WO 2014/179698 PCT/US2014/036596

APPARATUS AND METHODS FOR OCULAR INJECTION

Cross Reference io Related Applicarions

{1001} This application claims priovity w0 and benefit of U.S. Provisional Patemt
Application No, 61/953,147, entitled “Apparatus and Methods for Ocular Injection,” filed
March 14, 2014, U5, Provisional Patent Application No. 61/944,214, entitled “Apparatus
and Methods for Contrelling the Tnsertion Depth of a Needie,” filed February 25, 2014, U.S.
Provisional Patent Application No. 61/827,371, entitled “Apparstus snd Methods for Ocular
Injection,” filed May 24, 2013, 1.5, Provisiona! Patent Application No. 61/819,052, entitled
“Apparatos and Methods for Delivering & Dirug to Ocular Tissue,” filed May 03, 2013, and
1.8, Provisional Patent Application No. 61/819,048, entitled “Apparatus and Methods for
Controlling the Tosertion Depth of a Needle,” filed May 03, 2013, the disclosures of each of

which are incorporated herein by reference in their entirety,

Background of the Invension

11662} The embodiments described berein relate generaily 1o the field of ophthalmic
therapics and more particalarly 0 the use of & microneedle for delivery and/or removal of a
substance, such as a fluid therapeutic agent into and/or from ceular tissues for wreatment of

the eye.

{16031 Although needles are used in transdermal and intracculer drug delivery, there
remains a need for improved microncedle devices and methods, particularly for delivery of
substances {c.g., drugs) into the posterior region of the eye. Many inflammatory and
profiferative discases in the posterior yegion (or other regions) of the eyve require long-erm
pharmacological treatment. Examples of such diseases include macular degeneration,
diabetic retinopatby, and uveitis. Tt is often difficuls 1 deliver effective doses of a drug 1o the
back of the eye using converntional delivery methods such as topical spphication or an
mravitreal administration (IVT), which hes poor efficacy, and systemic administration,
which often causes significant side effecis. For example, while eye drops are usefbl in
treating conditions affecting the exterior surface of the eye or Hssues at the front of the eye,
the eve drops are offen not sufficiently conveyed to the back of the eye, as may be requived

for the treatment of some of the retinal diseases listed ahove.
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{1804} Although there have been advances in the past decade regarding the utilization of
sysiemically delivered substances, there are obstacles to wide spread adoption of such
methods,  For oxemple, in certain situations, duect injection juto the eye (c.g, into the
vitreous} using conventional 27 gaage or 30 gavge needles and syringes can be effective.
Direct njection, however, can be associated with significant safety visks, and physicians
often require professional aining to cffectively perform such methods. Moreover, in some
instances, targeted mjection of a thevapeutic agent is desirable. In such instances, however,
the relatively small anatonne structures of the eye often resull in significant challenges to
placing & needle at a target location using known devices and metheds, especially as they
pertaiv fo placing the distal cnd of the needle at the desired depth within the cye.
Furthermore, IVT administration can have side offects such as increased infraccular pressure

or faster onset of cataract formution.

{16653 In addition, many known methods of divect injection of a drug into the eve include
mserting a peedle or a cannula at an acute angle relative w a surface of the eye, which can
make controliing the depb of fnsortion challenging. For example, some such methods
melude controlling the angular orientation of the needle such that the injected substance exiw
the needle at a particular location. Moreover, some kaown methods of injecting substances
infe ocolar tissue inclode using complicated visuaiization system or sensors to control the

placement of the veedle or cannula.

{1006] Koown devices for ocular injection do not provide the mechanism for adjusting
needle length so that the needle can be joserted into the eye 1w the desired depth. Known
systems also do not provide a reliable mechanism for determining when the needle tip &8 in
the desired location, for example, the suprachoroidal space (SCS) of the cye.  Such
shortcomings in knows systems and methods are exacerbated because the size and thickness
of various layers included in the eve can vary substantially from one person to another. For
example, the thickness of the conjunctiva and the sclera can be substantially different and
thelr true value cannot eesily be predetermined vie standard technigues, Furthermore, the
thickness of these layers can also be different in different portions of the eye and at different
times of the day in the same eye and location. Therefore, using known systems and methods
i can be challenging to determine and/or adjust the longth of the needie for puncturing the
¢ye, such that 2 tip of the needle s at the desired depth, for example, the SCS. Too short a

needle might not penetrate the sclera, and Yoo long & needle can traverse beyond the STS and

]
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damage the retiva of the eye. Further, known systems do not provide a convenient way o

detect the position of the needle tipy within the eye.

{1687]  Because of the sensitivities associated with infraocular imjection (e.g., the
sensitivity of the tissue, the potovtial fopact on intraccular presswre and the fike), many
known systems involve manual injection.  More particularly, many known devices and
methods include the user manvally applying a force (c.g., via pushing a planger with their

thumb or fingers) 10 expel a fluid (e.g., a drug) into the eye. Becanse of the small needle size
and/or the characteristics of the injected drug, some such devices and mwethods invelve the
use of foree tevels bigher than that which users are comfortable with applying. For example,
some stadies have shown that users generally do not like to apply more than 2N force against
the eve during ocular injection. Accordingly, in ceriain sitvations & user may not properly
deliver the medicament using known systoms and methods beeause of their reluctance fo

apply the force to fully expel the medicament.

(1088]  Moreover, injection into different mrget layors of the eye can cause variability in
the amount of the force required for insertion of the needle and/or injection of the
medicament. Different Jayers of the oy can have different densities. For cxample, the sclera
geverally has & bigher density than the conjunctiva or the SCS. Differences in the density of
the target region or layer can produce different backpressure against the needle exit, 1.e,, the
tip of the needie from which the fluid emerges. Thus, injection info a relatively dense ocular
material such as sclora requires more motive pressure to expel the medicament from the

needle than 18 required when injecting & medicament o the SCS.

[¢]

{16651 Furthermore, the jnjection force fo expel the medicamont also depends on th

i

density und viscosity of the Hquid medicament, length of the veedls, and diameter of the
neadle. To hgject certain medicaments into the eye via desired needles {(e.g., 27 gauge, 30
gauge, or oven smalier) can requive more force than mapy practitioners are comfortable

applying.

{1616} Intraocufar mjection can also lead to leakage of intraccular fluids {(c.g., aguecous
and vitreous humour) or the medicament from a delivery passageway formed by the needle
penctrating imo the ocular tssue. By way of example, if the medicament is delivered tw the
sclera instead of the target ocular tissue fayer, for example, the SCS, the high backpressure of

the sclera can force the medicament to leak from the insertion site. Known systeme do not



provide a convenient way to prevent leakage from insertion site, which can lead to discomfort
and loss of medicament. This can prolong treatment as well as increase costs associated with

the treatment.

[1011] Thus, a need exists for improved devices and methods, which can assist in
determining if the needle is at the correct depth, can facilitate injection of the medicament
into ocular tissue, and/or can prevent leakage of ocular fluids and/or medicament form the

insertion site.

Summary of the Invention

[1012] The embodiments described herein relate generally to the field of ophthalmic
therapies and more particularly to the use of a microneedle for delivery and/or removal of a
substance, such as a fluid therapeutic agent into and/or from ocular tissues for treatment of
the eye.

[1012a] According to a first aspect of the present invention, there is provided an
apparatus, comprising: a housing configured to receive a portion of a medicament container;

a hub, the hub coupled to the housing and defining a passageway configured to receive a
puncture member therethrough, the hub having a distal end surface, the distal end surface of
the hub configured to contact a target surface of a target tissue when a substance is conveyed
through the puncture member; and an actuation rod, the actuation rod configured to be
coupled to the medicament container, the actuation rod and the puncture member collectively
configured such that (1) a distal end portion of the actvation rod moves within the
medicament container in response to a force on the actuation rod when a distal end portion of
the puncture member is disposed within a first region of the target tissue and the actuation rod
is coupled to the medicament container, and (2) movement of the distal end portion of the
actuation rod within the medicament container in response to the force on the actuation rod is
limited when the distal end portion of the puncture member is disposed within a second
region of the target tissue and the actuation rod is coupled to the medicament container, the
force having a magnitude less than a threshold value.

[1612b] According to a second aspect of the present invention, there is provided an
apparatus, comprising: a housing configured to receive a portion of a medicament container;
and a hub coupled to the housing, the hub defining a passageway configured to receive a

puncture member therethrough, the hub having a convex distal end surface, the distal end



surface of the hub configured to contact a target surface of a target tissue when a substance is
conveyed through the puncture member; and an actuation rod at least partially disposed
within the medicament container, the medicament container, the actuation rod, and the
puncture member collectively configured such that (1) a distal end portion of the actuation
rod moves within the medicament container in response to a force on the actuation rod when
a distal end portion of the puncture member is disposed within a first region of the target
tissue, and (2) movement of the distal end portion of the actuation rod within the medicament
container in response to the force on the actuation rod is limited when the distal end portion
of the puncture member is disposed within a second region of the target tissue, the force
having a magnitude less than a threshold value.

[1012¢} According to a third aspect of the present invention, there is provided an
apparatus, comprising: a housing configured to receive a portion of a medicament container;
a hub coupled to the housing, the hub defining a passageway configured to receive a puncture
member therethrough, the hub having a distal end surface, the distal end surface of the hub
configured to contact a target surface of a target tissue when a substance is conveyed through
the punctare member; and an actuation rod at least partially disposed within the medicament
container, the puncture member fixedly coupled to the hub such that the hub moves with the
puncture member when the puncture member is moved relative to the target surface, the
medicament container, the actuation rod, and the puncture member collectively configured
such that (1) a distal end portion of the actuation rod moves within and relative to the
medicament container in response to a force on the actuation rod when a distal end portion of
the puncture member is disposed within a first region of the target tissue, and (2) movement
of the distal end portion of the actuation rod within and relative to the medicament container
in response to the force on the actuation rod is limited when the distal end portion of the
puncture member is disposed within a second region of the target tissue, the force having a

magnitude less than a threshold value.

