still in the tubing. Alternatively, the hydrogel may be removed from the tubing
prior o being stretched. In certain embodiments, the implant maintains its dimensions even after stretching as long
as it is kept in the dry state at or below room temperature.

(300276} After stretching and drying the hydrogel strand is removed from the tubing (if still located inside
the tubing) and cut into segments of a length desired for the final implant in s dry state, such as disclosed hergin (if
cut within the tubing, the cut segments are removed from the tubing after cutting). A particularly desired length of
the implant in the dry state for the purposes of the present invention is Tor example a length of equal © or less than
about 12 mm, or equal 10 or Iess than about 10 mm, as disclosed herein.

[G00277] In certain embodiments, the final prepared implant is then itadad into a fine diameter naedle. In
certain embodiments, the needle has a gauge size of from 22 to 30, such as gauge 22, gauge 23, gauge 24, gauge
25, gauge 26, gauge 27, gauge 28, gauge 29 or gauge 30. In specific embodiments, the needle is a 25- or 27-gauge
needle, or an even smaller gauge needle, such as a 30-gauge needle, depending on the diameter of the dried {and
optionally stretched) implant.

[BD0278] In certain embodiments, the needies containing implant are then separately packaged and
sterilized e.g. by means of gamma irradiation,

[G00279] In certain embodiments, an injection device, such as a syringe or another injection device, may be
separately packaged and sterilized e.g. by means of gamma irradiation as disclosed below for the kit (which is
another aspact of the present invention, see the section “Injection device and kit").

(0002801 A particular ambodiment of @ manufacturing process according to the invention is disclosed in
detail in Example 1.
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{PEG) Tipping the needie:

[600281} In one embodiment, after the implant has been loaded into the needie the tip of the neadla is
dipped into a malted low-molecular weight PEG, Alternatively, molten FEG may be injectad or placed/drippad into the
needle tin lumen. This low-molecular PEG is liguid {mciten) at body temperature, but solid at room temperature.
After applying the molten PEG to the nesdie tip, sither by dipping or dripping, upon cooling the needig a hardened
smail drop or section {alse referred to hergin as "tip”) of PEG remains at and in the top of the needle which occludes
the needie lumen. The location of this tip/plug is shown in Fig. 258.

(0032821 The low-molecular weight PEG used in this embodiment may be a linear PEG and may have an
average molacular weight of up to about 1500, or up to about 1000, or may have an average molecular weight of
about 400, about 600, about 800 or about 1000. Also mixtures of PEGs of different average molecular weights as
disclosed may be used. In specific embodiments the average molecular weight of the PEG used for this purpose of
tipping the needie is about 1000. This 1k (1000) molacutar weight PEG has a melting point between about 33 °C and
about 40 °C and meits at body temperature when the needle is injected into the aye.

(380283} Alternatively to the PEG matenials, any other material for tipping the injection needie may be used
that is water soluble and biocompatible (i.e., that may be used in contact with the human or animal body and doas
not elicit topical or systemic adverse effects, e.g. that is not irritating) and that is solid or hardened at room
temperature but liguid or substantially liquid or at least soft at body temperature. Alternatively 1o PEG,; also the
following materials may e.g. be used {without being limited o these): poloxamers or poloxamer blends that melt/are
liguid at body temperature; crystaliized sugars or salts (such as trehalose or sadium chloride), agarose, cefiulose,
polyviny alcohol, poly(lactic-co-giveolic acid), a UV-curing polymer, chitosan or combinations of mixtures thereof.
(0002841 The plug or tip aids in keeping the implant in place within the needle during packaging, storage
and shipping and aiso further protects the implant from prematurely hydrating during handling as it occludes the
needie lumen, It also prevents premature rehydration of the implant within the needie due to moisture ingress
during the administration procedure, e, during the time the physician prepares the needie and injector for
administration, and also at the time when the implant is about 1o be injected and the needle punctures into the eye
{as the positive pressure in the eye could cause at least some premature hydration of the implant just before it is
actually injected). The tip or plug additionally provides lubricity when warmed to body temperature and exposed (0
moisture and thereby aliows successful deployment of the implant. Moreover, by occluding the needle lumen, the
needle tioping minimizes the potential for tissue injury, i.e., tissue coring, a process by which pieces of tissue are
removed by & needle as it passes through the tissue,

[G00285] In order to apply the PEG (or other material) tip/plug to the needle lumen, in one embodiment the
needie containing the implant may be manually or by means of an automated apparatus dipped into a container of
moiten PEG {or the respective other material}. The needle may be held dipped in the molten material for a few
seconds to enable the molten material to flow upward into the needle through capillary action. The dwell time, the
dip depth and the temperature of the molten material determine the final size or length of the tip/plug. In certain
embodiments, the length of the PEG (or other) tip/plug at the top end of the needle may be from about 1 to about 5
mm, such as from about 2 to about 4 mm. In certain embodiments, in case a 1k PEG is used the waight of the
tip/plug may be from about 0.1 mg o about 0.6 mg, such as from about 0.15 mg to about 8.55 ma. It was
demonstrated that implants according to the present invention can be succassfully deployed in vivo and in vitro from
an injector carrying 8 neadle with a 1k PEG tip as disciosed herain.
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[300286] The tigping of an injection needie as disclosed hergin may also be used for the injection of other
implants or other medicaments or vaccings to be injected into the human or animal body {including other iocations
within the eye, or othar areas or tissue of the body} by means of a needle, where the effect of protection of the
implant {or medicament or vaccine) from muoisture and the protective effect on tissue into which the implant {or

medicament or vaccine) is injected is desirable and advantagoues.

Stretching:

(3002873 The shape memory effect of the stretching has aiready been disclosed in detail above with respect
to the properties of the implant. In certain embodiments, the degree of shrinking upon hydration depends Mer afiz
on the stretch factor as already disclosed above.

[000288] In certain embodiments, the present invention thus also relates to a method of imparting shape
memory to & hydrogel strand comprising an active agent dispersed in the hydrogel by stretching the hydrogel strand
in the longitudinal direction.

[300289] Likewise, in cartain embodiments, the present invention thus also relates 1o a method of
manufacturing an ocular implant comprising & hydrogel comprising an active agent disparsed therein, wherein the
implant changes its dimensions upoen administration to the eye, the method comprising preparing a strand of the
hydrogel and strefching i in the longitudinal direction.

[B00290] Streteh factors for use in these methads of the invention may be utilized as already disclosed
apove. The described method of manufacture including the stratching methods are not limited 0 implants comprising
TKI inhibitors or axitinib, but may aiso be used for hydrogels comprising other active pharmaceutical agents, or for
implants comprising hydrogels that are not formed from PEG units, but from other polymer units as disclosed hergin
above that are capable of forming a hydrogel.

[O00281] In embodiments whare the implant contains axitinib in an amount in a range from about 160 g to
about 250 ug, or in an amount of about 200 pg, the stretching may be parformed after drying the hydrogel by a
strefch factor of about 2 to about 5, or a stretch factor of about 3 to about 4.5 {dry stretching).

[000292] In certain embodiments where the implant contains axitinib in an amount in a8 range from about
480 ug to about 750 pg, or in an amount of about 800 ug, the stretching may be performed in & wet state prior to
drying the hydrogel by a stretch factor of about 0.5 to about 5, or a stretch factor of about 1 1o about 4, or & streich
factor of about 1.3 to about 3.5, or a stretch factor of about 1.7 to about 3, or a stretch factor of about 2010 2.5
{wet stretching).

Ei¥. Injection device and kit

(06002833 In certain embodiments, the present invention is further directed to a kit (which may also be
referred 10 as a “systemn™) comprising one or more sustained release biodegradable ocular implant{s) as disciosed
above or manufactured in accordance with the methods as disclosed above and one or more needle(s) for injection,
wherein the one or more needla(s) is/are each pre-icaded with one sustained release hiodegradable ocular implant in
a dried state. In certain embodiments the needie(s) has a gauge size of from 22 to 30, such as 22, 23, 24, 25, 25,
27, 28, 29, or 30 gauge. In specific embodiments, the nesles may he 25- or 27-gauge needle(s) or may be smaller
gauge, such as 30-gauge needie(s}. The diameter of the needle is chosen based on the final diameter of the implant
in the dried {(and optionally stretched) state. The active contained in the implant is generally a TKI, such as axitinib.
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[300294] In one embodiment the kit comprises one or more, such as two or three 22- to 30-gauge, such as
25~ or 27-gauge neadia(s) each loaded with an implant containing axdtinib in an amount in the ranga from about 180
ug to about 220 wg, or in an amount of about 200 yg.

[B00295] In yet another embodiment the kit comprises one 25-gauge needle lnaded with an implant
containing axitinib in an amount in the range from about 540 ug to about 6860 g, or in an amount of about 600 pg.
In another embodiment, the kit comprises one 27-gauge needie loaded with an implant containing axitinib in an
amount in the range from about 540 pg 1o about 660 ug, or in an amount of about 600 ug.

[G03296] If two or more implants are contained in the kit, these implants may be identical or different, and
may contain identical or different doses of TKL

[000287] In certain embodiments, the lumen of the needie containing the implant may be occluded by a
material that is solid at room temperature but soft or liguid at body temperature, such as a 1k PEG material, as
disciosed herein in detail in the section “Manufacture of the Implant” and specifically the subsection “{(PEG) Tipping
the needlie” thereof,

[003298] The kit may further contain an injection device for injecting the implant{s) into the aye of a patient,
such as into the vitreous humor of the patient. In certain embodiments the injection device is provided and/or
packaged separately from the one or more neadle(s) loaded with implant. In such embodiments the injection device
must be connected 10 the one or more needie(s) loaded with implant prior to injection.

[GB3299] In certain embodiments the number of injection devices provided separately in the kit equals the
number of neadles loaded with the implant provided in the kit. In these embodiments the injection devices are only
used once for injection of one implant.

(0003001 In other embodiments the kit contains one or more injection device(s) for injecting the implant into
the eye of 3 patient, such as into the vitreous humor of the patient, wherein each injection device is or is not pre-
connected to a needie loaded with implant. The present invention thus in one aspect aiso relates to a pharmaceutical
product comprising a sustained release biodegradable ccular impiant loaded in 2 needie and an injection device,
wherein the needle is pre-connecied 1o the injection device. In case the needle is not yet pre-connected (o the
injection device, the physician administering the impiant needs o remove both the needle containing the implant and
the injection device from the packaging, and connect the needie to the injection device to be able to inject the
implant into the patient’s eye.

[000301] In some embodiments the injection device contains a push wire to depioy the implant from the
needle into the vitresus humor. The push wire may be a Nitinol push wire or may be a stainless steel/Teflon push
wire. The push wire allows deploving the implant from the needle more easily.

[(00382] In other embodiments the injection device and/or the injection needle may contain a stop feature
that controis the injection depth.

[300383] In some embodiments the injection device is or comprises a modified Hamilton glass syringe that
may be placed into a plastic syringe housing, such s inside an injection molded housing. A push wire, such as &
Nitinol wire, is insarted into the syringe and advances with the plunger of the syringe during deployment of the
implant. To facilitate entry of the nitinol push wire into the needle, a hub insert may be added into the needle hub.
Figures 254 and 258 show one embodiment of an injector according o the present invention for injecting an
implant into the vitreous humor of a patient. This depicted embaodiment of an injector comprises a Hamilton syringe
body and a Nitinol push wire to deploy the implant. Figure 254 shows the Hamilton syringe body inside of an
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injection moided casing. Figure 258 shows a schematic view of the components of this embadiment of the injector.
In cartain embodiments, the injector comprising the Hamilton syringe body and the plastic housing parts are pre-
assembled in a kit according to the invention and the injector is ready for use {without or without mounted needie
containing the implant). In other embodiments, the injfector must be assembled by the physician prior to mounting
the needie containing the implant.

(0003041 In other embodiments, the injection device is an injection molded injector. A schematic exploded
view of an embodiment of such injection moidad injector is shown in Fig. 28. In this case the number of assembly
steps by the physician just prior to administening the implant 1o a patient is reduced.

[(00305] The kit may further comprise one or more doses, in particular one dose, of an anti-VEGF agent
ready for injection. The anti-VEGF agent may be selected from the group consisting of aflibercept, bavatizumab,
pegaptanib, ranibizumal, and brolucizumab. In certain embodiments the anti-VEGF agent is bevacizumab. In other
ambodiments the anti-VEGF agent is aflibercept. The anli-VEGF agent may be provided in a separate injection device
connected to a needle, or may be provided as a solution or suspension in a sealed vial, from which the solution or
suspension may be aspirated through a neadle into a syringe or othar injection device prior to administration.
[G03306] The kit may further comprise an operation manual for the physician who is injecting the ocular
implant(s). The kit may further comprise a package insert with product-related information.

[G00307] In addition to the kit, the present invention in one aspect is also directed to an injection device per
se that is suitable for injecting a sustained release hiodegradable ocular implant according o the invention into the
eve, The injection device may contain means for connecting the injection device to a needie, wherein the needle is
pre-loaded with the implant. The injection device may further contain a push wire to deploy the implant from the
needle into the eye when the injection device has been connected to the needle, which push wire may be made of
Nitinol or stainless steel/Teflon or another suitable material. The injection device may Further be oblainabie by
affixing the wire to the plunger and encasing i between two snap fit injector body parts and securing the plunger
with a ¢lip. An injection device and a needle pre-ipaded with implant in accordance with certain emboediments of the
present invention is depicted in Fig. 1.

[B00308] As illustrated in Fig. 4, in some embodiments, the injection device {e.g., implent injector device)
may include a first assembly and a second assembly that are packaged separately (e.q., in separate enclosures). Fig.
26¢ is an exploded view of the first assembily and Fig. 26D is an exploded view of the second assembly.

[(600309] Referring to Fig. 26C, the first acsembly includes a body forming a first interior volume, a plunger
inciuding & first distal end disposed within the first interior volume, a wire including a first distal end secured to the
first distal end of the plunger, and a plunger dip. The plunger ¢lip is configured to interface with the plungar and the
body to prevent actuation of the plunger. The body may include a first body half and a second body half configured
to interconnect with each other. The body may include a living hinge that interfaces with a protrusion of the plunger
rasposnive to actuation of the plunger. The living hinge may allow actuation of the plunger responsive to application
of & threshold force.

[300310] Referring the Fig. 26D, the second assembly includes a cowl farming a second interior volume, a8
needle including & base and & lumen, a cowl cap disposed within the base, and a neadls shiled configured to secure
to the cowl and to be disposed around a portion of the lumen. An implant is configured to be disposed within the
lumen of the needie. The cow! may inciude a first cowl half and a second cowl haif configurad to interconnect with
each other. The second assembily may further include a polymer tip (e.q., PEG tip) disposed on a second distat end
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of the lumen. The implant is secured in the lumen between the cowl cap and the polymer tip. The polymer tip is
configured to liquefy (e.g., dissgive) within a user to allow the implant to be injectad into the user.

[GBB314Y In some embodiments, the second assembly is made from materials that include less moisture
and/or undergoes conditioning (e.g., nitrogen conditioning) prior to being sealed in an enclosure {0 prevent the
implant from absorbing maisture. In some embodiments, the first assembly is made from materials that include more
moisture and/or does not undergo conditioning prior to being sealed in an enclosure since the implant is not included
in the enclosure with the first assembly.

(003312} The first assembly may be removed from a first enclosure of Fig. 1 and a second assembly may be
removed from a second enclosure of Fig. 1. Referring to Fig. 26E, the first assembly and the second assembly may
be aligned. One or mora exterior recessas of the first assembly may align with one or more interior protrusions of the
second assembly. The first assembly and second assembly may include markings {e.g., arrows} to indicate how to
align the first assembly and the second assembly. Referring to Fig. 26F, the cowl of the second assembly is secured
to the body of the first assembly (e.¢., vig the interior protrusions of the cowl entering the exterior recesses of the
body). Referring to Fig. 266G, the needle shigld is removed from the cowl of the second assembly and thea plunger
clip is ramoved from the body and plunger of the first assembly. Referring to Fig. 26H, the plunger of the first
assembly is actuated {e.g., pushed into the body of the first assembly) to depioy the implant from the lumen of the
needie of the second assembly. In some embodiments, the body has a living hinge that aliows actuation of the
plunger responsive to & threshold force being applied to the plunger. In some embodiments, the lumen of the needle
has a polymer tip (e.g., a polymer, such as PEG, disposed at least in the distal end of the lumen) blocking the
implant from being deployed from the lumen. Insertion of the lumen with a polymer tip into & user may prevent
coring of tissue of the user (e.g., cutting a piece of tissue the diameter of the inside of the lumen to later be
deploved into the user). The lumen may be inserted in a user for a threshold amount of time {&.9., I to 5 seconds)
ta liquefy (g.q., dissolve) the polymer tip, After the polymer tip is liguefied, the implant may be deployed from the
lumen via actuation of the plunger.

EY. Therapy

{00313} In certain embodiments, the present invention is further directed to a methad of treating an ocular
disease in a patient in need thereof, the mathod comprising administering to the patient the sustained releass
bindegradable ocular implant comprising the hydrogal and the tyrosing kinase inhibitor as disciosed above.
[B00314] In specific embodiments, the present invention is directed to a method of treating an ocular
disease in a patient in need thergof, the method comprising administering {o the patient a sustained ralease
biodegradable ocular impiant comprising a hydrogel and at least about 150 pg of a tyrosine kinase inhibitor {TKI},
wherein TKI particles are dispersed within the hydrogel.

6003153 In this freatment, the dose per eye administered once for a treatment period of at least 3 months
is at least about 150 pg, such as from about 150 pg 1 about 1800 ug, or from about 150 g to about 1200 pg of the
tyrasing Kinase inhibitor. In certain preferred embodiments the tyrosine kinase inhibitor is axitinib.

{B30316] In certain embodiments the dose of the TKE, and specifically of axitinib, administered per eye once
for (i.e., during) the treatment period is in the range of about 200 ug to about 800 pg. In certain embodiments the
dose is in the range from about 160 pg to about 250 g, or from about 180 ug to about 220 g, or of about 200 pg.
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In vet other specific embodiments this dose is in the range from about 320 pg to about 500 pg, or from ahout 360
ug to about 440 pg, or of about 400 uyg. In vet other embodiments this dose is in the range from about 480 ug o
about 750 ug, or from about 540 ug to about 660 ug, or of about 600 pg. In yet other embodiments this dose is in
the range from ahout 640 g to about 1000 yg, or from about 720 ug to ahout 880 ug, or of about 800 pg. In yvet
other embodimants this dose is in the range from about 800 ug to about 1250 g, or from about 800 ug to about
1100 pg, or of about 1000 ug. In vet other embadiments this dose & in range from about 960 ug to about 1500 ug,
or from about 1080 ug o about 1320 uyg, or of about 1200 pg. In particuiar embodiments, the dose administered per
aye onca for the treatment period is about 600 ug axdtinib. In particular embodiments, this dose of 600 ug is
contained in one single impiant.

(008317} In certain embodiments, the treatment period for the treatment of an ocular disease as disclosed
herein with an implant of the present invention is ieast 3 months, at least 4.5 months, at least 6 months, at least 9
maonths, at least 11 months, at lgast 12 months, at least 13 months, at lsast 14 months or aven longer, and may for
example be about 6 to about € months.,

[003318] In certain embodiments the ocular disease involves angiogenasis.

[G00319] In other embodiments the ocular disease may be mediated by one or more receptor tyrosine
kinases (RTKs), such as VEGFR-1, VEGFR-2, VEGFR-3, PRGFR-g/f3, and/or by c-Kit.

[G00320] In some embodiments the ocular disease is a retinal disease inciuding Choroidal

Neovascularization, Diabetic Retinopathy, Diabetic Macula Edema, Retinal Vein Occlusion, Acute Macular
Neuroretinopathy, Central Serous Chorioretinopathy, and Cystoid Macular Edema; wherein the ocular disease is Acute
Multifocal Placoid Pigment Epitheliopathy, Beheet's Disease, Birdshot Retinochoroidopathy, Infectious (Syphilis, Lyme,
Tuberculosis, Toxoplasmosis}, Intermediate Uveitis {Pars Planitis), Multifocal Chorgiditis, Multiple Evanescent White
Dot Syndroms (MEWDS), Ocular Sarcoidosis, Posterior Scleritis, Serpignous Choroiditis, Subretinal Fibrosis, Uveitis
Syndrome, or Vogi-Koyvanagi-Harade Syndrome; wherain the ocular disease is & vascular disease or exudative
diseases, including Coat’s Disease, Parafoveal Telangiectasis, Papiliophlebitis, Frosted Branch Angitis, Sickle Cell
Retinopathy and other Hemoglobinopathies, Angioid Streaks, and Familis! Exudative Vitreoretinopathy; or wherein
the ocular disease resulis from trauma or surgery, including Sympathetic Ophthalmia, Uveitic Retinal Disease, Retinal
Detachment, Trauma, Photodynamic Laser Treatment, Photocoagulation, Hypoperfusion During Surgery, Radiation
Retinopathy, or Bone Marrow Transplant Retinopathy.

(000321} In alternative embodiments the sustained release biodegradadle ocular implant comprising the
hydrogel and the tyrosine kinase inhibitor of the present invention can be applied in treating ocular conditions
associated with tumors, Such conditions include e.g., Retinal Disease Associated with Tumors, Solid Tumeors, Tumor
Metastasis, Benign Tumors, for exampie, hemangiomas, neurcfibromas, trachomas, and pyogenic granulomas,
Congenital Hypertrophy of the RPE, Posterior Uveal Melanoma, Choroidal Hemangioma, Choroidal Osteoma,
Choroidal Metastasis, Combined Hamartoma of the Retina and Retinal Pigmented Epithelium, Retinoblastoma,
Vasoproliferative Tumors of the Qcular Fundus, Retinal Astrocytoma, or Intraocular Lymphoid Tumors.

[o00322] In general, the ocular implants of the present invention can also be applied for treatment of any
ocular disease involving vascular leakage.

(000323 In certain embodiments the ocular disease is one selected from the list consisting of neovascular
age-related macular degeneration {AMD), diabetic macula edema {DME), and retinal vein occlusion (RVG). In
particular embodiments the ocular disease is neovascular age-related macular degeneration.



4

i0

[y
(4]

20

.
N

(9]
o
o)

(V8]
w1

40

WO 2021/195163 PCT/US2021/023806
52

[000324] In some embodiments the treatment is effective in reducing the central subfield thickness {CSFT)
as measured by optical coherence tomography in & patient whose central subfield thickness is elevated. Elevated
within that context means that the CSFT is higher in the patient when compared to other individuals not suffering
from the specific ocular disease. The elevated CSFT may be caused by retinal fiuid such as sub- or intraretina! fluid.
The reduction of CSFT in a patient may be determined with respect to a baseling CSFT measured in that patient prior
to the start of the treatment, Le., prior to the administration of the implant of the present invention. The capacity of
the implants of the present invention to reduce CSFT and to maintain or to substantially maintain a reduced CSFT
over an extendad period of time in a cohort of patients is demonstrated in Exampie 6.3 and 6.4, In other
embodiments, by means of the treatment according 1o the present invention involving the administration of an
implant according to the prasent invention the CSFT of a patient whose CSFT is elevatad due © an ocular disease
involving angiogenesis is essentially maintained at a certain given level, or a clinically significant increase of the CSFT
is pravenied in the patient while sub- or ntrareting! fluid is not substantially increased, i.8., is aiso essentially
maintained,

(380325} In a particular embodiment, the CSFT is reduced in & patient and maintained at a reducad level
over a period of at least 3 months, at least 4.5 months, at least 6 months, at least @ months, at laast 11 months, at
least 12 months, at least 13 months, at least 14 months or even longer after administration of the implant of the
invention. In a very particular embodiment, the CSFT is reduced for at Igast & months or at least 9 months or at least
12 months after administration of the implant with respect o the baseline CSFT of that patient prior to administration
of the implant. In other particular embodiments, a reduced amount of retinal fluid and/or a reduced C5FT is
maintained in a patient over a treatment periad of at least 3 months, at least 4.5 months, at least 6 months, at least
9 months, at least 11 months, at least 12 months, at least 13 months, at least 14 months or even longer after
administration of the implant of the invention without the need for administration of rescue medication {such as an
injection of an anti-VEGF agent}, or wherein rescug medication is administered only rarely, such as 1, 2, or 3 times
during the treatment period. Thus, in this embodiment, during the treatment period with an implant according to the
present invention the patient receiving the treatment may not need any rescue medication, or the administration of
rescue medication is only required rarely, such as 1, 2 or 3 times during the treatment period.

[000326] In certain embodiments, the rescue medication is an anti-VEGF agent, such as aflibercept or
bevacizumab, that is administered in the form of a suspension or soiution by means of intravitreal injection. In
certain specific embadiments, the rescue medication is one dose (2 mg) of aflibercept, administered by means of
intravitreal injection. In line with the definitions herein, concurrent {(i.e., planned) administration of an anti-VEGF
agent together with an implant according to ancther embodiment of the present invention disclosed herein does not
constitule a “rescue medication”. In more particular embodiments, the treatment period wherein the level of fiuid
and/for the CSFT (as reduced by means of the administration of an implant according to the invention) is maintained
or assentially maintained without the administration of rescue medication {or with rescus medication administered
only rarely) is from about 6 to about 9 months after administration of the implant. In certain embodiments, the
patients treated with an implant according to the invention do not require the concomitant administration of steroids
(e.g., dexamethasone or prednisolone drops) during the treatment period.

[GB33271 In ancther embodiment, by means of the treatment according to the present invention involving
the administration of an implant according 1o the present invention the CSFT of a patient whose CSFT is elevated due
0 angiogenasis is reduced, essentially maintained, or & clinically significant increase of the CSFT is prevented while
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the patient's vision (e.g. expressed by means of the best corrected visual acuity, also referred o hergin as "BCVA™) is
not impairad, or is not significantly impaired. In certain embodiments, by means of the treatment according to the
present invention involving the administration of an implant according to the present invention & patient’s vision
{where the patient’s vision Is impaired due to an ocular disease involving angiogenesis) as e.q. expressed by the
BCVA may improve during the treatmeant period of at least 3 months, at least 6 months, at lsast 2 months, at least
11 months, at least 12 months, at least 13 months or at least 14 months,

[(00328] Thus, in certain embodimants the present invention provides a method of improving the vision of a
patient whose vision is impairad e.q. dug to retinal fluid caused by an ocular disease involving angiogenesis, wheargin
the method comprises administering an implant according to the invention 1o the patient, such as by means of
intravitreal injection. The improvement of the vision of & patient may be assessed for instance by means of the
BCVA. An improvemant of vision may manifest itself by an increase of the patient’s BCVA e.g. by at least 19, or at
least 15, or af least 20 ETDRS letters,

(0003281 In certain embodiments, the total dose of TKI, such as axitinib, per eye administered once for the
freatment period may be contained in one or more implants. In certain ambodiments the dose par eye administerad
once for the freatment period is contained in one impiant as for instance in one implant comprising a dosa of about
600 pg or of about 200 g axitinib. In other embodiments the total dose per eye administered once for the treatment
pariod is contained in e.g. two implants, whergin each implant comprises & ¢ose of .9, about 200 ug axitinib
(resulting in a total dose of about 400 g in that case). In yet other embodiments the dose per eve administered
once for the treatment period is contained in e.¢. three implants, wherein each implant comprises a dose of 2.g.
about 200 ug axitinib (resulting in a total dose of about 600 ug in that case). In particular embodiments of the
methads of treatment of the present invention, the dose of axitinib administered to one eye is about 600 ug and is
containgd in one implant,

(0003301 For the injection of implants according to the present invention into the eye, such as into the
vitreous humor, of a patient in the course of a freatment of an ocular disease, such as a retinal disease, inciuding
AMD, it is generally desirabie 1o use implants having a therapeutically effective dose of TKI (i.e., one thatis
appropriate in view of particular patient’s type and severity of condition) in a relatively small implant in order to
facilitate administration (injection) as well as to reduce possible damage to ocular tissue as well as a possible impact
of the patient’s vision while the implant is in place. The implants of the present invention advantageously combine
the benefits of a suitably high dose of the TKI {i.e., a therapeutically effective dose adjusted to a particular patient’s
need) with a relatively small implant size.

[G80331] In certain embodiments, the implant may be administered by means of an injection device
according to the present invention connected to a needle pre-loaded with implant as disclosed herein, or may be
administered by means of another injection device suitable to be connected to & needle pre-leaded with an implant
as disciosed herein, such as & (modified) Hamilton syringe. In other embodimeants, a hollow microneedle may be
used for suprachoroidal administration as disclosed in US 8,808,225 which is incorporated by reference herein.
[380332] In embodiments wherein two or more implants are administered, the implants are generally
administered concurrently as disclosed herein above. The implants administered concurrently can be the same or
different. In cases where an administration during the same session is not possible e.g. due o administration
comptications or patient-related reasons a successive administration during two or maore different sessions may
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alternatively be applied, such as for instance administration of two implants 7 days apart. This may still be
considared as 3 “concurrant” administration in the contaxt of the presant invention.

[GBB333] In certain embodiments the dry implants are lpaded in a needle, such as a neadle with & gauge siz
of from 22 to 23, such as a 25-gauge or & 27-gauge needle, or a smaller gauge needle, for injection and are
administerad to the eys, e.g. o the vitreous humor, through this nesdie. In one embodiment, the injector used for
injecting the implant into the eye is an injection device according to another aspect of the present invention as
disciosed above. Implants containing 200 ug and 600 yyg, respectively, that are suitable for the therapeutic
applications according to the present appilication are exemplanly presented in Tables 21.1 and 2.2,

(36003341 The impiant can generally be administered by means of intravitreal, subconjunctival, subtenon,
suprachoroidal, or intracameral injection. In certain embodiments the implant is administered o the vitresus humor,
e.g. the implant is adnunistered intravitreally into the posterior section of the vitreous humor. In other embodiments,
the implant is administered by means of a hollow microneedie, such as info the sclera of the eye at an insartion site
into the suprachomidal space of the eye as disclosed in US 8,808,225, which is incorporated herein by reference.
(380335} In certain embodiments, the treatment pericd is at least 3 months, but may be at least 4.5 months,
at laast & months, at least 9 months, at least 11 months or at least 12 months. In particular amboadimants, the
treatment period is at least 6 months, at least @ months, at gast 11 months, at least 12 months, at least 13 months,
or at least 14 months. In certain embodiments, the treatment period may alse be longer, such as up o about 15
months. “Treatment period” according to one embodiment of the invention means that a certain therapeutic effect of
an implant of the present invention once administered is maintained, essentially maintained or partially maintained
over that period of time. In other words, only one injection (of the implant of the present invention} is reguired in
certain embodiments for maintaining a therapeutic effect of reducing or essentially maintaining or of preventing a
clinically significant increase of the CSFT during the extended period of time referred to herain as “treatment pariod”,
This is a considerable advantage over currently used anti-VEGF treatments for AMD which require more frequent
administration, and thus improves the patient’s guality of life. Another advantage is that the necessity and/or
frequency of the administration of rescue medication during the treatment period is very iow. In certain
embaodiments, no rescue medication is necessary during the treatment period, such as a treatment period of from
about 6 to about 2 months after administration of the implant. In certain other embodiments, rescue medication only
has to be administered rarely, such as 1, 2 or 3 times during the treatment period. The vision of a patient may be
improved as evidenced &.g. By an increase in the BOVA (such as by at least 10, at least 15 or at least 20 ETDRS
letters) following administration of an implant of the invention.

[B80336] In one particular embodiment the invention is directed to a method of treating neovascular age-
related macular degeneration in a patient in need thereof, the method comprising administering to the patient a
sustained release biodegradable ocular implant comprising & hydrogel that comprises & polymer network and about
200 po of a tyrosine Kinase inhibitor, wharein one implant per eve is administered once for a treatment period of at
least 9 months, and wherein the patient has a history of an anti-VEGF treatment. In this embodiment the treatment
results in @ reduction in ceniral subfield thickness (CSFT}, or at least maintenance of CSFT, as measured by optical
coherence tomography during the treatment periad. In this embodiment the TKE may further be axitinib, which is
disgersed in the hydrogel which comprises a polymer networl formed by reacting 4a20kPEG-SAZ with 8a20kPEG-
NH;, and whergin the implant is in a dried state prior to administration. In this embaodiment the hydrogal when
formed and before being dried contains about 7.5% polyethylene glycol, representing the polyethylene giycol weight



4

i0

[y
(4]

20

.
N

(9]
o
o)

(V8]
w1

WO 2021/195163 PCT/US2021/023806
55

divided by the fiuid weight x 100. Alternatively, the patient treated may also have no history of an anti-VEGF
treatment (AMD treatment naive).

[GBB3371 In ancther particular embodiment the invention is directed to a method of treating neovascular
age-related macular degeneration in a patient in need thereof, the method comprising administering 1o the patient a
sustainad release bicdegradable ocular implant comprising & hydrogel that comprises a polymer network and about
200 pg of & tyrosine kinase inhibitor, wherein two implants per eye forming & total dose of about 400 ug are
administered once for a treatment period of at least 3 months, or for at least 8 months, and wherein the patient has
& history of an anti-VEGF treatment or has no histary of an anti-VEGF treatment (AMD treatment naive). In this
embodiment the treatment results in a reduction {or at least maintenance of) cantral subfield thickness (CSFT) as
measured by optical coherence tomography during the treatment period. In this embodiment the I may further be
axitinib which is dispersed in the hvdrogel which comprises a polymer network formed by reacting 4a20kPEG-5AZ
with 8320kPEG-NH2, and wherain the implant is in a dried state prior to administration. In this embodiment the
hydroge! when formed and before being dried contains about 7.5% polvethvlene glycol, representing the
polyethylene glycol weight divided by the fluid weight x 100,

[G00338] In yet ancther particular embodiment the invention is directed to a method of traating neovascular
age-related macular degeneration in a patient in need thereof, the method comprising administering to the patient a
sustained release biodegradable ocular implant comprising & hydrogel that comprises a polymer network and about
200 pg of a tyrosine kinase inhibitor, wherein three implants per eye forming a total dose of about 800 pg are
administerad once for & treatment period of at least 3 maonths, or for at least 9 months, and wherein the patient has
a history of an anti-VEGF treatment or has no history of an anti-VEGF treatment {AMD treatment naive). In this
embodiment the treatment results in a reduction {or at least maintenance of) central subfield thickness (CSFT) as
measured by optical coherence tomography during the treatment period. In this embodiments the TKI may further
be axitinilby which is dispersed in the hydrogel which comprises a polymer network formed by reacting 4a20kPEG-5AZ
with 8a20KPEG-NHZ, and wherein the implant is in a dried state prior © administration. In this embodiment the
hydrogel when formed and before being dried contains about 7.5% polvethylene ghyool, representing the
polyethylene glycol weight divided by the fluid weight x 100,

[G00339] In yet other embodiments the invention is directed to 3 method of treating neovascular age-ralated
macular degeneration in a patient in nead thereof, the method comprising administering to the patient a sustained
release biodegradable ocular implant comprising axitinib in an amount in the range from about 480 ug to about 750
ug dispersed in a hydrogel comprising & polymer network, wherein the implant is administerad once for a treatment
period of at feast 3 months. In certain of these embodiments the axitinib is contained in the implant in an amount of
from about 560 pg to about 660 pg, or of about 600 g, For specific properties of the implant reference is made to
the sections above directed to an implant according to the present invention containing axitinib in an amount in the
range from about 480 ug 1o about 750 ug, or in an amount from akout 560 Jg t© about 680 ug, or of about 600 pg.
The implant may be administered into the vitresus humor, e.g. by means of a fine diameter, such as a 25-gauge,
needie. The treatment period as defined above may be at least 4.5 months, or at least 6 months, or at least 8
months, or at least 11 months, or at feast 12 months, or at least 13 months, or at least 14 months or even longer,
such as up to about 15 months. In particuiar embodiments, the treatment period is at least & months, or at least @
months, or at least 12 months, or from about & 1o about 9 months.
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[B00340] In some embodiments concurrently with the treatment with the sustained release bindegradable
ocular implant{s} containing a TKI, or a traatment with the sustained release bicdegradable ocular implant(s)
containing axitinib according to the invention, an anti-VEGF agent is administerad to the patient. The anti-VEGF
agent may be salected from the group consisting of aflivercept, bevacizumab, pegaptanib, ranibizumab, and
profucizumab. In certain embodimeants the anti-VEGF agent i bevacizumab. In particular embodiments the anti-VEGF
agent is aflibercegt. In certain embodiments the anti-vYEGF agent is administered by means of an intravitreal injection
concurrantly {as defined above) with the administration of the sustained release bindegradable ocular implant,
optionally at the same time, Le., in one session as already disclosed above in detail. In cases where an
administration of tha anti-VEGF agent and the implant of the present invention may not be possible in the same
sassion, &.¢. due to administration complications or patient-related reasons a successive administration during two or
more different sessions may alternatively be applied, such as for instance administration of two implants 7 days
apart. This may still be considered as a “concurrent” administration in the context of the present invention.
(0003417 In other embodiments, an anti-VEGF agent may be administerad in combination with an implant of
tha present invention, but not at the same time {i.e., not concurrently), but at an earlier or a later point during the
treatrment period of the implant of the present invention. In certain embodiments, an anti-VEGF agent may be
administered within about 1, about 2, or about 3, or more months of the administration of the implant, i.e,, may be
pre- or post-administerad as comparad to the impiant. This combined {and planned) co-administration of an anti-
YEGF agent differs from a rescue medication as defined herein.