[1013] In some embodiments, an apparatus includes a housing configured to be coupled
to a medicémcnt container. The medicament container is configured to be coupled to a
needle. An injection assembly is disposed within the housing and includes an energy storage
member and an actuation rod. A distal end portion of the actuation rod is configured to be
disposed within the medicament container. The energy storage member is configured to
produce a force on a proximal end portion of the actuation rod. The force is sufficient to

move the distal end portion of the actuation rod within the medicament container to convey at

43



least a portion of a substance from the medicament container via the needle when a distal tip
of the needle is disposed within a first region of a target location. Furthermore, the force is
insufficient to move the distal end portion of the actuation rod within the medicament
container when the distal tip of the needle is disposed within a second region of the target
location. In some embodiments, the first region of the target location has a first density and
the second region of the target location has a second density, higher than the first density. In
some embodiments, the first region of the target location produces a first backpressure and
the second region of the target location produces a second backpressure, higher than the first

backpressure.

[1014] In some embodiments, an apparatus includes a housing configured to receive a

portion of a medicament container, and an adjustment member. A proximal end portion of

4b
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the adiostment member i configured to be coupled to the medicament container. A distal
end portion of the adjustment member s coupled tv 3 needic. The adjusiment member is
movably disposcd within the housing such that when the adjustment member 8 rotated
velative 1o the housing, the needie is moved through 2 plurality of discrete norements alomg a
longitudinal axds of the housing. In some embodiments, the adjustmen member defines &

famen configured to place the medicament container in fhaid conumunication with the needle.

16315 In some embodimmenis, an apparatus inchudes a hob configured to be coopled to a
medical injector, The hub detines 2 passageway configured to receive a needle therethrough,
The hub bas a convex distal end surfuce that is configured to contact a tavget swrface of a
target tissue when a substance s conveyed through the needle info the target tissee. In some
embodiments, the distal end swface includes a sealing portion configured to define a
substantially fluid-tight seal with the target surface when the distal end surface is in contact
with the target surface. In such cmbodiments, the sealing portion can be symmctrical about

the conterline of the passageway.

Brief Descripiion of the Browings

ji81g} FIG. 1 is a cross-soctional view of an illostration of the homan eye.

{1817 FIG. 2 18 a cross-sectional view of a portion of the human eye of FIG. 1 taken

along the Hne 2-2,

[1018] FI38. 3 and 4 are cross-sectional views of a portion of the buman eve of FIG, 1
taken along the line 3-3, illustrating the suprachoroidal space without and with, respectively,

the presence of a floid.

{16191 FIG. 5 18 2 schematic iHlostration of an apparates that includes 2 bousing and an

ijection assembly in a first configuration, according to an embodiment.

{1628} FIG, 6 shows the apparatus of FIG. § in a second configuration, sccording to an

embodiment.

{1821} FIG. 7 15 & perspective view of a system for delivering s medicament o an eye,

avcording to an embodiment,

{1922} FIG. % s an exploded view of the system shown in FIG. 7.
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{18231 FlG. % 15 a perspective view of a system for delivering a medicament to an eye

that mchudes an igjector assembly, according to an embodiment.

11824} FiG. 10 shows the system of FIG. 9 with 2 first portion of & housing removed to

show the injector assembly,
{1625} FIG, 11 shows an exploded view of the system of FIG. 10

{1826} FIG. 1ZA shows a side view, FIG. 12B shows a frost view, and FIG. 12C shows a

top view of an actuating member incloded in the system of FIG. 9.

{1627} FIG. 13A shows a side view, FIG. 138 shows a front view, and FIG. 13C shows a

H

top view of a pawl included in the system of FIG. 9,

1369281 FIG. 14A shows a side view of an actuator inchuded in the sysiem of FIG. 9. FIG.
148 shows a side cross-section view of the actuator of FIG. 14A taken along the line 14B-

{48,
1628} FiG. 15 shows a side view of a guide rod included o the system of FIG, 6.

{1638 FIG8. 16A-E shows side views of the systero of FIG. 9 with a fivst portion of the

houging removed, the system shown in various states of operation.

{3831 FiG. 17 show a flow diagram of & method for deterroining the insertion depth in &
target tissue of a needle included in o medicamem delivery device using an injection

assembly, according to an embodiment.

(1§32}  FIG. 18 show a flow diagram of a method for assisting a user in defermining the
msertion depih in a target tissue of a needle included in 8 medicament delivery device, and
assisting the uwser in medicament delivery using an injection assembly, according to an

smmbodiment.

116331 FIG. 19 shows a schematic dlostration of a wedical injector that includes an

adjustment member in a first configuration, according 1w an embodiment.
[1834]  FIG. 20 shows the medical ijector of FIGL 19 in a second configusation.

{18351 FIG. 21 shows a perspective view of a system for delivering g woedicament to an

eye that includes a needle assembly, according to an embodiment,
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{1836} FIG. 22 shows an exploded view of the needle assembly inchuded in the system of
FIG. 21

{18371 FIG, 23 A, shows a top view, FIG. 23B shows a side view, and FIG. 23C shows 2
side vross-section view (faken along the Hoe 23C-23C) of a housing of the needie assembly

of P10, 22.

{3038} FIG, 24A shows a side view and FIG. 248 shows a top view of u plug inchaded in

the needle assombly of FIG, 22

(183%1  FIG. 25 shows a perspective view of an adjustment member, a lead screw and a

puncturing member inchuded in the needle assembly of FIG. 22,

{10481 FICG, 26A shows & side view of the adjustment member ncladed in the needle
assemibly of FIG, 22, FI1G. 268 shows a side cross-section of the adjustment member of FIG,

26A taken along the line 268-268.

{1841}  FIG. 27A shows a side view of the lead screw incloded in the needic assembly of
FIG. 22, FiG. 27B shows a cross-section view of the lead screw of FI1G. 27A taken along the
fine 27B-278,

110421 FIG. 284 shows a side view and FIG. 288 shows a front view of a bushing
mohaded i the needle assembly of FIG. 22, FIG, 28C shows a cross-section view of the

bushing of FIG, 28A wken along the Hne 28C-28C.

(10431 TIG. 29 shows a side view of 2 locking pin included in the needle assembly of
FIG. 22.

{1844}  FIG. 30A shows a side view aud FIG. 30B shows a front view of a tab coupled to
the locking pin included in the needle assembly of FIG, 22, FIG. 30C shows a cross-seetion

view of the tab of FIG. 30A taken along the Hine 30C-30C.

{16458 FIG. 31A shows a side view and FIG. 318 shows a front view of a hub inchuded
n the nesdls assembly of FIG, 22, sceording to an embodiment. FIG. 310 shows a cross-

section view of the b of FIG. 31A taken along the tine 31C-31C,

{i4¢] FIG. 32 shows a perspective view of the needie assembly of FIGL 2

~3
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{1847} FiG. 33 shows a side cross-section view of the necdle assembly of FIG, 32 wken

along the lne 33-33,

(16481  FIG. 34 15 a cross-sectional view of a portion of & delivery device avcording to an

embodiment.

{1049] FIG. 35 is au enlarged portion of the eye identified in FIE. 1 as region Z and the

3

portion of the delivery device of FIG. 34 in use, n a first configuration,

{1656} FIG. 34 is the enlarged poriion of the cye identified in FIG. | as region Z and the

porfion of the delivery device of FIG, 34 n use, 1v a second configuration.

[165834 FIG. 37 is a cross-sectional view of a portion of a delivery device according to an

embodiment.

{1852} FIG. 38 is a cross-sectional view of a portion of a delivery dovice according o an

embodiment.

{1083} FIG. 39 shows a schematic illustation of a system for delivering a medicament o

an eye that ncludes a hub inclading a sealing portion, according {0 an embodiment.

{1834} F1G. 40A shows a disial end swrface of a hub meluded in the system of FIG. 3% 1
contact with a conjunctiva of an eye and 3 punctaring member inchided in the sysien of FIG,
39 inserted into the selera of the eye. FIG. 408 shows the distal end of the bub compressing
the comgunctiva, FIG. 40C shows the hub further compressing the conjunctiva, and the distal

end of the puncharing member 18 disposed in proximity of a suprachoroidat space of the eve
and is delivering a medicament {0 the suprachoroidal space, such that the sealing portion
forms a substantiaily fluid ight seal with the conjunctiva. FIG. 400 shows an angle 8 formed
between a centerline of a debivery passagewsy formed by the tnsertion of the punchuring

member info the sclera of the eye and a surface line tangent to the conjunctiva,

{1055} FIG. 41A shows 2 fimie element analysis (FEA)Y model of the hub of FIG. 40 A-D,
pressed against the conjunctiva of an eye with 2 IN force. FIG. 418 shows an enlarged view

of a portion shown by the arrow 418 shown in FIG, 41 A



WO 2014/179698 PCT/US2014/036590

{1086) FIG. 424 shows a side view and FIG. 428 shows a front view of a hub that

N

inchudes a convex distal end, according to an embodiment. FIG, 42C shows a cross-section

2]

view of the hub of FIG. 42A taken along the fine 42C-42C.

{137 F1G. 43A shows a side view and FIG. 438 shows a front view of 2 bub that
mehudes a convex distal snd, according f0 an embodiment. F1G. 43C shows a cross-section

view of the hub of FIG. 42A taken along the Hine 43C-43C,

-

{1038 Fi{3, 44A-B show schematic illustrations of a hub inchuded in a medicament
delivery system in a first configuration and 2 second configuration respectively, secording to

an embodiment.

{10591 FIGS. 45A and 458 are schematic illustrations of & porton of a delivery device

according to an embodiment,

{18681 FIGB. 46 and 47 are perspoctive views of g portion of & delivery device according

10 an cotbodiment.

1961} FIG. 48 is a perspective view of a portion of a delivery device sccording to an

embodiment.

116621 FIG. 49 is a peespective view of a portion of a delivery device according to an

embodiment.

{1063} FIG. 50 is a perspective view of & portion of a delivery device according to an

embodiment.

{1664} FIG. 851 s a perspective view of a portion of a delivery device according to an
embodiment.

{1068} Fi(. 52 is @ perspective view of a portion of a delivery device according 0 an

eihodiment.

{1868} FIG. 53 15 & perspective view of 2 portion of 2 delivery device according to an

embodiment,

{1667 FIG. 34 i a perspective view of a portion of a delivery device being used io

facilitate an ocular injection, according 1o an embodiment.
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{1068} FIG. 55 i3 4 cross-sectional view of the portion of the delivery device shown in

14369 FiG. 56 shows a perspective view of a delivery device, according ¢ an
3 . &

embodiment,
{1676} FIG, 57 shows an exploded view of the delivery device shown in FIG. 56

{1874 FIG. 58 shows a perspective view of an actusior rod ncluded in the delivery

device of FIG. 36,

{16721 FIG. 5% shows a top perspoctive view of a plug inchuded in the delivery device of

{1873] FiG

'J\

&0 sh

Q‘}

ows & bottom perspective view of the plug of FIG. 39,

{1674] FIG. 61 shows a fop perspective view of an actuator included in the delivery
device of FIG, 54.

{1475} FI1G. 62 shows a side cross-section view of the actuator of FIG. 61, taken along

the line 62-62 shown in FIGE. 61,

{28764 FIG. 63 shows a top perspective view of a medicament containmen! chambes
f

meluded in the delivery device of FIG. 886,

{1677} FIG. 64 shows a bottom perspective view of the medicarment contabument

chamber of FiG. 63,

{18788 FIG. 65 shows a side cross-section view of the medicament contatrunent chamber

of FIGL 63 waken along the line 65-65 shown in FIG. 63,

{39791 FIG. 66 shows a top perspective view of a bub facluded in the delivery device of

{1G88] FIG. 67 show a side cross-section view of the hub of FIG. 66 taken along the line

67-67 shown i FIG, 66,

{1681} FIG. 68 shows a wop pervspective view of a cap included in the delivery device of
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{1882} FIG. 69 shows a side cross-section view of the cap of FIG. 68 wken along the fine

£9-69 shown in FIG, 68,

{1683} FIG. 70 and 71 show side cross-seciion views of the delivery device of FIG. 56 in

a fiest configuration and a second configuration, respectively,

{1684} FiG. 72 shows a perspective view of an injection marker that can be included in 2

delivery system, according 0 an embodiment.

{1685] FIG. 73 shows the injection marker of FIG. 72 being used to mark an injection skie

Ui 2an 8y

{1086} FIG, 74 shows a perspective view of a delivery device and an extraction mamber

configured to be coupled to the defivery device, according 1 an embodiment.

s
7
7

{1687 FiG, 75 shows a perspective view of the delivery device of FIG. 74 with the

extraction member coupled thersto.
{10881 FIG, 76 shows g side cross-section view of the extraction member of FIG. 74,

{1689} FIG, 77 shows a perspective view of the delivery device of FIG. 75 and 4

medicament vial, the exiraction member configured w be coupled to the vial,

{1098} FIGL 78 shows a side cross-section view of the extraction member and vial of FIG.

77 in an vncoupled configuration,

{1oen F1G. 79 shows the extraction member of the delivery device of FIG. 77 coupled o

{16921 Fi(s, 80 shows a side cross-section view of the exwaction member angd vial of FIG,

7% in a coupled configuration,

{1693} FiG. 81 shows a system for delivering a medicament fo an eye, according 0 an

embodiment, in a first configuration.

{1694} FiG. 82 shows an enlarged view of a portion of the sysiem of FIG. 81 shown by

the arrow 82 in FIG. §1.

1
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{1895} FIG, 83 shows a perspective view of the sysiem of FIG. &1 i 8 second

configuration,

{1696} FIGS. 84A-B shows & schematic illostration of a delivery device that includes a
mechanism fo adjust the length of an iosertion depth of a needle ncluded in the delivery
device in a fust configuration and 8 second configuration respectively, sccording to an

embodimeni.

{1997} FIGS, R8A-B shows a schematic thostration of a delivery device that includes an
mjection assist assembly fn a firet configoration and a second configuration respectively,

gocording to an embodiment,

{1698} 1G. %6 shows a schematic illostration of a delivery device that includes an

adjustment meniber, according {0 an embodiment,

{1498] FiG. 87 shows a schematic ilustration of a delivery device that includes an

injection asscmbtly, according to an embodiment.

{1168} FIG. 88 shows z schematic iHustration of a portion of a delivery device that

melades an adjustnent member, socording 10 an embodiment.

11161} FiGS. 89A-B show schematic Hhistrations of a portion of a delivery device that
mcludes an adjustent member v oa fisst configuration and 8 sceond configuration

sespectively, according to an embodiment.

{1183} FIGS. 90A-C show a schematic illusirations of a delivery device that inchudes a

needle assembly in a first, second and third configuration, according 10 an embodimeit,

{11¢3] FI1G. 91 shows a schematic Hostration of a delivery device that includes a nesdie

assembly and an adjustment member, according to an embodiment,

{1164] FIG. 9ZA shows a perspective view and FIG, 92B shows a side oross-section view

of a delivery deviee that inchades a hub, according to an ersbodiment,

[1105]  FIG. 93A shows a perspective view of a delivery device that includes a bub,
according to an embodiment,  FIG, 93B-C show side cross-section views of the delivery

device of FIG. 93A in a frst configuration and a second configiwation.
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{1186} FIG. 94A-B show schematic illustrations of a needle configured ¢ commumicate
fight inserted a first distance within ocular tissues and a second distance within the ocular

fissuc respectively, according to an embodiment.

PEI87F) FiG, 95 shows a speculum configured to position a delivery device for ocular

injection ito an eye, according to an embodiment.

(1108} FIG, 96 shows a specutum that includes markings for sizing an eve, according to

an embodiment

1109 FiG. 97 shows a speculum that includes a mount configured o receive a mounting
P Pl
portion inchuded in a delivery device and pusition the delivery device for ocular injection into

eye, according to an embodiment,

{1118} FIG. 98A shows a pesspective view of a one-piece speculum, and FIG. 98B shows
the speculom of FIG. 98A disposed on 2 eye and delivery device coupled thereto, avcording

10 an embodiment,

{1EIN} 1, 99 shows @ flow diagram of a method of njecting a substance info an eye
using a medical injector that includes 4 hub such that a convex distal end of the hub forms a
seal with a target surface w0 fluidically isolate @ delivery passageway, according to an

embodiment.
Detaiied Bescription of the Favention

{1112} The embodiments dascribed herein relaie to systems and devices for delivering a
fluid {(o.g., a drug) or extracting a fluid into the sclera of an eve. Furthermore, embodiments
described hereln are related to systems, devices, and methods to assist in the insertion of a
dstivery member, for example, a needle or microneedie tnto the eye, and/or assist in injecting
a medicament into a target ocular fissue. Embodiments described herein are also related to
systems, devices, and racthods for controlling the inscrion depth of a delivery membey, sach
as, for example, a microveedle, mto the eye to deliver a therapeutic agent to, for example, a
posterior region of the eye {e.g., via the suprachoreidal space). Embodiments, described
herein are also related to systems, devices and methods o form a substantially {fluid-tight seal

around a delivery passageway formed by insertion of a delivery member, for example, a

o~
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microneedie, mto the eye 10 prevent leakage of the substance and/or ccular fluid fom the
> ¥ &

mseriion site.

{1813} in sume embodimenis, the microncedles inchuided in the embodiments described
herein inclade a bevel, which alfows for cause of penewration into the sclera andior
suprachoroidal space with mmimal collateral damage, Moreover, in some emnbodiments, the
micre needles disclosed horein can define a narrow lumen {e.g., gavge size greater than or
equal to 30 gauge, 32 gauge, 34 gauge, 36 gauge, efc.} to allow for suprachoroidal drug
delivery while minimizing the diameter of the needle track cansed by the insertion of the
microneedie. Tn some embodiments, the fumen and bevel aspect ratie of the microneedles
described herein are distinet from standard 27 gauge and 30 gauge needles, which are now
commonily used for intrsocular injection. For example, the microneedies included in the
embodiments described herein can be any of those described in International Patent
Application Publication No. WO2014/036009, entitled, “Apparatus and Methods for Drug
Delivery Using Microneedles,” filed on August 27, 2013, the disclosure of which is
incorporated by reference herein in éis entirety {referred to benceforth as the (0% PCT

application™).

{1134} in some erobodiments, an apparaius inchudes @ housing configured o be coupled
0 a medicament container.  The medicament container 18 configured to be coupled to a
needle. An injection asscrably is disposed within the housing and includes an energy storage
member and an actwation rod. A distal end portion of the actuation rod is configured 10 be

disposed within the medicament container.  The energy storage member 18 configured o
produce a force on a proximal end portion of the actuation rod. The force 1s sufficient o
move the distal end portion of the acteation rod within the medicament container to convey at
least = portion of a substance from the medicarent container via the needle wheu a distal dp
of the needle is disposed within a first region of 8 target location. Furthermore, the force
meufficient to move the distal end portion of the acteation rod within the medicament
comtainer when the distal tip of the needle is disposed within a second region of the target
location.  In some embodiments, the first region of the target location has a first density and
the second region of the target location has a second density, higher than the first density. In
some cmbodiments, the first region of the target location produces a first backpressure and
the seoond region of the farget location produces a second backpressure, bigher than the fivst

*mci\ﬁmsuu =3
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{1118} In some embodiments, an apparatus inchludes & housing configured to receive at
ieast a portion of 8 medicament container. The medicament container is configured to be
coupled to a needle.  An injection assembly is disposed within the housing. The injection
assembly mciudes an energy storage member, an actuation rod, and & velease member. A
Histal end portion of the actuation rod is configured to be disposed within the medicament
containet. The release member is configured to mainiain & position of {he actuation rod
relative to the bousing when the relesse member is in & first position such that the movement
of the housing relative to the medicament container moves the distal end porton of the
actuation rod within the medicament comaimer. The relcase member Is configure to relcase
the actuation 1od when moved from the first position to a second position such that a foree
produced by the energy storage member moves the distal end portion of the actation rod
relative to the bousing within the medicament container, This conveys at least a portion of a
substance from the medicament container via the oeedle. In some embodiments, the force is
sufficient to move the distal end portion of the actuation rod within the medicament container
when 2 distal 1ip of the needle is disposed within a first region of a target location. The force
however, in insufficient to move the distal end portion of the actuation rod within the
medicament container when the distal tip of the needle is disposed within a second region of

the target location.