[000342] In certain embodiments of the present invention the patient has a diagnosis of primary subfoveal
{such as active sub- or juxtafoveal CNV with leakage involving the fovea) neovascuiarization {SFNV) secondary to
AMD,

(300343} In certain embodiments of the present invention the patient has a diagnosis of previousiy treated
subfoveal neovastularization (SFNV) secondary to neovascular AMD with leakage involving the fovea. In such
patient, the previous treatment was with an anti-VEGF agent.

(0003443 In some embodiments the patient is at least 50 or af least 60 years old. The patient may be male
or female. The patient may have retinal fluid such as intra~retinai fiuid or sub-retinal fluid.

[(00345] In some ambodiments the patient receiving the implant has a history of an anti-VEGF treatment
e.g. such as treatment with LUCENTIS® and/or EYLEA®, In certain embodiments the patient receiving the implant
has a history of ant-VEGF {reatment but has not responded to this anti-VEGF treatment, [.e. the disease state of the
patient was not improved by the ant-VEGF treatment. In embodiments where the patient has a history of an anti-
VEGF treatment hefore starting the treatment with the implant according to the present invention, administration of
the implant of the present invention may prolong the effect of the prior anti-VEGF freatment over an extended period
of time, such as over the treatment period defined above. In other embodiments the patient receiving the implant
has no history of an anti-VEGF treatment (anti-VEGF naive, AMD freatment naive}.

[000346] In certain embodiments the systemic plasma concentration of the TKI such as axitinib is below 1
ng/mi, or balow 0.5 ng/mi, or below 0.3 ng/ml, or below 0.1 ng/mL (or below the limit of quantification). As
systamic concentrations of TKI are kept &t @ minimum, the risk of drug-to-druy interactions or systemic toxicity is
also kept at a minimum. Therefore, in one embodiment additional medication{s) taken by the patients do not provide
a significant risk. This is especially beneficial in older patients who are frequently suffering from ocular diseases and
are additionally taking other medications.
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[B00347] Cnee injected the implants of certain embodiments of the invention {comprising the hydrogel and
the drug} biodegrade within an extended period of time as disclosed above, e.g., about 9 to 12 months. In certain
embodiments it may be that once the hydrogel is fully degraded undissolved axitinib particles remain localizad at the
site where the implant was located. These undissoived particles may further maintain a rate of TKI delivery sufficient
for therapautic effect {i.e. inhibition of vascular leakage) when the hydrogel is degraded. Figure 15 exemplarniy
presents the resorption of the hydrogel and remaining axitinib particles at the former implant location in one patient
untit 11 months after administration. In certain embodiments, however, the entire amount of TKI is dissolved prior o
complete degradation of the hydrogel.

(36003487 In certain embodiments anly mild or moderata adverse events such as ocular adverse events are
abserved over the treatment period. In certain embodiments no serious ocular adverse are observad, and no
treatment-related serious ocular adverse events are observed. Tables 23 and 25 show the occurrence of adverse
avents in the cohort 1 and 2, as well as the cohort 3a and 3b subjects, respectivaly, of the clinical study the results
of which {as far as available) are presented in Example 6.4

[003342] The invention in certain embadiments is further directed to a method of reducing, essentially
maintaining or praventing a clinically significant increase of the central subfield thickness as measured by optical
coherence tomography in a patient whose central subfield thickness is elavated due to an ocular disease involving
angiogenesis, the method comprising administering {0 the patient the sustained release bicdegradable ocular implant
containing a tyrosine kinase inhibitor of the present invention as disclosed herein. In certain embodiments the ocular
disease involving angiogenesis is neovascular age-related macular degeneration. In other embodiments the central
subfiaid thickness is reduced, essentially maintained or a clinically significant increase of the central subfield
thickness is prevented during a period of at least 3 months, at least 4.5 months, at least 6 months, at least 9
manths, at least 11 months, at least 12 months, at least 13 months, or at least 14 months or even longer, such as
at least 15 months after administration to the patient whose central subfield thickness is elevated due to an ocular
disease involving angiogenssis, such as neovascular age-related macular degeneration. In certain embodiments, the
patient's vision expressed e.g. by the BOVA is not substantially impaired during the treatment. In certain other
embadiments, the patient’s vision expressed e.g. by the BOVA may even be improved. Accordingly, the invention in
certain embodimaents is also directed to a method of improving the vision of a patient whose vision is impaired e.q.
due to retinal fluid caused by an ocular disease involving angiogenesis, wherein the method comprises administering

an implant according to the invention to the patient, such as by means of intravitreal injection.

ADDITEONAL DISCLOSURE

[3003501 In addition to the disclosure above, the present invention aiso discioses the foliowing items and
lists of itams:

First fist of items

1. A sustained release biodegradable ocular implant comprising @ hydrogel and about 150 pg t© about 1200 ug

of a tyrosine kinase inhibitor,
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The sustained release biodegradabie gcular implant of item 1, wherein the tyrasine kinase inhibitor is
axitinib.

The sustained release biodegradable ocular implant of ciaim 1 or 2, comprising the tyrosine kinase inhibitor
in an amount in the range from about 200 g o about 800 pg.

The sustained release biodegradabie ocular implant of tem 1 or 2, comprising the tyrosing kinase inhibitor
in an amount in the range from about 160 ug to about 250 ug.

The sustained release biodegradabie ocular implant of claim 4, comprising the tyrosine kinase inhibitor in an
amount in the range from about 180 ug to about 220 pg.

The sustained release biodegradabie ocular implant of item 5, comprising the tyrosine kinase inhibitor in an
amount of about 200 ug.

The sustainad release biodegradabie ocular implant of claim 1 or 2, conprising the tyrosine kinase inhibitor
in an amount in the range from about 320 ug to about 500 ug.

The sustainad release biodegradable ocular implant of item 7, comprising the tyrosine kinase inhibitor in an
amount in the range from about 360 ug to about 440 1g.

The sustained release biodegradable ocular implant of claim 8, comprising the tyrosine kinase inhibitor in
an amount of about 400 ug.

The sustained release biodegradable ocular implant of item 1 or 2, comprising the tyrosine kinase inhibitor
in an amount in the range from about 480 Lg o about 750 pg.

The sustained release biodegradable ocular implant of claim 10, comprising the tyrosine kinase inhibitor in
an amount from about 540 pg to about 850 g,

The sustained release biodegradabile ocular implant of item 11, comprising the tyrosine kinase inhibitor in an
amount of about 600 ug.

. The sustained release biodegradable ocular implant of item 1 or 2, comprising the tyrosine kinase inhibitor

in an amount in the range from about 640 pg o about 1000 yg.

The sustained release biodegradabie ocular implant of tem 13, comprising the tyrosine kinase inhibitor in an
amount from about 720 ug to about 880 ug.

The sustained release biodegradabie ocular implant of item 14, comprising the tyrosine kinase inhibitor in an
armpunt of about 800 ug.

The sustained release biodegradable ocular implant of any of the preceding items, wherein the implant is for
administration into the posterior section of the eve.
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The sustained release biodegradabile ocular implant of item 16, wherein the administration is into the

vitreous humor,

The sustained release biodegradabie ocular implant of any of the preceding items, wherain the tyresine
kinase irhibitor particles are dispersed within the hydrogel.

The sustained release biodegradabie ocular implant of tem 18, wherein the tyrosine kinase inhibitor
particles are micronized particles.

Tha sustained release bicdagradable ocular implant of any of the preceding items, wherein the implant is in
a dried state prior to administration and becomes hydrated once administered into the eve.

The sustained release biodegradable ocular implant of any of the preceding items, wherain the hydrogel
comprises & polymer nebwork comprising one or more units of polysthylene giveol, polyethylene oxide,
polvpropylene oxide, polyvinyl alcohol, poly {vinyipyrrolidinone), polylactic acid, pohtactic-co-glycolic acid,
random or biock copolymers or combinations or mixtures of any of these, or one or more units of
polvaminoacids, givcosaminoglycans, polysaccharides, or proteins.

. The sustained release hiodegradabie ocular implant of item 21, wherein the hydrogel comprises a polymer

network that comprises crosslinked polymer units that are identical or differant.

. The sustained release biodegradable ocular implant of item 22, wherein crosslinked polymer units are one

or more crosslinked polyethyiene giycol units.

Tha sustained release biodegradabie ocular implant of any of items 21 to 23, wherein the polymer network
comprises polvethyviena glycol units having an average molecular weight in tha range from about 2,000 to
about 100,000 Daltons.

The sustained release biodegradable ocular implant of item 24, wherein the polyethylens glycol units have
an average molecular weight in the range from about 10,000 to about 60,000 Daltons.

. The sustained release hiodegradabie ocular implant of item 25, wherein the polvethylene ghvcol units have

an average molecular weight in the range from about 20,000 to about 40,000 Daltons.

The sustained release hiodegradable ocular implant of item 26, wherein the polyethylene glycol units have
an average molecular weight of about 20,000 Daltons.

The sustained release bicdegradable ocular implant of any of items 21 to 27, wherein the polymer network
comprises one or more crosslinked multi-arm polymer units.

. The sustained release biodegradable ocular implant of item 28, wherein the multi-arm polymer units

comprise one or more 2- © 18-arm polyethvieng glycol units.
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The sustained release biodegradable ocular implant of item 29, wherein the multi-arm polymer units

comprise one or more 4- t 8-arm polyethyiene glycol units.

The sustained release biodegradable ccular implant of item 30, wherein the multi-arm polymer units
comprise one or more 4-arm polyethylene gheo! units.

32. The sustained release biodegradabie ocular implant of any of items 21 to 31, wherein the polymer network

comprises both 4-arm and 8-arm polyethylene glycol units.

The sustained release Diodegradable ocular implant of any of items 21 1o 32, wherain the polymer network
is formad by reacting an electrophilic group-containing multi~arm-polymer precursor with & nucieophilic

group~containing muiti-arm polymer precursor.

The sustained release biodegradabie ocular implant of any of items 21 10 33, wherein the nucleophiiic group
is an aming group.

The sustained release biodegradable ocular implant of any of items 21 to 34, wherein the glectrophitic group
is an activated ester group.

The sustained release biodegradabie ocular implant of tem 35, wherein the electrophiiic group is an N-
hvdroxysuccinimidy! (NHS) group.

The sustained release hiodegradable ocular implant of item 36, wherein the electrophilic group is a
succinimidylazelate (SAZ) group.

Tha sustained release biodegradable ocular implant of any of items 32 to 37, wherein the 4-arm
polvethyiene glveol units are 4a20kPEG units and the 8-arm polyethviena givcol units are 8a20kPEG units.

The sustained releace biodegradabie ocular implant of item 38, wherein the polymer network is obtained by
reacting 4a20kPEG-5AZ with Ba20kPEG-NH: in a weight ratio of about 2:1 or less.

The sustained release biodegradable ocular implant of any of items 1 10 39, wherein the implant in a dried
state contains from about 25% to about 75% by weight of the tyrosine kinase inhibitor and from about 20%
to about 60% by weight polymer units,

The sustained release hiodegradable ocular implant of item 40, wherein the implant in & dried state contains
from about 35% to about 65% by weight of the tyrosine kinase inhibitor and from about 25% to about 50%
by weight polymer units.

The sustained release biodegradabie ocular implant of item 41, wherein the implant in a dried state contains
from about 45% to about 55% by weight of the tyrasine kinase inhibitor and from abiout 37% to about 47%
by weight polymer units.
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43. The sustained release biodegradabie acular implant of any of the preceding items, wherein the implant
contains one or mare phosphate, borate or carbonate salt{s}.

44, The sustained release biodegradable ocular implant of item 43, wherein the implant contains phosphate salt
3 griginating from phosphate buffer used during the preparation of the hydrogel.

45. The sustained release biodegradable ocular implant of any of the preceding items, wherein the hydrogel ina
wel state cantains about 3% to about 20% polvethylene glyeol representing the polyethviene glycol weight
divided by the fluid weight x 100,

10
46, The sustained release biodegradabie ocular implant of item 4%, wherein the hydroge! contains about 7.5%

to about 15% polyethyiene glycol representing the polyathylena glycol weight divided by the fluid weight x
109,

15 47, The sustained release biodegradabie ocular implant of any of the preceding items, wherein the implantin a
dried state contains not more than about 1 % by weight water.

48. The sustained release biodegradable ocular implant of any of the preceding items, wherein the implant has
an essentially cylindrical shape or another shape such as a cross shape.

20
49. The sustained release biodegradabie ocular implant of any of the preceding items, wherain the impiantisin

the form of a fiber.

50. The sustained release biodegradable ocular implant of any of the preceding items, wherein the implant is

N
(4]

administered to the aye through a needle.

51. The sustained release biodegradable ocular implant of item 50, wharein the neadle is 8 25- or 27-gauge
needie,

30 52. The sustained release biodegradable ocular implant of any of the preceding items, wherain upon hydration
ir vivg in the eye or in vitro the diameter of the implant is increased, or the length of the implant is
decreased while its diameter is increased.

53. The sustained release hiodegradable ocular implant of item 52, wherein hydration is measured in vitro in
35 phosphate~bufferad saline at a pH of 7.2 at 37 °C after 24 hours.

54. The sustained release hiodegradable ocular implant of any of items 17 to 53, wherein the implant
hiodegrades in the vitreous humor within about 2 to about 15 months after administration.

40 55. The sustained release biodegradabie acular implant of item 54, wherein the implant biodegrades in the

vitreous humor within about 4 to about 13 months after administration.

56. The sustainad release biodegradable ocular implant of item 55, wharein the implant biodegrades in the
vitrenus humor within about 9 to about 12 months after administration.
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The sustained release biodegradable ocular implant of any of items 2 to 56, wherein the implant after
administration to the vitreous humor releases a therapeutically effective amount of axitinib over a period of
at ieast about 3 months, at least about & months, at least about 9 months, at feast about 10 months, at
least about 11 months, at least about 12 months, at least about 13 months, or at least about 14 months
after administration.

The sustained release biodegradable ocular implant of tem 57, wherein the implant after administration o
the vitreous humor releases a therapeutically effective amount of axitinib over & period of at least about 6
months.

. The sustained release biodegradabie ocular implant of item 57, wharein the implant after administration to

the vitreous humor releases a therapauticaily effective amount of axitinib over a period of at jeast about @

months,

The sustainad release biodegradabie ocular implant of any of items 17 {0 59, wherein axitinib is released
from the implant after administration at an average rate of about 0.1 ug/day o about 10 pg/day.

. The sustained release biodegradable ocular implant of item 60, wherein axitinib is released from the implant

at an average rate of about 0.5 pg/day to about 7 ug/day.

2. The sustained release hiodegradabie gcular implant of tem 61, wherein axitinib is released from the implant

at an average rate about 1 pg/day to about 5 yg/day.

. The sustained release biodegradable ocular implant of any of tems 17 to 62, wherein the imglant

hiodagrades in the vitreous humor prior i complete solubilization of the tyrosineg kinase inhibitor particles
contained in the implant.

. The sustained release biodegradable ocular implant of any of items 17 to 63, wherein the entire amount of

the tyrosine kinase inhibitor contained in the implant is released prior to the complete degradation of the
impiant in the vitreous humor,

. The sustained relesse biodegradable ocular implant of any of the preceding items, wherein the implant is

obtainable by preparing a mixture containing hydroge! precursors and a tyrosine kinase inhibitor, filling the
mixture into a tubing, allowing the hydrogel to gel in the tubing to provide a hydrogel shaped as a fiber, and
stretching the hydrogel fiber.

The sustained release biodegradable ocular implant of item 65, wherein the fiber has been stretched and/or
twisted prior to or after drying.

The sustained release biodegradable ocular implant of item 66, wherain the fiber has been stretched by a
stratch factor in the longitudinal direction of from about 1.0 to about 4.5,
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A sustained release biodegradable ocular implant containing axitinib in an amount of 160 ug to about 250
ug, or from about 180 g to about 220 g, or about 200 ug dispersad in a hydroge!, wherain the hydroge!
comprises & polymer network comprising polyethylene glycol units, and wherein the implant is in a dried

state prior t© administration.

. The sustained release biodegradable ocular implant of item 68, wherein the polymer network is formed by

reacting 4a20kPEG-SAZ with 8a20kPEG-NH,.

The sustained release biodegradable ocular implant of item 68, wherein the hydrogel when formed and
before heing dried contains 7.5% polyethylene ghyol, representing the polyethyiena glveol weight divided
by the fiuid weight x 100,

The sustained release biodegradabie ocular implant of any of items 68 to 70, wherein the implant in a dried
state contains from about 45% to about 55% by weight axatinib and from about 37% to about 47% by
weight polyethylene glycol units.

. The sustained release biodegradable ocular implant of any of tems 68 to 71, wherein the implant in a dried

state contains not more than about 1 % by weight water.

The sustained release hiodegradable ocular implant of any of items 68 to 72, wherein the polymer network
is formed by reacting 4a20kPEG-SAZ with 8a20kPEG-NH; in a weight ratio of about 2:1 or less.

The sustained release biodegradable ocular implant of any of items 68 to 73, wherein the implant releases
i vitro about 8.01 ug to about 0.15 ug of axitinilh per day in phosphate-buffered saline at 37 °C for a period
of 30 davs.

75. The sustaingd ralease biodegradable ocular implant of any of items 68 o 74, wherein the implant releasas in

76.

78.

vitro about 35 % to about 45 % of the axitinib in 3 days, about 65 % t0 about 75 % of the axitinib in 7 davys,
and about 80 % to about 100 % of the axitinib in 1210 13 days in a 25:75 ethanol/water midure {v/v) at 37
°C.

Tha sustained release biodegradabie ocular implant of any of items 68 {0 75, wharein the implant releases in
vitro about 25 % to about 35 % of the axitinib in 2 months, about 47 % to about 57 % of the axitinib in 3
months, about 70 % to about 80 % of the axitinib in 5 months, and about 90 % to about 100 % of the axitinib
in 7 months in phosphate buffered saline at a pH of 7.2, at 37 °C and with an octanol top layer.

. The sustained release biodegradabile goular implant of any of items 68 1o 76, wherein the implant is in the

form of & fiber that has an average length of about 15 mm to about 16.5 mm and an average diameter of
about 0.20 mm to about 0.30 mm in its dried state,

The sustained release biodegradable ocular implant of item 77, which decreases in length and increases in
diameter upon hydration in vivo in the eye or in vitro, wherein hydration in vitro is measured in phosphate-
huffered saline at a pH of 7.2 5t 37 °C after 24 hours.
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The sustained release biodegradable ocular implant of item 77 or 78, wherein the implant in its hydrated
state has an average length of about 8.5 to about 8 mm and an average diameter of about 0.70 to about
0.80 mm.

The sustained release biodegradable occular implant of any of itams 68 to 79, wherein the implant is obtainable
by preparing & mixture containing hydrogel precursors and axitinib, filling the midure into a tubing, allowing
the hydrogel to gel in the tubing to provide a hydrogel shaped as a fiber, and stretching the hydroge! fiber.

The sustained release biodegradable ocular implant of item 80, wherain the fiber is stretched after drving by
a factor of about 2 to about 5.

. The sustained release biodegradable ocular implant of item B1, wherein the fiber is siretched after drving by

a factor of about 3 t about 4.5.

The sustained release biodegradabie ocular implant of any of items 68 to 82, wherein the implant in a dried
state is loaded in a needle, such as a 25-gauge needie or a 27-gauge needle, for injection into the vitreous

humor,

A sustained release biodegradable ocular implant containing axitinib in an amount in the range from about

480 ug to about 750 pg dispersed in a hydrogel, wherein the hydrogel comprises a polvmer network.

The sustained release biadegradabie ocular implant of item 84, wherein the polymer network comprises
crosstinked polvethyiene glveol units.

. The sustained release biodegradable ocular implant of item 85, wherein the axdtinib s contained in an

amount in the range from about 540 ug to about 660 ug.

The sustained release biodegradabie ocular implant of item 86, wherein the axitinib is contained in an
amount of about 600 ug.

The sustained release biodegradabie goular implant of any of items 84 to 87, wherein the polyethylene
giveol units comprise 4-arm and/or 8-arm poiyethylene giycol units having an average molecuiar weight in
the range from about 10,000 Dattons to about 60,000 Daltons.

The sustained release biodegradabie ocular implant of item 88, wherein the polyethylene ghvcol units
comprise 4a20kPEG units.

. The sustained release biodegradable ocular impiant of item B89, wherein the polymer network is formed by

reacting 4a20kPEG-5AZ with 8a20kPEG-NH:.

The sustained release biodegradabie ocular implant of item 80, wherein the weight ratio of 4a20kPEG-SAZ
to 8a20kPEG-NH; is about 2:1 or less.
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92. The sustained release biodegradable ocular implant of any of items 84 to 81, wherein the implant in & dried
state contains from about 45% 10 about 55% by weight axitinib and from about 37% to about 47% by
weight polyathyleng glycol units.

3 93, The sustained release biodegradable ocular implant of any of items 84 to 92, wherein the implant in & dried

state contains not more than about 1% by weight water.

94, The sustained release biodegradable acular implant of any of items 84 to 93, wherain the implant is in the
form of a fiber that in s dried state has an average length of about 7 mm o about 12 mm and an average
10 diameter of about 0.25 mm to about 0.503 mm.

95. The sustained release biodegradabie ocular implant of item 94, wherein the implant is in the form of & fiber
that in its dried state has an avarage length of about 8 mm to about 11 mm and an average diameter of

about 0.3 mn to about 8.4 mm,
is
96. The sustained release biodegradable acular implant of any of items 84 to 85, wherein the implant is for

administration to the vitreous humor,

7. The sustained release biodegradabie ocular implant of item 94 to 86, which increases in diameter upon
20 hydration in vivo in the eye or in vitro, wherein hydration in vitro is measured in phosphate-buffered saline
at a pH of 7.2 at 37 °C after 24 hours.

98. The sustained release biodegradable ocular implant of tem 97, wherein the implant in its hydrated state has
an average length of about 9 mm o about 12 mm and an average diameter of about 0.5 mm to about 0.8

[N
U

mim.

99. The sustained release biodegradable ocular implant of item 98, wherein the implant in its hydrated state has
an average length of about 9.5 mm o about 1.5 mm and an average diameter of about (.65 mm 1o about
0.75 mm, or has an average length in its hydrated state of not more than about 10 mm or not more than
30 about 9 mm.

100. The sustained release biodegradable ocular implant of any of items 84 10 99, wherein the implant contains
about 600 uy axtinib and releases in vitro about 0.3 ug o about 0.5 ug of axitinib per day in phosphate-
bufferad caline at 37 °C for a period of 30 days.

(¥
(V.41

101 The sustained release biodegradable ocular implant of any one of items 84 to 100, wherein the implant
rejeases in vitro about 40 % to about 60 % of the axitinib in 2 days, about 65 % to about 85 % of the axitinib
in 4 days, and about 75 % to about 90 % of the axitinib in & days in a 25:75 ethanol/water mixture {v/v} at
37 °C.

40

102 The sustained release biodegradable ocular implant of Hem 101, wherein the implant releases in vitro about
45 % to about 55 % of the axitinib in 2 days, about 70 % to about 80 % of the axitinib in 4 days, and about
80 % to about 90 % of the axitinib in & days in a 25:75 ethanol/ water mixture (v/v) at 37 °C.
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103.The sustained release biodegradable ocular implant of any of items 84 to 102, wherein the implant is
obtainable by preparing & mixture containing hydroge! precursors and axitini, filling the mixture into a tubing,
allowing the hydrogel to gel in the tubing o provids a hydrogel shaped as a fiber, and stretching the hydrogel
fiber.

2

104. The sustained release biodegradable ocular implant of item 103, wherein the fiber is wet-stretched prior to
drying by a factor of about 0.5 to about 5.

105. The sustained release hicdegradable ocular implant of item 104, wherein the fiber is wet-stretched prior to
10 drying by a factor of about 1 o about 4.

106.The sustained release bicdegradable ocular implant of item 1053, wherein the fiber is wet-~stretched prior {o
drying by a factor of about 1.5 o about 3.5.

15 107 . The sustained release hicdegradable ocular implant of item 106, wherein the fiber is wet-strelched prior to
drying by a factor of about 1.7 to about 3.

108.The sustained release biodegradable ocular implant of any of items 84 to 107, wherein the implant in a
dried state is loaded in a needie for injection into the vitreous humor,

20
109.The sustained release biodegradabie ocular implant of item 108, wherein the implant in a dried state is

loaded in & 25-gauge or a 27-gauge needie.

110.Tha sustained release bicdegradable ocular implant of any of items 1 10 1098, wherain the hydrogel comiprises

N
(4]

a polymer network which is semi-crystalline in the dry state at or below room temperature, and amorphous
in the wet state.

111.The sustained release biodegradable ocular implant of any of tems 1 to 110, wherein the implant has
undergong wet or dry strefching during manufacture, and wherein the impiant in the stretched form s

30 dimensionally stable when in the dry state at or below room temperature.

112 A method of treating an ocular disease in & patient in need thereof, the method comprising administering to
the patient a sustained reiease biodegradable ocular implant comprising & hydrogel and a byrosine kinase
inhibitor according to any of the preceding items, wherein the dose per eve administered once for a
35 treatment period of at least 3 months is from about 150 pg to about 1200 pg of the tyrosine kinase
inhihitor.

113.The method of item 112, wherein the tyrosing kinase inhibitor is axitinib.

40 114.The method of item 112 or 113, wherein the dose administered per eye once for the traatment period is in
the range from about 200 ug to about 800 ug.

115.The method of item 112 or 113, wherein the dose is in the range from about 160 pg to about 250 ug, or
from about 180 pg t© about 220 ug.
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116 The method of item 115, wherein the dose is about 200 ug.

117.The methad of item 112 or 113, wherein the dose is in the range from about 320 ug t© about 500 ug, or
from about 360 g 1o about 440 ug.

118. The method of item 117, whersin the dose is about 400 ug.

119.The meathod of item 112 or 113, wherein the dose is in the range from about 480 ug to about 750 ug, or
from about 540 ug to about 660 ug.

120.The method of item 119, whergin the dose is about 600 ug.

121.The mathod of item 112 or 113, wherein the dose is in the range from about 640 ug to about 1000 ug, or
from about 720 yg to about 880 ug.

122.The method of iterm 121, wherein the dose is about 800 ug.
123.The method of any of items 112 to 122, wherein the ccular disease involves angiogenssis.

124.The method of any of items 112 to 123, wherein the ocular disease is mediated by one or more receptor
tyrosing kinases (RTKs), specifically VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-G/B, and/or ¢-Kit.

125.The method of any of items 112 to 124, wherein the ocular disease is a retinal disease including Choroidal
Neovascularization, Diabetic Retinopathy, Diabetic Macular Edema, Ratinal Vein Occlusion, Acute Macular
Neuroretinopathy, Central Serous Chonoretinopathy, and Cystoid Macular Edema; wherain the ocular
disease is Acute Multifocal Piacoid Pigment Epithaliopathy, Behcet's Disease, Birdshot Retinochoroidopathy,
Infactious {(Syphilis, Lyime, Tuberculosis, Toxoplasmaosis), Intermediate Uvaitis (Pars Planitis), Multifocal
Choroiditis, Multiple Evanescent White Dot Syndrome (MEWDS), Ocular Sarcoidosis, Postenor Scleritis,
Serpignous Chorpiditis, Subretinal Fibrosis, Uveitis Syndrome, or Vogt-Koyanagi-Harada Syndrome,; wherein
the ocular disease is a vascular disease or exudative diseases, including Coat's Disease, Parafoveal
Telangiectasis, Papillophlehitis, Frosted Branch Angitis, Sickie Celt Retinopathy and other
Hemogiohinopathies, Angicid Streaks, and Familial Exudative Vitreoretinopathy; or wherein the ocular
disease resuits from trauma or surgery, including Sympathetic Ophthalmia, Uveitic Retinal Disease, Retinal
Detachment, Trauma, Photodynamic Laser Treatment, Photocoaguiation, Hypoperfusion During Surgery,
Radiation Retinopathy, or Bone Marrow Transplant Retinopathy,

126.The methad of any of items 112 10 124, wherein the ocular disease is neovascular age-related macular
degeneration, diabetic macular edena or retinal vein occlusion.

127 The method of item 126, wherain the disease is negvascular aga-related macular degeneration.

128.The method of any of items 112 10 127, wherein the treatment is effective in reducing, essentially
maintaining or preventing a clinically significant increase ofthe central subfield thickness as measured by
optical coherence tomography in 8 patient whose central subfield thickness is elevated.
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129.The method of any of items 112 to 128, wherein the dose per eye administered once for the treatment

period is contained in one implant or in two, three or more implants administered concurrently.

5 130.The method of any of items 112 to 129, wherein the implant is administered by injection into the vitreous

humaor.

131, The methad of any of items 112 10 130, wherein the treatment period is at least 3 about months, at least
about 4.5 months, at least about & months, at least about 9 months, at least about 11 months, at least
10 about 12 months, at least about 13 months, or at least about 14 months.

132.The method of item 131, wherein the treatment period is at least 6 months, at ieast about 9 months, or at
least about 12 months.

15 133.The method of any of items 112 to 132, wherein concurrently with the treatment with the sustained release
ocular implant an anti-VEGF agent is administered to the patient, or whergin an anti-VEGF agent is
administered within about 1, about 2 or about 3 months from the administration of the implant.

134.The meathod of item 133, wherein the anti-VEGF agent is selected from the group consisting of aflibercept,
20 bevacizumab, pegaptanih, ranibizumab, and brolucizumab,

135.The method of item 134, whergin the anti-VEGF agent is bevacizumab.

1386.Tha method of any of items 133 o 135, wherain the anti-VEGF agent is administarad by means of

N
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intravitreal injection.

137.The methad of any of items 112 10 136, wherein the patient receiving the implant has a history of an anti-
VEGF treatment.

30 138.The mathod of any of items 112 to 136, wherein the patient receiving the implant has no history of an anti-
VEGF treatment {anti-VEGF naive).

139.A method of treating neovascular age-related macuiar degeneration in a patient in need thereof, the
method comprising administering to the patient & sustained release biodegradable ocular implant comprising
35 a hydrogel that comprises a polymer network and about 200 ug of a tyrosine kinase inhibitor, wherein one
implant per eve is administered once for a treatment period of at least 9 months, and wherein the patient
has a history of an anti-VEGF treatment.

140.4 method of treating neovascular age-related macular degeneration in a patient in need thereof, the
40 methed comprising administering t the patient a sustained release biodegradable ocular implant comprising
a hydrogel that comprises a polymer network and about 200 g of a tyrosine kinase inhibitor, wherein two
implants per eve forming a otal dose of about 400 ug are administered once for a treatment period of at
least 3 months, and wherein the patient has a history or has no history of an anti-VEGF treatment.
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141.The methad of item 138 or 140, wherein the treatment results in a reduction in cantral subfield thickness
(CSFTY as measured by optical coherance tomography during the treatment period.

142 The method of any of iterns 139 to 141, whersin the tyrosine kinase inhibitor is axitinib and is dispersed in

4

the hydrogel which comprises a polymer netwaork formed by reacting 4a20kPEG-5AZ with 8320kPEG-NH;,
and whergin the implant is in a dried state prior {o administration.

143 The method of item 142, wherein the hydrogel when formed and before being dried contains about 7.5%
polyethylene glycol, representing the polyethylene glycol weight divided by the fluid weight x 100.

144, The method of any of items 140 to 143 wherein the treatment period is at least 9 months,

145.A method of trealing neovascular age-ralated macular degeneration in a patient in need thereaf, the
method comprising administering (o the patient a sustained release biodegradable ocular implant comprising
is axitinib in an amount in the range from about 480 ug to about 750 g dispersed in a hydrogel comprising a

polymer network, wherein the implant is administered once for a treatment period of at least 3 months.

146.The methad of item 145, wherein the axitinib is containad in the implant in an amount from about 560 ug
about 660 pg,

20
147 . The meathod of item 148, wherein the axitinib is contained in the implant in an amount of about 600 pg.

148.The method of any of items 145 to 147, wherein the implant is as defined in items 84 to 111,

N
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149 The method of any of items 145 to 148, wherein the implant is administered into the vitreous humor,

150, The methad of any of items 145 10 149, wherein the treatmeant period is at least about 3 months, at least
abiout & months, at least about 2 months, at least about 11 months, at least about 12 months, at least
about 13 months, or at least about 14 months.

151.The method any of items 145 to 150, wherein the implant is administered by injection into the vitreous
humor by means of a 25- or a 27-gauge naedle.

152. The methad of any of items 145 to 151, wherein the patient receiving the implant has a history of an anti-
35 VEGF treatment, or has no history of an anti-VEGF treatment (anti-VEGF naive).

153.The method of any of iterns 145 0 152, wherain an anti-VEGF agent is administered to the patient

concurrently with the implant.

40 154, The method of item 153, wherein the anti-VEGF agent is selected from the group consisting of ailibercept,
bevacizumab, pagaptanib, ranibizumab, and brolucizumab.

155.The methad of item 154, wherein the anti-VEGF agent is bevacizumah.
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156. The methad of any of items 153 o 155, wherein the anti-VEGF agent is administered by means of
intravitreal injection.

157 . The method of any of items 112 to 156, wherein the number of adverse events during the administration of
the sustained release bicdegradable ocular implant is low.

158.The method of item 157, wherein the number of treatment-related oculer adverse events during the
administration of the sustained release biodegradable ocular implant is fow.

159.A method of manufacturing a sustained release biodegradable ocular implant comprising a hydrogal and
about 150 g to about 1200 yg of a tyrosine Kinase inhibitor according to any of itens 1 {0 111, the method
comprising the steps of forming a hydrogel comprising & polymer natwork and tyrosine kinase inhibitor
paiticies dispersed in the hydrogel, shaping the hydrogel and drying the hydrogel.

160.The mathod of item 159, whersin the tyrosine kinase inhibitor is axitinib.

161.The mathod of item 159 or 160, wherein the tyrosine kinase inhibitor particles are micronized and/or

homogeneously dispersed within the hydrogel.

162.The method of any of items 159 to 161, wherein the polymer network is formed by crosslinking muiti-arm

polvethyiene glycol units in a buffered solution.

163.The method of any of items 159 to 162, wherein the hydrogel comprises a polymer network that is formed
by mixing and reacting an electrophilic group-containing multi-arm polyethyiene glycol with a nucieophilic
group-containing multi-arm polyethyiene glycol in a buffered solution in the prasence of the tyrosine kinase

inhibitor, and allowing the mixture to gel.

164.The method of item 163, comprising reacting 4a20iPEG-SAZ with 8a20kPEG-NH; in & weight ratio of about
2:1.

165.The method of item 163 or 164, wherein the method comprises the steps of filling the mixture into a mold
or tubing prior to compiete gedling in order to provide the desired final shape of the hydrogel, allowing the
mixture to gel, and drying the hydrogel,

166.The method of item 165, wherain the mixture is filled into & fine diameter tubing in order to prepare a
hydrogel fiber,

167. The methad of item 166, wherein the inside of the tubing has a round geometry.

168.The method of item 166, wherein the inside of the tubing has a non-round geometry.

169, The method of item 168, wherein the inside of the tubing has a cross-shaped geometry.

170.Tha method of any of items 166 to 169, wharein the method further comprises stratching the fiber and/or
twisting the fiber.
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171 . The method of item 170, wherein the stratching is performed prior to or after drying the hydrogel.
172.The methad of item 171, wherein the fiber is stretched by a stretch factor of about 1 to about 4.5,

173 The method of item 171, wherein the implant contains axitinib in an amount of about 200 pg and the
stratching is performed after drying the hydrogel by a stretch factor of about 2 to about 5 or a stretch factor
of about 3 to about 4.5.

10 174.The method of item 171, wherein the implant contains axitinib in an amount of about 800 g and the
stretching is performed in a wet state prior o drying the hydrogel at a strefch factor of about 0.5 {0 about
5, or a stretch factor of about 1 to about 4, or a stretch factor of about 1.3 to about 3.5, or a stretch factor
of about 1.7 to about 3.

15 175.The method of any of items 159 1o 174, wherein the method further comprises loading the implant in a
dried state into a neadle.

176.The method of item 175, whergin the needie is a 25- or 27-gauge needle.

20 177.4 mathod of imparting shape memory o a hydrogel fiber comprising an active agent dispersed in the
hydrogel by streiching the hydrogel fiber in the longitudinal direction.

178.A method of manufacturing an gcular implant comprising a hydrogel comprising an active agent dispersed
therein, wherein the implant changes its dimensions upon administration to the eye, the method comprising
25 preparing a fiber of the hydrogal and stretching the fiber in the longitudinal direction.

179.The method of item 177 or 178, wherein the method comprises the step of drving the hydroge!l, wherein the
fiber is stretched in the longitudinal direction prior to or after said drving {wet or dry stretching).

30 188, The methad of any of items 177 10 179, wherein the fiber is stratched by a factor of about 8.5 to about 5,
or a factor of about 1 to about 4.5, or a factor of about 3 to about 4.5 or & Tactor of about 1 to about 2.

181.The method of any of items 177 to 180, wherein the active agent is a tyrosing kinase inhibitor, such as
axitinib.

(98
W

182.The method of any of items 177 to 181, wherein the hydrogel comprises a polymer network comgrising
crosstinked polyethyiene glyeol units.

183.The method of any of items 177 1o 182, wherein the fiber upon hydration fully or partly returns to
40 approximately its original length and/or original diameter thet it had prior to the stretching.

184.Tha method of any of items 177 to 183, wherain the change in dimensions is an increase in diameter, or an

increase in diameter together with @ decrease in length.
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185.A kit comprising one or more sustained release biodegradabile ocular implant(s) according to any of items 1
to 111 or manufactured in accordance with the method of any of items 159 10 176 and ong or more
needie(s), wherein the one or more needle(s) is/are each pre-loaded with one sustained release
biodegradable ocular implant in a dried state.

4

186.The kit of item 185, wherein the neadla(s) is/are 25- or 27-gauge neadie(s).

187 . The Wit of item 185 or 185, wherein the Kit comprises ong or more 25- ar 27-gauge needie(s) each loaded
with an implant containing axitinib in an amount in the range from about 180 ug to about 220 yag.

10
188.The ket of item 187, wherein the implant contains axtinib in an amount of about 200 ug.

189.The kit of item 185 or 188, wherain the kit comprises one 25-gauge or 27-gauge needle loadad with an
implant containing axitinib in an amount in the range from about 540 ug to about 660 pg.

190.The kit of itermn 189, wherein the implant contains axitinib in an amount of about 600 ug.

191.The kit of any of items 185 to 190, further containing an injection device for injecting the implant into the
eye of a patient.
20
192 The kit of item 191, wherein the injection device is provided in the Kit separately from the one or more
needie(s) loaded with implant.

193.The lat of item 191, wherein tha injection device is pre-connected 1o a needie loaded with implant.

N
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194.The kit of item 191 or 192, wherein the injection device contains a push wire to deploy the implant from the
needle into the eve.

195, The kit of any of items 185 1o 184, further comprising one dose of an anti-VEGF agent ready for injection.

196.An injection device suitable for injecting & sustained release biodegradabie ocular implant according to any of
items 1 to 111 into the ave.

197 . The injection device of item 196 containing means for connecting the injection device to a nesdls,

(98
W

198. The injection device of fem 196 or 197, wherein the needle is pre-loaded with the implant.

199. The injection device of any of items 196 to 198 containing & push wire to deploy the implant from the needle
into the eye when the injection device has been connectad (o the neadle.
40
200.The Injection davica of item 199, wherein the push wirg is made of Nitinol or stainless steel/Tefion.
201.The injection device of item 199 or 200, obtainable by affixing the wire to the plunger and encasing i between
two snap it injector body parts and securing the plunger with a clip.
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202.A pharmaceutical product comprising the sustained release bindegradable ocular implant of any of items 1
to 111 loaded in a needie and an injection device according to any of itemns 196 to 201, whearein the neadla
is pre-connecied to the injection device.

3 203.A sustained release biodegradable ocular implant containing a tyrosine kinase inhibitor according to any of
items 1 to 111 for use in treating an ocular disease in a patient in need thereofl according to any of items
112 to 138 or in treating neovascular age-related macular degenaration in a patient in nead thereof
according to any of items 139 to 158, 210 or 211,

10 204.Use of a sustained release hiodegradable ocular implant containing a tyrosine kinase inhibitor according o
any of items 1 o 111 in the preparation of a medicament for the treatment of an ocular disease in a patient
in need thereof according to any of items 112 to 138 or for the treatment of neovascular age-related
macular degeneration in a patient in need thereof according to any of tems 139 o 158, 210 or 211.

is 205 A method of reducing, essentially maintaining or preventing a clinically significant increase of the central
subfield thickness as measured by optical coherence tomography in 8 patient whose central subfield thickness
is elevated due to an ocular disease involving angiogenesis, the method comprising administering to the
patient the sustained release biodegradable ocular implant containing a tyrosine kinase inhibitor according
any of items 1 to 111,

206. The method of item 205, wherein the ocular disease is neovascular age-related macular degeneration.

207 Tha method of item 205 or 206, wherein the central subfield thickness is reduced, essentially maintained or
a clinically significant increase of the central subfield thickness is prevented in the patient during a period of
25 at least about 3 months, at least about & months, at least about 9 months, at least about 11 months, at least
about 12 months, at least about 13 months, or at ieast about 14 months after administration of the impiant
with respact 10 a baseline central subfield thickness measured in that patient prior {0 the administration of
the implant.

30 208.A sustainad release biodegradable ocular implant containing a tyrosine kinase inhibitor according to any of
items 1 to 111 for use in reducing, essentially maintaining or praventing a clinically significant increase of
the central subfield thickness as measured by optical coherence tomography in a patient whose central
subfield thickness is elevated due 10 an ocular disease involving angiogenesis according to any of items 205
to 207, 210 or 211,

[95)
N

209 Use of a sustained release biodegradable ocular implant containing a tyrosine kinase inhibitor according o
any of iterns 1 to 111 in the preparation of & medicament for reducing, essentiaily maintaining or preventing
a clinically significant increase in the central subfigld thickness as measured by optical coherence
tomography in & patient whose central subfield thickness is elevated due to an ocular disease involving
40 angiogenasis according to any of items 205 to 207, 210 or 211.

210.The method of any of items 128 to 158 or any of items 205 to 207, wherein the patient’s vision expressed
by means of the best comected visual acuity is not impaired, or is improved.
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211.The method of any of items 128 o 158, any of items 205 (0 207 or item 210, wherein rescug medication is
not required to be administered during the treatment period, or wherein rescue medication is only required
to be administered rarely, such as 1, 2 or 3 times, during the treatment period.

4

212 The method of item 211, wherein the duration of the treatment period is from about 6 to about 9 months
after administration of the sustained release biodegradable ocular implant.

213.A method of improving the vision of a patient whose vision is impaired due to an ocular disease involving
10 angiogenesis, the method comprising administering to the patient the sustained release biodegradable
ocular implant containing a tyrosine kinase inhibitor according to any of items 1 fo 111

214 The method of item 213, wherein the ocular disease is neovascuiar age-related macular degeneration,

diabetic macular edema or retinal vein occlusion.

it
(¥4

215.The methad of item 213 or item 214, wherein the patient’s vision is impairad due to the presence of retinal
fluid.

216.The method of any of items 213 i 215, wherain the improvement of vision is manifested by means of an
20 increase in best corrected visual acuity.

217.The method of item 216, wherein the best corrected visual acuity is ingcreased by at least 10, at least 15, or
at least 20 ETDRS lettars,

[N
U

218.A sustained release biodegradable ocular implant containing a tyrosine kinase inhibitor according to any of
items 1 to 111 for use in improving the vision of a patient whose vision s impaired due 1o an ocular disease
involving angiogenesis according to the method of any of lems 213 o 217,

219.Use of a sustained release biodegradable ocular implant containing a tyrosine kinase inhibitor according
30 any of iterns 1 © 111 in the preparation of a medicament for improving the vision of a patient whose vision
is impaired due to an ocular disease involving angicgenesis according to the method of any of tems 213 o
217,

(¥
(V.41

Second list of items
1. A sustained-release biodegradable ocular hvdrogel implant comprising a tyrosine kinase inhibitor, a polvmer

network, and a clearance zone, wherein the ciearance zone is devoid of the TKI prior to release of the TKL

40 2. The ocular hydrogel of item §, wherein the TKI is not in contact with retinal celis when the TKI is comprised
inside the hydrogel implant.
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3. The ocular hydrogel of item 1 or 2, wherein the TiI is present in the hydrogel implant at or naar its
saturation leval.

4. The ocular hydrogel implant of any one of tems 1 to 3, wherein the size of the clearance zone increases as

a function of the amount of TKI release.

5. The ocular hydrogel implant of any one of items 1 {0 4, wherain the ocular hydrogel implant is fully
degraded following release of the TKI or following release of at least 90% of the TKL

b, The ocular hydrogel implant of any cne of tems 1 10 5, wherein the ocular hydrogel implant is fully
degraded after about 30 days or after about 3 months following complete release of the TKIL

7. The ocular hvdrogel implant of any one of items 1 {0 4, wherein degradation of the ocular hydrogel occurs prior to
refease of the TKIL

8. The ocular hydrogel implant of any one of items 1 to 7, wherein the polymer network comprises a plurality
of polyethylene glyco! (PEG) units.

Q. The ocular hydrogel implant of any one of items 1 to 8§, wherain the polymer network comprises a plurality
of multi-arm PEG units.

i0. The ocular hydrogel implant of any one of tems 1 10 9, wherein the polymer network comprises a plurality
of 4~ or §-arm PEG units.

1. The ocular hydrogel implant of any one of items 1 f0 9, wherein the polymer network comprises a plurality
of PEG units having the formuia;
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wherein n represents an gthylene oxide repeating unit and the wavy lines represent the points of repeating units of
the polymer network.

bJ
12 The ocular hydrogel implant of any one of items 1 to 11, whergin the polymer network is fomed by reacting
a plurality of polyethylene glycol {PEG) units selected from 4220k PEG-5AZ, 4820k PEG-SAP, 4a20k PEG-SG, 4820k
PEG~SS, 8a20k PEG-SAZ, Ba20k PEG-SAPR, 8a20k PEG-SG, and 8a20k PEG-SS with one or mare PEG or ysing based-~
amine groups selected from 4a20k PEG-NH,, 832k PEG-NH,, and trilysing, or & salt thereof.
10

13, The ocular hydrogel implant of any one of items 1 t 12, wherein the polymer natwork is fomed by reacting
4a20k PEG-SAZ with 8a20k PEG-NH,.

14, The ocular hydrogel implant of any one of items 1 1o 13, whergin the polymer network is amorphous
15 (under agueous conditions).

i5. The ocular hydrogel implant of any one of items 1 10 14, wherein the polymer network is semi-crystalling in
the absence of water.
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16, The ocular hydrogel implant of any one of tems 1 to 15, wherein the tyrosine kinase inhihitor is
homagenously dispersad within the polymer network.

17 The ocular hydroge! implant of any one of tems 1 to 16, wherein the tyrosine kinase inhibitor is released

over a period of at ieast 15 days.

18, The ocular hydrogel implant of any one of tams 1 1o 17, wherein the tyrosine kinase inhibitor is released
over a period of at least 30 days.

8. The crular hydrogal implant of any one of items 1 1o 18, wherain the byrosine kinase inhibitor is released
over a period of at least 60 days.

20, The ocular hvdrogel implant of any one of Lems 1 10 19, wherein the tyrosine kinase inhibitor is released
over a paricd of at least 90 davs.

21. The crular hydrogel implant of any one of items 1 to 20, wherain the tyrosine kinase inhibitor is released
over a period of at least 180 days.

22. The ocular hydroge!l implant of any one of items 1 to 21, wherein the tyrosine Kinase inhibitor is released
over a period of at least 365 days.

23 The ocular hydrogel implant of any one of tems 1 1o 22, wherain the tyrosine kinase inhibitor is in the form
of an encapsulated microparticie.

24, The ocular hydrogel implant of any one of items 1 o0 23, wherein the tyrosine kinase inhibitor is in the form
of an encapsulated microparticle comprising poly{iactic~co-glycolic acid).

25, The ocular hydrogel implant of any one of tems 1 to 24, wherein the tyrosine kinase inhibitor is selected
from abemaciclib, acalabrutinib, afatinib, alectinib, axitinib, barictinib, binimetinib, brigatinib, cabozantinib, ceritinib,
coblmetinib, crizotinib, dabrafenib, dacomitinib, dasatinib, encorafenib, erictinib, everolimus, fostamatinib, gefitinib,
gilteritinib, ibrutinib, imatinib, larctrectinib, lenvatinib, lorlatinib, axitinib, idelalisib, lenvatinib, midostaurin, neratinib,
netarsudil, niictinib, nintedanib, osimertinib, paibociclib, pazopanib, ponatinib, regorafenib, ribociclib, ruxolitinib,

sirolimus, sorafenib, sunitinib, temsirolimus, tofacitinib, trametinib, vandetanib, and vemurafenib.
26. The ocular hvdrogel implant of itern 1 or 25, wherein the tyrosine kinase inhibitor is axitinib,

27. The ccular hydrogel implant of any one of items 1 10 26, wharein the ocular hydrogel implant is injected into
the vitreous humor, injected into the anterior chamber, or is affixed to the upper or lower punctum of the eve.
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28. A mathod of treating an ocular condition in a subject in need thereof, comprising injecting or affixing the
ocuiar hydroge! implant of any one of items 1 to 27 to the subjact.

29. The methaod of itam 28, whergin the ocular condition is selected from maculopathies, retinal degeneration,
uveitis, retinitis, choroiditis, vascular diseases, sxudative diseases, traumas, proliferative disaases, infectious
disorclers, genetic disorders, retinal tears, holes, and tumars,

30. The method of itam 28 or 28, wherein the ecular condition is selected from age-related macular
degeneration, choroidal neovascularization, diabetic retinopathy, acute macular neurgretinopathy, central serous
chorioretinopathy, cystoid macular edema, diabetic macular edema, acute muitifocal placoid pigment epitheliopathy,
Behcet's disease, hirdshot retincchoroidopathy, intermediate uveitis, multifocal choroiditis, multiple evanescent white
dot syndrome (MEWDS), ocular sarcoidasis, posterior scleritis, serpiginous choroiditis, subretingl fibrosis and uveitis
syndrome, Yogt-Koyanagi-Harada syndrome, Coat's disease, parafoveal telangiectasis, papiliophlebitis, frosted branch
angiitis, sickle cell ratinopathy, angioid streaks, familial exudative vitrearetinopathy, sympathetic ophthalmia, uveitic
retinal disease, retinal detachment, proliferative diabetic retinopathy, ocular histoplasmosis, ocular toxocariasis, viral
retinitis, acute retinal necrasis, ocular syphilis, ocular tuberculosis, congenital stationary night blindness, cone
dystrophies, retinal detechment, macuiar hole, giant retinal tear, solid tumors, posterior uveal melanoma, choroidal
hemangioma, choroidal osteomna, choroidal metastasis, retinoblastoma, vasoproliferative tumors of the ocular fundus,
retinal astrocyioma, and intraocular lymphoid tumors.

31 The method of item 29 or 30, wherein the condition is age-related macular degeneration.

32 The method of any one of items 29 to 31, wherein the subject was previously treated with an anti-VEGF
therapy.

EXAMPLES

[000351] The following Examples are included 1o demonstrate certain aspects and embodiments of the
invention as describad in the caims. It should be appreciated by those of skill in the art, however, that the following
description is illustrative only and should not be taken in any way as a restriction of the invention.

Example 1: Preparation of axitinih impilants

(000352} The axitinib implants of the present appiication are {essentially) cylindrical (and are also refarred o
herein as “fibers”), with axilinib homogeneously dispersed and entrapped within a PEG-based hydrogel matrix to
provide sustained release of axitinib based on its low agueous solubiity in the vitrecus humaor of the eye.

[BB0353] The poiymer network of the implants was formed by reacting 2 parts 4a20K PEG-SAZ (a 20 kDa
PEG with 4 arms with 8 N-hydroxysuccinimidy! reactive end group, sometimes also referred to as "NHS” end group)
with 1 part 8a20K PEG NH2 {a 20 kDa PEG with 8 arms with an amine and group). Therefore, a polyurethane tubing
was cut info appropriate length pieces. After that, an 8220K PEG NH2 sodium phosphate dibasic salution was
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prepared and sterile filtered to remove endotoxins as well as gther particles over 0.2 um {pore size of the filler). The
desired voiume of the PEG amine solution was then weighed into a syringe. Next, corresponding amounts of soiid
axitinib depending on the desired final axdtinib dose in the implant were weighed into another syringe. The powdered
axitinib syringe and the PEG amine syringe were mixed carefully to suspend and disperse the particles. The syringe
comprising the suspension mixture was then sonicated to break up any powdered agglomerates. After that, a 4320K
PEG SAZ sodium phosphate monobasic solution was prepared and sterile filtered as described for the PEG amine
solution. The desired volume of PEG SAZ solution was then weighed into another syringe. In the naxt step, the
ingrediants of both syringes (4a20K PEG SAZ sodium phosphate monobasic solution and axitinib-8a20K PEG NH2
nyixture) wera mixed o initiate the reaction leading to gelation. The liquid suspension was cast through the prepared
polyurethane tubing hefore the material cross-links and solidifies. Gelling time was confirmed by performing a gel tap
test. The gel-womprising tubing was then placed into a high humidity curing chamber for 2 hours in order to prevent
premature drying of the hydrogel prior to hydrogel gelation. In the chamber, the hydrogel axitinib suspension in the
tubing was allowed to cross-link to completion creating a highly reacted and uniform gel, thus forming a hydrogel
strand.

[G00354] After curing, different implant strefching methods wers performed as disclosed herein. Implants
were either dry stretched or wet stretched as outlined below. For diy stretching, strands were cut into shorter
segments atter curing and the strands were dried for 48 to 96 hours. After drving, dried strand segments were
removed from the tubing and placed on clamps of & custom stretcher. The strands were then slowly dry stretched at
a controlled rate to achieve the desired diameter that fits into 2 small gauge needle (stretch factor of about 2 to
about 5, or about 3 to about 4.5). The stretching step was performed in an oxygen and moisture free environment 1o
protect the product. For wet strefching, strands were placed on clamps of a custom stretcher. The strands were then
slowly wet strefched at a controlled rate to achieve the desired diameter that fits into & small gauge needle (stretch
factor of about 1 to about 3, or about 1.3 to about 2.6). After strefching, the strands were dried under tension under
the conditions as described for the dry stretching process.

(000355 The stretching Creates a shape memory, meaning that the implant upon hydration when
administered into the vitreous cavity of the eye will rapidly shrink in length and widen in diameter until it approaches
its original wet castad dimension, While the narrow dry dimensions facilitate administration of the product through a
smailer gauge needle, the widened diameter and shortened length after administration yield a shorter implant {in
certain embadiments not much ionger than about 10 mm) in the posterior chamber ralative to the eye diameter
minimizing potential contact with surrounding eye tissues. In general, the degree of shrinking upon hydration
depends #iter afa on the stretch factor. For instance, stretching at e.g. a stretch facior of about 1.3 {wet stretching)
will have a less pronounced effect or wili not change the length during hydration to a large extent. In contrast,
stretching at e.q. a strefeh factor of about 1.8 {wet stretching) will result in a markediy shorter length during
hydration. Stretching at e.g. a stretch factor of about 4 (dry stretching) could result in a much shorter length upon
hydration {(such as, for example, & reduction in iength from about 15 to about 8 mm).

[300356] Stretchad hydroge! strands were removed from the siretcher and then cut to the desired final
length. The implant fibars were then placed on the inspection station. If the implants passed the quality control, they
were loaded into a 25 or 27 gauge needle {e.q. an FDA-approved 25G UTW %" having an inner diameter of about
0.4 mm, or a 25G UTW 1"0r 3 27G TW 1.25" naedle) using a customized vacuum device and capped safely to avoid
any needle tip damage.
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[B00357] The locaded needias were placed into a glove hox for 6 to 9 days to remove any moisture {the
remaining water contant in the implant is intended 10 not axcesd 1% water). All steps from then on were parformed
in the giove box. The loaded needie was dipped into & melted low-molecular weight 1k PEG to tip the needle. Upon
cooling 2 hardened small drop of PEG remains, which provides lubricity, keeps the implant in place within the needie,
allows successful deployment and prevents premature rehydration of the implant within the needie during
administration. Moreover, PEG tipping is minimizing tissue injury i.e. tissue coring, a process by which pieces of
tissue are removed by @ needie as it passes through the tissue. The PEG-tipped needles were then again inspactad,
needles which did not mest the quality reguirements were discarded. Passed needles wera again capped o ensurg
the needdies were not suffering any additional damage. Needles ware then individually pouched and seaied to prevent
them from moisture and keep them sterile. The injection device, for instance a modified Hamilton glass syringe, had
a push wire {e.g. a Nitinol push wirg) that aliows deploying the implant from the nesdle more easily. The injection
neadie may contain a stop feature that controls the injection depth, The injection devica can be separalely packaged
and sealed under nitrogen in foil pouches in the same way as described for the needle (Figure 1), or could be pre-
assemnbled with the implant-loaded needle or within a preloaded injector. The packaged needlas and injection devices
were removed from the glove box and stored refrigerated (2-8 °C) prior to sterilization using gamma irradiation.

fter stertlization the packages were stored refrigerated (2-8 °C) or frozen protected from light prior to use and were
equitibrated 30 min to room temperature prior o injection.
[GB3358]) Administration of the impiants ocours via intravitreal injection, wherein the implant localizes in the
posterior segment of the eve (Figura 2). After injection, the implants hydrate in situ. Upon hydration upon contact
with the vitreous, the implant softens and increases in diameter and may also shrink in length. By trapping axitinib
into the hydrogel a defined and limited localization of axitinib in the eye can be provided. The hydrogel matrix of the
implant is formulated to biodegrade via ester hydrolysis in the aqueocus environment of the vitreous. Axitinib releases
for a sustained period from the hydrogel by diffusion into the vitreous and then into the surrounding ocular tissues
hased on the drug’s low solubility under physiclogical conditions {(Figure 3). The drug release rate from the implants
is inter alia influerced by diffusion, drug clearance, vitreous viscosity, concentration gradients within and proximate
to the implant, implant dose, implant surface area and geometry, as wall as the number of implants and their
locatization within the vitreous,

Example 2: In ywitro axitinib release

[B00359] In a next step, the release rate of axitinib from implants in different formulations was determined
by in vitro testing. The in vitro assays can ba additionaily used for guality control of the implants.
dn vitro axitinib release under non-sink simulated physiclogical conditions

[000360] In one in vifro assay seb-up, axitinib release was evaluated under non-sink simulated physiological
conditions at a daily replacement volume comparable to the volume of vilreous humor in a human eye.

[B00361] Three exemplarily selected implant formulations were examined (Table 1), Implant variants #1
and 2 were examined using one implant, implant variant #3 using one and two implants (four conditions in total). All
conditions were conducted in duplicate.
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Table 1 Formulation, configuration, and dry-dimensions of three exemplarily sefected axitinib implants. Formulation

percantages reprasent waight by welght {w/w).

(v

Impiant variant Implant ¥1 Implant #2 Implant #3
Axitinil 61.3% 61.3% 49.4%
{amount par implant) {625 pg} {716 ug) {245 g}
- 4220k PEG-SAZ 21.1% 21.1% 27.7%
L
&
g Ba20k PEG-NH2 10.6% 10.6% 13.8%
é Sedium Phosphate
o, v, 55,
Monabasic 1.9% 1.9% 2.5%
Sodium Phosphate Dibasic 5.0% 5.0% 6.6%
No. of Implants 1 1 lor2
= ~Implant sealed in foil | ~Implant sealed in foil | -Implant sealad in foil
;,‘% pouches and sealed pouches and sealed pouches and sealed
g Packaging under nitrogen. under nitrogen. under nitrogen.
& -Glass vial w/ S ml | -Glass vial w/ 5mi | -Glass vial w/ 5 ml
% PBS. pBS. pBS.
S
Storage Frozen Frozen Frozen
§ Dried Diameter {mm) 0.325 (.459 0.259
®
=
@
£ Dried Length (mm) 937 7.65 16.47
[B08362] Prior to the performance of the in vitro release assay the starting drug content of the implants was

examined by liquid chromatography coupled o fragmentation-based mass spectrometry (LC-MS/MS) using ethanol

as extraction solvent {Table 2; for details on implant dissolution and LC-MS/MS referance is made o Example 3.5).

The determined axitinib amounts matched well with the formulated amounts.

Table 2 Starting axitinib content in the implants as determined by LC-MS/MS.

Condition Axitinib (g}
. 609
Implant #1 + 481
. 720
Implant #2 £35.4
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o 458
Implant #3 x2 +389
. 258
g
Implant #3 xi +339
[B03363] In vitro released and non-releasad aatinib wags determined for each group without {controi) and
with daily release media sampling.
[GG0364] For control impiant release, samples were placed in tubes. Five mb of PBS (pH 7.2) were added to

each tube on day 0 and the tubes were covered with a id. Samples were then placed in a 37 *Clincubator and gently
rocked for 20 (Ix implant #3) or 30 davs (implant #1 and #2, 2x implant #3). At the end of the test peried, the PBS
was removed (1 mi PBS was saved for tasting). One ml of ethanol was added to the residuai sample. Both PBS
samples and residual samples were tested for axitinib amount released.

[300365] For daily implant release, samples were placed in tubes. Five ml of PBS were added to each tube
on day 0 and the tubes were covered with & Hid. Samples were then placed in 3 37°C incubator and rocked gently.
After 24 hours, 4 mi of PBS were removed from each sample from which 1 ml was used for testing and the
remaining 3 ml were disposed. Four mi of fresh PBS were added back into each tube. This process was repeated for
20 {Ix implant #3) or 30 days (implant #1 and #2, 2x implant #3). On the final day of the study, 1 mb of PBS was
used for testing each sample and the remaining 4 mb were disposad. One mil of ethano! was added to the remaining
residual implants and was tested for total remaining axitinib.

[300366] The axitinib concentration in PBS from control implant release measurements after 20 or 30 days,
respectively, represented a maximal solubility determination of axitinib after prolonged incubation in the release
media {Table 3). The higher dose strengths resulted in higher axitinib concentrations in the release media. The
apparent maximal axitinib solubility ranged from 0.24 to 0.40 pg/ml, which was consistent with results reported in
the literature for INLYTA® [NDA 2023241,

Table 3 Control release data. Axitinib amounts and concentrations are presented as mean and standard deviation
(8D}

Condition Axitinih Remaining (ug) | Yotal Axitinib Released {ug) Axitig‘sizgizﬁ(csgn;;?;;ﬁn .
Implant #1 +5325 4 {29%194 ;4.:062%7
Implant #2 j::.S + 1@%?3} _L013§1
Imnplant #3 x2 :45(? g ilgj%lgz igézgfa
Implant #3 x1 $2E;351 4 fé:ﬁg +082:378
[G00367] Test results demonstrated that the two high dose samples (implants #1 and 2) relaased more

axitinib per day than the lower dose groups {Table 4}, The amount of axitinib released per day over the study
duration is presented in Figure 4A. The amount of total axitinib released was higher in the groups that removed and
repiaced PBS daily compared to the no PBS exchange {contrel). Implants #1 and #2 released more axitinib per day
than twe implants of implant #£3. The maan vaiue of tolal axitinib released was slightly different in both high dose
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groups, but the median amounts released daily were comparable, indicating no apparent difference betwesn the two

higher dose groups.

Table 4. Dally sampling data. Axitinib amounts are presented as mean and standard deviation (SD).

Condition | Axitinib Remaining (ug) | Total Axitinib Released (pg) | ~ounid Dﬁ:;‘g Released
Implant #1 i_gf?is j%‘;} 1-%%%9
Implant #2 isjis jlg?g 1—%26?3
Implant #3 2 ;E g_ 3 fé?s _Jc%.lgig;
Implant #3 x1 izg;. éﬁ fiil f%_lgllg
(3003681 The study results demonstrate that a single administration of an implant containing approximately

0.6 to 8.7 mg of axitinib raleases more axitinib per day into solution in simulated phvsiclogical conditions under non-
sink conditions at & volume representative of the vitreous humeor eye volume compared to the one or two lower
dosage total strengths. Two implants containing approximately 8.2 mg each didn't release as much axitinib as a
single higher dose implant under these conditions. Thesa in vitro results indicate that a single implant at a higher
dose may release more axitinib per day in the aye in the non-sink conditions of the eyve than two implants of & lower
total dose.

[B00369] In another i wiro set-up, axitinib release was evaluated under real-time sink simulated
physiciogical conditions.

[B80370] Therefore, implants were placed in 5 mb of & physiologically relevant media, i.e. P8BS, pH 7.2 with
0.01% NaF with a layer of 1-octano! on top of the solution to provide a sink phase allowing transference of the
axitinib into the octanol layer. Implants were incubatad under mild agitation at 37 °C in an air chamber. Axitinib was
measured at pre-tdetermined sampling time points in the octanol layer by taking the UV absorbance at 333 nm. The
amount of axitinib released at gach time point is determined relative to a standard curve prepared from an axitinib
reference. The accelerated in vitro release profile is determined as the percent of cumulative release of axitinib. The
duration to complete drug release was saveral months,

[B00371] For an exemplarily release profile under real-time sink conditions reference is made to Figure 144,

In vitro axitinib_release under accelerated conditions

(080372} In a further in vitro set-up, axitinib release was evaluated under accelerated conditions.

(6003731} Therefore, the implants were placed into an ethanol and water mixture (25:75 ratio, v/v) to
increase axtinib soiubility at 37 °C in an alr chamber with mild agitation. The colubility of axitinib in purg ethanol is
1.4 mg/mi and is approximately 19 pg/mi in a 25% ethanol/75% water mix {v/v; physiclogically non ralevant
media). At pre-determined sampling time points, an aliquot is removed and analyzed for axitinib by taking the UV at
332 nm. The amount of 2xitinib released at each time point is determinad relative to a standard curve prapared from
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an axitinib referance. The accelerated in vitro release profile is determined as the percent of cumulative release of
axitinib. The duration of release under accelerated conditions is approximately two weeks.

[GBB374] For an exemplarily release profile under accelerated conditions reference is made to Figure 148
(200 ug implant) and Figure 4B (556 ug implant).

[G00375] In order to evaluate safety, tolerabiiity, drug release, as well as efficacy of axitinib implants, several
pre-clinical studies in Dulch belted rabhits were parformead. A broad range of doses were examined eithar delivered
by one or more implants. An overview of the different rabbit studies performed is presented in Table 5. Further
studies were performed in beagle dogs and African green monkeys,

Table 5 Overview of pre-clinical studies with axitinib implants in rabbits.

Drug dose and number of implants per eye

{bilateraily) Study purpose Example No.

Primary low-dose screen

15 pg axitinib in one implant; administration of Safety, wlerability, and efficacy at low

one, two, or three implants dose 3.1
Administration of one implant
227 yg axitinib in one implant; administration of Carmtilit o ) )
one implant Tolerability, safety and efficacy 3.2
Administration of two implants
e oy LT v
128 pg axitinib per implant, total dose of 256 ug; Tolerability and safety 3.3

administration of two implants

Administration of two implants sither with or without co-administration of Avastin®

145 g axitinib per implant, total dose of 290 ug; | ) ieranility, safety and efficacy with

. : ; and without co-administration of anti- 3.4
administration of two implants VEGF drug
Drug release from axitinib implants
109 pg axitinib in one implant; administration of
one implant
227 yg axitinib in one implant; adninistration of Monitoring drug release from the
one implant implants in different eye tissues; 35
145 pg axitinib per implant, total dose of 290 ug; Evaiuation of systemic axitinib ’
administration of two implants concentration
145 ug axitinib per implant, total dose of 290 g
with Avastin®: administration of two implants
Acute exposure to axitinib
e oF oo eremT -
$00 g axitinid suspension injected intravitreal Evaluation of 53'%%§ an axitini bolus 3.6
[G00376] Table & gives an exemplarily overview of formulations, configurations, and dimensions of implants

used in animal studies (cf. Examples 3.2 to 6). The dimensions of hydrated implants were examined after 24 hours in
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bigrelevant media (PBS, pH 7.2 at 37 °C). Although implant #5 showed a slight increase in length, the hvdrated

length was still below 10 mm.