{1139} In sorae cmbodiments, a methed mcludes foserting a distal 6p of a needle of a
medical injector. which inclodes a medicament container and an injection assembly, a first
distance into 3 target fissue. The medicament container is in fluld commumication with the
needle. The micction asserably includes an actuation tod and an onergy storage member that
is configured to produce a force on a proximal end portion of the sctuation rod. The method
further Inclodes releasing the actuation rod of the injection assembly to allow & distai end
portion of the actvation rod to move within the medicament container in response to the
force, Finally, the method inclades inserting, afier releasing, the distal tip of the needle of the
medical injector a second distance imto the target fissue if the distal end portion of the
actuation rod moves less than a threshold injection distance within the medicament container
in respouse t0 the force, the second distance greater than the first distance, Io some
embodiments, the distal end portion of the actuation rod moves a first injection distance
within the medicament container in response to the furce. Tn such embodiments, the method

can further include moving the injection assembly relative to the medicament container io

—
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move the distal end portion of the actuation yod a second injection distance, greater than the

firat injection distance, within the medicament container.

11137} In some embodiments, an apparatus inchides a housing vonfigured w receive a
portion of medicament confainer and an adjustment member. A proximal end portion of the
adjustrent member is configured to be coupled to the medicament container, A distal end
portion of the adjostment member 18 coupled o & necdle,  The adjustment member is
movably disposed within the bousing such that when the adjustment member is rotaied
refative 1o the housing, the needle is moved through a pharality of discrete increments along a
longitudimal axis of the houstng. In some embodiments, the adjustment member defines s

lfamen configured o place the medicament container in fhuld commumication with the needle.

{11181 In some embodiments, an apparatos Inclodes 2 housing configured 10 receive &
portion of a medicament costainer and an adjusiment member., A proximal end portion of the
adjustment member 8 configared to be coupled to the medicarnent container, A distal end
portion of the adinstment roember 18 coupled to a needle. The adjustment member defines a
plorality of detents such that a protrusion of the housing iz configured o be removably
disposed within cach detent from the plurality of detents whon the adjustment member is
moved refative to the bousing t0 move the needle relative 1o the housing through a plurality
of discrete incvemenmts, In some embodiments, the protrusion can be a bearing movably
coupled within the housing. In such embodiments, the bearing is configured to be removably
disposed within cach detemt from the phorality of detents when the adjustment member is
moved refative 1o the housing o move the needie through the plurality of discreie tnerements.
Furthermore, the apparatus can also include o bias member configored o maintain the

bearing within a detent from the plorality of detents.

1119 In some embodiments, an apparatus includes a hob configared 16 be coupled o a
medical injector. The bob defines 8 passageway configored to receive a needle therethrough,
The bub has a convex diswal end surface, which is configured w contaet a target surface of &
tavget tissue when a substance is conveved through the needle into the farget tissee. In some
embodiments, the distal end swface includes a scaling portion configured to define
substantially fuid-tight seal with the target surface when the distal end surface is in contant

with the target surface.
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1124 I some embodiments, a method imchides inserting a distel end portion of & needie
of a nedical jector inio a target tissue to define a delivery passageway within the farget
fissue.  This is followed by placing a convex distal end surface of a hub of the medical

mjector nto contact with a target surface of the target tssue to fluidically isolate the delivery
passageway. Next, the method inchudes conveving, after the placimg, a substance into the
target tissue via the needle. In some embodiments, the target lissue is an eye and the targel
surface is the conjunctiva of the cye. In some crobodiments, the delivery passageway exiends
through a sclera of the eve and the conveying inclades conveying the substance into at least
one of a suprachorcidal space or lowsr portion of the sclera. In such embodimenis, the
method can further include adjusting, before the conveying, a length of the needic oxtending

from the distal end surface of the hub.

1123} in some embodiments, a method includes nserting a distal end portion of a needle
of 4 medical injoctor into a target fissue to define & delivery passageway within the target
dssue. The inserting is performed soch that a centerfine of the needle is substantially normal
io a target surfuce of the target tissue, This is followed by placing a distal end surface of a
hub of the medical njector Into contact with a target surface of the target tissue to fhudically

wolate the delivery passageway. Next, the method includes conveying, affer the placing, &
substance info the targe! tissue vie the necdie. In some embodiments, the delivery s
performed such that a centerline of the delivery passageway and a surface line tangent to the

target surface defines an angle of entry of between about 75 degrees and abow 105 degrees.

Ii( LAEESY

{1123 As used herein, the singular forms “a,” “an”, and “the”™ include plural referens
unless the context clearly dictates otherwise, Thus, for example, the wrm “a member™ |
inended 10 mean a single momber or & combination of members, “a maierial” is intended to

MCER 01C of More materials, or a combination thereof,

{1123 As osed herein, the words “proximal” and “distal” o the direction closer to
and away from, respectively, an operator {e.g., surgeon, physician, nurse, technician, etc.)
who would insert the medical device into the patient, with the tip-end {ie., distal end) of the
device inserted inside a patient’s body first.  Thus, for example, the end of a microneedic
described herein first inserted inside the pationt’s body would be the distal end, while the
opposite end of the microneedle (e.g., the end of the medical device being manipulated by the

operator} would be the proximal end of the microneedle,

oo
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friza As used herein, & “set” can refer to multiple features or a singular feature with
mudtiple parts. For example, when referring fo set of walls, the set of walls can be conaidered

as onc wall with distinct portions, or the set of walls can be considered as multiple walls,

{1128} As used herein, the terms “sbout” and “approximately”™ generally moan plus or
minug 10% of the value stated. Fov example, about 0.5 would nchude (.45 and 0.55, abowt

10 would include 9 to 11, aboud 1000 would include 900 1o 1100,

{1126} Az used hevein, the torms “delivery membe™, “punciure member”, and
“puncturing member” are used interchangeably to refer to an ardele configured to pievce

tissue layers and deliver a sobstance to a twrget tissue layer, for cxample, a ncedie or a

microneadie,

{1127 As used herein, the terms “medicament container”, and “medicament containment
chamber” arc used nterchangesbly to refor to an article configured to contain g volume of a

substance, for example, 8 medicament,

{1128} The torm “fluid-tight” s understood o encompass both a hermetic seal (e, & seal
that is gas-impervious) as well as a scal that is liquid-tmpervious, The ferm “substantiaily”
when used in connection with “fluid-tight,”™ “gas-impervious,” and/or “Hauid-impervious™ is
mtended to convey that, while total fluid imperviousness is desirable, some minimal leakage
due to mamafacturing olerances, or other practical considerations (such as, for example, the
pressure applied to the seal andfor within the fluid), can occur even in g “substantially fluid-
tight” seal. Thus, a “substantially fiuid-right” seal includes a seal that provents the passage of
a flutd (including gases, hiquids and/or slorries) therethrough when the seal is matntuined at 2
constant position and at fluid pressures of less than about S psig, less than about 1G psig, less
than about 20 psig, less than about 30 psig, less than about SO psig, less than about 75 psig,
iess than abowt 100 psig and all values in between. Simitarly, a “substentially Hauvid-tight”
seal includes a seal that prevents the passage of a liquid (eg., a liguid medicament)
therethrough when the seal is maintained st a constant position and s exposed 1o lguid
pressures of less than about 5 psig, Jess than about 10 psig, less than about 20 psig, fess than
about 30 psig, less than about 50 psig, less than about 75 peig, less than about 100 psig and

ail values in between.

{1128} The embodiments and methods described herein can be used {o freat, deliver

substances to and/or aspiraie substances from, various target Hssues in the eye. For reference,

18
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FIGS. 1-4 are a various views of a homan eye 1§ (with FIGS, 2-4 being cross-sectional
views). While specific regions are tdentified, those skilled in the art will recognize that the
proceeding identified rogions do not constitute the entirety of the eye 10, rather the identified
regions are presented as a simphificd example suitable for the discussion of the embodiments

serein, The eye 10 includes both an anterior segment 12 {the postion of the eye in front of

vars

and including the lens) and a posterior segment 14 {the portion of the eye behind the lens).
The anterior segment 12 is bounded by the coruea 16 and the lens 18, while the posterior
sezment 14 s bounded by the sclera 20 and the lens 18. The anterior segment 12 is further
subdivided into the anterior chamber 22, betweesn the iris 24 and the cornea 16, and the
posterior chamber 26, betwoen the ons 18 and the ivis 24, The cornea 16 and the sclera 20
collectively form a limbus 38 at the point af which they meet. The exposed portion of the
sclera 20 on the apterior segment 12 of the eve is protecied by a clear membrane refermred o
as the comjunctiva 45 (see e.g., FIGS, 2 and 3} Underlying the sclera 20 is the choroid 28
and the retina 27, collectively reforred to as retivachoroidal tissue. A vitreous humour 30

133

{also reforred 10 88 the “vitreous™) is disposed between a cillary body 32 (ocluding a ciliary
musele and a ciliary process) and the retina 27, The anterior portion of the retina 27 forms an
ora serrata 34, The locse connective tissue, or potential space, between the choroid 28 and
the sclera 20 s referred 10 as the suprachorvoid. FIG. 2 illustrates the cornea 16, which is
composed of the epithelion 40, the Bowman's layer 41, the stroma 42, the Descamet’s
membrane 43, and the endothelivm 44, FIG. 3 illusteates the sclera 20 with susrounding
Tenon's Capsule 46 or conjunctiva 45, suprachoroidal space 36, choroid 28, and retina 27,
substantially withowt fluid and/or tissue separation in the suprachoroidal space 36 (Le., the in

o i

this configuration, the space is “potential” suprachoroidal space). As shown in FIG. 3, the

with the surrounding Teson’s Capsule 46 or the conjunctiva 45, suprachovoidal space 36,

choroid 28, aud retina 27, with fhuid 50 in the suprachoreidal space 36.