Table 6 Formuiation, configuration, and dimensions of different implants (#1 to #5) as used in animal studies. For

instance, implant #4 was used for African green monkey studies (¢f. Bample 5). Formulation percentages represent

weight by weight {(w/w).

Implant type fmplant #1 Implant #2 | Implant #3 | Implant #4 | Implant #5
Axitinib 54.6% 54.7% 58.1% 54.8% 38.0%
& | (amount per implant) {128 ug} (145 pg) {227 ug) {138 ug) {109 ug)
B PEG Hydroget 37.2% total 37.1% total 28.1% total 37.0% total 50.8% total
E 4820K PEG-SAZ 24.8% 24.7% 18.4% 24.7% 33.8%
;\ZE 8a20K PEG-NH2 12.4% 12.4% 8.7% 12.3% 17.0%
Sodium phosphate 8.2% B8.2% 12.8% 8.1% 11.1%
Stretching Method Dry Dry Dry Dry Wet
Needie Size 27GTW 1.25" { 27GTW 1.257 | 285G UTW 17 | 25G UTW 17 | 27G TW 1.25"
= et { Surd 10 ul Modified | 10 b Modified | 50 ul Modified | 50 ul Modified Implant
2 fnjector / Syringe Harmiiton Hamilton Hamifton Hamitton Injector
§ Packaging Foil Pouches Foil Pouches Foil Pouches Foil Pouches Foil Pouches
£ Teflon Teflon
E Push Wire Nitinol Wire Nitinol Wire | Stainless Steel | Stainless Steel | Nitinol Wire
o Wire Wire
Sterilization Type Gamma Gamma Gamma Gamma Gamma
Site Storage Refrigerated Frozen Refrigerated Refrigerated Refrigerated
@ Dried
E s Diamster 0.20 mm .24 mm 0.24 mm (.24 mm 0.2 mm
'g o Length 12.4 mm 123 mm 12.5 mum 12.6 mim 7.0 mm
g Hydrated
B «  Diameter 0.63 mm 0.64 mm 0.65 mm 0.67 mim 0.5 mm
s length 5.1 mm 5.2 mm 5.5 mm 4.9 mm 8.2 mm
[000377] Prior to implant administration, animals were anesthetized with an intramuscular injection of

ketamine hydrochioride (20 mg/kg) and xyiazine {5 mg/kg). Eves and the surrounding area were cleaned with a3 5%

Betadine solution and rinsed with balanced salt solution. One to two drops of topical proparacaing hydrochloride

anesthetic (0.5%) was applied. The eye was draped, and a sterile wire speculum was placed {o retract the eyelids.
The injection needie was placed approximately 3 to 5 mm away from the limbus and deploved in a single stroke.

[000378]

In summary, the axitinib implants showed a good safety profile, were well tolerable and highly

affective independent of the dose or way of delivery (by one or more implants). Moreover, the drug was efficiently

released in target tissues, while systemic concentrations in blood remained very low or undetectabie,

(000379}

Example 3.1 Primary low-dose screen of axitinib implants

For primary safety, tolerability, and efficacy investigation of the axitinib-containing implants, a iow

dose of 15 ug axitinib per implant was administered as either one {group 1, n=5), two (group 2, n=5) or three

implants (group 3, n=5) per eye bilaterally via intravitreal injection using a 30G 0.5” needie in rabbits including

control animals receiving saline. The implants used in this study had a diameter of 0.15 £ 0,13 mm and & length of
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5.9 + 0.1 mm in a dried state. After hydration for 24 hours in biorelevant media {PBS, pH 7.2 at 37 =C) the diameter
was 0.42 + 0.02 mm and the length was 10.6 + 0.4 mm.

[GBB3801 Qvar a time of 1 month, general haalth, body weights, and intraocular pressure (I0OP) were
recorded. Clinical ophthalmic exams were scored at baseling and at 1 month according to the maodified McDonald-
Shadduck scoring system {(McDonaid, T. 0., and Shadduck, 3. A. “Eye irritation”. Advances in Mondern Toxicology,
Iv: Dermatotoxicology and Pharmacology, 1977). Infrared reflectance (IR} imaging was collected at 1 month for
representative images of the one, two and thres implants in the vitreous. Qcular distribution of axitinib was examined
using LC-MS/MS essentially as described under bxample 3.5. In order to evaluate efficacy of the implants, the rabhits
with and without implants were challenged by recurting intravitreal injection of VEGF t© induce retinal vascular
leakage essantially as described under Example 3.2,

(0003813 Mo notabie effects on bodly weight were observad in none of the groups. Moreover, IOP values
were normal and comparabie between all groups. Ccular health was not or only mildly affected indicating overall
safety and tolerability. Clinical ophthalmic examinations at one-month demonstrated no ocular findings for any
animals administered a single implant. Mild corneal opacity was observed in ong eye of animals administerad two or
three implants. Mild and madarate conjunchival discharge was observed in two gyes of animals administarad three
implants.

[G600382] IR imaging revealed that the overall shape of the imiplants, independently of the number
administered, remained intact (Figure S5A).

[000383] Pharmacokinetic results of axitinib concentrations in the ocular tissues at 1 month for each group
are presented in Table 7. Two eyes wers excluded from analysis because one eye in the retina tissue samples in
group 2 and one eve in the choraid/RPE {retinal pigment epithelium) samples in group 3 likely inciuded a portion of
the implant creating erroneoushy high concentrations in those two tissue sampies due 1o preferential dissolition in
the extraction organic solvent system emploved prior to LC-MS/MS analysis {cf. fxampie 3.5} The solubility of
axitinib in PBS, pH 7.2 at 37 °C was determined o be approximately 0.5 pg/ml and any tissue values markedly
higher than this potentially indicates either tissue accumulation or sample contamination. Axitinib concentrations
were either low or absence in the AH compared o the other ocular tissues indicating little migration of axitinib from
the posterior chamber {0 the anterior chamber. The ogular distribution results demonstrated that a single implant
dose {group 1) appeared to be almost fully depleted at 1 month with only 8.3 ug remaining in the VH. 25.5 ug were
released from the 30 pg starting dose {two implants, group 2) over the first month for a daily release rate of
approximately 0.8 pg/day. 33.8 ug were released from the 45 pg starting dose (three implants, group 3) over the
first month for a daily release rate of approximately 1.1 yg/day. Madian axitinib levels in the reting were 31 ng/g for
group 1, 65 ngfg for group 2 and 148 ng/g for group 3 demonstrating a dose dependent refease into the retina
tissue, Saturation was not achieved in this study,

Table 7 Ocular tissue distribution of axitinib released from 1, 2, and 3 implants with an axitinib dose of 15 ug per
implant {groups 1, 2, and 3, respectively). Axitinib concantrations in AH, reting, and choroid/RPE, as well as
remaining axitinib in the implant {recovered from the VH) are presented after 1 month as average {(mean) including
standard deviation, coefficient of variation {CV) as well as the confidence interval {CI) of the mean. In addition,
minimum, median, and maximum values for each data point are presanted.
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. N . . 95%
Tissue Group Eyes Average Min. Median Max. 5D v €1
AH 1 10 0.1 0.0 0.0 0.3 0.1 213% 0.1
(ng/mL) 2 9 0.1 0.0 0.0 0.3 0.1 203% 0.1
' 3 g 0.1 0.0 8.0 0.2 0.1 198% 0.1
. 3 10 43 18 31 108 30 59% 18

Retina = 3 =

(ng/a) 2 g 86 38 a5 230 59 9% 39
o9 3 g 200 64 148 455 123 | 6t 80
- . i 10 a5 0 32 464 151 159% 94
Ch“(”n‘)‘f‘/ ;{PE 3 3 154 9 104 333 115 | 75% 75
u9 3 g 175 5 110 536 156 5%, 102
) . i 10 0.4 0.0 0.3 1. 0.4 97% 3.2
VH Y IE“)F"E"“ 2 9 44 12 45 7.3 22 | 50% i5
Ha 3 9 11.2 8.3 11.2 i6.9 3.4 0% 2.2
[o00384] Of note, all three doses demonstrated inhibition of vascular leakage after the VEGF challenge at

one month compared to control animals {n=3} not having an implant indicating that even the lowest dose {15 yg)
exhibited good efficacy even after short times of 1 month (Figure 5B).

[0003851 In summary, the TKI implants administered either as one, two, or three implants per eye were
successfully validated for safety, tolerability, as well as axitinib release and efficacy in the primary low dose study.

Example 3.2: Tolerability, safety and efficacy studies with one axitinib implant

[G00386] In order to study the tolerability, safely and efficacy of one implant per eve with a higher axitinib
dose, rabbits were administerad bilaterally via intravitrea! injection with a 256 ultra-thin wall needie one implant per
eye with an axitinib dose of 227 ug. For implant dimension reference is made to Table & (implant type #3).

Tolerability and safely

[BB33871 For tolerability and safety studies, 8 animals were monitored over & months for general heaith
(daily), body weight (8, 1, 3, 6 months) and IOP and ophthalmic exams {gach in 0.5 months intervais). Clinical
ophthalmic exams were scored according to the modified McDonald-Shadduck scoring systerm. Electroretinography
(ERG) and fluorescein angiography (FA} were performed at 1, 3, and é months to assess retinal function and to
evaiuate the vasculature of the eye, respectively. Optical coherence tomography (CCT) was performed monthiy to
obtain cross-sectional images of the retina. IR imaging was performed monthly to monitor biodegradation of implants
over the time and persistence of axitinib in the vitreous.

[300388] Upon sacrifice (3 animals at 1, 3, and & months), whole eves were prapared for histopathological
analysis. Therefore, a suture was placed at the 12 o'dock position for orientation and harvest, Typically, eyes were
trimmed in half in the plane from 12 o'tlock o 6 o'clack through the lens and optic nerve along the midiing, This
captures as many optic structures in one plane as possible. The trimmed ayes were examined grossly and
abnormalitiss noted. Hematoxylin and eosin (H&E)-stained slides were prepared that were separated by 1 mm. Each
slide contained 2 serial sections. Histopathology assessments at each time point included vitreous, retinal, scleral, or
episcieral inflammation, retinal disruption and fibrosis around the injectad area. Scoring was performed on a semi-
quantitative scalg fram G-5 for any abnormalities, where 0 denotes no change (normal}, 1 denotes rare foci of
change (minimal), 2 denotes mild diffuse change or more pronounced focal change, 3 denotes moderate diffuse
change, 4 denotes marked diffuse change and 5 denotes severe diffuse change.
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[300389] No notable effects on daily health or body weights were observed. I0OP was normal for the
complete duration of the study. No notable effects from the implants were found based on electroretinography (ERG)
measurements. Fluorescein angiography (FA) and OCT imaging revealed no pathologies over the study. For instance,
normai retinal morphology was preserved over 6 months (Figure 8). In addition, ophthalmic exam findings were
normal or mild, IR imaging at weeks 4 and 8 revealed an intact implant, whergas images at week 12 demonstrated
early stages of hydrogel degradation (Figure FA). Images at week 16 showed] implant narrowing due to loss of
hydrogat structure. Finally, images at weeks 20 and 26 showed the absence of hydrogel, while non-dissoived axitinip
particles remained in proximity to the former implant site and formed a single monalithic structure. Howeaver, any
undissolved axitinib remzining at the implant site was shown 0 continue to release axitinib at levels sufficient for
inhibition of vascular leakage {as demonstrated for instance through 21 months in a VEGF-chalienge studly, see
Example 3.4). In addition, no inflammation was observed in the region of undissolved axitinib particles (Figure 78).
(0033807 The amount of axitini decreasad in the histopathology sections over time indicating bio-resorplion
of the injected material. There were no observations of gross lesions in the sections noted over the study duration.
Mean histopathology results with standard deviations are presanted in Table 8. Mean inflammation scoras showed
that retinal, scleral, or episcleral, vitreous chambsar and chronic subcorneal {lymphocytes and phagocytes at cornea
edges) inflammation scores were normal to minimal over the study duration. Mean fibrosis scores around the
injected test article were normal to minimal over the study duration. Mean retinal disruption scores were minimal
over the study duration. Mean retinal vacuolization scores were minimal over the study duration. Retinal
detachments were not observed clinically, but were noted in 1 of 68, 5 of 71, and 1 of 72 histologic sections for
months 1, 3 and 6, respectively. The position of the detachments was often associated with retinal disruption sites
and are consistent with the needie penetration site position, indicating that they were likely procedure related.

Table 8 Histopathological analysis results for rabbits with one implant (227 ug axitinib per implant). Results were
scored on a scale of G-5, whare ( denotes no change (normal}, 1 denctes rare focl of change (minimal), 2 denotes
mild diffuse change or more prongunced focal change, 3 denotes moderate diffuse change, 4 denotes marked diffuse

change and 5 denotes severe diffuse change. Resuils are presented as mean and standard deviation (SD).

Retinal . . . )
. L s - ! Fibrosis Chronic

. Retinal Retinal Vitreous Chamber | Scleral, or O o ot
Month Disruption | Vacuolization Inflammation Episclaral é\ﬁqmg:gtzhe ;’;ibf;:,qi?on

Inflammation pear e

i ?ﬁ&) 0.40 (0.24) 0.07 (0.16) 0.02(0.04) | 0.02 (0.04) | 0.02 (0.04)

3 Séega 0.57 (0.21) 0.07 (0.05) 0.18(0.05) | 0.00 (0.00) | 0.10 (0.20)

6 ?[',055} 0.82 (0.25) 0.30 (0.28) 0.05(0.08) | 0.03(0.05) | 0.40(0.20)

Efficacy
[000391]) For efficacy studies, 12 animals {with and without the implant} raceived an intravenously VEGF

challenge {1 ug) 48 hours prior to selected time points (1, 2, 3, and & months after implant injection; 3 animals
euthanized at each time point) to induce vascular proliferation and leakage. Rabbits were followed for § months from
the administration of the implant. Eves were imaged 48 nours post VEGF chalienge using fluorescein angiography
{FA) after intravenous injection of flugrescain and were graded on a scale from 0 to 4 (Table ). Each eye was
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scored on the left and right side to account for non-uniformity in inflammatory response, FA scores were then
averaged for each eye.

Table 8 Description of scoring method for imaging by fluorescein angiography (FA).

Score | Description

0 Normal eve, vessels appear straight and simple, no haziness or leakage

1 Some minor tortuosity, but ganerally vassels appear straight, no haziness or leakage

2 Some more advanced tortuosity, vessels appear choked and a lot of branching s visible, but still no
haziness or leakage

3 Extreme tortuosity, vessals appear choked and a lot of branching is visible, some slight hazinass
pointing to leakage of the vessals

4 Extremne tortuasity and exdreme leakage, gya appears as a haze and vessais are difficult to visualize

[000392] Vascular leakage was effectively reduced in animals with the implant when compared to control

animals that received saline instaad of the implant over a period of 6 months {Figure 8). Blank control eves showed
high tortuosity and leakage at ali time-points.

[000393] Taken together, the data demonstrate good tolerability and safety of one higher dose implant, as
well as suitable biodegradation rates and the potential of the implant © inhibit negvascularization /7 vivo,

Example 3.3: Tolerability and safety studies with two axitinib implants

(000394} In a next step, tolerability and safety of two implants with higher axitinib dose (128 ug per implant,
total dose of 256 ug per eye) were investigated. Therefore, rabbits (n=9) received two implants (impiant type #1 in
Table &) bilaterally with a total axitinib dose of 256 pg {128 pg per implant) via intravitreal injection with a 27G
ultra-thin wall needie.

[B00395] Over a study period of 6.5 months, rabbits were daily monitored for health, IOF, and body weight.
Clinical ophthalmic exams (daily} were scored according to the modified MeDonalds-Shadduck scoring system. Optical
coherence tomography (OCT) was performed to obtain cross-sectional images of the retina {monthly). Infrared (IR}
imaging was performed to monitor the persistence and degradation of implants and axitinip in the vitreous
{monthly}. Electroretinography (ERG) was performed o assess ratinal function and fluorescein angiography {FA) was
parformed to evaluate the vasculature of the eye at months 1, 3, and 8.5, At months 1, 3, and 6.5, each 3 rabbits
were sacrificed, After sacrifice, whole eyas were prepared for histopathological analysis {cf. Example 3.2).

[B00396] No abnormal general health observations were observed. All rabbits either gained or maintainad
weight over the study duration. Ceular health findings were limitied to irritation, swelling, and/or discharge that were
sporadic, generally mild and transient. Clinical ophthalmic examinations demonstrated no ocular abnormalities over
the course of the stucly, except of mild conjunctival discharge for half of the animals at day 14, likely procedurs
refated, which resoived by day 27, a single instance of mild retina hemorrhage immediately post-administration which
resoived by day 27, mild conjunctival congestion seven weeks post administration, and lens opacity due to
attachment of the implant to the lens in one eye at day 195. I0P was normal for the duration of the study. OCT
imaging revealed no retinal abnormalities over the study duration. ERG was normal for all study eyeas, indicating
normal retinal function, FA found normal vascularization and no evidence of dilation or leakage.

{30397} IR imaging demenstrated hvdrogel degradation of the two implants over time and & more
monchithic morphology was formed as the axitinib particles ware released from the confines of the hydrogel, as seen
post day 117 (Figure 8). These observations were similar to the implant behavior in Example 3.2 {Figure 7A).
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[300398] Histopathology noted that the amount of the test article declined in the sections over time,
indicating bioresorption of the injected material. Histopathological findings assessing inflammation and fibrosic were
absent or minimal gver the study duration. Mean histopathology results with standard deviations are presentad in
Table 18, Mean histopathological inflammation scores showed that retinal, scleral, or episcleral, vitreous chamber
and chronic subcorneal {lymphocytes and phagocytes at cornea edges) inflammation scores were normal to minimal
over the study duration, Mean fibrosis scores around the injected test article were normal to minimal over the study
duration. Maan retinal disruption scores were normal to minimal over the study duration. Mean ratinal vacuslization
scoves ware minimal over the study duration. Retinal detachments were not observed clinically, but were noted in 2
of 192 histologic sections for months 1, 3, and 6, raspectively. The position of the detachments was often assaciated
with retinal disruption sites and are consistent with the neadle penetration through the retina at the injection location
indicating that they were iikely procaedure related.

Table 10 Histopathological analysis results for rabbits with two implants (total dose of 256 ug axitinib per eye).
Results were scored on a scale of -5, where § denotes no change (normal), 1 denoctes rare fodi of change (minimal),
2 denotes mild diffuse change or more pronounced focal change, 3 denotes moderate diffuse change, 4 denotes
marked diffuse change and 5 denotes severe diffuse change. Results are presented as mean and standard deviation

Fibrosis

. . Vitreous Retinal, Scleral, -: Chronic
Month DE?SQ‘“?:Ln Vaciitiizi‘lcion Chamber or Episcieral Ar%;.end Subcorneal
Ptk : Inflammation Inflammation N Inflammation
Implant
1 0.03(0.06) |  0.50(0.31) 0.15(0.23) 0.02 (0.04) (g'gg) 0.58 (0.31)
3 0.00(0.00) | 0.36(0.39) 0.06 (0.09) 0.00 (0.00) (g'gg) 0.58 (0.48)
65 | 002(004) | 0.28(041) 0.02 (0.04) 0.04 (0.05) (g’gi 0.42 (0.38)

Example 3.4: Tolerability, safety and efficacy studies with two axitinib inplants with or withowt co-
administration of Avastin®

[000399] In & next step, the tolerahility, safety and efficacy of two axitinib implants {145 ug axitinib resulting
in a dose of 290 ug per eye) bilaterally administered via intravitreal injection with a 276 ulira-thin wall nesdie was
assessed with and without co~-administration of 1.25 mg Avastin® {bevacizumab). For the animals receiving
Avastin®, the anti-VEGF therapeutic was administered intravitreally followed hy administration of the two implants.
For formulation and dimensions of the implants applied in this study, reference is made to Table & (implant type
#2).

Tolerability and safety
[B00400] For tolerability and safety studies, 390 rabbits {(n=15 per group, wherein group 1 did not recsive
Avastin® and group 2 receivad 1.25 mg Avastin®} ware monitored for @ study time of up to 38 months, General
health was checked on a daily basis untit 31 months and body weight was checked on a daily basis until 21 months.
In addition, IR imaging was performed o monitor persistence and degradation of the implants and axitinib in the
vitreaus over 38 months. Ophithalmic exams and I0P were monitored for 21 months. Ophthalmic exams were scored
according to the modified McDonaid-Shadduck scoring system.
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[300401] In summary, no effects on body weight were observed. Daily general heaith observations solely
reveaied limited to mild ocular findings which seif-resolved. IOP and ocular exams were normal throughout the study.
Cphthalmic findings were generally mild in nature for vitregus flare, choroidalf retinal inflammation, and conjunctival
discharge. All findings were comparable betwesn implants applied with or without co-administration of Avastin®
demonstrating the suitability of the implants to be combined with other therapeutics such as anti-VEGF madicals.
(0004021 IR imaging confirmed that the implants dissociated over the study duration and demonstrate
hydroget degradation of the two implants over time and a more monolithic morphology was observed as the axitinib
partcles merge into a single monalithic structure between & and 9 months, whergin the structure demonstrated a
reduction in size through study completion (Figure 18). These ohservations were also in ing with images from
Exampies 3.2 and 3.3 (Figuras 7A and 9).

Efficacy
(003483} For efficacy studies, 52 rabbits ware divided in 4 groups, wherein group 1 recaived the two
implants but did not receive Avastin® (n=15), group 2 received the two implants and received Avastin® (n=15},
group 3 solely received Avastin® (n=08)}, and group 4 were control rahbits without implant receiving saline (n=13).
Animals from gach group were intravengusly challenged with VEGF (1 ug) 48 hours prior to selected tims points (0.5,
1,3, 6,9 12, 14, 16, 19, 20, and 21 months) to induce vascular profiferation and leakage. Eyes were imaged 48
hours post VEGF challenge time-points using flucrescein angiography (FA) and were graded on a scale from G
(rnormal} 1o 4 (severe leakage) as described under Bxampie 3.2.
(06004043 It was demonstrated that vascular leakage was prevented with and without the co-administration
of Avastin® for up to 21 months with repeated VEGF challenges {Figure 11). Reprasentative FA images at 1 month
post implant injection clearly show effective leakage inhibition 1 month after implant injection for animals of group 2
(Figure 12). OF note, animals solely receiving Avastin® (group 3) showed rapid leakage inhiition within the first 2
and 4 weeks, however, after 3 months vascular leakage re-occurred 1o a similar degree than obiserved in the control
animals (group 4; Figure 13). Rlank control eyes showed high tortucsity and leakage at all time-points {Score 3-4).
(000405} Taken together, the VEGF challenging data demonstrated the potential of the implants to inhibit
neavascularization in vivo in fine with the good efficacy resulting from one implant (¢f. Example 3.2}, Compared (o
animals solely receiving Avastin®, the henaficial effect of the implants was demonstrated. In contrast {o the anti-
VEGF therapeutic where effects only lasted until 3 months post injection, the implants enabled a long-term inhibition
of neovascularization of up to 21 months.

Example 3.5: &xitinib release from implants and axitinib distribution in rabbits

[(00406] Finally, pharmacokinetic studies have been performed in order to evaluate drug-release from the
implants and axitinib distribution 1o the ocular tissues, specifically the retina, choroid/retinal pigment epithelium
{RPE), vitreous humor (VH) and agueous humor (AH) over time following sustainad release from the implants. In
addition, systemic axitinib concentrations were monitored. Therefore, rabhbits were divided into 4 groups. 2 groups
received bilaterally ong implant comprising either 109 pg axitinib (group 1, n=14} or 227 ug axitinib {cf. Bxample 3.2,
aroun 2, n=24}, Group 3 (¢f. Example 3.4; n=15) received bilaterally two implants, each comprising 145 ug, ie., a
total dose of 290 ug axitinib. Group 4 {¢f. Example 3.4: n=15) received bilaterally two implants comprising, as for
aroup 3, a total dose of 290 pg axitinib (2x145 ug) and in addition 1.25 mg Avastin® (bevacizumab) intravitreal,
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Formulations, configurations, and dimensions of implants with corresponding axitinib doses are presented in Tabie
6.

[000407] For investigation of drug release, two rabbits were euthanized per time-point for group 1 (day 1
and 1.5, 3, 4.5, §, 7.5 and 9 months), six rahbits were euthanized per time-point for group 2 {1, 3, 6, and 7 months},
and 3(0.5, 1, 3, and & months) and 1 (9 and 38 months) rabbits were euthanized per time-point for groups 3 and 4.
in addition, blood samples were taken from the rabbits prior to euthanasia at time points indicated in Table 11,

(0004087 For determination of axitini in plasma, two equivalent guantification methods were carriad out.
Axitinib was extracted from plasma by supported liguid extraction {(SLE) and was dried under nitrogen. The short-
tarm matrix {plasma) stability was up to 4 hours and the extract stability was up to 116 howrs,

[B00402] After reconstitution in methanol/water (58:50 v/v; method 1) or alternatively in
methanol/water/formic acid (75:25:0.01 v/v/v; method 2}, the samples wera analyzed by liquid chromatography-
tandem mass spectrometry (LC-MS/MS; APT 4000, Applied Biosystems) using a water/formic acid/methanol gradient.
Axitinib and the internal standard (IS; axitinib-D3 for method 1 and pazopanib for method 2) were separated on an
¥MC-Pack Pro C4 colurn {50 x 3.0 mm LD.; method 1) or a Phenomenax Luna C18 column (method 2} and
quantitated using slectrospray ionization (E5I) selective reaction monitoring mode with a total run time of
approximately 6 min. For quantification, the peak arez of axitinib {m/z 387.2 10 356.0) and the IS (m/z 390.2 to
356.0 for axitinib-D3 and myz 438.2 to 357.1 for pazopanib) were determined and compared to a standard curve,
which showed linear behavior in the desired concentration range and a correlation coefficient {r2) of >0.99. The
lower fimit of quantitation (LLOQ) ranged from about 0.01 ng/mil. fo about 0.36 ng/mi depending on the study group
and sampling time-points (Table 11).

Table 11 Sampling time points and corresponding LLOG {by isomer) for axitinib in plasma or serum. For group 1,
plasma samples wera anatyzed on day 1 and 1.5, 3, 4.5, 6, 7.5 and 8 months. For group 2, plasma samples were
analyzed after 3, &, and 7 months. For groups 3 and 4, serum samples were analyzed after 6 months.

Study Group Sampling time points (LLOQ depending on isomer)
Group 1 Day Land 1.5, 3, 4.5, 6, 7.5 and 9 months (0.0500 ng/mil.; both isomers)
Group 2 =3 months (0.355 ng/ml {(trans), 0.146 ng/ml {cis)}

-6 months {(0.0717 ng/mi (frans), 9.0283 ng/ml {cis}
-7 months {0.0158 ng/mL {trans), 0.0106 ng/mL (cis})
Groups 3 and 4 5 months (0.0452 ng/mik {trans}, 0.00970 ng/mi (cis))

Methods: Determination of axitinib in ocular tissues

[000410] For determination of axitinib concentrations in ocular tissues, eyes were enucleated and frozen in
liguid nitrogen at the selected time points (Table 13). The eyes were stored frozen prior to frozen dissection and
subsequent bivcanalysis. For determination of axitinib in ocular tissues, two egquivalent quantification methods were
carried out. Eguivalency of both methods to determine the axitinib concentrations in AH, VH, retina and choroid
homogenate was demonstrated during qualification.

(000411 Qeular tissue samples of reting and choroid were homogenized in @ methanol/water diluent {50:50,
viv; method 1) or in phosphate buffered saling {(PBS; method 2} in tubss containing ceramic beads. Soluble axitinib
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in VH and AH was diluted directly from the samples with methanol/water diluent (58:50, v/v} and vitreous humor
samples containing the implant (undissoived axitinin} were extracted with ethans! {method 1). In method 2,
homogenized tissues, solubie axitinib in VH and AH were diluted with methanol/water/formic acid {75:25:0.01 v/v/v).
Analyte was extracted from the matrix by protein precipitation (method 1) or SLE {method 2}, respectively. The
short-term matrix stability was up to 5 hours (AH), up t© 5.5 hours {VH), up to 6.6 hours (retina) and up to 4.5 hours
{choroid). The extract was stable up to 171 hours (AH), up to 153 hours (VH), up to 115 hours {retina) and up to
114 hours (choroid).

(003412} Samples weare dried under nitrogen and reconstituted with methanol/ water (50:50 v/v} and are
analyzed via LC-MS/MS (APT 4000, Applied Biosystems} with a water/formic acid/acetonitrile gradient {method 1} or a
water/formic acid/methanol gradient (method 2). Axitinib and the internal standard {IS; axitinilx-D3 for method 1 and
pazopanib for method 2) were separated on an YMC-Pack Pro C4 column (50 x 3.0 mm 1.D.; method 1} or 3
Phenomenex Luna CLE column {method 2) and quantitated using ESI selective reaction monitoring mode with a total
run time of approxdmately § min. For quantification, the peak area of axitinib (m/z 387.2 to 356.0) and the IS {my/z
390.2 to 356.0 for axitinib-03 and m/z 438.2 10 357.1 for pazopanib) were determined and compared o a standard
curve, which showed lingar behavior in the desired concentration range and a correlation coefficient (r2) of >0.99.
The LLOG was 0.100 ng/mil.

(000413} The axitinib concantration in plasma and serum was determined at indicated time-points in the
different groups {Table 11). Determined concentrations were below the lower limit of quantitation {LLOQ) during
the duration of the studies for ail groups independent of the axitinib dose (ranging from 109 to 290 ug per eye),
demonstrating that the systemic exposure to axitinib was near absent even for a total dose as high as 580 ug axtinib
(290 ug axitinib per eve adding up to a total of 580 ug per rabbit). This further underlines safety of the implants
even for higher doses.

[300414] After hydrogel degradation, undissoived axditinib was obsarved to Torm a localized structure
continuing to release axitinib (¢f. Bxamples 3.2 t0 3.4}, These undissolver! axitinib particles may create erronecusty
high concentrations in tissus samples due to preferential dissoiution in the organic solvent used for extraction prior to
LC-MS/MS analysis. Therefore, it might have been possible that tissue concentrations of axitinily after hydrogel
degradation were glevated due the presance of undissolved axitinib particles contaminating the tissue sampies due to
either migration near tissues or contamination during tissue dissection. The solubility of axitinib in bicrelevant media
(PBS, pH 7.2 at 37 °C; Lorget et al., 2016; Characterization of the pH and temperature in the rabbit, pig, and
monkey eye: key parameters for the development of long-acting delivery ocular strategies. Molecular pharmaceutics,
13(9), pp. 2891-2896) was determinad t0 be approximately 0.5 pg/mb and any tissue values markedly higher than
this potentially indicated either tissue accumulation and/or dissolution of axitinib particies in the organic solvent
during exdraction. However, in general, measurad ocular tissue laveis of axitinib correlated well with the visual
presence or absence hased on IR imaging (Figure 74, 9, and 16).

[600415] The aim of the study was to demonstrate axitinib concentrations in the desired target tissues
{choroid/RPE, reting, and vitreous humor) well above the IC50 for the targeted tyrosine kinase receptors {Gross-
Goupil &t al., Clinical Medicine Insights: Oncalogy, 2613, 7:269-277) and above the half maximal effective
concentration {ECS0) of free axitinib for inhibition of ocular angiogenesis in a neonatal rat mode! as investigated in
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support of INLYTA® {(INLYTA® AusPAR 2013, NDA 202324; Table 12) for ali doses administered in order to validate
afficient drug release,

Table 12 1 values of axitinib for binding to vascular endothelial growth factor receptor 2 (VEGFR2), piatelet-
derived growth factor receptor B (PDGFR-B), and stem cell growth factor receptor/type HI receptor fyrosing kinase
{e-Kit}, as weli as ECso value of axitinib for inhibition of ocular angiogenesis in a rat model.

Css
ECss
VEGER2 PDGFR-B c-Kit Rat Goular Anglogenssis Model
80.08 ng/mb (0.2 nM) (.62 ng/mi (1.6 nM) 0.66 ng/mil (1.7 nM) 6.19 ng/mi.

Qcular tissue distribution in group 1 (1 implant, 108 ug axitinib)

[000416] Ceular tissue concentrations for indicated time points are presented in Table 13,

Table 13 Ocular tissue distribution of axitinib released from 1 implant with an axitinib dose of 109 ug axitinib.
Axitinib concentrations in AH, VH {soluble part), reting, and choraid/RPE are presented in dependence of the analysis
time-points as average (mean) including standard deviation, coefficient of variation (CV) as well as the confidence
interval (CI) of the mean. In addition, minimum, median, and maximum values for each data point are presented.

Tissue Mﬂfﬁis E'?es Average Min Median Max gici [ gi;/“
1 day 4 0.5 0.0 0.5 0.9 0.4 75% 0.4
1.5 3 2.7 0.8 15 5.9 2.8 102% 3.1
AN 3 3 1.0 04 0.5 20 0.9 35% 1.0
' 45 4 0.7 0.6 0.7 1.0 0.2 23% 0.2
(ng/mi.} g i 6.3 6o i¥: 58 R Y
0} B v . . e () .
7.5 3 0.0 0.0 0.0 0.0 0.0 n.a. n.a.
g 3 0.0 0.0 a0 0.1 0.1 173% 0.1
1 day 4 93.2 25.6 32.5 282.0 1259 | 135% 123.4
15 3 23.1 12.9 15.1 41.3 158 68% 17.9
Vi 3 3 52.1 20.3 26.0 110.0 50.2 6% 56.8
(ng/mL) 45 4 115.8 58.4 89.8 225.0 77.6 67% 76.0
' ’ 6 4 296.0 85.0 264.0 571.0 209.8 71% 205.6
75 3 1849 29 21.7 530.0 2990 | 162% | 3384
g 3 30.0 29 30.8 56.2 26.7 29% 30.2
1 day 4 184.7 116.0 1474 | 3281 97.7 53% 95.7
15 3 165.5 9.0 165.9 257.6 94.4 57% 106.8
Retina 3 3 176.8 120.2 203.3 207.9 49.1 28% 55.5
(no/o) 4,5 4 271.8 153.0 206.0 522.1 170.3 63% 166.9
6 4 150.0 18.8 147.1 287.0 120.7 80% 118.2
7.5 3 153 13.6 14.6 17.7 2.3 14% 2.4
9 3 13.6 9.6 10.3 20.8 6.3 46, 71
1 day 4 124.3 78,5 119.6 179.6 48.4 39% 475
1.5 3 256.6 128.1 2787 363.0 119.0 46% 134.7
Choroid/ RPE 3 3 328.2 96.6 306.5 581.6 243.2 74% 275.2
{ng/g) 4.5 4 283.3 188.8 232.4 479.5 133.1 47% 130.5
6 4 95,0 520 98.4 131.0 32.6 34% 31L.9
7.5 3 35,0 18.7 33.3 52.9 17.2 49% 19.4
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[O00417] Concentrations of axitinib in AH samples over the study duration were considered low relative to

the concentrations obsarved in the VH, reting and choroid indicating & low level of axitinib migration towards the
anterior chamber from the pesterior chamber.

(000418} Median axitinib concantrations of soluble axitinib in VH samples over the study duration were
maximal (264.0 ng/mb} at € months. Individual samples ranged from a minimum of 2.9 ng/mb (7.5 and 9 months} t©
a maximum of 571.0 ng/mbL {6 months). Maximum values were similar to the solubility Emit of axitinib in biorelevant
media, verifying that no undissolved axitinib disturbed the measurements.

(000418} Median axitini concentrations in the retina were similar from day 1 {147.4 ng/g) through 6 months
{147.1 ng/g) prior to a noted decraase down 1o 14.6 ng/g at 7.5 months, This indicates rapi¢ and sustained transport
of axitinib to the targeted retina tissues from the implant within 1 day of administration through approximately 6
months. Axitinib concentrations decreased approximately 10-fold from 8 to 7.5 months in the retinal tissue samples
{147.1 10 14.6 ng/g). The average median axitinib concentration through & months was 175 ng/g in the reting which
was well above the IC50 values for VEGPFRZ, PDGFR-G and c-Kit (2184, 284 and 265-fold, respectively} and therefore
at concantrations axpected te inhibit neovascularization.

(0004207 Median axitinib concentrations in the choroid/RPE were similar from day 1 (119.6 ng/g) through &
months (98.4 ng/g). This indicates rapid and sustained transport of axitinib {o the tissues in the back of the eye by
the implant within 1 day of administration through approximately 6 months. Axitinib concentrations decreased
approximately 3-fold from & fo 7.5 months in the choroid/RPE tissue samples {98.4 to 33.3 ng/g). The average
median axitinib concentration through & months was 207 ng/g in the choroid/RPE whith was well above the IC50
values for VEGFR2, PDGMR-B and ¢-Kit (2589, 334 and 314-fold, respectively) and therefore at concentrations
expected to inhibit neovascularization.

[GB3421] Qcular tissue concentrations for indicated time points are presented in Table 14.

Table 14 Ocular tissue distribution of axitinib released from 1 imiplant with an axitinib dose of 227 ug axitinib.
Axitinib concentrations in AH, VH {soluble part), retina, and chorid/RPE are presented in dependence of the analysis
time-points as average (mean} including standard deviation, coefficient of variation {CV) as well as the confidence
interval (CI} of the mean. In addition, minimum, median, and maximum values for each data point are presented.

Tissue Months E;\g os | Average | Min | Median Max Std Dev EZ gg:’”
1 12 3.2 3.0 3.0 §9.9 20.4 247 115
AH 3 18 0.0 Q.0 0.0 0.4 0.1 424 0.0
{ng/mL) [S) 12 0.0 0.0 0.0 0.1 0.0 123 0.0
7 6 0.0 0.0 0.0 0.1 0.0 a3 0.0
1 12 4829 33 327 36400 11113 230 5288
YH 3 18 36430 48 614 610984 143547 394 | 66314
{ng/mlL) 5] 12 §765 55 5255 34355 10256 105 5803
7 ) 3667 61 2105 41000 15971 184 12779
1 12 852 124 315 5080 1415 166 301
Ratina 3 18 1466 124 378 13920 3259 222 1505
{na/a) 8] i2 21152 228 4957 154000 43428 205 24571
7 <] 54121 131 13520 284000 103849 192 83085
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Choroid 1 12 753 131 332 4920 1352 179 765
g;fg' / 3 i6 7214 0 240 60800 17708 | 245 | 8677
(ng/a) 5 12 1918 23 232 101900 3201 167 1811
! 7 ] 3497 4] 1772 10400 4265 122 3413
[000422] Axitinib concentrations were low in the AH with median values of 0.0 ng/mL through study

compietion {7 months) indicating little migration of axitinib from the posterior chamber to the anterior chamber,
[B00423] The axitinib concentration in the VH represents the solubie axitinib that was dissolved in the VH.
The median values at 1 and 3 months, prior to hydrogel degradation, were similar to the determined solubiiity limit
of &dtinib in in PBS, pH 7.2 at 37 °C {0.4 to 0.5 yg/mL). The high median values at 6 and 7 monthg likely reflected
contamination of VH samples with undissolved axitinib particles that were solubilized during extraction.

[B00424] The median axitinib concentrations at 1 and 3 months in the reting were similar to the solubility
limit of axitini. The average madian axitinib concentration ovar the first three months was 341 ng/g in the reting
which was weill above the IC50 values for VEGFR2, PDGFR- and ¢-Kit {4264, 569 and 487-fold, respectively) and
therefore at concentrations expected o inhibit neovascularization. Similarly to the VH valugs, the median values at &
and 7 months likely reflected contamination of ratina samples with undissolved axitinib particles that were solubilized
during extraction.

(380425} The median axitinib concentrations at 1, 3 and & months in the choroid/RPE tissue were similar to
the solubility of axitinib. The average median axitinib concentration over the first six months was 274 ng/g in the
choroid/RPE which was well above the IC50 values for VEGFR2, PDGFR-B and ¢-ilt (3426, 457 and 391-fold,
respectively) and therefore at concentrations expected o inhibit neovascularization. Similarly to YH and reting values,
the madian valugs at 7 months likely reflacted contamination of choroid samples with undissolved axitinib particles
that were solubilized during extracion,

[B00426] Although the axitinib concentrations at & and/or 7 months likely reflected contamination with
undissolved axdtinib, it was clearly demonstrated that the implant site provided a sustained release of axdtinib over
the duration of the study.

Qeular tssues distribution in groups 3 and 4 {2 implants. total dose of 298 ug axitinih with or without Avastin®}

(0004271 Qcular tissue concentrations for indicated time points are prasented in Table 15.

Table 15 Ccular tissue distribution of axitinib released from 2 implants with 2 total axitinib dose of 290 ug axitinib

either without {group 3} or with {group 4) Avastin®. Axitinib concentrations in AH, VH {(soluble part), retina, and
choroid/RPE are presentead in dependence of tha analysis time-points as average (mean) including standard
daviation, coefficient of variation (CV) as well as the confidence interval (I} of the mean. In addition, minimum,

median, and maximum values for each data point are presented. (G=group; Av.=Average)

Tissue | G Mu’;::;;s E::‘ea Av. | Min | Median | Max | SD | CV% 92:’“
s g N 51 i3 ¥ 55 5.3
i 6 01 | o0 0.0 At 0.1 119 0.0
aH |, 3 6 01 1700 0.0 5.2 5.1 118 6.1
(nafmi) 5 5 00 T 00 0.0 0.2 B.1 150 B.1
3 3 51 o1 0.1 0.2 6.1 40 o.1
38 > 5417700 2.4 4.8 3.4 141 47
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Tissue | G M“‘;::EES E;“es Av. | Min | Median | Max | SD | V% ng o
8.5 6 0.8 0.3 0.6 2.1 0.7 88 0.5
i G 0.1 0.0 0.1 0.4 0.2 110 0.1
4 3 6 0.1 0.0 0.0 0.2 0.1 127 0.1
& 6 0.2 0.0 0.2 0.3 0.1 86 0.1
g 2 8.2 0.2 0.2 0.2 0.0 2 0.0
38 2 0.2 0.0 0.2 0.4 0.3 141 0.4
8.5 6 642 149 553 1380 412 64 330
i 5 95 22 71 242 86 ag 63
3 3 5 1869 50 77 6310 2720 146 2176
& ) 41 25 40 36 13 32 10
g 2 75 125 198 271 103 136 143
VH 38 2 2 4] 2 3 2 141 3
{ng/mi.} 8.5 6 361 51 328 710 287 80 230
1 6 232 61 170 705 240 103 192
4 3 & 1959 33 672 5370 2517 128 2014
& & 79 32 48 173 652 7 50
9 2 53 20 78 135 81 152 112
38 2 29 4 28 54 35 124 49
0.5 6 185 5 94 588 257 139 205
1 5] 240 40 99 522 261 109 208
3 3 5 9288 175 369 51000 | 20479 220 16386
6 5 1126 73 523 4190 1567 139 1254
g 2 80 52 183 313 184 232 256
Retina 38 2 28 g 28 55 39 141 54
(ng/g) 0.5 5 118 39 91 302 106 S0 93
i G 205 70 144 448 153 75 123
4 3 G 6186 189 688 33700 13492 218 10796
b 6 4752 954 4255 10500 3299 &9 2639
9 2 2068 136 4108 8080 5617 272 7785
38 2 28 21 28 36 11 38 i5
0.5 8 237 90 192 434 153 65 122
i 6 1103 43 114 5700 2260 205 1808
3 5 4631 i) 556 16600 6926 150 5542
2
- & & 17582 139 5940 81500 | 31603 189 25287
Choroid/ 9 2 27748 335 83168 166000 § 117143 422 162349
RPE 38 2 19 4] 19 39 27 141 38
(ng/) 8.5 & 1004 37 210 4940 1937 193 1550
1 ) 2081 87 1608 5360 2112 101 1630
4 3 6 8399 363 6010 20300 8523 101 5820
& 6 17673 | 6740 131800 49000 | 15651 89 12523
9 2 7224 5080 14390 23700 13166 182 18247
38 2 57 i7 57 98 58 100 80
[000428] An Avastin® dose of 1.25 mg has a half-life of 6.6 days in rabbits {Sinapis et al., 2011;

Pharmacokinetics of intravitreal bevacizumalb {(Avastin®) in rabhbits. Clinical ophthalmology (Aucidand, NZ), 5, p. 697)
and by 1 month the mass remaining approximates 0.05 mg. In ling with that, the earliest time-point of 0.5 months
demonstrated no obvious difference in ocular tissue concentrations between groups 3 and 4 indicating similar drug
release when Avastin® concentration would he expected to be highest in the VH in the rabbit model.
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[0D0428]
through study completion indicating little migration of axitinib from the posterior chamber to the anterior chamber.

Axitinib concentrations in both groups were low in the AH with median vaiues of 0.2 ng/ml or less

With the exception of one value at 38 months, the othars were < 1 ng/ml for the study duration.
[B00430]
maximal concentrations in the VH warg 553 ng/ml in group 3 and 672 ng/mlk in group 4. These values were similar

The axitinib concantration in the VH is the soluble axitinib that is dissolved in the VH. Median

to the determined solubility limit of axilinib in biorelevant media. Median concentrations through 9 months

demonstrated sustained release of axitinip from the implants in both groups. Axitinib was detectad in the VH even at
38 months.
[0600431]
ng/g} and ranged from 94 to 623 ng/g betwean 0.5 {0 9 months. Concentrations were lass (28 ng/g) at 38 months,

In group 3, the axitinib median concentrations in the retina tissue ware maximai at § months (623

but still at a biclogically effective concentration. The average median axitinib concentration over the first three
months was 184 ng/qg in the retina which was well above the IC50 values for VEGFR2, PRGFR-B and ¢-Kit {23018, 307
and 263-fold, respectively) and therefore at concentrations expected to inhibit neovascularization. In group 4, the
values were comparable t© group 3 through 3 months, but levels were higher at 6 and 9 months and hikely reflected
contamination with undissoived axitinil: pariicles that wera solubilized during exdraction. The retina tissue axitinib
concentrations at 38 months were comparable between groups 2 and 3.

[(6004323 In group 3, the average median axitinib concentration over the first three months was 231 ng/g in
the choroid/RPE tissue which was well above the IC50 values for VEGFR2, PRGFR-B and ¢-Kit {2888, 386 and 330~
fold, respectively) and therefore at concentrations expected to inhibit neovascularization. The median vaiues at 6 and
9 months likely reflected contamination with undissolved axitinib particles that were solubilized during extraction.
Concentrations of axitinib in the choroid/RPE were less (19 ng/g) at 38 months, but stilt at biclogically effective
concentration. In group 4, axitini concentrations in the choroid/RPE were similar comparad to group 3 at .5
months but were much higher at the later time-points. Considering the broad range seen between the minimum and
maximum sample concentrations within each time-point, the higher values likely reflected contamination with
undissolved axdtinib particies thet were solubilized during extraction.

Summary of the ocular distribution data

[B00433] Table 18 gives an overview of median axitinib concentrations observad in the different tissues in
all four groups in Dulch Beited rabbits.

Table 16 Axitinib concentration measurad in samples frony aqueous humor (AH), vitreous humaor (VH), reting, and
choroid/RPE dependent on the axitinip dose (median value). Axitinib concentration {ng/ml or ng/g, respectively} was
measured at indicated time points for the different groups using LC-MS/MS.

Group 1 Group 2 Group 3 Group 4
1 Implant 1 Implant 2 Implants 2 Implants + Avastin
Tissue {109 ug axitinib) {227 ug axitinib} {290 ug axitinib) {290 ug axitinib)
Time . Time . Time . Time A
(manths) Medlian (months) Meadian (months) Median {months) Median
1day 0.5 1 0.0 0.5 0.1 0.5 0.6
AH 1.5 15 3 0.0 1 0.0 1 0.1
(ng/mi) 3 0.5 & G.0 3 0.0 3 0.0
g 4.5 0.7 7 0.0 & 0.0 & 0.2
4] £.2 - - 9 0.1 g 0.2
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7.5 0.0 - - 38 2.4 38 0.2
9 0.0 - - - - - -
1 day 33 1 3327 0.5 553 0.5 328
1.5 i5 3 614 1 71 i 170
VH 3 26 5] 5255 3 277 3 672
(ng/mi) 4.5 30 7 2105 6 40 6 48
’ <] 254 - - 9 198 9 78
7.5 22 - - 38 2 38 29
g 31 - - - - - -
1 day 147 1 315 0.5 24 8.5 g1
i5 170 3 378 1 99 1 144
Retina 3 20§ 5 49(5‘? § 369 3 5%8
(na/a) 4.5 206 7 13520 5 623 & 4255
i Y] 147 ~ - 2 183 g 4108
7.5 i5 ~ - 38 28 38 28
g 10 - - - - - -
1day 120 1 332 3.5 192 0.5 210
1.5 279 3 240 1 114 1 1608
Choroidf 3 307 & 232 3 656 3 6010
RPE 4.5 232 7 1772 6 5940 6 11800
{ng/g) 6 98 - - 9 83168 g 14390
7.5 33 - - 38 19 38 57
9 23 - - - - - -
[(00434] There was a dose-related increase in axitinib concentrations in the vitreous humor tissues for the

mid {227 ug) and high dose (290 ug) comparad to the low dose (109 pg). There was no dose-related difference in
the targeted tissues of the reting and choroid prior to hydrogel degradation. In addition, co-administration of
Avastin® in group 4 did not change drug release when compared 1o group 3. Even after 38 months, axitinib was
present at doses above the IC50 and EC50 in the VH, reting, and choroid/RPE demonstrating sustained persistence.
Axitinib was either not detected in the aquecus humor or was present only at low concentrations for all dose
strengths through the duration of the studies indicating 2 low level of axitinib migration towards the anterior
chamber from the posterior chamber were the implants are localized.

Results: Axitinib release rafe

[000435] In addition, also non-soluble axitinib in VH containing the implant was assessed by LC-MS/MS
analysis to determineg the remaining amount of axitinib at sacrifice time points. The axitinib dose at the time of
administration was determined by averaging values from ten implants spiked into ten bovine VH sampies.
[000436] In the low dose group {group 1, 109 ug axitinib) and intermediate dose group (group 2, 227 g
axitinib}), non-soluble axitinib in VH containing the implant was assessed by LC-M5/MS analysis to determing the
remaining amount of axitinib at sacrifice time points. The remaining amount was then compared to the initial dose
and the in vivo release rate over time was calculated. The mean amount of axitinib released from the implant over 6
months in rabbits was estimated to be 0.52 pg/day. Following hydroge! degradlation, the rate of release appears to
slow down as the axitinib forms a localized structure. However, released axitinib levels were still sufficient to inhibit

vascular leakage (Cf. Dample 3.4).
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Example 3.6: Acute exposure o axitinib bolus dose

(0004371
{1.2%:) suspension of axitinib in ProVisc® {(Alcon; 1% 2000 kDa sodium hyaluronate) was administered via a 50 ul.

In order to test acute exposure to axitinib particles, an intravitreal, bilateral bolus dose of a 600 g

injection using a 27G thin wall needie syringe to Duich belt rabbits (n=3 animals, & eves).
[B00438]
The eyes were fixed, sectioned vertically in 12 equal parts, stained with hematoxylin and eosin (H&E) and examined

At 1 month, rabbits were sacrificed and whole eyes were prepared for histopathological analysis,

by a board certified veterinary pathologist. Histopathology assessments at each time point included vitreous, retinal,
scleral, or episcleral inflammation, retinal disruption and fibrosis around the injected area. Tissues were scored on a
semi-quantitative scale from 0-5 for any abnormalities, where 0 denotes no change {normai), 1 denotes rare foci of
change {minimal), 2 denctes mild diffuse change or more pronounced focal change, 3 denotes moderate diffuse
change, 4 denotes marked diffuse change and & denotes severe diffuse change.

(0004391 10Ps determined weekly remained within the normal range. Intravitreal bolus dosing of 600 ug of
axitinib was generally tolerable (Table 17). No gross lesions were noted in any eyes. Minimal histioeyvtic and
multinucleated giant cell inflarmmation was observed around the axitinib injection site. Mild focal retinal disruptions
were abserved in two eves in proximity to the puncture location and considered procedure related. Minima! retinal
disruption with a few macrophages in the photoreceptor layer was ohserved in 1 of § eyes, Minimal retinal
vacuolization was observed in numerous sections from 4 of 6 eyes. Minimal to miid chronic subcorneal inflammation

was gheervad in 4 of § eyes.

Table 17 Axitinib holus histopathological study results. Results were scored on a scale of 0-5, where O denotes no
change {normal}, 1 denotes rare foti of change (minimal), 2 denotes mild diffuse change or more pronounced focal
change, 3 denotes moderate diffuse change, 4 denotes marked diffuse change and 5 denotes severe diffuse change,
Results are presented as mean and standard deviation (S0,

[
U

i Vitreous Retinal, Scleral, or Fibrosis Chronic
Result Di‘fﬁ”ﬁm Vaciitll‘:g“don Chamber Episcleral Around the Subcornea!
Srupt ’ Inflammation Inflammation Article Inflammation
0.10 0.00 -
n {5 3 3y {
Mean {50} (0.11) (.50 {0.46) 0.23(0.21) 0.03 {0.05) (0.00) 3.28{(0.38)
[(6004407 In summary, the bolus injection was well-tolerated and safe. The injected dose ied to a higher

acute localized axitinib dose per compartmental volume in rabbit eyes (1.3 mijeye) as it would have led to in a

human eye (4.5 mi/eye).

[0004413

Exampie 4: Evaluation of axitinib implants in beagle dogs

In order 1o study the axitinib release from the implants in beagle dogs, 12 dogs received gach one

implant per eve (hilateraily) with 109 ug axitinib via intravitreal injection using & 276G ultra-thin wall needie to

administer the implant. Formulation and dimensions of the implants injected are presented in Table & (implant type

#5).
[008442]

Prior to implant administration, animals were anesthetized with an intramuscular injection of

ketamine hydrochionide (20 ma/kg) and xyviazine {5 ma/kg). Bves and the surrounding area were cleaned with a 5%

Betadine solution and rinsed with balanced salt solution (B5S). One to two drops of topical proparacaine
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hydrochlorids anesthetic {0.5%) was applied. The eye was draped, and a sterile wire speculum was placed to retract
the eyelids. The injection needie was placed approximately 3 to 5 mm away from the limbus and deployed in a single
stroke.

[B00443] At predetermined sacrifice time points (3 animals each at 1.5, 3, 4.5, and & months post implant
administration, respectivaly} the eyes were collected, flash frozen, and then dissected and weighed for the target
tissues of the choroid, reting, vitreous humor and agqueous humor. Plasma was additionally collected at the selected
time poiats, Axitinib concentrations were assessed in AH, VH (soluble axitinib), chorcid/RPE, and reting, as well as in
plasma. In addition, also non-seluble axitinil in VH containing the imiplant was assessed by LC-MS/MS analysis to

determine the remaining amount of axitinib at sacrifice time points {methods described under Exampie 3.5).

[O00444] All values in plasma were reported as below the LLOQ (0.05 ng/ml for both isomers) indicating
near absent systemic exposure to axitinib in beagle dogs following implant administration {total administered dose of
218 ug).

[000445] Pharmacokinetic data of axitinib concentrations in the target tissues over the study duration are

presented in Table 18, Concentrations of axitinib in beagie AH samples over 4.5 months were considerad low
refative 1o the concentrations observad in the VH, reting and choroid indicating a low level of axitinib migration
towards the anterior chamber from the posterior chamber prior to hydrogel degradation. Axitinib was present at
higher concentrations in the AH at © months {after hydroge! cegradation}. This may have been due © migration of
undissalved axitinib particies released from the degraded hydrogel towards the anterior chamber from the posterior
chamber or due to sampie contamination of the AH by VH during tissue dissection. High axitinib concentrations in the
AH were never abserved in any of the rabbit studies.

(600446 Median axitinib concentrations in the VH were similar over the study duration (range from 11.9 to

27.1 ng/mb). These values were similar 1o that observed in the monkey study at a siny
53
[G00447] Median axitinib concentrations in the retina were similar over the study duration (range from 15.4

lar dose (138 ug; ¢f. Example

to 31.0 ng/ml) indicating continuous sustained delivery of axitinib from the implant to retina tissues. The average
median axitinib concentration over six months was 23 ng/g in the retina which was well above the IC50 values for
VEGFRZ2, FDGFR-3 and ¢-Kit (288, 37 and 35-fold, respectivaly) and therefore at concentrations expected o inhibit
neovascularization. In addition, this concentration was 121-fold higher than the EC50 determined for free axitinib in
the ocular angiogenasis neonatal rat model.

[0D0448] Median axitinib concentrations in the choroid/RPE were similar over the study duration {range from
16.2 to 39.8 ng/g) indicating sustained delivery of axitinib from the implant o the choroid tissues through study
completion. The average median axitinib concentration over six months was 31 ng/g in the choroid/RPE which was
well above the IC50 values for VEGFR2, PDGFR-( and ¢-Kit (388, 50 and 47-fold, respectively) and therefore at
concantrations expected to inhibit neovascularization. In addition, this concentration was 183-fold higher than the
EC50 determined for free axitinib in the ocular angiogenesis neonatal rat model.

Table 18 Pharmacokinetic study results in beagle dogs. Axitinib concentrations in AH, VH {soluble part), reting, and
choroid/RPE are presented in dependence of the analysis time-points as average {mean) including standard
deviation, coefficient of variation {CV) as well as the confidence interval {CI) of the mean. In addition, minimum,
median, and maximum values for each data point are presented.
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Tissua M,i;rtis Eyes Average | Min | Median | Max gﬁ Y gz;/@
1.5 4 2.8 0.4 3.1 4.6 2.1 76 2.0
Al 3 6 1.2 0.1 0.9 3.2 1.1 87 0.8
{ng/mi} 4.5 5 0.6 0.5 0.6 0.8 0.1 22 0.1
& & 66.4 0.5 14.5 228.0 94.9 143 76.0
1.5 4 26.8 20.7 27.1 32.5 5.5 20 5.4
VH 3 5 19.4 16.5 18.4 23.3 2.5 13 2.
{ng/mi} 4.5 5 10.1 1.8 11.9 18.1 8.5 54 7
G 5 33.8 0.9 17.2 84.3 38.3 108 29,1
1.5 4 27.6 22.2 235 40.6 8.7 32% 8.5
Retina 3 6 30.8 18.7 31.0 39.2 7.8 25% 6.2
{ng/o) 4.5 5 52.3 2.5 20.4 134.0 56.5 108% 49.5
5] 4] 16.2 1.9 154 35.2 114 70% 9.1
1.5 4 35.7 13.5 29.3 70.8 24.5 69% 24.1
Choroid [ RPE 3 5 28.5 83 16.2 87.8 25.9 101% 24.0
(ng/g) 4.5 5 62.1 9.5 39.8 126.0 48.0 77% 42.1
& 5 72.9 5.9 38.2 250.0 90.5 124% 72.5
(000448} The maan amount of axitinib released from the implant over 6 months in beagle dogs was

estimated to be approximately 0.52 ug/day (Tabie 19), similar to the release rates seen in rabbits with the same
dose (cf. Example 3.5). The axitinib dose at the time of adminisiration was determined by averaging values from ten
implants spiked into ten bovine VH samples.

Table 19 Non-soluble axitinib in VH containing the implant. Baseline values refer to the axitinib amount in the
implants prior to administration.

Time N Average Min Median Max. Std Doy oy 85%
Months {ug) (ug) {ug) {18} (ug) ¢
Baseline i0 109 a5 110 118 7 5% 4

1.5 4 75 72 76 77 2 3% 2
3 6 50 28 54 59 11 23% 9
4.5 5 42 g 48 67 26 62% 23
6 3 15 ) 13 39 16 104% 13

Example 5: Evaluation of axitinib implanis in non-human primates

[000450] In order to study safety and drug release in African green monkeys, animals received one implant
in either the right or left eve (for drug release studies) or bilaterally {for safety and tolerability studies) via intravitreal
injection using a 27G ultra-thin wall needle, the implant comprising an axitinib dose of 138 yg. Formulation and
dimensions of the implants injected are presented in Table & (implant type #4).

[(00451] Prior to implant administration, animals were anesthetized with an intramuscular injection of
ketamine hydrochioride (20 mg/kg) and xyiazine (& mg/kg). BEyes and the surrounding area were cleanad with a3 5%
Betadine solution and rinsed with balanced salt solution {BSS). One to two drops of topical proparacaine
hydrochloride anesthetic {0.5%) was applied. The eye was draped, and a sterile wire speculum was placed to retract
the eyelids. The injection needie was placed approximately 3 to 5 mm away from the limbus and deployad in a single
stroke.
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(000452 To evaluate drug release, 6 monkeys were sacrificed 3 months after implant administration and the
eves were collected, flash frozen, and then dissected and weighed for target tissues of the choroid, reting, vitreous
humor and agueous humor. Serum was additionally collected at the selected time point. Subsequent analysis
following axitinib extraction from tissues {where necessary} and dilution was performed, followed by LC-MS/MS for
the determination ¢of axitinib concentrations in the samples {methods described under Example 3.5).

[0D0453] Fharmacokinetic data of median axitinib concentrations in the target tissues is presented in Table
20. As observed for rabbits and beagle dogs, axitinib concentrations in the AH were low indicating little movement of
axitinib from the posterior to the anterior chamber in the monkey eye, Solubie axilinib concentrations in the VH were
low {12 ng/ml) compared to those observed in rabbits, but they were similar to concentrations observed in beagle
dogs.

[000454] The average median axitinib concentration over the three months was 39 ng/g in the reting which
was well ahove the IC50 values for VEGFR2, PDGFR- and ¢-Kit {488, 63 and 59-fold, respectively) and therefore at
concentrations expected to inhibit neovascularization. In addition, this concentration was 205-fold higher than the
half-maximal effective concantration (EC50 = 0.19 ng/ml) determined for free axitinib in the ocular angiogenesis
neonatal rat model.

[GB3455] The average medlian axitinib concentration over the three months was 940 ng/g in the choroid/RPE
tissue which was well above the IC50 values for VEGFRZ, PDGFR-P and ¢-Kit (11758, 1516 and 1424-fold,
raspectively) and therefore at concentrations expected to inhibit neovascularization. In addition, this concentration
was 4947-fold higher than the EC50 determined for free axitinib in the ocular angiogenesis neonatal rat model.
[G33456] The choroid/RPE axitini concentration at 3 months was significantly higher in monkeys (940 ng/g)
compared to rabbits {240, 656, and 307 ng/g, respectively} and beagle dogs (16 ng/g). As axitinib was found to bind
o meianin in the uveal tract of the eve in mice (INLYTA® support, NDA2(2324), this might be due to an increased
ocular malanin content in the cantral and peripheral choroid/RPE compared to rabbits and beagles {Durairaj et al,,
2012, Intraocular distribution of melanin in human, monkey, rabbit, minipig, and dog eyes. Experimental gya
research, 98, pp. 23-27}. In addition, alst varying vitreous volumes may have contributed to differences observed in
tissue concentrations {Dutch belted rabbit = 1.3 mi, beagle dog = 2.2 mL, and African green monkey = 2.4 mi;
Glogowski et al., 2012, Journal of ocular pharmacology and therapeutics, 28 (3), pp. 280-298; Struble et al., 2014,
Acta Ophthalmologica, 92).

(003457 Moreover, the systemic exposure to adtinib in serum from the implant was below the LLOQ (0.088
ng/ml for trans-axitinib and 9.012 ng/ml for cis-axitinib).

Table 20 Pharmacokinetic study results in African green monkeys. Axitini concentrations in AH, VH (soluble part),
reting, and choroid/RPE are presented in dependence of the analysis time-points as average (mean} including
standard deviation, coefficient of variation (CV) as well as the confidence interval {CI) of the mean. In addition,

minimum, median, and maximum values for gach data point are presented.

Sid
Dev

85%
CE

Time B

Tissue Months Eyes

Average Min Median Max
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At 3 6 0.4 000 | 048 | 076 | 028 | 9% | 022
{ng/mi) = 47 3G A 1795 2 59% .
VH ] ,
{ng/mi) 3 6 16 4 12 37 12 73% g
Hetina " . o . -0
(neia) 3 5 52 28 3G 89 28 54% 22
Choroid/RPE 3 5 1107 568 940 | 1980 | 417 | 38% | 193
(ng/g)
Safety and folerability
[B00458] To evaluate safety and tolerability, the & monkeys were monitored for 3 months post implant

administration. Oculer examination was parformed via ophthalmic slit-lamp examination and graded according to the
maodified Hackett-MoDonald scoring system. Coular examination revealed no notable findings, including no intraocular
inflammation or retinal changes over the study duration. No changes in I0P or pupil diameter occurred over the

study duration.

Conclosions from Pre-Clinical Animal Studies

(0004591 In summary, pharmacokinetic results demonstrate levels of axitinib in the relevant ocular tissues
{VH, Retina, Choroid/RPE) delivered from the implants significantly above the IC50 for tyrosine kinases and the EC50
for inhibition of angiogenesis in a rat model (Table £2) in all animals examined {dog, beagle, monkey) over &
duration of up 10 38 months. In ganeral, measured ocular tissue levels of axitinib correlated with the visual presence
or absence of the implanis and the drug in the posterior chamber based on IR imaging. In contrast, axitinib
concentrations in the AH were either absent or very fow compared o VH, reting, and choroid/RPE verifying that only
a low level of axitinib migration towards the anterior chamber from the posterior chamber were the implants are
localized occurred in all three animal species. However, the drug release in humans may differ from non-¢linical
studies due to comparative differences between animals and humans with respect to vitreous volumes, vitreous
viscosities, and drug clearance rates that directly relate to the surface area of the retinal pigment epithelium (RPE)
for small molecules.

[BD0460] Al animal studies demonstrated that fevels in plasma/sarum were below the LLOQ indicating near
absant systemic exposure to axitinib. Therefore, the plasma/serum levels resulting from implants of the present
application were much lower than serum lavels reported in the literature for INLYTAR. Bacause axitinib has no
subsequent distribution outside of the intraocular compartment, any drug-drug interaction risk can be considered
minimal.

(380461} Imaging analysis by IR demonstrated visual biodegradation of the hydrogel in the posterior
chamber over time leading to complete degradation after approximately & months, Axitinib drug particies remaining
at the former implant locations formed a maonolithic structure continuing to release axitinib at levels sufficient for
sustainad inhibition of vascular leakage. Efficacy in suppression of vascular leakage was demonstrated out to 6 and
21 months in rabbit VEGF challenge studies. Co~administration of bevacizumab resulted in an aven more rapid
inhibition of vascular leakaga in the first 3 months when compared 1o administration of the axitinib implants alone.
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[000462] Taken together, the data demonstrate that the axitinib implants of the present invention are safe
and well-tolerated as well as show sufficient drug-release and good efficacy in rabbits, dogs, and African green

monkeys.
Example &: Human clinical trials with axitinib implants
(000463 The axitinib implants of the present application were examined in humans in a next step. The

axitinib implants are applied in order to reduce choroidal/retinal neovascularization and exudation, decrease vascular
permeabiiity, decrease {or essentially maintain or prevent a clinically significant increase of) central subfield
thickness, while in certain embodiments not impairing or even improving visual acuity. As the implants provide
sustained release of axitinib and thus a prolonged provision of axitinib to the vitreous humeor and the surrounding
fissue, treatment with the implants of the prasent application reduces the burden on patients and caregivers, as weall
as the risk of adverse effacts associated with freguant injections of anti-VEGF therapeutics.

[000464] Subjects with neovascular age-related macular degeneration (wet AMD) who had retinal fluid were
enrolled in an open-label, dose-escalation study to evaluate safety, tolerabiiity and efficacy of the axitinib implants of

the prasent invention in human subjects. Patients wera naive or non-naive {o treat

[000465] Tables 21.1 and 21.2 give an overview of formulations and dimensions of implants containing
about 200 ug and about 600 pg axitinib, some of which are applied in human clinical trials {or are planned or suitable
to he applied in future human clinical trials). The dimension of the implants in the dry state were measured after the
implants had been produced and had been dried and just before they were paded into the needles. The implants
remained in an inert glove box kapt below 20 pom ofF Both oxygen and moisture for at least about 7 days prior to
packaging. The dimensions of hydrated implants indicated in these tables were measured after 24 hours in
biorelevant media (FBS, pH 7.2 at 37 °C}.

[0D0466] Measurement of the implant dimensions (both in the dry and in the wet state) were performed by a
custom 3-camera Keyence Inspection System. 2 Cameras were used to measure the diameter with a tolerance of =
0.002 mm {of ali datapoints acquirad, the average (=mean) value is recorded), and 1 camera was used to measure
the length with a tolerance of = 0.04 mm (of several datapoints, the longest measured iength is recorded).

Table 21,1 Formulation, configuration and dimensions of an implant with an axitinib dose of about 200 pg that was
used in the clinical studies reported in Example 6.3 and 6§.4..