{1138 As vsed herein, the term “suprachoroidal space,” or SCS which s synonymous
with suprachoroid, or suprachoroidia, describes the space {or vohume) and/or potential space
{or potential volumae) by the region of the oye 10 disposed between the sclera 20 and choroid
28, This region primarily is composed of cluscly packed layers of long pigmented processes
derived from each of the two adjacent tissues; however, » space can develop in this region
becanse of fhid or other material buildup in the suprachoroidal space and the adjacent

tssues, The suprachoroidal space can be expanded by fluid buildup because of some discase
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state in the eye o bevause of some trauma or surglcal intervention. In some embodiments,
the fluid buildup I8 intentionally created by the delivery, injection and/or infusion of a drug
formulation into the suprachoroid to create and/or expand further the suprachoroidal space 36
{i.e., by disposing 2 drog formulation therein). This volume may serve as a pathway for
uveoscleval outflow {Le., a natoral process of the eve moving thud from one region of e eve
to the other through) and may become & space in instances of choroidal detachment from the

sclera,

{1131} The dashed live in FIG. 1 represents the equator of the eye 10, In some
embodiments, the nsertion site of any of the microneedies and/or methods described herein is
between the equator and the Himbos 38 {Le., in the anterior portion 12 of the eye 1) For
example, in some embodiments, the insertion siie is between about two millimeters and 10
millimeters {mm)} posterior to the Hmbus 38, In other embodiments, the insertion site of the
miicroncedie 13 at about the equator of the eye 10, In suill other embodiments, the insertion
site is posterior the equator of the eye 10. In this manser, a drug formulation can be
introduced (e.g., via the microneedie) mto the suprachoroidal space 26 at the site of th

msertion and can flow through the suprachoroidal space 36 away from the site of insertion

I3

during an infosion svent (e.g., during njection).
13 3

{1132 I some embodiments, a systen for ocular injection can include 8 medicament
container at least a portion of which is disposed in a housing that inclodes an njection
assembly. The injection assembly cap facilitate delivery of a substance disposed i &
medicament containet to a targer tissue, for example, the 8CS. For example, FIGS, 5-6, show
a system 104, according to an embodiment. The system 100 imcludes a housing 110, an
injection assombly 111, a medicament container 130, snd 3 needle 140, in a fiest
configuration and 2 second configuration. respectively. The system 100 can be configured o
deliver a medicarent to region and/or a layer of a target focation, for example, an eye of a

patient, {e.g., to the SCS of the eye}, as deseribed herein,

{1133} The housing 110 is configured to be coupled {0 the medicament container 130,
and the medicament confainer 138 is configured to be coupled to the necdle 140, For
gxample, in some embodiments, at feast a portion,of the medicament contatner 130 can be
disposed within an internal volume defined by the housing 1i0, Tn some smbodimems, the
medicament container 130 can be slidably disposed within the housing 114, The housing 110

can be a monolithic housing or include two or mwore portions which can be joined logether to
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form the housing 110, As shown, the housing 110 defines an internal volume within which
the injection assembly 1711 is disposed. Mounting festures, for example, mounts, notches,
grooves, indents, guide rods, slots, or any other suitable mounting foatures can be disposed in
the sterval vehume defined by the bousing 110 configured 1o secure at least a portion of the

components mcloded in the yection assembly 111

{1134} The injection assembly TH1 includes an cnergy storage member 146 and an
actuation rod 120. In some embodimenis, the energy storage member 146 can be a spring,
for cxanwple, belical spring, compression, extension, spring washers, Belleville washer,

fapered, any other type of spring.  In other embodiments, the energy storage member 146 can
include @ compressed gas container, 0r a container containing a propellant. The energy
storage member 146 is operatively coupled to a proximal end portion 122 of the actuation rod

126, and produces a foree on the proximal end portion 122 of the actuation rod 120.

{1135} A distal end portion 124 of the actuation rod 120 is disposed within the

nedicament cordainer 130, The distal end portion 124 can be coupled 1o and/or i contac
with a plug 128 which s in fleidic communication with a substance M (e.g., 8 medicament
such as, ftor example, VEGF, a VEGF inhibitor, a combination thereof, or any other
medicament deseribed herein) disposed within an internal volume defined by the medicament
container 130, The distal end portion 124 of the acwaton rod 120 is configured to be
displaced within the internal volome defined by the medicament container 130, for cxampie,
due to the force produced by the energy storage member 146, as desceribed berein, In this
manner, the sctuation rod 120 can displace the plag [28 within the medicament container 130
to draw in or expel the substance M from the distal tip 142 of the necdle 149, as described
herein. The sidewalls of the phug 128 can be configured to contact the sidewalls of the

medicament container 130 such that the plug 128 forms a substantially fluid-tight seal with
the side wall of the medicament covtainer 130, for example, 1o prevent leakage of the
substance M. The plug 128 can be made of an inert and/or blocompatible material which is
rigid but soft.  Example materials include rubber, silicone, plastic, polvmers, any other
suitable material or combination thereof. In some embodiments, the plug 128 can be

monoelithically formed with the actoation rod 120,

{1136} The needie 140 can be coupled to the medicament comainer 130 using any
suitable coupling features, for example, Luer connectors, threads, snap-{i¢, lateh, lock, friction

fit, or any other suitable coupling features. The needle 140 can include any suitable needle
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described heretn, for example, a micro needle (e.g.. & 27 gauge, 30 gange, or even smaller
needle). The distal tip 142 of the needie 140 can define a sharp tip such that the needle 140 is
configured to picrce & target location T, for cxample, & bodily tissue {¢.g., ocular tissue). In
this mauner, the distal ip 142 can be disposed within a first region R1 and/or a second region
R2 of the target focation T, as described hevein, The needie 140 defines » humen 141, which
is in fluidic communication with the substance M disposed within the internal vohime
defined by the medicament container 130, 1o this manner, the needle 140 is counfigured fo
establish floid communication between the medicament container 130 and the target location
T, for example, the first veglon R of the target location T, as described hercin. In some
cmbodiments, the first region RI of the target location T can have a first density and the

secomd region B2 can have a second density, which is higher than the first density. In sowme
embodiments, the first region R1 of the target location T produces a first backpressure on the
distal tip 142 of the needle 140, and the second region R2 produces a second backpressare on
the distal tip 142 of the needic 140, which is higher than the first backpressure., In other
words, the fivst vegion R1 of the target location T produces a first pressure that vesists and/or
opposes How from the distal tip 142 of the needle 1490, and the second region R2 produces a
second pressure that rosists and/or opposcs flow from the distal tip 142 of the needle 140,
wiich is highar than the first pressure.  In some embodiments, the target focation T can be an
eye such that the first region R1 is 3 suprachoroidal space of the eye, and the second region

RZ is a sclera of the eye.

{1137} The force produced on the proximal end portion 122 of the actuation rod 120 by
the energy storage member 146 can be sufficient to move the distal end portion 124 of the
actoation rod 120 within the medicament container 130 10 convey at least a portion of the
substance M from the medicament container 130 via the needie 140 when the distal tip 142 of
the needle 140 is disposed within the first region R1 (e.g., an 8CS8 of the eye) of the target
iocation T, Furthermore, the force can be insufficiont 1o move the distal end portion 124 of
the actuation rod 120 within the medicament container 130 when the distal tp 142 of the

needle 140 i disposed within the second region R2 (e.g., the sclera of the eye) of the wuget
location T. Said another way, the injection assembly 111 can be configured to assist a user in
delivering at least a portion of the substance M to the vegion R, while be configured or
“calibrated” to Hmit anddor prevent debvery to the region R2. In some embodimenis, the

injection assembly 111 can be configured to inform the wser when the distal tip 142 of the

o]
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needle 140 is in the target region of the target location T, for example, the region R1, such

that the substance M can be delivered to the target region with high confidence.

{1138} Expanding further, FIG. 5 shows the apparatas 100 in the first configuration in
which the distal tip 142 of the needie 140 is disposed in the second region RZ. Whean the
apparatus is actuated, the energy storage member 146 exerts a force In a direction shown by
the arrow F on the proximal end portion 122 of the actuation rod 120, The force T onerted,
however, is msufficient to move the distal end portion 124 of the actoation rod 120 within the
medicament container 130, For cxample, the sccond region R2 {e.g., the sclera of the eye)
can produce a second backpresswre winch overcornes the foree F| thereby proventing and/or

fimiting delivery of the substance M 1o the second vegion R2. In other words, the appurats
10 is spoecifically configured or “calibrated” such that the force F Is insufficient to convey

the substance M o the second region R2.
=]

{13394 In the second configuration shown in FIG. 6, the distal tip 142 of the needle is

now disposed m the fivst region RY (s.g., the SCH of the eve). Becamwe of the anatomical

differences and/or the differences in material properties between the first region Ri and the
econd rogion R2, the foree F s sofficient to move he distal end portion 124 of the actus

rod 120 an vyection distance within the medicament container 130, For example, the force F

can be sufficient to overcome a fivst backpressure produced by the first region R1, In this

manser, the injeciion assembly 111 can be configured to ensure that the injection is initiated

(

only when the distal tip 142 of the needie s in the first region R1 such that the substance M
{z.g., a medicament such as, for example, VEGE, a VEGYF inhibitor, a combination thereof, or
any other medicament described herein) can be delivered only o the region RI. In some
embodiments, the force F oxerted by the cnergy storage member 146 can be befween sbowt 2
N and about 6 N, for example, about 3 N, about 4 N, or about 5 N, inclusive of all ranges
therehetween, In some embodiments, the actyation rod 120 snd the medicament ¢ontainer
130 can be colieciively configured such that the force produces an injection pressure within
the medicament container 130 of between about 100 kPa and about 500 kPa. For example, in
some embodiments, the injection pressure can be about 160 kP, 110 kPs, 120 kPa, 130 kP,
140 kPa, 150 kPa, 160 kPa, 170 kPa, 180 kPa, 190 kPa, 206 kPa, 220 KPa, 244 kPs, 260 kPa,
280 kPa, 300 kPa, 320 kPa, 340 kPa, 360 kPa, 380 kPa, 400 kPg, 420 kPa, 444 kPa, 460 kPs,

or about 480 kPa, inclusive of all ranges and values therebetween. The injection pressure can

be sufficient w0 overcome the backpresswe produced by region RE, bmt msufficient to

3
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overcome the backpressure produced by region R2. For example, the force F can be varied

; o

{e.g., by varying the onergy storage member 148} depending on the diameter of ihe
medicament container 130 and/or the actuation rod, the viscosity of the substance M, and/or
the material of the medicament container 130 and/or the actuation rod 120, In this manner,
regard}ess of the variations in the actuation rod 120, the medicament container 130, and/or
e substance M, the injection assembly 111 produces an injection pressure within the

medicament condainer of between about 100 kPa and abowt 560 kPa.