Implant #1
Implant type

itini 48.4%
53 Axitinib 49.4%
g Dose {200 ng)
Rk -
£8 3 PEG Hydrogel 42.0%
-
£ e 4220K PEG-SAZ 355
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Ba20K PEG-NH2 14%
Sodium phosphate 8.6%
‘%‘ Axitinib 7.5%
g °§' PEG Hydrogel 5.9%
g § 4520K PEG-SAZ 76%
= v
£y 8a20K PEG-NH2 2.3%
Q =]
s E Sodium phosphate 1.5%
< WFI 84.1%
itinib per final dry length 12.1 yg/mm
Approximate Implant Mass 423
{dose ug/APT%)
Stretching Method Dry
{Stretch Factor) (4.5}

27G TW 1.257 {0.27mm

- Needie Size Dy
8
Bl
b
E) Injector / Syringe Implant Injector
g
o]
Packaging Foil Pouches
Steriiization Type Gamma
Site Storage Refrigerated
Dried
Diameter 0.24 + 0.013mm
Length 16.5 = 0.26 mm
2 Volume 0.75 = 0.08 mn¥®
g
% Implant Mass 0.45mg
£ Axitinib per volume 266.7
= {ug/mm?)
Hydrated
Diameter 30.75 mm
Length 7.5 mm
Ratio of diameter (hydrated) to 3.13
diameter {dry}
Ratio of length {dry) to length 2.20
{ hydrated)

PCT/US2021/023806

Table 24.2 Formulations, configurations and dimensions of implants with axitinib doses of about 600ug.

Implant type Implant #2 Implant #3

Implant #4
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% Axitinib 49.8% 68.6% 68.6%
£ E} Dose (600 o) (600 ug) (600 pg)
B2 PEG Mydrogel 42.0% 26.0% 26.0%
g ‘§ 4a20K PEG-S4Z 28% 17.4% 17.4%
&S 8a20K PEG-NH2 14%, 8.7% 8.7%
B‘: Sodium phosphate B.2% 54% 54%
) tinib 12.0% 16.5% 16.5%
g ¥ PEG Hydrogel 6.3% 6.3% 6.3%
e 4320K PEG-SAZ 4.2% 4.2% 4.2%
E % 8a20K PEG-NH2 2.1% 2.1% 2.1%
£ % Sodium phosphate 1.3% 1.3% 1.3%

3:‘ WFL 8(3.4% 75.9% 75.9%
Axitinib per final dry length 714 ug/mm 71.4 pg/mm 81.1 pg/mm
App”‘g‘gﬁ’;ﬁg{ﬁ;ﬁ’;ﬁg Mass 1205 875 875

Stretching Method Wet Wet Wet
{Stretch Factor) (2.1} (2.3 (2.13
. Needle Sze GammDy | GAmmiy | oAnmD
.%
§ Injector / Syringe Implant Injector implant Injector Implant Injector
Fackaging Foil Pouches Foil Pouches Foil Pouches
Stenlization Type Gamma Gamma Gamma
Site Storage Refrigerated Refrigerated Refrigerated
Dried
Diameter 8.36 mm 0.37 = 3.014 mm 0.37 + ¢.G08 mm
Length 3.4 mm 8.4 +0.04 mm 7.4 = 0.03 mm
% Volums 0.86 mm? 0.90 + 0.07 mm® 0.81 & LO5 mm?®
g Implant Mass 1.20 mg 0.95 £0.04 mg .95 £ 0.0 mg
£ Axit”gfgf:;‘n;g‘ume 697.7 666.7 740.7
Hydrated
Diameatar 0.7 mm 0.68 mm 0.77 mm
Length 18 mm 8.23 mm 6.8 mm
Ratio of diameter
{hydrated) to diameter 1.94 1.84 2.08
{dry}
Ratio of length {dry) to 0,84 1.02 1.09

iength (hydrated)
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{00467 The 200 ug implant of Table 21.1 and used in the clinical study further described helow was also
invastigated for axitinib release in the in vitro real time and accelerated assays (assays as described in Example 2).
The in vitro real-time data suggest complete axitinib release after 225 days, while accelerated releass is complete
after arpund 2 weeks {Figure 14).

(0004681 The ciinical studly using the 200 g impiant {Implant #1 of Table 21.1 above) was conducted in
accordance with the study protacol, which is reproduced in the following {aithough the study has already begun and
parts of it have aiready been performed, and the results are reported in Examiple 8.3 and 4.4 herein, as is common
for study protocols, the study protocol is nevertheless written in the present and future tense). The implant referred
0 in the study protocol a8 "OTX-TKI™ is Implant #1 of Table 21,1, above. Depending on the dose, one {dosa of 200
ug), two {dose of 400 pg) or three {dose of 600 ug) implants are administered concurrently as described heresin. Any
abbreviations used in the following study protocol as well as Appendices A to G mentioned herein are provided at
the end of the study protocol (i.e., at the end of Bampie 6.2).

[000469] The primary study objective is to evaluate the safety, olerability and efficacy of OTX-TKI (axitinib
implant} for intravitreal use, in subjects who have neovascular age-related macular degeneration {(nvAMD).

Study Design

[B00470] This is a multi-center, open label, dose escaiation, Phase 1 safety study. This safety study will
enroll approximately 26 subjects at approximately 5 sites in Australia. Three cohorts will be evaluated during this
study: 200 ug (Cohort 1) and 400 ug (Cohort 2} dose groups followed by a third cohort (Cohort 3) consisting of two
different treatmant groups designed to test monotherapy (& subjects receiving 600 ug OTX-TKI} and combination
therapy with anti-VEGF (6 subjects treated with 400 ug OTX-TKI along with a single anti-VEGF injection). Safety data
from subjects treated in Cohoits 1 and 2 will be evaluated by the DSMC prior to the initiation of the next cohotrt. The
stucy will last approximately 9 months; there will be a streening/baseling visit foliowed by the injection day visit,
with approximately 10 additional visits (See Appendix A).

[G00471] The screening visit {Visit 1) may take place up to 14 days prior to the Injection Visit {Visit 2; Day
13 At Visit 2, subjects will have the OTX-TKI implant{s) injected {for Cohort 3, injections of the OTX-TKI implants
and anti-VEGF may be spacad out over 1-4 waeks at the Investigator's discration}. Subjects will return for follow-up
visit 2-3 days iater for post-operative evaluation at Visit 3. Subjects will then return in approximately one week (Visit
4} and then again at approxdimately two weeks (Visit 5) for safety evaluations. Following that, subijects will return for
safety evaluations on: Visit 6 (Month 1), Visit 7 (Month 2), Visit 8 (Month 3}, Visit 9 (Month 4.5), Visit 10 (Month 6),
Visit 11 (Month 7.5) and Visit 12 {(Month 9} for final safety evaluations, and o be discharged from the study. At the
Investigator's discretion, subjacts who still have evidence of biological activity at Month 9 should be followad monthly
untit the CNV leakage has returned o baseline levels or until the Investigator believes the subject is clinically stable.

{00047 2] Cohort 1 is planned to comprise & subjects. They will sach receive one 200 g implant per eye
which is estimated to provide an approximate drug delivery of about 7 ug per week.



20

]
()

WO 2021/195163 PCT/US2021/023806
109

[B00473] Cohort 2 is glanned to comprise & to 8 subjects. They will each receive two 200 g implants per
ave which together are astimated o provide an approximate drug delivery of about 14 ug per weelk.

[0D0474] Cohort 3a (monotherapy) is planned to comprise § subjects. They will each receive three 200 pg
implants per eye which together are astimated to provide an approximate drug delivery of about 21 ug per week,

[B00475] Cohort 3b (combination treatment therapy} is planned to comprise © subjects. They wili each
receive two 200 ug implants per eye which together are estimated 1o provide an approximate drug delivery of about
14 ug per week pius a single dose of an anti-VEGF agent.

[000476] Cohort 1 wili be fully enrolled and ail safety and tolerability data of OTX-TKI for each subject
{minimum follow up data for two weeks) will be assessed prior to any subject entering the next cohort. The same
process will be repeated for Cohort 2. Dose escalation 1o the next cohort will be based on the recommendation of
the DSMC and confirmed by the MM,

(000477} If one DLT is identified in Cohorts 1, 2, or 3a, enroliment will continue until the ¢ohort has been
fully enrolled. If a second DLT is seen in Cohorts 1, 2, or 3a, envollment will stop. If a second DLY is seen in Cohort
3a, enroliment in that cohont will stop and the previous lower dose will be declared the MTD.

[G00478] In addition to safety and tolerability evaiuations, this first clinical studly will also determine if there
is any svidence of biological activity by assessing changes in central subfigld thickness (CSFT), FA and BOVA over
time compared with baseling evaluations.

[GB3479] Subjects can have only 1 eve treated with OTX-TKL The contralateral eye, if neaded, wiil be
treated at the Investigator's discretion. This should be standard of care and in no case should ancther investigational
drug be used for the contralateral eye.

0004803 If both eyes are eligible, the eye with the worst BOVA will be selected as the study eve. If both
eves are eligible and both have the same BCVA then the Investigator will determine which eve will be selected as the
studly eye.

(000481} Safety will be assessed immediately following injection of the implant. During the immediate post-

injection time subjacts wili be monitored for visual acuity and elevated IOP.
(004827 The safety outcome measures will include an assessment of:

& Incidence of treatment amergant ocular adverse events

8 Incidence of treatment emergent systemic adverse avents
& Vital signs

& Qcular comfort score (1o be assessed by subjects)

& BCVA

& Change in acular sxamination compared o haseline assessment (e.g., st lamp biomicroscopy, fundus
examination)
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8 Anterior chamber cell and flare score
&  Vitreous cell and haze score
&  Clinically significant increases in I10P

& Potential injection related complications (e.9., endophthalmitis, retinal detachment, atc.)

Vil
@

Growth or development of geography atrophy
& Clinically significant change in safety laboratory values

& Plasma sample for pharmacokinetic analysis will be taken at Screening/Baseline Visit {Visit 1), Day 1 (Visit 2),
Day 3 (Visit 3), and Month 3 (Visit 8).

Efficacy Qutcome Measures

10 [0D0483]) Efficacy measures will be observed throughout the conduct of the study. The efficacy outcome
measures will include an assassment of:

& Mean change in central subfigld thickness (CSFT) from baseline over time measured by SP-OCT at & months
and all visits

8 Change in BCVA from baseline over time at 6 months and all visits

15 8 Clinically significant change in leakage determined by FA and OCT-A
& Adecraase in COFT of = 50 um at each study visit compared to baseling through Month ©
& Absence of any SRF and IRF, both individually and together at each study visit

& Need for rescue therapy

20 [080484] The subjects enroiled in this study will have a diagnosis of primary subfoveal {active sub- or
Juxtafoveal CNV with leakage involving the fovea) neovascularization {SFNV) secondary to AMD, Subjects with
predominantly classic, minimally classic or occult lesions will ali be included.

[000485] If both eves qualify {i.e., ail inclusion and exclusion criteria are met) then the eye with the waorse
BCVA wilt be the study eye. I both eves qualify AND both eyes have the same BCVA, then the Investigator will
25 determine which aye will be selected as the study eye.

Subiect Selection - Inclusion Criteria

[000486] Individuals of either gender will be eligible for study participation if they:
i. Are atieast 50 years of age

2. Are eligible for standard therapy
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Have active primary CNVM secondary to AMD, either newly diagnosed or previously treated with documented
rasponse to anti-VEGF therapy in the study eve [primary subfoveal CNV secondary to AMD including juxtafoveal
lesions that affect the fovea] documentead by FA and SO-0CT

Have 3 lesion area < 30.5 mm? {12 disc areas) (measured according to the protoco! of the Macular
Photocoagulation Study) in the study eve

Have a total area of CNV that is 250% of total lesion Iy Fluorescein angiography (FA) and fundus photography
in the study eye

Have prasence of foveal intraretina! or subretinal fluid with CSFT >300 um on SD-CCT in the study eye

Have adeguate ocular media and adequate pupillary dilation in the study eye to permit good guality fundus

imaging

Have had an electrocardiogram within 12 weeks prior 1o Day 1 (day of injection) that shows no clinically

significant abnormalities

Are female who is postmenopausal for at least 12 months prior to screening or surgically steriie; or male or
female of childbearing potential willing to use two forms of adequate contraception from screening untll they exit

the study
Are able and willing to comply with all study reguirements and visits

Have provided written informed consent.

Subject Selection - Bxciusion Critedda

(3004873 Individuals are not eligible for study participation if they:

L

&

Have monocular vision

Have a scar, fibrosis or atrophy involving the centar of the fovea that is severe {mild fibrosis or atrophy s not
exciusionary} in the study eye

Have evidence of a scar or fibrosis of >50% of the total lesion in the study eye
Have previous laser photocoagulation to the center of the fovea in the study eye

Have history of intraocular surgery including cataract surgery or keratorafractive surgery (LASIK, PRK, etc.) or
another freatment in the study eye within 3 months of screening

Aphakia in the study eye

Have expectation of penetrating keratoplasty, vitrectomy, cataract surgery, or LASIK or any other intraocular

surgery during the study period in the study eye

Have a history of vitreoretinal surgery {including vitrectomy) or other ocular surgeries including scleral buckie or
glaucoma filtering/shunt surgery in the study eye. Prior laser freatment, other than for treatment of CNV is

allowed
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8, Have a presence of a disease other than NV (wet) AMD in the study eye that could affect vision or safety
assassments

18, Have a history of significant ocular infection (bacterial, viral, or fungal} within the previous 3 months, or history
of herpetic ocular diseases (including herpes simplex virus, varicalla zoster or cylomegalovirus retinitis) or
toxoplasmasis gondii or chronic/recurrent inflammatory eve disease (i.e., scleritis, uveilis, corneal edema} in
either eye

11, Have evidence of a rhegmatogenous retinal defachment or visually significant epiretinal membrane {severe
ERM), or macular hola, or tear of the ratinal pigment epithelium (RPE) in the macula in the study eve

12. Have proliferative diabetic retinopathy, branch retingl vein occlusion or central retinal vein occlusion in the study

eye
13. Have a history of diabetic macular edema {DME) in the study eve

14. Have a history of or presence of vitreous hemorrhage in the study eye. Subject is still aligible if history of past
hemorrhagic PYD has resohved

18, Have advanced glaucoma {uncontrolied IOP 225 mmiy despite treatment) or glaucoma fittration surgery in the

study aye
18, Have pathologic myopia in the study eye
17. Have a spherical equivalent of the refractive error in the study eve of > 10 diopters of myopia
18. Have any prior treatment with fyrosine kinase inhibitors
18, Have an ocular malignancy including choroidal melanoma in either eye

20. Are receiving concurrent treatment with medications known 10 be 1oxic to the reting, lens or optic nerve (e.q.,
chlorpromazine, phenothiazines, tamoxifen, ec.)

2%, Have a need for chronic therapy with systemic or topical ocular corticosteraids (2 short course of < 7 days, if
needed during the study is permissibie) or have known allergy to fluorescein {e.g., bronchospasm, rash, etc.}), or

o any component of the study products

22. Have symptomatic or unstable coronary artery disease, angina, congestive heart failure, or an arrhythmia
requiring active medical management within the last 30 days of the injection of the implant

3. Have uncontrolled hypertension (defined as > 160/100 mm Hg, despite medical treatment)

24, Have a history of or presaence of uncontrolled systemic disease or a debilitating disease (e.g., uncontroliad

diabetes).

25, Have had a myocardial infarction or other cardiovascular event {e.g., stroke) within the previous 6 months

26. Have participatad in any study involving an investigational drug either in the U.S. or outside the U.S. within the
past 30 days

27, Are an empioyee of the site that is directly involvad in the managament, administration, or support of the study,
or be an immediate family member of the same.
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tudy Data Collection - Study Schematic

[000488] The study Time and Event Schedule is presented in Appendix A, Procedures for study
Assessments can be found in Appendix B~G herein at the end of the study protocol {i.2., at the end of Example
6.2).

Study Observations and Proceduras - Subiect Scregning and Informed Consent

[BB0489] Potential eligibility will be determined prior 1o study enroliment. The Investigator and study staff
wili determine the subjject’s willingness and abiiity to meet the follow-up requirements. If the subject desires to
participate in the study, written informed consent will be obtained grigr 1o performance of any study-specific
axaminations. Following completion of all the screening and baseline evaluations a determination will be made by the
Investigator and study staff as to whether or not the subject has met all the eligibility criteria. If the subject meets
the aligibility criteria and agrees to participate the subject will be enrolled.

[300490] Once a subject qualifies for the study and has received the OTX-TKI they must be followed to the
end of the study period.
(380491} If the injection of the OTX-TKI implant is unsuccassfill, record the reason for injection failure on the

CRF as an injection failure and not as an AE.

(300492} Once the implant is placed in the vitreous the Investigator shouild verify placement by indirect
ophthalmescopy. At the discration of the Investigator, images of the impiant may be obtained throughout the
duration of the study.

[GB3493] If the injection of the OTX-TKI impiant is unsuccessful, an additional subject will be assigned to the

study according 1o the same cohort.

Study Observations and Procedures - Screen Failures

(600494 Subjects who have signed the Informed Consent Form, but are determined o be ingligibie during
the screening assessments or at the baseline visit but prior to assignment to a cohort will be considered screen
failures, will be withdrawn from the study, and will not reguire additional study follow-up visits. The reason{s) for the
screen failure will be recorded in the CRF.

(0004957 If subjects who fail eligibility criteria experience an AE during Screening/Baseline, they will be
followed until the AE is resolved or stabilized.

Study Ohservations and Procedures - Subiject Withdrawal

[300496] All subjects treated in the study will be required to adhere o the follow-up schedule as described in
this protocol.

[000497] Subjects may withdraw from the clinical study at any time for any reason without jecpardy or
prejudice and without compromising their clinical care by the Investigator. The Investigator also has the right to



i0

[
(4]

30

WO 2021/195163 PCT/US2021/023806
114

withdraw subjects from the trial in the event of an intercurrent iliness, AE, protocal viclation and/or administrative
reason.

[0D0498] For any subject who withdraws their consent following injection of OTX-TKY, o the extent possible,
the reason(s) for withdrawal will be documented on the End of Study CRF.

[000499] If the withdrawal from the study is a result of an AE, or death, an AE Form will aiso be completed.
If a subject is withdrawn from the study as a resulf of an AE, every atterpt shouid be made by the Investigator to
follow the subject until the AE has resoived or stabilized.

[GO0580] Every attempt will be made to contact subjects who are non-compiiant or lost to follow-up and
such attempts will be documented in the subject’s study record.

[GO0501] Subjects who withdraw from tha study after recaiving the OTX-TKI {axitinil implant} for intravitreal
use will not be replaced.

Study Chservations and Frocedures - Product Malfunctions

(000502 Following injection, the Investigator will evaluate (i.e. grade) the ease of injection including
whather or not there weare technical problems such as a fallure of the injection device 1o inject the implant. All
maifunctions of the OTX-TKE {axitinib implant) for intravitreal use will be documentad on the appropriate CRF and
reported to Ocular Therapautix within 24 hours, Ccular Therapeutix will advise whether the injection device will be
returned for analysis. The incidence of malfunctions will be included in the final analysis.

Study Cbservations and Progedures -~ Cohort Group Assigniment

[300583] This is an open-label, dose escaiation Phase 1 study. The Principal Investigator will make the
determination of eligibility for each subject based on the Inclusion and Exclusion criteria.

[B00504}] For Cohort 1, the first subject will receive the OTX-TKE implant in the study eye before any
additional subjects are treated. Once the first subject in Cohort 1 has been evaluated for two weeks, and the MM
suppoirts continuation, an additional five subjects will be treated in Cohort 1.

[GR3505] Once Cohort 1 has been fully enrolied and all safety and tolerability data of OTX-TKI for each
subject (minimum follow up data for two weeks) has been collected, the DSMC and MM will conduct a review of
alt available clinical data.

[B00506] Subjects in Cohort 2 will be treated only after:
1. All subjects in Cohort 1 have received the OTX-TKI implant and have been foliowed for at least 2 weeks
2. Confirmation that no more than 1 out of the 6 subjects has experienced a DILT
3. The DSMC completes a safety review of ail available clinical data and recommends dose escalation.

[QDO507] Once Cohorts 1 and 2 have been fully enrolled and all safety and tolerability data of OTX-TKI for
each subject {minimum follow up data for two weeks) has been collacted, the DSMC and MM will conduct a safety
review of all clinical data and will provide their recommendations for dose escalation and continuation.
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[300508] Cohort 3 will consist of approxdmately 12 subjects. Six subjects will receive 600 ug OTX-TKI
(Cohort 3a: Monotherapy Traatment Group), and 6 will receive 400 pg OTX-TKI along with a single anti-VEGF
injection {Cohart 3b: Combination Treatment Group). Cohort 3a (Monotherapy Treatment Group: 600 ug OTX-TKE}
will be enrolled prior to Cohort 3b Combination Treatment Group (400 ug OTX-TKL along with a single anti-VEGF

injection}.
Study Observations and Procedures - Masking
(300508} This is an open-label unmasked safety study.
[000510] If needed, any subject in any treatment arm may receive rescue therapy (i.e., anti-VEGF) at the

Investigator's discretion. Eligibility to receive rescue therapy will be at the Investigator's discretion and should be
communicated to the medical monitor within 3 days of treatment if not sooner. Subjects receiving rescue therapy
should return for an unscheduled visit plus SD-0CT imaging 7-10 days following treatment if no per-protocol study
visit is schaduled during that timeframe.  Subjects recaiving rescue therapy will be followed {0 the last study visit,
The following criteria will be used to identify subjects who will likely require rescue therapy:

i foss of 2 15 letters from best previous BCVA due to ARMD, with current BOVA not better than
baseline; or
. Loss of > 10 letters on 2 consecutive visits from best previous BCVA due to AMD, with current

BCVA score not better than baseline.

i, Evidence of worsening disease activity manifest by greater than 75 microns CSFT from pravious
best value

[GO0511] The concomitant use of prohibited drugs with OTX-TKI must be avoided beginning 14 days prior to
the injection of the implant and continuing for 9 months after the injection.

(000512} Co-administration of OTX-TKE and strong CYP344/5 inhibitors must be avoided as the plasma
Boavailability of axitinib following intravitreal administration is not known. It has been shown that axitinib exposure
{i.e., Caax} inCraased following co-administration with oral ketoconazole. The following are not permitted at any time
beginning with the first screening visit: Ketoconazole, itraconazole, clarithromycin, atazanavir, indinavir, nefazodone,
nelfinavir, ritonavir, saquinavir, telithromycin, voriconazole.

[B00513] Co~administration of OD-TKI and strong CYP3A4/5 inducers must be avoided as it has been shown
that axitinib exposure (i.e., Cna) decreased following co-administration with rifamycin. The foliowing are not
permitted: Rifamycin, rifabutin, rifapentine, phenytoin, carbamazeping, phenobaribital, hypercium {8t John's wort).
Intermittent use of topical and oral steroids is permitied.

Stugy Qhservations and Procedures - Fundus Imaging. Fluorescein Angiography, Optical Coherence Topography
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[000514] Photographers must be certified by the Central Reading Center before imaging of any study
subjects. Imaging will follow a standard protocol.
[0DO515] QCT technicians must also be certified by the Central Reading Center. Spectral domain (5D) OCT

images will be made using the Cirrus OCT following a standard protocol.

[B00516] Instructions for these procedures will be provided in 3 separate imaging manual.

[G00517] Plasma levels of axitinib wili also be determined; samples will be taken at Screening, Baseling, Day
3 {Visit 3} and Month 3 (Visit 8}. For subjects in Cohort 3 who receive three separate OTX-TKI injections (600 pg
group) that may be spaced out over 1-4 weeks at Investigator's discretion, the Day 3 (Visit 3) sample for
pharmacokinetic analysis may be obtained at the same study visit during which the third and final implant is injected.

Enstructions are provided in the Lab Manual.

[G00518] The entirely of the subject’s medication treatment history for AMD is to be recorded on the
subject’s source document form and corresponding CRFs, Additionally, any other concurrent ophthalmic medications
and systemic medications, from up to 3 years prior to the Screening Visit, are to be recorded on the subject’s source
document forms and corresponding CRFs along with the reason the medication was taken, starting at the Screening
Visit through the end of the study.

(000519} All ophthalmic and cardiac medical history for the subject should also be recorded on the subject’s
source document form and corresponding CRFs. Additional significant medical history from up to 5 yvears prior to the
Screening visit should be recorded on the subject’s source document form and corresponding CRFs.

Stucly Assessments:

Sereening Evaluations: Days -14 to Day 0

[BO85287 At the screening visit, the Principal Investigator will make the initial determination of the subject’s eligibiiity

for study participation by checking all inclusion and exciusion criteria. If a subject does not meet all of the inclusion
criteria and/or meets any of the exclusion criteria the subject will be a screen failure and no further assessments will
be done. Details of the procedures for these assessments tan be found in Appendices B-G {0 this section.

[O005247 The following procedures and assessments may be initiated within 14 days prior to the planned day of

injection and must be compieted prior to Injection Day {Visit 2/Day 1) in the foliowing recommended order:
8 QObtain written informed consent

& Demographic information to include age, gender, race, ethnicity

& Medical and ophthalmic history including treatment and procedures

& Inclusion and exclusion criteria
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8 Prior and concomitant medications
&  Vital signs (puise rate, blood pressure, and temperature)

& Electrocardiogram — evidence of an electrocardingram within 12 weeks prior to injection Day 1 that shows no

clinically significant abnormalities (see Appendix G} must be recorded in the CRF
& BOVA (ETDRS)
e  Siit lamp biomicroscapy and external sye exam
@ IOP measurement by appianation (Goldmann} tonometry
& Dilated fundus exam including fundus imaging
s SD-OCT
& OCT-A
®  Fluorescein angiography
& Plasma sample for PK analysis
8 Safety Laboratory testing
8 Adverse event assessment

& Lrine pregnancy test: if female of childbearing potential, subiect must utilize two forms of adeguate
contraception from screening through the end of the study following injection of the implant, and have a
negative yrine pregnancy test

[000522] NOTE: Af examinations need lo be performed on both eyes,

[a00523]) For screen failures due to reasons that are expected o be temporary one re-screening visit can be
conducted. The re-screening visit should be scheduled at least 14 days after the 15 screaning visit, Subjects who are
re-screened will be given a new subject number and need to have all screening procedures repeated (including
signing of a new Informed Consent). It should be noted on the CRF that this subject is a re-screen.

[000524] For eligible subjects, all information must be recorded in the subject’'s CRF. For subjects who do not
meet the aligibility criteria, the minimum information to be recorded in the CRF will be the following: date of
screening, subject number and reason for screen faiiure.

Injection Day, Visit 2 (Day 1)

[380525] Prior &o Injection

[000526] Prior to injection of the OTX-TKI implant the Principal Investigator and study staff must confirm
aligibility of the subject and the study eye.

[G00527] The foliowing procedures and assessments will be performed prior to injection of the OTK-TKI:
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& Inclusion and exclusion criteria confirmation

& Adverse events (prior to injection)

& Concomitant medications

@ Vital signs (pulse rate, blood pressure, and temperature)

8  BCVA (ETDRS)

&  Siit lamp biomicroscopy and exdernal eye exam

& 0P measurement by applanation {Goldmann) tonometry

@ Dilated Fundus Exam

& SD-OCT

& Qcular comfort score (ko be assessed by subjects) {pre-injection)

[0B0528] NOTE: All examinations need to be performed on both eyes.

Injection Procedure

[000528] At the congiusion of ail the assessments on Visit 2, Day 1 as noted above, the Investigator will
confirm that the subject continues to be eligible for the study and did not experience any protoco! defined exclusion
criteria.

[G00530] Subjects can have only one eye treated with OTX-TKL If hoth eyes are eligibie the eve with the

worse BOVA will be selected as the study eye. If both eyes are eligible and both eyes have the same BCVA then the
Investigator will determing which eve will be selected as the study eye.

[000531] The contralateral eve, designated as the non-study eye (NEE), if needed, will be treated at the
Investigator's discretion with a local therapy, &.q., either topically or intravitreally administerad therapy, not systemic.
This should be standard of care and in no case should ancther investigational drug be used for the contralateral eye.
The contralateral eye must not be treated with OTX-TKI The freatment of the NSE should remain consistent for the
duration of the study.

[B00532] QTX-TKE is for intravitreal use ONLY and should be administered only by a qualified
ophthaimologist experienced in the injection procedure,

[B00533] The study drug treatment will be administered by the Investigator according to the procedure
dascribed and detailed in the Study Reference Manual. For Cohort 3 subjects receiving 3 separate injections, at the
discretion of the Investigator, administration of the OTX-TKI implants and anti-VEGF may be spaced out over 1-4
weeks.

Post-Injection Procedure
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[000534] Subjects should be monitored for visual acuity after the injection of UTX-TKEL Within 30-60 minutes
following injection of OTX-TKI:

& A Plasma sampie for PK analysis will be drawn
& The subject should be monitored for elevated [OP.

& The subject should be monitored unti the IOP is stable and <25 mmHg. The Investigator should be prepared to
provide therapy in the event of persistent elevated I0P,

& The Investigator should visualize the optic nerve head at this time o verify perfusion during the immediate post-
injection period.

[G00535] Prior to discharge from the visit the Investigator and study staff are responsible to ensure that:
&  Vision has stabilized and that the IOP is stable and <25 mmHy
8  Adverse evants post-injection have bean recorded in the CRF

8 The Investigator has recorded the ease of injection procedure (i.e., 'utilization”; the Investigator witi grade the
level of ease of injection of the intravitreal mdiant as “easy” (1}, "moderate” (2) or “difficult” (3}

@ Subjecis are instructed to refrain from rubbing their eyes and to contact the Investigator in the event that they
experience excessive pain, eye redness, photophobia, excessive discomfort, or loss of vision that lasts more than

a few hours.

&  Subjects are instructed that a8 member of the study staff will reach them by telephone on the next day following
the injection of OTX-TKI to assess whether they have experienced an Adverse Event. The subject should also be
informed that they may be asked to return o the clinic soongr that the Day 3 {Visit 3}

Post-Administration Follow up Safety Call {Day 2)

[G00536] A guaiified member of the study staff will telephone each subject on the day foliowing the injection
procaedure 1o assess whether the subjedt has experienced an Adverse Event, If there is suspicion of an Adversa
Event, the subject may be asked to refurn 1o the clinic sooner than the Day 3 {Visit 3) study visit.

Foliow-Up Visit 3 {(Day 3 + 1 Day)

[0D0537] Visit 3 will take place on Day 3 {+ 1 Day) after the injection of OTX-TKIL. At this visit the
Investigator and study staff will perform the following procadures and assessments:

®  Adverse events
& Concomitant medications
&  Ccular comfort score (to be assessad by subjects)

& BCVA (ETDRS)
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8  Slit lamp biomicroscopy and exdernal eve exam

& 10P measurement by applanation {Goldmann) tonometry

& Dilated Fundus Bxam {including documentation of presence or absance of the OTXA-TKE implant)
& SD-0CT

8  Plasma sample for PK analysis

[0B0538] NOTE: For subjacts in Cohort 3 who receive three separate OTX-TKI injections (600 ug group) that
may be spaced out over 1-4 weels at Investigator's discretion, the Day 3 (Visit 3) sample for pharmacokinetic
analysic may be obtained at the same study visit during which the third and final implant is injected (within 30-60
minutes following injection of the third and final OTX-TKE implant 2 plasma sample for PK analysis will be drawn).

[000539]) NOTE: All examinations need to be performed on both eyes,
Follow-Up Visit 4 {Day 7 + 2 days)

[000540] Visit 4 will take place on Day 7 (£ 2 days) after the injection of OTX-TKIL At this visit the
Investigator and study staff will perform the following procedures and assessments:

8  Adverse events

& Concomitant medications

&  Ocular comfort score (1o be assessed by subjects)

& BCVA (ETDRS)

&  Siit lamp biomicroscopy and external eye exam

& IOP measurement by applanation (Goldmann) tonometry

8 Dilated Fundus Exam {including documentation of prasence or absence of the OTX-TKI implant}

& SD-OCT
(000541} NOTE: All examinations nesd to be parformad on both aeves,
Foliow-Up Visit 5 {(Day 14 + 2 days)
(06005423 Visit § will take place on Day 14 = 2 days following the injection of OTX-TKI. At this visit the

Investigator and study staff will perform the following procedures and assessments:
8  Adverse evants
&  (Concomitant medications

& \Vital signs {(blood pressure only)
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8  Qcular comfort score (1o be assessed by subjects)

& BOVA (ETDRS)

&  Siit lamp biomicroscapy and exiernal gye exam

& IOP measurement by appianation (Goldmann) tonometry

8 Dilated Fundus Exam {including documentation of prasence or ahsence of the OTX-TKI implant}
s SD-OCT

[000543]} NOTE: All examinations need to be performed on both eyes.

Follow-up Assessments: Visit 6 {(Month 1 = 2 days), Visit 7 (Month 2 & 3 days), Visit @ (Month 4.5 + 3 days) and Visit
11 (Month 7.5 + 3 days)

[000544] At these visits the Investigator and study staff will perform the following procedures and
assessments:

&  Adverse events

@

Concomitant medications

8 Ccular comfort score (to be assessed by subjects)

& BOVA (ETDRS)

&  Slit lamp biomicroscopy and exdernal eve exam

& I0OP measurement by applanation (Goldimann) tohometry

@ Dilated Fundus Exam {including documentation of presence or absence of the OTX-TKI implant)
s SD-OCT

[QD0545] NOTE: All examinations need to be performed on both eyes. Pregnancy test should be performed
on alt females of childbeairing potential if they have missed two consecutive menstrual periods.

Follow-up Visit 8 (Month 3 + 3 days) and Visit 10 (Month 6 + 3 days)

[000546] Visit 8 will take place 3 maonths + 3 days and Visit 10 will take place € months + 3 days following
the injection of OTX~TKI, At this visit the Investigator and study staff will perform the following procedures and
assessments:

&  Adverse events

&  Concomitant medications
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8 Qcular comfort score (o be assessed by subjects)
&  Vital signs (blood pressure only)
e BCVA (ETDRS)

&  Siit lamp biomicroscopy and external eye exam

(¥
@

0P measurement by applanation (Goldmann) tonometry

& Dilated fundus exam including fundus imaging and documentation of presence or absence of the CTX-TKI

implant
& SD-OCT
s OCT-A

10 & Plasma sample for PK analysis (At Visit 8 only)
® Safety Laboratory testing
&  Additionally, at Visit 10 (Month 6} only:
8  Fluorescein angiography

8  Urine pregnancy test: if female of childbearing potential, subject must utiiize two forms of adequate

15 contraception from screening through the end of the study following injection of the implant, and have a
negative urine pregnancy test
(0005471 NOTE: All examinations need {0 be performed on both eyes, At Visit 8 (Month 3) a pregnancy test
should be performad on all females of childbearing potential if they have missed two consecutive meanstrual periods.
Final Follow-up Visit 12 (Month @ + 3 days)
20 (600548 This is the final follow-up visit, excluding any unscheduled visits that may be required to foliow an

AE that has not resolved or stabilized. This visit will take place 9 months {3 days) after injection of QTX-TKL At this
visit the Investigator should confirm that the OTX-TKI implant is no longer visible on examination. If the implant is
stili visible, the subject should be followed approximately monthly until the implant is no longer visible, At the
Investigator's discretion, subjects who still have evidence of biological activity at month 9 should be followed monthly
25 unti the CNV leakage has returned o bBaseline levels or until the Investigator beligves the subject is clinically stable.