{1146} In some embodiments, the injection assembly 111 can be configwred o be
engaged or disengaged by a user veversibly on demand. For example, the injection assembly
111 can inchude an ON/OFF switch which can be engaged by the user to activate or
deactivate the njection assembly andior the energy storage member 146, By way of
example, in such embodiments, the injection assembly 111 can be activated by the vser {e.g.,
by turming the injection assembly ONJ to release the energy storage member 146 such that the

£

energy storage member 146 exerts the force on the proximal end portion 122 of the actuation

rod 128 {e.g., as shown in FIG. 6} 1o move the distal end portion 124 of the energy storage
member 146 within the medicarnent continer 130, The user can then deactivate the injection
assembly 111 (e.g., by taming the injection sssembly OFF). The disengaging cen result in
the foree exerted on the proximal end portion 122 of the actuation rod 120 to be removed
{e.g., to stop any further movement of the actuation rod 120 within the medicament container
136) or reduced. In some embodiments, the injection assembly 115 can be configured such
that the direction of the force F can be reversed or the actutation rod 120 and/or the energy
storage member 146 can be moved in an opposite direction of the arrow F (FHG. 5). In this
manner, the medical injector 100 can be retwmed to the first configuration such that, for
examyple, the energy stovage member 146 and/or the actuation rod 120 can be secured. This
can, for example, allow more flexiblity to the usor (o perform dry rens or correct a mistake,
for example, inadvertent activation of the injection assembly 111 {e.g., during transportation
to the target tissuc), of injection in an ncowrect nsertion site {e.g., an undesired iocation on
an eye). In such embodiments, the energy storage member 146 can mchude any suitable
engagerment member which can be reversibly engaged or disengaged by the user such ag, for
example, a valve (e.g., a flap valve, a bunerfly valve, or the likes), s diaphragoy, a moechanical
actuator (e.g., a rack and pimion actoutor, a lead screw and nut actuater, a cam, o)), a
hydraulic actuator (e.g., a hydraulic piston), an cleciromechanical acwator (e.z., 8 piezo

electric actuator), a magnetic actuator, or any other suitable evergy storage member 146

24
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which can be reversibly engaged by the user. Such an energy storage member 146 can, for

example, allow the medical injector 100 1o be moved between the first configuration and the

second configuraiion on demand,

{11434 In smwe embodiments, the injection assewbly 111 can be configured such that
injection distanee fraversed by the actustion rod 120 18 sufficient 1o deliver substantially all of
ihe desived dose of the sobstance M into the first region R1, In other embodiments, the
mjection assembly 111 can be configured such that the injection distance traversed by the
acmation rod 120 is sufficient to deliver only a portion of the desired dose of the substanoe M
into the first region RL In such embodiments, the injection assembly 111 can be configured
10 initiate delivery of the substance M into the first region R, for example, to inform the oser
that the distal tip 142 of the veedle 140 is disposed within the frst region R1 (e.g., the oser
would see or otherwise detect that the actuation rod 120 has moved, thus indicating the
desired positioning of the needle 140). Said another way, the injection assembly 111 can
assist the user in c;ieiersriining whether the distal fip 142 of the needie 140 is within the region
RI or not by inifiating delivery of the substance M. 1o such embodiments, the injct.i:ion
distance can be a fivst injection distance. The user can then move the distal end portion 124

of the actaation rod 120 a second injection disuance, for example, by applying 2 manual force
on the actuation rod 120 {e.g.. by moving the housing 110 relative to the medicament
container 130, as deseribed herein). Tn sewe embodiments, any suitable delivery mechanism

S

{e.g., a mechanical actuator or a purp) can be used 10 move the distal end pordon 122 of the

i

actuation rod 120 the second injection distance such that substantially all of the desired dose

-

f the substance M is delivered to the first region R1,

11842) In some embodimenis, the proximal end portion 122 of the actation rod 120
nioves refative to the housing 110 fo move the distal end portion 124 of the actuation rod 120
within the medicament comainer 130, for example, when the distal tip 142 of the needie 140
is disposed within the first region R {e.g., the SCS of the eye) of the target location T. For

xample, in some embodiments, the proxnmi end portion 122 of the actuation rod 120 can be
configured to move freely within the housing 119 such that, distal end portion 124 can move
within the medicament container 130 without the housing 110 and the medicament container
130 moving refative to cach other. This can, fir example, ensore thai force F oxoried by the

epcrgy storage member 146 does pot move the housing relative o the medicament container

130, In this manner, substantially all of the force F can be tansferved 10 the proxinmal end
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portion 122 of the actuation rod 120, In such embodiments, the housing 110 and/or the
medicament container 130 can include features, for example, ribs, notches, grooves, indents,
tocks, latches, high friction, or any other suitable mechanisra, sufficient to prevent the
housing 118} and the medicament container 130 from ysoving relative to each other due 1o the

force ¥

(1143} In some embodiments, the injection assembly 111 can inchade a reloase member
{not shown) configure to selectively limit moverent of the aciuation rod 120 relative to the
bousing 1149, Tn such embodiments, the housing 110 can be configured to move relative to
the medicament container 130 10 move the disal end portion 124 of the actuation wod 120
within the medicament container 139 independently from the foree F. In this manner, the
release member can be configured to lock or otherwise secure the actuation rod 120, for
example, the proximal end portion 122 of the actuation rod 124, and/or the energy storage
menther 146 in the first configuvation.  This can, for cxample, bias the onergy storage
member 146 {0 exert the foree F on the distal end portion 122 of the achsation rod 120, In
this manner, the movement of the actuation vod 120 can be substantially lmited within the
housing 118 such that any movement of the bousing 110 relative to the medicament container
130 alse displaces the distal eud portion 124 of the actuation rod 120 within the medicament
cogtainer 130, For cxample, the user can move the housing 110 relative to the medicament
container 130 to move the distal end portion 124 of the actuation rod 120 within the
medicament container 130, The relative motion can be ased to draw the substance M inlo the
medicament container 130 and/or move the distal end portion 124 the second injeciion
distance 1o expel substantially all of the substavce M in the first region R1 or any other farge

region ¢f the target focation, as described herein,

{1144} In some embodiments, the release member can be configured 10 move betwean a
first position and & second position such that the release member 18 configured to relesse the
snergy storage member 146 when the release member is moved from the first position 1o the
second position. The release member can include any suitable release member such as, for
example, a pawl, lock, latch, or any other suttable release member. By way of example, in
the first position the release member can secure or otherwise engage the proximal end portion
122 of the actoation vod 120, and/or the cnergy storage momber 146, such that the energy
storage pember 146 is biased and/or the acmation vod 120 s locked within the housing 110,

as described berein. Once the distal tip 142 of the needle 140 1s disposed within the second
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region R2, the release member can be moved into the second position to release the energy
storage member 146 and/or the actoation rod 120, Said another way, the releese member can
be configured 1o mantain a position of the actuation rod 120 relative o the housing 114 when
the release member 18 In the first position such that the movernent of the housing 110 velative
10 the medicament container 130 moves the distal end postion 124 of actuation rod 120 within
the medicament container. Furthermore, the release member can be configured to release the
sctation rod 120 when moved from the first position to the second position, This can allow
the foree F produced by the energy stovage member 146 to move the distal end portion 124 of
the actuation rod 120 relative to the housing 110 and within the medicament container 130
and, therchy convey at least a portion of the substance M from the medicament container 130
via the needie 140, In sovie embodiments, as actuation mechanism, for example, a bution, a
pull tab, or any other actoation mechagism can be coupled to the release member, The
actuation mechanism can. for example, be configured to be engaged by the user (o move the
release member ot the second position thereby releasing the sctuation rod 120 and/or the

energy storage mgmber (46,

{1143} In some embodiments, the injoction assembly 111 can alse nclude a guide rod
{(not shown) fixedly coupled to the hoasing 110. The actuation rod 120 can be configured to
shide about the guide rod when the energy storage member 146 is released. For example, in
some embodiments, at feast a portion of the guide rod can be disposed within a cavity defined
i proximal end portion 122 of the actuation rod 120, Tn some embodiments, the guide rod
can be a hollow rod within which the proximal end portion 122 of the actoation rod 120 is
disposed. The guide red can be configured fo ensure that the acruation rod 120 moves within
the housing 119 and/or medicament container 130 substantially along a center line Ay of the
apparatus 100, In this manner, the guide rod can prevent any sideways (or lateral) movement

of the actuation rod 120

{1148} In some embodimenis, a system for ocular injection can inchide a medicament
containment chamber at feast a portion of which is disposed in a housing. Referring now t©
FIGR. 7-8, in some embodiments, a system 1000 includes ar least g housing 1110, a
medicament containment chamber 1310, and an actuator 1320, The system 1000 can be
configured o deliver a medicament to a region and/or layer of an cye of a patient, for

sample, o the 8CS of the eye.