[000549] Ali of the following procedures and assessments will be performed:
8  Adverse event assessment
8  Concomitant medications

&  Ocular comfort score (1o be assessed by subjects)
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8 Vital signs (blood pressure only)

& Clectrocardiogram {Appendix G)

& BCVA {ETDRS)

&  Siit lamp biomicroscopy and external eye exam

8 IOP measurement by applanation (Goldmann) tonometry

& Dilated fundus exam including fundus imaging and documentation of presence or absence of the CTX-TKI

implant
& SD-OCT
s OCT-A

&  Fluorescein angiography
® Safety Laboratory testing

& Urine pregnancy test: if female of childbearing potential, subject must utilize two forms of adequate
contraception from screening through the end of the study following injection of the implant, and have a
negative urine pregnancy test

(000550 NCOTE: All examinations need to be performed on both eyes.
Unscheduled Visit

[GB3551] An unscheduled visit may occur af any fime that the Investigator decides it is necessary to see the
subject outside of the study visit windows. At the discretion of the Investigator, for Cohort 3 subjects receiving 3
separate injections, unscheduled visits may be used to space out administration of the OTX-TKI implants and anti-
VEGF over 1-4 weeks. As many of these visits as nacessary may be scheduled. Any unscheduled visits will be
recorded on the “unscheduled” visit CRF with the reason for the visit.

(3005523 The examinations and assessments are at the Investigator's discretion hased on the reason for the
visit. All examinations and assessments, including those listed below, may be performed at Unscheduled Visits:

8  Adverse event assessment

& Concomitant medications

&  Ocular comfort score (1o be assessed by subjacts)
& BCVA (ETDRS)

&  Siit lamp biomicroscopy and external eye exam

& IOP measurement by applanation (Goldmann) tonometry
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8 Dilated Fundus BExam {including documentation of prasence or absence of the OTX-TKI implant)

Adversa Evenis

[B00553] Throughout the course of the study, all efforts will be made to remain alert 1o possible AEs or
untoward findings. IF an AE gceurs, the first concern will be the safety and welfare of the subject. Appropriste
medical intervention should be undertaken. Any AEs obsarved by the Investigator or study staff or reported by the
subject, whether or not ascribed to the study treatment, will be recorded on the subject’s Adverse Event CRF.

[B00554] Documentation regarding the AE should be made as to the nature, date of onset, end date,
severity, relationship to the study drug, action(s) taken, seriousness, and outcome of any sign or symptom observed
by the physician or reported by the subject.

Definition of an Adverse Event

[0005551 An AE is any untoward medical occurrence in a patient or clinical investigation subject administered
a pharmaceutical product and which does not necessarily have a causal relationship with the freatment.

[G00556] An AE can therefore be any unfavorable and unintended sign {including an abnormai laboratory
finding}, syrmptom or disease temporally associated with the use of a medicinal (investigational} product, whether or
not related to the medicinal {investigational) product.

Definition of a Serious Adverse Event (SAE)

(000557 An SAE is any untoward medical occurrence that at any dose:
& Hescults in death

& Is life-threatening

o The term ife-threatening” refers {0 an event in which the subject was at risk of death at the time
of the event; it does not refer t0 an event which hypothetically might have caused death if it were
more severe

8 Requires in-patient hospitalization or prolongation of existing hospitalization
& Resuits in persistent or significant disability/incapacity
& Is a congenital abnormality/birth defect

[300558] Medical and scientific judgment should be exercised in deciding whether other situations should be
considlered SAES, such as important medical events that might not be immediately life-threatening or result in death
or hospitalization but might jeopardize the subject or might require intervention {0 prevent one of the other
outcomes listed above.

[000559] Examples of such events are intensive treatment in an emergency room or at home for allergic
bronchospasm, blood dyscrasias, neoplasms or convulsion that do not result in hospitalization.
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[0DO560] An AE that is assessed as “severe’ should not be confused with an SAE. The term “severa” is often
used to describe the intensity (i.e., severity) of a specific event {as in mild, moderate, or severe myocardial
infarction}; the event itself, however, may be of relatively minor medical significance (such as a severe headache).
This is not the same as “sericus”, which is based on the outcome or action criteria usually assoriated with events
that pose a threat to life or functioning. Seriousness {not severity} and causality serve as a guide for defining
regutatory reporting obligations.

Severity

(0005617 Severity of an AEZ is defined as a gualitative assessment of the degree of intensity of the AE as
determined by the Investigator or reported to the Investigator by the subject. The assessment of severity is made
irraspactive of relationship to tha study drug or sericusness of the svent and should be evaluated according to the
following scale:

8 Mid Event is noticeable to the subject, but is eastly tolerated and does not interfere with the subject’s
daily activitiss

8 Mogerate  Eventis bothersome, possibly reguiring additional therapy, and may interfere with the subject’s
caily activities

®  Severe Bvent is intolerable, necessitates additional therapy or atteration of therapy, and interferas
with the subject’s daily activities

[300582] For AEs that change in intensity, the start and stop date of each intensity should be recorded.
Relationship to Intravitreal Implant, Procedure, or Study Drug

[O00563] For each (SHAE, the Investigator must determine whether the event is related to the study drug,
the injection procedure or the intravitreal implant. In order to do so, the Investigator must determine whether, in
his/her medical judgment, there is a reasonable possibliity that the event may have been caused by the study drug,
the injection procedure or the intravitreal implant.

[000564] The following is a guideline 1o be used by the Investigator as a guide when assessing the causal
refationship of an {(S)AE. The attribution of causality to the injection procedure, the intravitreal implant or the study
drug will be identified in the CRF,

& N RELATIONSHIP SUSPECTED This category applies to those {S)AEs which, after careful consideration, are clearly

and incontrovertibly due to extraneous causes (disease, environment, etc.); there is no reasonable probability
that the (S)AE may have been caused by the study drug, the injection procedure, or the intravitreal implant

®  RELATIONSHIP SuspECTED The following criteria should be applied in considering inclusion of an {S)AE in this

category:

1} Ik bears a reasonable temporal relationship to the injection procedure or the presence of the intravitreal implant
or the study drug



4

[y
(941

20

b
(4]

30

(98]
W

WO 2021/195163 PCT/US2021/023806
126

2y I could not be reasonably explained by the known characteristics of the subject’s clinical state, environmental
or woxic factors or other factors (e.g., disease under study, concurrant dissasa(s) and concomitant medications}
and modes of therapy administered o the subject

3} @t disappears or decreases on removal of the intravitreal implant

4y It follows & known pattern of response to the injection procedure or the intravitreal implant or the study drug

[B00565] Where the causal relationship of the AE to the injection procedure or the intravitreal implant has

not been determined, or is unknown, the AE will be treatad as if a relationship is suspected for the purposes of

regutatory reporting.

[BR0566] A suspected AR is any avent for which there is & reasonabie possibitity that the study drug caused
the AE. “Reasonable possibility” means there is evidence to suggest a causal relationship between the study drug
and the AE. Types of evidence that would suggest a causal relationship bBetween the study drug and the AE include:
a single occurrence of an event that is uncommon and known {0 be strongly associated with drug exposure; ong or
more occurrences of an event that is not commonly associated with drug exposure, but is otherwise uncommon in
the population exposed to the drug (&.g., tendon ruplure}; an aggregate analysis of specific events ohserved in a
clinical trial {such as known conseguences of the underlying disease or condition under investigation or other events
that commonly oceur in the study poputation independent of drug therapy) that indicates those events occur more

frequently in the drug treatment group than in a concurrent or historical control group.
Expectedneass

(330567} The expectedness of an {S)AE should be determined based upon existing safety information about
the study drug using these guidelines:

&  UNEPECTED: An AE or that is not listed in the study protocol, IB, or prescribing information for the registered
formulation of axitinib (INLYTA®) or is not listed at the specificity or severity that has been observed

&  ExpECTED: An AL that is listed in the study protocol, IB, or prescribing information for axitinib at the specificity
and severity that has been observed

[000568] AEs that are mentioned in the I8 as occurring with a class of drugs or as anticipated from the
pharmacological properties of the drug but are not specifically mentioned as occurring with the particular drug under
investigation are to be considered as expected.

(300568} The Investigator should initially classify the expectedness of an AE, but the final classification is
subject to the Madical Monitor's determination.

Clarifications

[B00570] Hospitatization

[B00571] Hospitalization for the elective treatiment of a pre-axisting condition (i.e., a condition present prior
to the subject’s signature of the Informed Consent) that did not worsen during the study is not considered an SAE.
Complications that occur during hospitalization are AEs. If a complication prolongs hospitalization, or mests any of
the other SAE criteria, the complication is an SAE,
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(0005721 Pre-existing Conditions
(000573} Pre-gxisting conditions (i.e., conditions present or detected at the start of the study) which worsen

during the study, exacerbation of & pre-existing iliness or an increase in frequency or intensity of a pre-existing
apisodic avent or condition are (5)AEs, Anticipated day-to-day fluctuations of pre-existing condition(s) that do not
worsen with respect to baseline are not (S5)AEs,

(000574} Worsening or progression of wet AMD is considered to be a ack of efficacy” or “ailure of expected
pharmacological action” per protocol and is already recorded as part of the efficacy assessment and therefore does
not need 10 ba recordad as an (SHAE. However, the <igns and symptoms and/or clinical sequelae rasulting from the
lack of efficacy may be reported as an (SHAE if considerad by the Investigator to fulfill the definition of an {S)AE.

[GOB575] Medical or Surgicdl Procedures

[B00576] Medical or surgical procedures {e.g., colonoscopy) are not {S)AEs; howeaver, the condition that
leads to the procedure may be considered an {S)AE.

(000577} In the case of elective medical or surgical procedures, or pre-study planned medical or surgical
procedures for pre-existing conditions (i.e., a condition present prior to the subject’s signature of the Informed
Consent) that did not worsen during the study the condition that leads to the procedure does not need to be

reportad as an (S)AE.

(0005781 Death

[OB0579] Death is not an 5AE; the condition that ieads to the death is an SAE.
[G00580] Abnormal Laboratory Values
(380581} In the absance of a diagnosis, abnormal laboratory values that are judged by the Investigator to be

clinically significant must be racorded as an {SHAE. Clinical significant abnormal laboratory findings that are prasent at
baseline and significantly worsen following the start of the study will also be reported as an (GAL.

Procedures for Reporting Adverse Bvents

(0005821 All AEs that are “Suspected” and "Unexpectad” are to be reported to Ccular Therapeutix and the
IRB as requirad by the IRB/IEC, local regulations and the governing Health Authorities.,

[GB0583] All AEs obsarved during the course of this study from the time the subject signs the Informed
Consent, regardless of saeverity or relationship to the study drug or intravitreal implant will be recorded on the
appropriate CRF(s). To the extent possible, the event 10 be recorded and reported is the event diagnoasis as
opposed 1o the event symptoms.

[BB0584] Any Serious Adverse Event or any severe, sight-threatening AE, whether ascribed to the study
treatment or not, will be communicated within 24 hours, by telephone, to Ccular Therapeutix or its designee, The
Invastigator must obtain and maintain in his/her files all pertinent medical records, information, and medical
judgments from colleagues who assisted in the treatment and follow-up of the subiect; provide Ccular Therapeutix or
its designee with a complete case history, which includes a statement as {o whether the event was or was not

suspected to be related to the use of the study drug; and inform the IRB/IEC of the AL within the IRB/IEC guidalines
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for reporting SAEs. A written report detailing the avent, signed by the Investigator, shall be submitted to the Sponsor
or its designee within 5 working days. All subjects who exparience an SAEZ must be followed until resolution or
stabilization of the event and the outcome is reported in the CRF.

Type and Duration of the Follow-up of Adverse Events

[G00585] AEs will be followed until:

& Resolution of the event, i.e., return 1o the baseline value or status or to ‘normal’

o AEs may be determined 1o have resolved completely or resoived with sequelae

8 The Investigator determings, for events that do not end {&.g. metastasis), the condition to be chronig; the event
can be determined to ba resolved or resolved with sequelas

& The event has stabilized, i.e., no worsening expected by the Investigator. All AEs will be documented in the
CRFs.

[000586] For subjects that reach the final scheduled visit {i.e. Visit 12 [Month 97), an unscheduled visit may
be conducted thereafter to follow-up on any AEs thet the Investigator has not deemed to be resolved or
stabilized.

Dosa Escalation Criteria and Stopping Criteria
[G00587] Due to limited human experience with the OTX-TKY implant, the first subject in Cohort 1 will

receive the OTX-TKIE implant in the study eye before any additional subjects are treated

[G00588] Once the first subject Cohart 1 has been evaluated for 2 weeks, and it the MM supports
continuation, an additional 5 sulbjects wili be treated in Cohort 1.

[(00589] Subjects will ba treated in Cohoit 2 only after:

1. All subjects in Cohort 1 have received the OTX-TKI implant angd have been followed for at least 2 weeks

2. Confirmation that no more than 1 out of the 6 subjects has experienced a DLT

3. The DSMC completes a safety review of all available clinical data and recommends dose escalation.
[GB3580] I one DLT is identified in Cohorts 1,2, or 3a, enroliment will continug until the cohort has been
fully anrolled. If a second DLT is seen in Cohorts 1 or 2, then envolimant will stop. If a second DLT is seen in Cohort
3a, enroliment in that cohort will stop and the previous lower dose will be declared the MTD.

(000591} All subiects dosed prior to the decision to stop study enroliment are to continue to be followed per
the protocol. The dacision to stop further enroliment in & particular cohort will be made by the MM based on
recoimmendations from the DSMC.

[300592] The specific DLT's which may warrant stopping further enroliment include (but are not limited to):

&  Ccular inflammation of 4+ or ocular inflammation of 2-3+ that does not decrease 1© <1+ within 30 days of

onset
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8 BCVA decrease of >15 letters on muitiple consecutive visits compared to pre-treatment due o study drug

& Increase in IOP of > 10 mmHg or an IOP of > 30 mmHg that does not return to pre-injection levels within 7 days
of treatment

Statistical and Anaivtical Plans

[B00593] This studly is not designed to show statistical significance, therefore, there will be no statistical
analyses completed. There will be a general Statistical Plan that will brigfly summarize how the data will be
presented, .., descriptive statistics, efc.

Determination of Sample Size

[G00594] For this Phase [ study, no formal sample size calculations have baen performed. The study will
enroll up to 6 subjects in the first cohort and the accumuiated data will be reviewsd by the DSMC before continuing
enroiiment in the second cohort, ARer the second cohort of up 1o 8 subjects has been enrolied, the DSMC and MM
will review the accumulated data and provide a recommendation for dose escalation and continuation to Cohort 3,
which will enroll up to 12 subjects.

Anaiysis Datasets

[003595] The safety population wili consist of all subjects recaiving the OTX-TKL implant. All safety and
efficacy analyses will be performed on the safety population.

Demographics and Baseline Data

[300596] Subject disposition will be prasented, including the number of subjects screened, enrolled and
treated. The number of subjects who completed the study and reasons for discontinuation will be summarized. Data

will be presented by cohort group and overall.

(0005971 Demographic and baseline characteristics (including disease and medical history) will be
summarized. Data will be presentad by cohort group and overall.

Safety Analyses
(3005981 Safety will be assessed by ocular and systemic adverse events, ocular comfort score assessment
and other ocuiar-relatad outcomes,
[300599] Adverse events will be coded using Medical Dictionary for Regulatory Activities {MedDRA} by

system organ class and preferred term.  Separate summaries will be made for adverse avants that are related to the
study drug, the injection procedure and the OTX-TKI implant. In addition, serious adverse events will be
summarized.
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[B00800] Summaries of gther safety ralated outcomes will be provided. All safety data will be presented by
cohort group and ovarall,

Efficacy Analyses

[B0060LY Efficacy will be assessed by mean change in CSFT from baseline, mean change in BCVA from
baseline, percent of subjects with clinically significant change in leakage, percent of subjects with a decrease in CSFT
of 250 um, pereentage of subjects with SRF, IRF and both SRF and IRF and percent of subjects who needed rescue
therapy, Data will be presented by treatment group and overall,

Pharmacokinetic Data

(3006023 Systamic OTX-TI exposure as measured in blood samples will be summarized at each time
point. Plasma congentrations and pharmacokinetic parameters will be summarized by treatment group and

overall. Measured concentrations and pharmacokingtic parameters will be presented in data listings.

Abbreviations

[G00803] List of abbreviations used for describing the study details:

Abbraviation Meaning

AE Adverse Event

AMD/ARMD Age-related Macular Degeneration

APY Active Pharmaceutical Ingredient

BCVA Best Correct Visual Acuity

BRB Biood Retinal Barrier

CNV Choroidal Negvascularization

CNVM Central Neovascular Membrane

COVID-19 Caronavirus Disease 2019

CRC Central Reading Center

CRF Case Report Form

CSFY Central Subfield Thickness

DLT Dosa Limiting Toxicity

DME Diabetic Macular Edema

DR Diabetic Retinopathy

DSMC Data Safety Monitoring Committee

ECG Electrocardiography

ERG Electroretinography

ETDRS Early Treatment Diabetic Retinopathy Study

FA Flugrescein Angliography

FDA Food and Drug Administration

GCP Good Clinical Practice
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B investigator’s Brochure

ICH International Conference on Harmonization

EC independent Ethics Committee

op Intraocular Pressure

IRB Institutional Review Board

IRF Intraretinal Fluid

T Intravitreal {Intravitrecus)

MM Medica! Monitor

MTD Maximum Tolerated Dose

NSE Non-study eve

NVAMD Neavascular Age-Related Macular Degeneration

OCT ~(A) Ccular Coherence Tomography (angiography)

CHT Ocular Hypertension

OTX-TKd Ceular Therapeutix Axitinib Implant for Intravitreal Use
PEG Polyethylene giyool

PLA Polylactide

PVD Posterior Vitreous Detachment

RCC Renal Cell Carcinoma

RPEL Retinal Pigment Epithalium

SAE Serious Adverse Event

S0-0CT Spectral Domain Optical Coherence Tomography

SE Study eye

SFNY Subfoveal Neovascularization

SRF Subretinal Fluid

TGA Therapeutic Goods Association

TKI Tyrosing Kinasg Inhibitor

VEGF Vascular Endothelial Growth Factor

Appendices to the study protocol
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Visit Tyvpe Month4.51:3 Month6 13 (Month 7.5 £3 Mp ‘o e
= days days \days on e
; ; t3days
Visht Number Visit & Visit 10 dvisit i3 Visit 12

Demographic Information

Medical and Ophthaimic
History including treatmant
and procedires

Inclusion and xciusion
Criteria

Prior and Concomitant
Medication

Adverse events

Ocular Comfort Score (I be
assessed by subjects)

Vital signs®

ECG

BCYA (ETDRS) Manifest
Refraction

E T S

=

M oix R M ] X

Skt lamp biomicroscopy and
axternal eye ex@m

b4

I0OP Measurement by
Goldmann

Dllatad Fundus Exam
{inciuding prasence or
absence of OTX-TKI)

Fundus Imaging

S5-0CT

OCT-A

Fluorescein angiography

Injection of OTX-TKI implant

safety call

Post-administration follow-up

Urine Pregnancy test’

Plasma sampie for PK

Safety Laboratory analysis®

%

a: For any Unscheduled Visit the Investigator should determine which assessments need o be performed based on
the reason for the unschedulad visit; not all assessments need be pearformed (see section 8.12 for list of required

assessments).

b: Subjects will be monitored 30-60 minutes post injection (see section 8.5 for details regarding post-injection
monitoring); for Cohort 3, injections of the OTX-TKI implants and anti-VEGF may be spaced out over 1-4 weeks at

the Investigator's discretion.

¢ Vital signs will encompass assessment of blood pressure, pulse rate and temperature at visits 1 and 2 only. At ali
other visits only the blood pressure measurement wiil be performed.
d: Safety laboratory assessments comprise: CBC, Chem-7, LFTs and TFT.
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e: Ocular Comfort Score 1o be assessed by subjects’ pre-injection of OTX-TKI on Visit 2 (Bay 1}

f: Pregnancy test will be performed on all females of childbearing potential at the Screening/Baseline Visit (Days -14
to G, Visit 10, Visit 12 and at any time that the sulijert has missed 2 consecutive menstrual periods.

g: Plasma sample for PK to be performed 30-60 minutes post-injection of OTX-TKI on Visit 2 {Day 1).

hir For subjects in Cohort 3 who receive three separate OTX-TKI injections (500 ug group) that may be spaced out
over 1-4 weeks at Investigator's discretion, the Day 3 (Visit 3} sampie for pharmacokinetic analysis may be obtained
at the same study visit during whic third and final implant is injected (within 30-60 minutes following injection
of the third and final OTX-TKE implant a plasma sample for PK analysis will be drawn}.

APPENDIX B: OCULAR COMFORT SCORE (1o be assessed by subjects)

[oB0604] Subjects will be asked to grade their comfort level by asking them the following question: On g
scafe of 0 to 10, ¢ being very comioriable and 10 being very uncomiortable, bow comitoriable does your eye feel at
this time?”

[O00605] The examiner will record the number selected by the subject in whole numbers on the appropriate
CRF.

APPENDIX C: RECOMMENDED PROCEDURES FOR BEST CORRECTED VISUAL ACULTY (BCVA)

[000806] Visual Acuity should be evaluated at the beginning of each study visit prior to performing other
tests such as Goldmann tonometry and gonioscopy and prior to pupil dilation. Every effort should be made to have
the same BCVA assessor throughout the study period. Visual acuity testing should be done starting with most recent
corraction.

[B00807] BCVA should be measured using a backlit ETDRS chart such as Precision Vision's or equivalent. Itis
recommended that the site use a backiit, wall-mounted or caster stand ETDRS distance eye chart with 3 luminance of
85cd/m’ set at 4 meters from the subject. A trial lens frame, or phoropter, set at 12.0 mm vertex distance should be
used to obtain manifest refraction measurements. If possible, final refinement of sphere shouid be done at 4 meaters
with a trial lens set.

(006081 EYE CHARTS

[B00609] All distance visual acuity measuremant should be made using an Huminator Box {or equivalent) set
at 4 meters from the subject. Any subject unable to read at lgast 20 or more letters on the ETDRS chart at 4 meters
should be tested at 1 meter according to the instructions provided for 1 meter testing. The fluoresceant tubes in the
light box should be checked periodicaliy Tor proper functioning.

(80061017 A meximum effort should be made to identify each letter on the chart. When the subject says he or
she cannot read a letter, he or she should be encouraged to guess. If tha subject identifies a letter as one of two
letters, he or she should be asked to choose ane letter and, if necassary, to guess. When it becomes evidant that no
further meaningful readings can be made, despite encouragement 10 read or guess, the examiner should stop the
test for that eye. Howevar, all letters on the last line should be attempted as letter difficulties vary and the last may
be the only one read correctly. The number of letters missed or read incorrectly should be noted.

[O00611] LogMAR VISUAL ACUITY CALCULATIONS
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[300812] The last line in which a letter is read correctly will be taken as the base logMAR reading. To this
value will be added the number "N x 0.027 where "N’ represants the total number of letlers missed up to and
inciuded in the last line read. This total sum represents the logMAR visual acuity for that eve.

(000613} For Example: Subject correctly reads 4 of 5 letters on the 0.2 line, and 2 of 5 letters on the 0.1 line.
Base iogMAR = (.1
N {total number of latters incorrect on iing 0.2 as well as 0.1} =4
NxT{T=0.02} = (.08
Base iogMAR + (N xT) =01+ 008
iogMAR VA = §.18
[O00614] BOVA examination should begin with the right eve (OD). The procadure should be repeated for the
left eye (0F).
[B00615] 1-METER TESTING
(0006167 The subject must sit for the 1-meter test. The avoidance of any head movernent forward or

backward is particularty important during this test.

APPENDIX D: SLIT LAMP BIOMICROSCOPY EXAMINATION

[BB0617] The siit beam observations should be assessed in a dark roam using the highest lamp voitage, an
aperture of 8.3 mm, an illumination angle of 30 degrees and & magnification of 16X
[0D0618] The clinician will use a slit lamp to assess the following as normal, abnormal clinically significant or
abnormal not clinically significant:
¢ External adnexa - Presence or absence of Hid erythema, edema or other abnormalities, evaluation of lashes
for seurf or other abnormalities
«  Conunctiva — presence or absence of edema, erythema or other abnormalities
s Iris - presence or absence of stromal or other abnormalities
« Comnea — clarity, presence or absence of superficial punctate keratopathy or other abnormalities asses with
fluorescein stain
«  Anterior Chamber — adequacy of formation depth, cell score and flare count
= Lens - presence or absence of cataract, and severity of apacily, presence or absence of pseudophakia

[000619] Explanation/comments shouid ba provided on the CRF for any abnorma! obiservations. I a corneal
edema is chiserved, a notation on whether it is general or focal should ba added.

(3006203 ANTERIOR CHAMBER CELLS AND FLARE
[600621] Assessment of anterior chamber cells should be performed as follows:

s Low ambient lighting

e 1X1 mm slit beam

«  Highest slit lamp voltage

e Ilumination angle of 45 degrees

=« High magnification
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[6006822] The anterior chamber will be examined for the presence of signs of ocular inflammation. Anterior
chamber cell count and flare will Be graded using the SUN* Working Group grading scheme: Although an anterior
chamber call grade of "0” is reported as "< 1 cell” in the SUN Working Group grading scheme, it will be characterized
as { cells in the figld for this study.

[B008623] The anterior chamber celi count will be assessed as the actual number of cells counted within the
slit beam of 1.0 mm height and 1.0 mm width describad above, if fewer than 16 cells are seen, Only white blood
cells will be counted. {Red biood calls and pigment cells are not to be counted). The number of calls counted and the
corresponding grade per the below scale will both be recorded in the CRF.

{rare cells, i.e., one cell in a minority .
¢ of fields) 0 None
0.5+ 1-5 {trace) 1+ Faint
N Moderate

H 6-15 {celis) 2+ i7is and Jens details clesr

- Marked
2 - + L .
= 16-25 (cells) 3 iris and lens details hazy
. ) Intense
3 26-50 {cells) A fibrin or plasiic aqueous
4+ >50 {cells)

*Standardization of the Uveitis Nomenclature (SUN)Y
If hypopyon is present, this should be noted in the source documents and eCRF,

i Jats DA, Nussenhiatt RE, Rosant clature {SUN) Working Group. Standardization of uveitis nomendaturs for reporting ciinical data.

Resulis of the Fir

riational Workshop. Am J Cphthaimet. 2005Sen;140(3):502-18.

APPENDIX E: IOP MEASUREMENT

[000624] Goldmann tonometry as the international gold standard for tonometry is quite accurate and
reproducible if proper technique is used. When performing Goldmann wonometry the following procedures should be
followed:

1. Pre-tonometry procedures: Set tonometer in the correct position and make sure the prism is in the
horizontal position on the siit lamp. Set the tension at 1 mimHg. Use Cobalt filter with slit beam open
maximally with the angle between the illumination and the microscope at approximately 60 degress.

2. Instiil one drop of & topical anesthetic and a moistened fluorescein strip may be lightly uched against the

tarsal conjunctiva of the lower lid of each eye, taking care not to flood the ocular surface with fluorescein

dye. Alternatively, a drop of topical anesthetic-fluorescein {(2.g., Fluress) solution may be instilled into the
lower conjunctival fornix of each eye, faking care not to flood the ocular surface with fluorescein dye, Ask
subject to blink a few times just prior to Wnometry.

Piace subjact in adjustable chair so chin can it comfortably on the siit lamp ¢hin nest and the forehead can

1

be snug against the forehead bar,
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4. Apply tonometer to the subject’s eve while subject looks straight ahead and increase the force of
applanation until the observer sses the inner portion of the two half flugrascein circies are touching. Record
pressure on the CRF,

APPENDIX F: DILATED FUNDUS BEXAM

[000625] Assessments should be conduted using indirect ophthaimoscopy. Each of the following will be

evaluated and documented as normal, abnormal clinically significant or abnormal not chinically significant:

«  Vitreous: When examining the vitreous, the Investigator should also document the presence or absence of

the OTX-TKI implant at the macula, periphearal reting, choroid, and optic nerve.

[000626] The cup to disc {C/D) ratio will alse be measured. Bplanation/comment should be provided on the
CRF for any abnormal pathology.

(6008271 The foliowing scale will be used to define the extent of vitreous hazeZ:

Absent | Clear view of optic disc, retinal vessals and nerve fiber layer

Trace Slight blurring of optic disc margin and of normal striabions and reflex of nerve fiber layer cannot be

' visualize

i+ Mitd blurring of optic disc margin and slight loss of retinal vessel definition

2+ Maoderate bluiring of optic disc margin and loss of retinal vessal definition

3+ Optic nerve head and large vessels visible but bordears quite {very) blurry

4+ Optic nerve head ohscured

2 Nussenbiatt RE, Palestine AG, Chan CC; Roberge F. Standardization of vitrea! inflammatory activity In intermediste and posterior uveitis. Dphthalmology 92:467-471, 1985,
APPENDIX G: ELECTROCARDICGRAM (ECG)
12-ead ECG

[B00628] A 12-lead ECG will be performed during the Screening Phase, An ECG will be performed after the
subject has been supine for approximately 3 minutes. Sites are 1o use their own, local ECG machines for the study
and the ECG readings will be interpreted by the Investigator {or delegated qualified designee) by clinically correlating
with the subject’s condition.

[BB3622]3 The Investigator's interpretation will be recorded in the ECG eCRF as: normal; abnormal, not
clinically significant; or abnormai, clinically significant. Results miust be within nommal limits or not clinically significant

in order to allow a subject to continue in the study.

(3806390} Initial studies were parformed in human subjects as follows: Subjacts with neovascular age-related
macular deganaration {(NAMD, both treatment-naive and those with a history of anti-VEGF therapy) were enrolled for
administration of inventive hydrogel in a single study eve. Two groups completed enroiiment and are under
evaluation: 200 ug axitinib in g 7.5% PEG hydroge! (formed from 2 parts 4a20K PEG-5AZ o 1 parts 820K PEG
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amine) where the 7.5% represents the PEG weight divided by the fluid weight x 100 (1 implant; n=8) and 400 ug
axitinib (2 implants; n=7). Spactrai-domain optical coharence tomography (SB-0CT) imaging was usad to assass
retinai fiuid and centrai subfield thickness {CSFT) was performed at Baseline. Injection visits sceurrad at days 3, 7,
and 14, and at months 1, 2, 3, 4.5, 6, 7.5, 9, and approsdmately monthly unti implant(s) were no longer visible. The
inventive implants were visualized at every visit, Safety evaluations included: adverse event coliection, vital signs,
best-corrected visual acuity (BCVA), siit lamp biomicroscopy, tonometry, indirect and direct ophthaimoscopy and
safety labs.

(0036311 In the 400 ug group, an average reduction in central subfield thickness (CSFT) of 89.8 £ 22.5 um
{mean + SEM} was observed by 2 months and was generally maintained through the 3 month tmepoint (follow-up
ongoing). For several subjects with a history of ant-VEGF therapy, the durability of anti-VEGF {reatment was
extended to >9 months in the 200 ug group and >3 months in the 400 pg group {follow-up ongoing). Best-correctad
visual acuity (BCVA) was maintained with no serious otular adverse events reported. The most common adversa
events observed in the study eye include tiny pigmented keratic precipitates (3/13), subretina! hemorrhage {2/13)
and subconjunctival hamorrhage (3/13) and pain (2/13) following implant injection. Implant(s) exhibited little
movement in the vitreous and were no longar visible after 9 — 10.5 months in the 200 ug group.

[000632] The inventive implants were generally weli-tolerated with a favorable safety profile. Minimal
movement and consistent resorption of implant{s) has heen ohserved up to 10.5 months.

[003633]) Detailed results of the continuation of these initial studies with 200 ug (1 implant) and 400 ug (2
implants} axitinib doses and additional studies with a 600 ug (3 implants) axitini dose as well as a 400 pg (2
implants} axitinib dose concurrently administered with an anti-VEGF agent are reported in detail in Example 6.4,

[000634] As explained in the study protoco! reproduced above, participants of cohort T (n=6) recaived one
implant comprising an axitinib dose of 200 ug in one eye per patient and participants of cohort 2 (n=7) received two
implants each comprising an axitinib dose of 200 ug in one eya per patient resulting in 400 pg dose in total per eye.
Impiants were administered intravitreally using a 276G needie. Evan in the hydrated state the implants did not result
in visual impact due to their compact size and shape. Patients of cohort 2 received the two implants on the same
day, with the exception of subject #2 who recaived the implants 1 week apart. For formulation details and
dimensions of the 200 ug implant used in this study ses Table 21,1 (Implant #1). Overview charts presenting
summary data regarding central subfield thickness (CSFT) and best corrected visual acuity {BCVA) of alf subjjects
enroiled and analyzed so far in cohorts 1 and 2 are provided in Figures 17 and 18, respectively. In addition, in
order 1o exemplary Hlustrate the course of CSFT and BCVA in subjects of cohorts 1 and 2, cerfain specific subjedts
are discussed hergin in mora detall, and images showing the CSFT and BCVA in these subjects at exemplary visits are
provided in the Figures. These exemplary subjects are discussed to illustrate CSFT and BCVA measurement and
development in subjects/patients who participatad in the study, but are singuiar subjects. For the mean change of
CSFT and BCVA over allsubject of cohorts 1 and 2, it is referred 1o Figures 17 and 18, For Figures 17 and 18, six
patients were followed in cohort 1 until month 9. Seven patients were followed in cohort 2 until month 12, five until
month 14 and two until month 16
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[B00835] 31% {4 of 13} patients in cohoris 1 and 2 were female, 69% {9 of 13} were male with a median
age of 75.2 years (standard deviation, SD: 4.5), wherein the youngeast patient was 67 and the oldest patient 83
vears. Participants of both cohorts were either previously traated with anti-VEGF therapeutic (such as ranibizumab or
afiibercept) or nafve. An overview of the subjects from cohort 1 and 2 is further given in Table 22. The baseline
CSFY for the 6 treated subjects in cohort 115 680 + 159 pm (mean & SE), and tha baseline BCVA (Snellen
equivalenty is 0.73 = 0.26 (mean + SE). The baseline CSFT for the 7 treated subjects in cohort 2 i8 450 + 29 um
{mean + SE), and the baseline BCVA (Snellen equivalent) is 0.47 + 0.17 {mean + SE).

Table 22 Overview of subjects from the two cohorts {cohort 1 and 2). Age, Sex {male M, female F), together with
prior freatment and study eye are presented. For the study eye {oculus dexter, (OD) or oculus sinister (GS)), pre-
treatment BOVA is given as logMAR {logarithm of the minimal angle resolution) and Snellen equivalent. A conversion
chart from EDTS letter score (o LogMAR vaiue and Snellen equivalent can be found in Beck et al., Am J Ophthalmol
2003, 135:194-205, In addition, CSFT pre-treatment is presented. All pre-treatment results are from day 1 of the
study, except for cohort 1, subjects 3, 4, and 5 for which data was taken from the screening visit.

Study Eye

Subject o . . . pre Pria- Pre-

No. Age Sex Prior Treatment | Study Eye ‘Ia;&aiqn;esant Treatment Treatment
Meva | Srellen BOVA | CSFT (um)
Cohort 1 (200 ;.;g)
#1 74 M MNalve 05 1.14 @ im 200276 1252
#2 71 M Anti-VEGF oD Q 20/20 350
#3 79 M Anti-VEGF oD 0.30 20/40 302
#4 73 F Anti-VEGF Q5 1.52 @ im 20/662 742
#5 80 M Anti-VEGF 05 0.36 20/46 408
#6 78 M Naive oD 1.04 @ im 20/219 1030
Cohort 2 (400 ;ig)
#1 72 M Anti-VEGF oD -0.04 20/18 473
#2 75 F Nalve s 140@ 1Im 204502 513
#3 67 M Anti-VEGF 05 0.36 20/46 561
#4 30 M Anti-VEGF 05 0.28 20/38 448
#5 71 M Naive o)y} 0.42 20/53 430
#5 83 F Anti-VEGF Q3 0.30 20/40 388
#7 75 F Anti-VEGF oD 0.54 20/69 335
[oD0636] Farticipants were evaluated for changes in central subfield thickness {CSFT) and retinal fluid by

spectral domain optical coherence tomography (SD-QCT), for best corrected visual acuity (BCVA), and for clinically-
significant leakage using fluorescein angiography (FA) and/or OCT prior to treatment {(baseline values — day 1}, on
days 3, 7, and 14, and months 1, 2, 3, 4.5, 6, 7.5, 8, 105, 11, 12, 13.5, 14, and/or 15.5 and approximately monthly
for the subjects still in the study untll the implants were no longer visible. In addition, shit lamp biomicroscopy,
tonometry (for measurement of TIOP), and indirect and direct ophithalmoscopy were performed on the study visits,
Patients were monitored for adverse events on all study visits.

Bindegradation
(000637} Implants exhibited litthe movement in the vitreous. Generally, implants were o longer visible after
§-12 months in both cohoris. Figure 15 exemplarily shows IR images for subject #1 of cohort 2.



4

i0

[y
(4]

20

.
N

30

(V8]
W

WO 2021/195163 PCT/US2021/023806
140

[000638] In general, no substantial increase in the mean CSFT was observed for the subjects of cohort 1
over the 9-month study duration (Figure 17). In some subjects of cohort 1, a reduction of CSFT was ghserved with
the 200 pg dose. Subject #1 from cohort 1 {naive) showed a significant reduction in CSFT in the study aye from
1252 pym (baseline value at day 1) to 936 um (after 10.5 months), while visual acuity (referring to the clarity of
vigion) was not impalrad in the study eye {(Figure 18). No rescue therapy was needed throughout the study duration
of subject #1 (10.5 months). Mean visual acuity (BCVA) was not significantly impaired in the patients of cohort 1
{Figure 18), meaning that BCVA was still within 15 EVDRS letters from baseline {determined prior 1o administration
of the implant).

(0006397 The mean central subfieid thickness (CSFT} was reduced for the subijacts from cohort 2 over 14
months {(Figure 17). Moreover, mean visual acuity {BCVA} was not significantly impaired in the patients of cohort 2
{Figure 18).

(300640} Figures 19 A and B, and Figure 208 exemplarily show images from SD-CCT evaluation of two
subjects from cohort 2. Subject #1 from cohort 2 had bean treated with aflibercept for over a year (16 months) prior
to injection of the axitinib implants in the right eve (oculus dexter, OD). Subretinal fluid was clearly visible at baseline
{pre-treatment). Importantly, the sub-retinal fiuid was gone after 2-3 months after implant injection and this stage
was essentiaily maintained over the complete study duration of 15.5 months without rescue therapy (Figures 12 &
and B). Up to month 12.5 two implants were visible, thereafter one implant was visible. Subject #7 from cohort 2
had been treated with aflibarcept for 6 vears prior to implant administration. CSFT was efficiently reduced from

335 pym baseline through month 9 (e.g. CSFT of 271 um at month 9) without rescue therapy {Figure 28). At month
10 the CSFT started to increase again. Two implants were present until month 12. Follow-up is ongoing.

(0006411 In suramary, the clinical data demonstrate efficacy and implant persistence in the eye for up to
about or even beyondid months in certain subjects. These observations have not been expected. In the in vitro real-
time release experiments the complete axitinib dose was released after around 8 months {¢f. Figure 144).

Plasma concentration

[B00642] FMasma concentrations of axitinib were below the lower limit of quantification (LLOQ< 0.1 ng/ml)
at all samples time-points in all subjects, indicating that administration of the implant{s) did not lead to systemic drug
exposure. This further validates the overall safety of the axitinib implants of the present application.

[O00643] In general, the treatment has been safe and well-tolerated, Injection courses were uncompiicated
for most of the subjects. FA and OCT revealed no clinically significant leakage for any of the subjects throughout the
study duration. IOPs were normal independent of the dose for ali subjects over the study duration. Inflammation was
not observed for any of the subjects. No subjects needed ocular stergids.

[000644] All reported adverse events were mild to moderate, no severe adverse avents or severe ocular
adverse avents were reported (Table 23).

Table 23 Adverse events reported for the cohorts | and 2.
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. . Cohort 1: 200 axitinib Cohort 2: 400 Total
Number of subjects with: (n:ﬁgg axitinib (n:?g;g a=13
Adverse Events (AEs) i4 22 36
Suspected relationship to study 1 3 3
proguct
Suspected relationship to injection 1 3 4
procedure
Ceular AEs 12 i5 27
Ccular ALS in Study Eve 7 i3 20
Sarious Ocular AEs g 2 3]
By severily
-Mild i2 i7 29
-Moderate 2 5 7
-Severe 3] 0 0
[000645] Adverse events observed in the study eve included tiny pigmented keratic precipitates (3/13),

subeconjunctival hemorrhage following injection {3/13) and pain following injection {2/13). Importantly, only 3
adverse events with suspected relationship to the study product were reported. For examiple, one patient had
opacities around the implant, one patient hat vitreous floaters, three patients had tiny pigmented keratic precipitates
(no treatment required), and one had foreign material (fiber and reflective particles). Further specific adverse evenis
are listed in the foliowing Table 2).

Table 24 Specific adverse events raported for the study eye for the cohorts 1 and 2.

Number of subjects with: Cohort 1:2004g | Cohort 2: 40048 | Total
axitinil (n=8) axitinib {n=7} n=13
Tiny Pigmented KPs 3 g 3
Opacities around OTX Implant i 0 1
Discomfort/ Difficulty opening eyes on waking i 8] 1
Dry eyes 1 3 i
Increased Geographic Atrophy 0 1 i
Pain G 2 2
Vitreous Floaters G i 1
Corneal Scratch G 1 i
Blepharitic 0 1 i
Subconjunctival Haemmorhage i 2 3
TKI implant obstruction vision ¢ 1 1
Foreign material noted in vitreous ] i i
Worsen cataracts G 1 1
Subconjunctival hasmoatoma 8] 0 0
Trace anterior chamber celis ¢ 0 0
Red eye 0 i i
Watery eye G 1 1
Eye discomfort G Q 0
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Foreign body sensation
Simall hair in vision
[pDOB46] In summary, the axtinid implants of the prasent invention were safe and weli-tolerated. The

implants showed efficient reduction or showed essentially maintenance of CSFT versus the baseline determined prior
o administration of the implant.

Evaiyation of 500 ua axitinib dose and 400 ug axitinib dose with anti-VEGE co-administration

[BO0647] To further sxplore efficacy of the implants in humans, further clinical studies are ongoing with one
cohort {cohort 3a} of subjects suffering from wet AMD (planned: n=6} receiving three of the 200 yg implants (Table
1.1, Implant #1) as separate injections resulting in a total axitinib dose of 600 ug per eve, as well as with
another cohort {cohort 3b} of subjects suifering from wet AMD {plannad: n=6) receiving two of the 200 ug implants
(Tabie 21.1, Implant #£1) as separate injections resulting in a tota! axitinib dose of 400 pg per eye and in addition
receiving a single anti-VEGF injection {Avastin or EYLEA®), which is administerad during the same session as the
placement of the implants. One eye per patient is treated.

(3006481 For cohort 33, all 6 subjects have started treatment and are currently being treated, for cohort 3b,
2 subjects from the plannad number of 6 subjects have started treatment and are currently being treated. Two out
of the 8 currently treated subjects are female, 6 are male. The baseling CSFT for the 8 currently treated subjects in
cohort 308 518 + 53 uymy {mean + SE), and the baseling BCVA (Snellen equivalent) is 0.88 + (.12 {mean + SE). In
general, implants exhibited imited movement in the vitreous. An overview of the subjects enrollad to date in coharts
3a and 3b is provided in Table 25, Gvarview charts presenting summary data regarding central subfield thickness
{CSFT) and best corrected visual acuity (BOVA) of all subjects enrolled and analyzed so far in cohorts 3a and 3b are
provided in Figures 17 and 18 respectively. In addition, in order to exemplary Hlustrate the course of CSFT and
BCVA in subiects of cohorts 3a and 3B, certain specific subjects are discussed herein in more detail, and images
showing the CSFT and BOVA in these subjects at exemplary visits are provided in the Figures. These exemplary
subjects are discussed to #Hustrate CSFT and BOVA measurement and development in subjects/ patients who
participated in the study, but are singuiar subjects. For the mean change of CSFT and BOVA over aff subiject of
cohorts 3 and 3b, it is referred to Figures 17 and 18. For the charts in these Figures 17 and 18: Six patients
were fallowed in cohort 3a unti day 14, five until month 2, two until month 4.5, and one until months 6 and 7.5,

Two patients were followed in cohort 30 until month 3, and one until month 4.5. Follow-up is ongoing.

Table 25 Overview of subjects from the twio cohorts {cohort 3a and 3b}. Age, Sex (male M, female F), together with
prior treatment and study eye are presented. For the study eye (oculus dextar, (OD) or oculus sinister (O%)), pre~
treatment BCVA is given as [ogMAR {logarithm of the minimal angle resolution) and Snellen eguivaient. A conveision
chart from EDTS letter score to LogMAR value and Snellen equivalent can be found in Beck et al., Am J Ophthalmol
2003, 135:194-205. In addition, CSFY pre-treatment is presented. All pre-treatment results are from day 1 of the
study.

{ | Age | Sex | Prior Treatment | Study Fye | Study Eve




WO 2021/195163 PCT/US2021/023806

143
Pre- Pre- Pre-
Sur\?fa TirggtMn;\;nt Treatment Trﬂe_a:tment
BCVA Snellen BOVA | CSFT (pm)
Cohort 3a {880 pg
H#1 79 M Naive oS 0.58 20/76 484
#2 84 M Naive 0D 0.70 20/10C 551
#3 72 M Naive QD 0.32 20/42 481
#4 70 M Anti-VEGF oS 1.04 20/218 825
#5 78 F Nalve G5 11@im 20/252 320
#6 34 M Naive oln] 1.1 204252 466
Cohort 3b (400 ug + anti-VEGF)
#1 71 M Naive oD 0.88 @ im 20/152 423
#2 80 F Anti-VEGF Q3 134 @ im 20/438 558
Visual guality and central subfieid thickness
[000649] The first patient of cohort 3& (3x206 pg implant) is a 79 year-old male, who is naive for AMD

treatment. The injection course was uncomplicated. The implants were placed over one week (on days 1 {baseline)
and 7) in the left eye (OF). Notably, CSFT was efficiently reduced over the first 7.5 months while BOVA remained
unaffected (Figure 21). The second patient of cohort 3a (3x200 ug implant; not shown in the Figures) is an 84 year-
old male, who is naive for treatment. The injection course was uncomplicated. The three implants were placed all in
one day {day 1, baseline). CSFT was essentially stabilized for 4.5 months, i.e., did not clinically significantly increase.
Follow-up is ongoing.

[G00650] Generally, mean CSFT was greatly reduced at & months after insertion of the implants in patients of
cohort 3a (Figure 17}, Mean BOVA increased markedly for cohort 3a after 3 months (Figure 18).

[B00651] The first patient of cohort 3b (2200 pg implant and anti-VEGF} is a 71 vear oid male, who is naive
for AMD trestment. The injection course was uncomplicated, The implants and the anti-VEGF injection were all
placed on day 1 (haseline} in the right eye (OD). Already after 7 days a clear reduction in CSFT was visibie while
BCVA was not affected. The CSFT was further reduced and then essentially maintained over & 3 month treatment
period, and started to increase at month 4.5 (Figure 22). The second patient of cohort 3b had received anti-VEGF
therapy for 7 months prior to insertion of the implants. Even after a short treatment period of only 7 days the CSFT
was reduced by 2/3 (589 um at baseline and 188 um at day 7), while BOVA was not affected {Figure 23). A low
CSFY vaiug was maintained through month 2, but started to increase at month 3. The subject received rescue
therapy at month 4.5, Follow-up is ongoing.

[300852] Mean CSFT was efficiently reduced during the first 3 months after insertion of the implants in
patients of cohort 3b (Figure 17). Mean BOVA dlightly increaced (Figure 18).

Tolerability and adverse event:

[000653] In general, also the implants in cohort 3a and 3b have been safe and well-tolerated. Injection
courses were uncomplicated for most of the subiects. I0Ps were normal independent of the dose for all subjects aver
the study duration. Inflammation was not obsarved for any of the subjects. No subjects nesded ocular steroids.
[300654] All reported adverse events were mild, no moderate or severe {ocular) adverse events weare
reported (Table 26.1). Importantly, only one adverse event with suspected relationship to study product was
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reported so far (see Table 236.1). Specific adverse avenis ara reported in Table 26.2. Follow-up is angoing for

cohorts 3a and 3b.

Table 26.1 Adverse events reported for cohorts 3a and 3b (follow-up ongoing).

Cohort 3b: 408
Number of subjects with: Cohort 3a: 600 ug axttinib + ARti-VEGF Total
axitinib (n=6) (n=2) a=8
Acverse Events {AES) 4 3 i7
Suspected relationship to study 1 0 i
product
Susptected relationship to injection 5 2 11
procedure
Qcular AEs i2 2 14
Ocular AEs in Study Eye i0 2 12
Serious Ccular ABs 3] 4] 0
By severity
-Mild i4 3 17
~Moderata G 2 [
-Severe 0 g g

Table 26.2 Specific adverse events reported for the study eye for cohorts 3a and 3b so far (follow-up ongoing).

Cobort 3b: 400 pyy
Number of subjects with: Cohort 3a: 800MG | itinib + ang- | 100
axitinib (n=86) n=8
VEGF {n=2)

Tiny Pigmanted KPs G ¢ G
Opacities around OTX Implant G a G
Discomfort/ Difficulty opening eves on waking G 3] 3]
Dry eves 4] 4] 4]
Increased Geographic Atrophy 0 g G
Fain 2 i 3
Vitreous Floaters G 0 0
Corneal Scratch G 0
Blepharitis 0 ¢
Subconjunctival Haemmorhage 3 1 4
OTX Implant obstruction vision € 0 0
Foreign material note in vitreous G 4
Worsen Cataracts 0 0 ¢
Subiconjunctival Haemoatoma i 1
Trace anterior chamber celis 1 0 1
Red aye G G
Watery eye 0 G
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Eye discomfort i 0 1
Foreign body sensation i Q 1
Small hair in vision 1 3 i
[B00655] Alternatively, instead of three implants providing a total dose of 600 ug, one implant comprising a

dose of 600 yg axitini may be injectad. Of note, injection of a 600 ug bolus dose in rabbits (¢f, Bxample 3.8) did not
result in significant tissue changes and inflammatory responses were normal. Formulation and dimension of 600 ug
implants suitable for use in clinical studies are pracented in Table 25.2.

Rescue medication

[BO0656] If needed, according to the study protoco! reproduced above any subject in any of cohorts 1, 2, 3a
and 3b has received rescue therapy {an anti-VEGF agent, specifically an intravitrea! injection of 2 myg aftibarcept) at
the investigator's discretion. The following criteria were used to identify subjects who would likely require rescue

therapy:
- loss of 2 15 letters from best previous BCVA due to AMD, with current BCVA not better than baseline, or

- loss of 2 10 lstters on 2 consecutive visits from best previous BCVA due to AMD, with current BCVA score

not better than baseline; or
- evidence of worsening disease activity manifest by greater than 75 microns CSFT from previous best value.

[000657] Not more than 50% of the suljects from coharis 1, 2, 3a, and 3b required rescue medication as
defined herein in the form of an anti-VEGF treatment within the first 6 months after start of treatment (implant
injection} so far (Table 27). For instance, in cohort 2 71.4% of the subjects did not receive rescue medication at 3
months after implant insertion, and % months after implant insertion 57.1% of subjects did not receive rescue
medication. Even after a long treatment period of 11 or 13.5 months in cohort 2, rescue medlication was not needed
for 28.6% or for 20% of the subjects, respectively {especially in cohorts 3a and 30 the studies are stif ongoing}. This
low percentage of subjects needing rescue medication demonstrates that the therapeutic effect of a reduction of fiuid
achieved by the implants of the invention is maintained, and the patients are stahilized at the reduced fluid state for
an extended period of time, such as for at least 3 months, at ieast 6 months, at least 9 months or at least 12
months. Specifically, the data of cohorts 1 and 2 (200 ug and 400 ug axitinih, respectively) in Table 27 show that
the level of fluid in patients that had been achieved by the administration of the implants could be maintained in the
period from 6 fo @ months without any need for rescue medication, while vision {expressed by means of the BCVA)

was not significantly impaired (see Figure 18).

Table 2¥Percentage of subjects from alf cohorts who did nof require rescue therapy. *=follow-up is ongoing. TBD =
to be determined. Note: in cohort 33, one subject received rescue medication at month 1, howaver this is not yet
reflected in Table 27 as of the total of six subjects in cohort 3a only three already reached 3 months, and none of
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these three had received rescus medication (the subject having received rescue madiaction at month 1 has not yet
reached month 3).

At 3 AL B A TS At 8 At 11 At 135 At 15.5
Cohorts months | months monthe months months months ronths
Yo e @ % L7
Yo {nfN %o {niN % {niN
iy |y | PNy | RN gy P VD
Cohort 1 66.7 50 ; o . :
(250 ug) (4/6) (3/6) 50 (3/6) 58 (3/5) NA NA NA
Cohort 2 7i.4 57.% . 42.9 20 s
. N 28. - *
(400 pe)* | (5/7) @ | I gy (28,}7&; sy | 2005
Cohoit 38 106 i00 166 - - . .
B00pgy | (3 | Wnr | 8o TBY FED TED
Cohort 3b
{400 yg ,.193* T80 TBD TBD TBD TBD ™vH
+ anti- {2/2)
VEGF)*
[B00658] The doses of axitinib in implants applied in humans {200-600 pg) are markedly lower compared 1o

the approved INLYTAR dose (2 x 5 mg/day). Even if an entire 600 pg axitinib dose would he delivered systemically
at one time, this would nevertheless allow a more than 15-fold safety margin of this full dose compared to the daily
INLYTA® dose, further underiining the safety of the implants.

[B30852] The above resuits demonstrate that the implants of the prasent invention administered to patients
diagnosed with neovascular AMD were able o stabilize retinal fluid in these patients {i.e., to either reduce, maintain
or at least not significantly increase retinal fluid) as evidenced by the CSFT, while not impairing the patients’ vision as
evidenced by the BCOVA, for a treatment period of about 6 1o about 9 months or even longer, and that the implants

were wall tolerated.

(0006601 The proposed study is a prospective, muiti-center, double-masked, randomized, paraliel-group
study to evaluate the efficacy and safety of OTX-TKI (600 ug axitinib implant) for intravitreal use iy subjects with
previously traated negvascular age-related macular degeneration {nAMD). The study objective is t0 evaluate the
efficacy and safety of OTX-TKI (0.6 mg axitinib implant) for intravitreal use in praviously treated patients with
nepvasculer age-related macular degeneration (AMD).

(3008681} The primary efficacy endpoint will be:

& Mean change in BOVA from baseling to 7 months
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[300662] The secondary afficacy endpoints will be:

& Mean change in BCVA from baseline over time at all study visits

& Mean change in central subfield thickness (CSFT) from baseline over time measured by SD-OCT at 7 months and
all study visits and percent of subjects with no increase in CSFT 250 um at all study visits compared to baseling
through Month 12

& Proportion of subjects with absence of retinal fluld (CSFT <300 pm on SD-OCT) at all study visits through Month
12, proportion of subjects with no clinically significant increase in lsakage from baseline determined by FA at 7
maonths and all study visits, proportion of patients with absence of fluid by fluid type (subreting! fluid (SRF) or
Intraretinal fluid (IRF); CSFT <300 um on SD-CCT) at all study visits

& Proportion of subjects receiving rescue therapy, mean time to rescue therapy, and mean number of rescue
therapy injections through Month 4, 7, and 12,

[0D0663] Safety endpoint will be:

@

Incidence of treatment emergent adverse avents (ALs)

& Vital signs changes over time

& Ccular Comfort Score changes over time

8 Clinically relevant vision loss defined as a 6-line ioss in vision compared to baseiing gver time

B

Clinically significant change in ocular examination compared to baseline assessments {(.g., shit lamp
hiomicroscopy, fundus exam, and I0P) over time.

(0006641 Aporosdmataly 100 subjects of age 250 will ba enrolled and treated with 0.6 mg OTX-TKE
(intravitraal implant} or 2 mg aflibercept {intravitreal injection}. Following confirmation of eligibility at Visit 1
{Screening/ Baseline), the subjects will be randomizad 1:1 o one of two groups. Subjects randomized o OTX-TKI will
receive a single injection of 0.6 mg OTX-TKI (0.6 mg axitinib}, and subjects randomized to aflibercept will receive &
sham (i.e., vehicle only) injection. At Visit 2 (Month 1) subjects randomized to OTX-TKE will recaive a single injection
of 2 mg aflibercept and subjects randomized o aflibercept will receive a single injection of 2 mg aflibercept (i.e., all
subjects will receive an injection of 2 mg aflibercept at Visit 2/Month 1), Subseguently, subjects randomized to the
aflibercept group will receive a single injection of 2 mg aflibercept every two months and subjects randomized 1o the
CTX-TKI group will receive a shan injection every two months. The planned study design is shown in Figure 28.

[B00665] The study population will be subjects with & diagnosis of previously treated subfoveal
neovascularization (SFNV) secondary to neovascular AMD with leakage involving the fovea who received their most

recent anti-VEGF injection within the prior 1-4 weeks,
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Example 7: Inflammation study with various TKis

[300666] TKI sample preparation: Hyvdrogels containing sevaral TKIs were prepared for ilerability testing
in rabbit eyes: sunitinib axitinib, nintedanib and regorefanib. First, a diluent solution of 80% Provisc (Alcon, Inc.} and
20% of a 0.5mg/mi sodium borate solution {pH ©.8) was prepared. Next, mixtures containing 9.6% API, 77.8%
diluent, 8.4% 4a20kPEG SAZ and 4.2% 8a20KkPEG NHZ were prepared. Prior to gelation, which occurred hetween
3.5 to 8 minutes after mixing, 10 ul was injected intravitreally in New Zealand while rabbit eyes using a Hamilton
syringe,

[B00667] Study Design: Briefly, on Day 0 rabbits were injected in the left and right eye with test articles as
listed below in the studly design table. Animals were euthanized at 2 weeks. Eyes were harvastad, and fxed in
Davidson's solution for histopathoiogic analysis.

Table 28 List of TKIs used in the inflammation shudy.

Treatment .
Group Endpoint
(o)
1 Sunitinib Histopathology
2 Nintedanib Histopathology
3 Regorefanib | Histopathology
4 Axitinib Histopathology
5 Sham Histopathology
[000668] Tissues examined: A total of 10 left and right eves from 5 rabbits were submitted to Mass Histology

and trimmed by a board-certified veterinary pathologist.

[300669] Conclusion: Under the conditions of the study intravitreal injection of rabbit eyes with formulations
of hydrogel depots with tyrosing kinase inhibitors at 14 days post-injection resulted in the continued presence of the
hydrogel in the vitreous chamber of at least one eye from each group except Group 1 and Group 3 where no
hydrogel material was noted in either eye.

[B00670] Inflammation was never present around any of the injected material observed in any of the eyes
from Groups 2, 4, and 5. Minimal inflammation composed primarily of macrophages in the vitreous chamber and/or
attached to the retina was observed in occasional samples from Groups 1 and 3. Again, no injected material was
ohserved in either eye from Group 1 or Group 3.

[O00671] Minimal inflammation and fibrosis were chserved in a few slide samples from Groups 3 and 4.
These were typically small linear areas of fibrosis with a few macrophages admixed. They are interpreted as sequela
to needle injection.

[B00872] Qne or a few small areas of retinal disruption or retinal foids were observed in at least 1 eve from
Groups 1, 3, 4 and 5. These could be retinal invaginations due to neadle injection. A very small retinai detachment
measuring 100 microns in length is present in one eye at the location of the small retinal disruption {Group 3). No

other ratinal detachments were noted in any eye from any group.
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[300673] A focus of mild histiocytic and multi-nucieated inflammation was obsarved around a small displaced
focus of lens fibers in the vitreous chamber of one eye from Group 3. This is considered lens-induced granulomatous
endophthalmitis, and may be due to a slight nick of the lens by the needle at injection. No other such lesions wers
observed in any eye from any group.

(000674} In certain embodiments, the present invention also relates to implants as disclosed herein that
contain a high amount of TKI such as axitinib, such as a dose of axitinib of more than about 1200 pg, or more than
about 1800 ug. Certain exemplary prophetic implants containing such a high dose of axitinib are disclosed in tha
following Table 28.

Tabile 29 Prophetic implants containing a high dose of axitinib {i.e., above 1200 pg)

Implant type Implant £1 Implant #2 implant #3 implant #£4

3 Axitinib 68.6% 68.5% 68.6% 68.6%

g }: Dose 1580 ug 2360 ug 6010 ug 8980 ug
& § PEG Hydrogel 26.0% 26.0% 26.0% 26.0%
=

g “; 4a20K PEG-SAZ 17.4% 17.4% 17.4% 17.4%
£ E B8a20K PEG-NH2 8.7% B8.7% 83.7% 8.7%

-

% | sodium phosphate 5.4% 5 4% 5.4% 5.4%

»’g Axitinib 16.5% 16.5% 16.5% 18.5%

=¥ PEG Hydrogel 6.3% 8.3% 6.3% 6.3%
B8 4220K PEG-SAZ 4.2% 4.2% 4.2% 4.2%
=3

g 1§ 8a2(K PEG-NH2 2.1% 2.1% 2.1% 2.1%
£ E Sodium phosphate 1.3% 1.3% 1.3% 1.3%

-

& WFI 75.9% 75.9% 75.9% 75.9%
"‘X‘tmible'?%t:ﬁai ary 145.0 ug/mm 145.0 ug/mm 551.4 ug/mm 551.4 ug/mm
Approximate Implant

Mass 2303 3440 8761 13105
{close ug/API%%)
Stratehing Method Wet Wet Wet Wet
{Stretch Facton) (2.1} (2.1 (2.5} {2.1}
&= A
_g Needie Size . .33(:3‘ ETW 22G ETW . 1}G ETW ) 17G ETWI
& (G.522 mm ID) § (0522 mm 1D} § {1.24 mm ID) | (1.24 mm ID)
5
[+
& i . Implant Implant Implant Implant
&= i F |
3 Injector / Syringe Injector Injector Injector Injector

Packaging Foil Pouches Foil Pouchas Foll Pouches Foil Pouches
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Sterilization Type Gamma Gamma Gamma Gamma
Site Storage Refrigeratad Refrigerated Refrigerated Refrigerated
Dried
Diameter (.49 mm (.49 mm 0.97 mm 0.97 mm
2 Length 10.9 mm 16.3 mm 10.9 mm 16.3 mm
'% Volume 2.1 rar® 3.1 mmd 8.0 mm? 12.0 o
g Implant Mass 2.3 my 34 mg 8.8 mg 13.img
a Hydrated
Diameter 1.0 mm 1.0 mm 2.0 mm 2.0 mm
Length 16.0mm 15.0 mm 10.0 mm 15.0 mm
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CLAIMS

A sustained release biodegradable ocular implant comprising a hydrogel and 150 ug to 800 ug of axitinib,
wherein the hydrogel comprises a polymer network comprising polyethylene glycol (PEG) units, wherein axitinib
particles are dispersed within the hydrogel, and wherein the implant is cylindrical and in its dry state has a

diameter of 0.1 mm to 0.5 mm and a length of less than 17 mm.

The sustained release biodegradable ocular implant of claim 1, wherein the implant comprises axitinib in an

amount of 480 pg to 750 pg or 320 pg to 500 pg or 160 pg to 250 pg.

The sustained release biodegradable ocular implant of claim 2, wherein the implant comprises axitinib in an

amount of 200 pg, 400 ug, or 600 pg.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the implant in its
dry state has a total weight of 0.2 mg to 1.5 mg, preferably a total weight of 0.75 mg to 1.25 mg.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the implant is
cylindrical and in its hydrated state (after 24 hours in phosphate-buffered saline at a pH of 7.2 at 37 °C) has a

length of equal to or less than 10 mm and a diameter of equal to or less than 0.8 mm.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the implant is
cylindrical and has a ratio of the diameter in the hydrated state to the diameter in the dry state of less than 5,
preferably less than 2.25, and/or has a ratio of the length in the dry state to the length in the hydrated state of
greater than 0.7, preferably greater than 0.8.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the implant
provides for the release of axitinib at an average rate of 0.25 ug to 2.5 pg per day, preferably of 0.25 ug to 1.5
Mg per day, more preferably of 0.3 ug to 0.5 ug per day, in phosphate-buffered saline at a pH of 7.2 and 37 °C
for a period of 30 days under non-sink simulated physiological conditions.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the implant is an

intravitreal implant.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the implant
provides for the release of axitinib for a period of at least 3 months after administration, at least 6 months after

administration, at least 9 months after administration, or at least 12 months after administration.

The sustained release biodegradable ocular implant of claim 9, wherein the implant provides for the release of
axitinib for a period of 6 to 9 months after administration.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the hydrogel
comprises multi-arm PEG units that are the same or different, and that have a number average molecular
weight of from 10,000 to 60,000 Daltons, preferably 20,000 Daltons.
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The sustained release biodegradable ocular implant of claim 11, wherein the hydrogel comprises crosslinked

PEG units and the crosslinks between the PEG units include a group represented by the following formula

g\/nwoé

wherein m is an integer from 0 to 10.
The sustained release biodegradable ocular implant of claim 12, wherein m is 6.

The sustained release biodegradable ocular implant of any of claims 11 to 13, wherein the PEG units comprise
4-arm and/or 8-arm PEG units.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the axitinib

particles have a d90 particle size of less than 30 um as determined by laser diffraction.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the implant is free

or substantially free of antimicrobial preservatives.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the implant in its
dry state contains from 500 pg to 800 pg axitinib per mm3.

The sustained release biodegradable ocular implant of any of the preceding claims, wherein the implant in its
dry state contains from 60% to 75% by weight axitinib and from 21% to 31% by weight PEG units, or contains
from 45% to 55% by weight axitinib and from 37% to 47% by weight PEG units (dry composition).

The sustained release biodegradable ocular implant of claim 1, wherein the implant is an intravitreal implant
and comprises from 480 pg to 750 pg axitinib, is cylindrical and has in its dry state a length of less than or
equal to 10 mm and a diameter of 0.3 mm to 0.4 mm, and in its hydrated state (after 24 hours in phosphate-
buffered saline at a pH of 7.2 at 37 °C) has a length of from 6 mm to 10.5 mm and a diameter of from 0.6 mm
to 0.8 mm, and wherein the hydrogel comprises crosslinked 4a20k and 8a20k PEG units, wherein the crosslinks

between the PEG units include a group represented by the following formula

§V N MO%

wherein m is 6.

The sustained release biodegradable ocular implant of claim 1, wherein the implant is an intravitreal implant
and comprises from 160 g to 250 ug axitinib, is cylindrical and has in its dry state a length of less than 17 mm
and a diameter of 0.2 mm to about 0.3 mm, and in its hydrated state (after 24 hours in phosphate-buffered

saline at a pH of 7.2 at 37 °C) has a length of from 6.5 mm to 8 mm and a diameter of from 0.7 mm to 0.8



10

15

20

25

30

35

40

21.

22.

23.

24.

25.

26.

27.

28.

29.

153

mm, and wherein the hydrogel comprises crosslinked 4a20k and 8a20k PEG units, wherein the crosslinks
between the PEG units include a group represented by the following formula
H (0]
§\/ N WO/ §
m
(0]

wherein m is 6.

A sustained release biodegradable ocular implant according to any of the preceding claims for use in treating

neovascular age-related macular degeneration (AMD) in a patient in need thereof.

The sustained release biodegradable ocular implant of claim 21 for use in treating AMD during a treatment

period of at least 3 months, or at least 6 months, or at least 9 months, or at least 12 months.
The sustained release biodegradable ocular implant of claim 22, wherein the treatment period is 6 to 9 months.

The sustained release biodegradable ocular implant for use in treating AMD of claim 23, wherein the implant is
an intravitreal implant, wherein the dose administered per eye once during the treatment period is from 150 pg
to 1800 pg, preferably from 150 pg to 1200 pg, more preferably from 480 g to 750 pg axitinib and is

contained in one or more implant(s) administered concurrently.

The sustained release biodegradable ocular implant for use in treating AMD of any of claims 21 to 24, wherein
concurrently or in combination with the treatment with the implant an anti-VEGF agent is administered to the

patient.

The sustained release biodegradable ocular implant for use in treating AMD of any of claims 21 to 25, wherein
the treatment is effective in reducing, essentially maintaining or preventing a clinically significant increase in the
central subfield thickness as measured by optical coherence tomography in a patient whose central subfield

thickness is elevated due to a retinal disease involving angiogenesis.

A method of manufacturing the sustained release biodegradable ocular implant of any of claims 1 to 20, the
method comprising the steps of forming a hydrogel by mixing and reacting an electrophilic group-containing
multi-arm PEG precursor with a nucleophilic group-containing multi-arm PEG precursor or another nucleophilic
group-containing crosslinking agent in a buffered solution in the presence of axitinib particles, allowing the
mixture to gel to form the hydrogel, and drying the hydrogel.

The method of claim 27, comprising casting the mixture into a tubing prior to complete gelling of the hydrogel
to form a hydrogel strand,the method further comprising stretching the hydrogel strand in the longitudinal
direction prior to or after drying the hydrogel (wet stretching or dry stretching), preferably at a stretch factor of
1to4.5.

A kit comprising one or more sustained release biodegradable ocular implant(s) of any of claims 1 to 20 and

one or more needles for injection.
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The kit of claim 29, wherein each implant is loaded in a needle that has a gauge size of 22 to 30.

The kit of claim 29 or 30, wherein the lumen of each needle is occluded by a material that is solid at room

temperature and soft or liquid at body temperature.

The kit of any of claims 29 to 31, further comprising an injection device, wherein each needle is or is not pre-
connected to the injection device.