2
~
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{1147} The housing {110 mclades a first portion 1110a and & second portion 1110b, that
can be coopled to define an internal volume for bousing at least a portion of the medicament
containment chamber 1310 and the actvator 1320, The first portion 1110a and the scoond
portion 1110k can removably or fxedly coupled together using any suitable means, for
examples, screws, nuts, bolts, rivets, adhesives, a snap-fit mechanism, noiches, grooves,
indends, lock, laich, or any other suitable coupling mechanism. The housing 1110 includes a
gripping portion 1112, A plurality of ribs 1113 are disposed on the gripping portion 1112 ©
allow a user ¢ easily grip the housing 10, for example, between the user’s index andfor
middle finger, and thumb. A plurality of ridges 1114 are disposed on an outer sirface of a
distal portion of the bousing 1110, The ridges 1114 can provide av additional gripping
suwrface for the wser to securely hold the housing 1110, For example, & user can grip the
gripping portion 1112 wvith 2 first hand and grip the vidges 1114 with 2 second hand to Hmix
any movement of the bousing 1110 during injection of s medicament disposed in the
medicament contaimment chamber 1310, A set of vibs {also referred to as sidewalls and/or
profrusions) 1116 are disposed in the internal volume defined by the housing 1110, The ribs
1116 are configured to engage an engagement portion 1312 and/or a flange 1313 of the
medicament contaimment chamber 1310, for example, to define a range of travel of the
actostor 1320, a5 described herein.  Similarly stated, the tibs 1116 are configured to limit
movement of the actaator 1320 and/or the flange 1313 relative to the housing 1110 during

LESE.

[1148] A sed of mounts 1118 are disposed at a proximal end, within the interior region, of
the housing, The mounts 111¥ are configured to mount and/or retain an engagement portion
1322 of the actustor {320 suoch that a linear namslation of the housing 1110 slong a
longitudinal axis Ay of the system 1000 wrges the actustor 1320 to alse translate along the
longimdinal axis A relative fo the medicament contalnment chamber 1310, A securing
member 1119 can be disposed over a distal end of the kousing, The securing member 1119
can be a ring-like member formed from a relatively elastic material, for cxample, rubber,
silicone, plastics, polymers, any other sustable material or combination thereof, The securing
member 1119 can be configured fo secure the first portion 1110a and the second poriion

1110b of the housing 1110 1o cach other at a distal end of the housing 110

{1149) The medicament containment chamber 1310 defines an interpal volume

configired to house a medicament {e.g., triamcinolone acetonide, VEGF, VEGF nhibitor, or

N
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any other medicament desoribed herein).  The medicament containment chamber 1310
inchides an engagement portion 1312 and a delivery portion 1314, The delivery portion 1314
can inciude any suitablc coupling feature, for cxample, a fuer connector, threads, o snap-fit, a
fatch, a lock, a frietion fit coupling, or any other suitable coupling features. The coupling

features can be conbgured to couple the delivery portion 1314 with a punchuing member (not
shown), for example, 2 microneedle (e.g., a 27 gauge, a 30 gauge needle, or even smaller
micro needle). The puncuwing membor can be any suitable puncturing member (such as
those described in the 009 PCT application”) configurad w pierce a portion of a patient’s
body, for example, an eye, and to establish fhuidic commuenication between the medicament

condainment chamber 1310 and the portion of the user’s body {c.g., the eyel.

{1138} The engagement portion 1312 is disposed proximate to the user and includes a
flange 1313, The engagement portion 13172 is disposed in the bousing 1110 such that the ribs
1116 ave distal to the flapge 1313, and mteract with the flange 1313 1o define 2 range of
motion of the actuator 1320 and/or the medicamen confainment chamber 1316, o some
cmbodiments, the medicarend comtainment chamber 1310 can include a commercially
available syringe such as, for example, a BD™ [CC syringe, or any other commercially

available syringe.

{1153} The acwator 1320 ncludes an engagement portion 1322 and a plonger pottion
{not shown) movably disposed within the imdernal vohmne defined by the medicament
containment chamber 1310, At least a portion of the actuater 1324 ts slidably disposed in the
miermal volume defined by the medicament containment chamber 1310, Thus, the actuator
1320 can be displeced within the internal voheme defined by the medicament containment
chamber 1310 for drawing the medicament into or expelling the moedicament from the
tnternal volume defined by the medicament comtainment chamber 1310, The ongagement
portion 1322 18 fixedly mounted in the wounts 118 of the bousing 1110, Thus, any bnear
displacement of the housing 1110 along the longrudinal axis Ag of the system 1000 also
urges the actwator 1320 to slide within the internal volume of the medicament confainment

chamber 1310,

11152} In use, & user can grip the housing 1110, for exampie, at the gripping portion 1112
with one hand, and with the other hund grip 4 portion of the medicament covtabiment

chamber 131 disposed outside the housing 1110, The user can then displace the housing

1110 relative to the medicament containment chamber 1310, Displacement of the housing
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1118 also urges the actuator 1320 to slide withio the bmternal volome defined by the
medicameont containment chamber 1314, The ribs 1116 can prevent the user from sliding the
housing 1110 beyond a predetormined threshold to prevent the actoator 1320 from being
separated from the medicament contatment chamber 1310, Furthermore, the range of
motion can also define 2 maxionm dose of the medicameni that can be drawn nto the
internal volome of the medicament containment chamber 1310, In this manner, the user can
draw a modicament info the roedicament comtainment chamber 1310, or imject the

medicament o an ceolar tissus, for example, the SCS ¢f an eye.

{1153 In some ewbodiments, a system for Injecting 2 wedicament o ocular tissue can
include an imgector assembly configared to produce 2 force to assist in the debvery of a
medicament. Referring now fo FIGR. ¢ 1o FIGS. 16A-C, a system 2000 cludes a housing
2110, an injecior assembiy 2100, & medicament contabiment chamber 2310, and an actuator
2320, The system 2000 can be configured 1o deliver 2 medicament to a desired layer and/or

egion of an eye of patient, for example, to the 8CS of the eye.

{11534} The housing 2110 includes a first portion 211{)s and a second portion 2110b, that
can be coupicd to define an huernel region for housing the compononts of the injector

ssembly 2100 and ar lesst & portion of the medicament contatnment chamber 2310 and/or
the actuator 2320. The first portion 21102 and the second portion 2110b can removably or
fixedly coupled fogether vsing any suitable means, for examples, scrows, muts, bolts, rivets,
adhesives, & spap-Tit mechanism, notches, grooves, indents, lock, tatch, or any other suitable
coupling mechanism, The housing 2110 includes a gripping pordon 2112 A plurality of ribs
2113 are dispused on the gripping portion 2112 to allow a user to easily grip the housing
2110, for example, between the asor’s index and/or middic finger, and thumb. A plurality of
ridges 2114 are also disposed on an outer surface of a distal portion of the housing 2110, for
example 10 allow casy gripping of the houstug 2110 by the user. For example, a user can grip
the gripping portion 2112 with a first hand and grip the ridges 2114 with & second hand to
Himit any movement of the housing 2110 during injection of 2 medicament disposed in the
medicament containment chamber 2310, A set of ribs 2116 are disposed jo the infernal
region defined by the housing 2110, The ribs 2116 (also referred to as shoulders or
profrusions) arc configured to engage a ﬂang 2313 mnchaded in an ongagement portion 2312
of the medicament contaipment chamber 2310, for example, o define a range of travel of the

actuator 2320 and/or the medicament containment chamber 2310, as described hersin, A
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proximal end of the housing 2110 includes slots 2117 (see FIG. 1§} configured to veceive at
least a portion of an actuating member 2120 included in the injector assembly 2104, as

escribed herein. A sot of mounts 2118 are disposed at a proximal end, within the interior
region, of the housing. The mounts 2118, are configured to mount an engagement portion
2142 of a guide rod 2140 included in the mjector assembly 2100, A securing member 2119
can be disposed over a distal end of the hgusing. The sccuring member 2119 can be a ring
itke niember formed from a relatively slastic material, for example, rubber, silicone. plastics,
polymerns, auy other sultable material or combination thereof. The securing member 2119
can be configured to secure the first portion 21102 and the second portion 2110b 1o each

other at @ distal end of the housing 2110,

{1155} The actuating member 2120 (FIGS. 12A-C) is disposed at the proximal end of the
housiog 2110 and is configured to actuate the injector assembly 2300, as described berein,
The actuating member 212{ includes an engagement protrusion 2122 and a guide protrusion
2124, Al least a portion of the engagement protrusion 2122 and the guide protrusion 2124
are slidably disposed in the slots 2117 {see FIG. 11). A user can engage an engagement
surface 2121 of the actuating member 2120, and mwove the actoating member 2120 between a
firsi configoration, in which the engegement provusion 2122 and the guide protrusion 2124
are partially disposed within the internal volume defined by the housing 2119, and 2 second
covfiguration, in which the engagement protrusion 2122 and the guide protrusion 2124 are
substantially disposed within the internal vohune defined by the housing 2110, Said another
way, the actuating member 2120 can be moved refative to the housing 2110 between a first

position {see FIG, 1603) and 1 second position (F1G. 166

{1156) The engagement protrusion 2122 is configured o engage a pawl 2130 inchuded in
the injector assenibly 2100 in the second configuration {or position), as described herein (sce
FIG. T6E). The guide protrusion 2124 15 configured to slide within the slots 2117 along with
the engagement protrusion 2122, o preveni any sngular motion of the actuating member

2120 about the longitudinal axis Ar. A biasing member 2123, for example, & spring {e.g.,
helical spring, compression, extension, spring washess, Belloville washer, tapeved, any other

\

type of spring} is coupled to the engagement protrosion 2122, for example, disposed around
the engagement protrusion 2122, The biasing membor 2123 is configured to hias the
actuating member 2120 in the first configuration (or position). A washer 2125 is coupled to a

proximal end of the guide protrusion 2124 and is disposed inside the internal volume defined

[
poos
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by the housing 2110. The washer 2125 has a diameter, or otherwise cross-section, which is
subsiandially larger than the diamweter or otherwise cross-section of the slots 2117, such that
the washer 2125 prevents the actuating momber 2120 from being removed from the housing
2100,

{1157} The pawl 2130 (FIGS. 13A-C) 1 di,‘»pt)swd at the proximal end of the jntemal
volame defined by the housing 2116, The pawi 30 includes an engagement portion 2132, 1
laich 2134, and a biasiog portion 2136, A set of protrusions 2137 are disposed on the paw!
2130, The protrusions 2137 are configured to pivotally reount the paw! 2130 in the infernal

volume defined by the housing 2110, This aliows the paw!l 2130 1o rotate abouw the
Y £ H

protrusions 2137 between a first configuration {or angulyr position) and @ second
configuration (or angular position} as described herein.  The engagement portion 2132
defines 2 flat swrface, which s configured to be engaged by the engagement protrusion 2122
of the sctuating member 2120 {see e.g., FIG. 16E). More particularly, when the actuating
member 2120 is moved from its first configuration (or position) fo its second configuration
{or position}, the engagemeni protrusion 2122 can urge the pawl 2130 from thc—: first
configuration into the second configuration. The lach 2134 defines a ledge or shsuidcr
configured 10 engage an engagement portion 2322 of the actuator (or push rod) 2320 in the
first configuration, as described herein, The blasing portion 2136 includes a thin, beam-like
structure configured 1o clastically bend in the second configuration.  In this manner, the
bigsing member 2136 can wrge the pawl 2130 into the first configuration, as deseribed hesein,
For example, in the first configuration, the latch 2134 can engage the engagement portion
2322 of the actuator 2320 {see FIGS, 16B-1613) and the blasing portion 2136 can be in an
extended posiftion (1.e.. maintaining the position of the pawl 2130}, A user can engage the
engagement porton 2121 of the actuating member 2120 and worge it info its second
copfiguration {or position). In the second configuration of the aciuating member 2120, the
engagenient profrusion 2122 can engage the engagoment portion 2132 of the pawl 2130,
This can urge the pawl 2130 to rotate about the protrosions 2137 and move into the second
configuration.  When the latch 2134 i in the second configuration, the latch 2134 can
disengage from the engagement portion 2322 of the actuator 2320 such that the biasing
portion 2136 is bent agajost the housing 2110 and is biased {or compressed). The user can
then disengage the actumiing member 2120, The biasing member 2123 coupled o the
engagement protrusion 2122 can wge the actoating moember 2120 back inlo the first

configuration. This disengages the engagement protrusicn 2122 from the engagement surface

]
2
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2132 of the pawl 2138 such that the blusing portion 2136 can urge the pawl 2130 o the first

configuration,

{1158} The guade rod 2140 (FIG. 15} inclodes a mounting portion 2142 that is irmmovably
mounted on the mounts 2118 inchaded in the housing 2110, Similarly stated, the guide rod
2140} is coupled within the housing 2110 such that movement {distal movement and proxrm]
movement) is Hmited. At feast a portion of the guide rod 2140 is disposed in 2 cavity 2326
defined within the actuator 2320, The guide 2140 rod is configured 1o provent lateral motion
of the actuator 2320 when the actuator 2320 slides in a linear direction along the longitudinal
axis Ap of the system 2000 within the bousing 2110, as deseribed in further detail hevern.
The guide rod 2140 also couples a biasing member 2146 (or energy storage member which i
disposed aroond the guide rod 2140, sec e.g. FIG. 16A) batween the mounts 2118 and the
actuator {or push rod) 2320. The biasing member 2146 cau include, for example, a spring,
g., & helical apring, compression, exiension, spring washers, Bellevilie washcr, sa;;erer:i, uny
other type of spring), any other suiltable blasing member or combination thereof, A proximal
end of the biasing member 2146 is coupled to and/or engaged with the mouming portion
2147 of the guide rod 2140, and a distal end of the biasing member 2146 is coupled 10 and/or
engaged with the engagement portdon 2322 of the sctuator 2320, The biasing member 2146
is configured to bias the actuator 2320 when the engagement portion 2322 of the actator
2320 is disposed relative to the mounting portion 21472 of the guide rod 2140 in the “readied”
position (see e.g., FIGS. 16B-160). In this manner, the biasing member 2146 can exert
predeterniined biasing force on the actuator 2320 to enable or otherwise assist the actuator
2320 1o expel a medicament from the medicament containment chamber 2310, as described

in further detail herein,

»

{1159} The medicament containment chamber 2310 defines an imiornal volume 2316
configured to house a medicament {e.g., a VEGF, a VEGF inhibitor, triamcinolone acstonide,

anry other medicament deseribed herein or a combination thereof).  The medicament

o

containment chamber 2310 includes an engagement portion 2312 and a delivery portion
2314, The delivery portion 2314 can include coupling featores, for example, huer comnectors,
threads, spap-fif, latch, lock, friction fit, or any other suitable coupling features. The coupling
featares can be configured to couple the delivery portien 2314 with & puncihuring member (not
shown}, for example, a microneedle {¢c.g, a 27 gage, or 30 gage, or even smaller needle).

The punchwing member can be any suitable puncturing member (such gs those described in

(]
e}

3



WO 2014/179698 PCT/US2014/036590

the ‘009 PCT application) which 1y configured to plerce a portion of a patient’s body, for
example, an eye, and to establish {luidic communication beiween the medicament
confainment chamber 2310 and the portion of the user’s body (eg., the cve)  The
engagement portion 2317 includes o flange 2313, The engagoment portion 2312 is digposed
in the housing 2110 such that the 1ibs 2116 are distal to the flange 2313, and interact with the
flange 2313 tw define a range of motion of the actusior 2320 and/or the medicament
containent chamber 2310, Said another way, the ribs 2116 and the flange 2313 can serve in
combination as a locking mechanism (o preveni the medicament containment chamber 2310
from: moving bevond a threshold distance within the houosing 2110, In some embodiments,
the modicament comtainment chamber 2370 can include a commercially available syrings

ped

such as, for example, a BD™ JCOC syringe, or any other commercially available syringe.

11168 The actater (or actuation rod) 2320 (FIGS. 14A-B) includes an engagement
portion 2322 and a phunger portion 2324, As deseribed before, the engagement portion 2322
defines a cavity 2326 configored to receive ai least a portion of the guide rod 2140, A
proximal end of the engagement portion 2322 1s coupled 1o and/or engaged with the biasing
member 2146, as described before berein. At least a portion of the scwator 2320, for
gxample, the phunger portion 2324, is slidably disposed in the internal vohame 2316 defined
by the medicament containment chamber 2310, Thos, the actuator 2320 can be displaced
within the internal volume 2316 for drawing and/or expelling the medicamemt from the

internal volume 23 16 defined by the medicament contatnment chamber 2310,

{1161} As shown in FIGS, 14A and 14B, a protrusion 2325 is disposed at a distal end of
the phanger porten 2324, The protrusion 2325 is configured to be inserted into & plug 2328
with close tolerance {e.g., friction-fi). The plug 2328 can be slidably disposed in the intornal
volume 2316 of the medicament containment chamber 2310, A distal end of the plug 2328
can be 1o fhad communicaton with the medicament disposed in the internal volume 2316
defined by the medicament contalmment chamber 2310, The sidewalls of the plug 2328 can
be in contact with the sidewalls of the internal volome 2316 such thai the phug forms a fluid
tight seal to prevent leakage of the medicament. The plug 2328 can be yade of an nert
and/or biocompatible which is rigid but soft. Example materials include vubber, silicone,

plastic, polymers, any other sultable material or combination thereof.

1362 The injector assembly 2100 is configured to produce a force o tnject or otherwise
3 & 1}

N

assist in injecting the medicament from the medicament containment chamber 2310 into the
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ocular tissue, for example, the SCS. Furihermore, the injector assembly 2100 can be
configured to exert a predetermined force and/or a force within a desired range on the
actator 2320 sufficient to expel the medicamoent only when an cutlet of 2 puncturing member
(2.g., a needle such as a 27 gauge, & 30 gauge or any veedle described hereln) is within or
otherwise near the target injection she, for example, the SCS. Similarly stated, the injecior
assembly 2100 can be configured (o exert a predetermined force on the actuator (or push rod)
2320 and/or the phug 2328 such that the actuator 2320 and/or the plug 2328 move when the
backpressure against the opening of 2 delivery member (e.g., @ puncure member or needle,
not shown) is below a desired level. As described below, the amound of backpressure against
the delivery momber can be a function of the tissue characteristics of the targer tissue {e.g.,
tissue density, presence of voids, Hssue type, ewc.). Thus, the injector assembly 2100 can
produce motive force when the opening of the delivery member is within a desived target
focation {e.g.. the SCS), FIGS. 16A o 16E show the system 2000 tha! includes the injector

assembly in various statos of operation as deseribed herein

(1163} In a first state shown e FIG, 164, a portion of the medicament containment
chamber 2310 is disposed i the housing 2110 of the injector assembly 2100, The flange
2313 of the medicament containment chamber 2310 can be contiguous and/or in contact with

4

the rib

2116 of the housing 2110. The actuator 2320 is pushed into the medicament

\

contaimwent chamber 23180 such that the plunger portion 2324 of the acmator 2320 cocupics
substantially all of the internal volume 2316 of the medicament comabmment chamber 2310
and there is no medicament in the infernal volume 2316, Additionally, the guide rode 2140 is
disposed in a first relative pogition within the actuator (or push rod) 2320, In the first state,
the biasing member 2146 5 coupled o the engagerent portion 2322 of the actuator 2326 and
15 unbiased (or in an expanded configuration), Said another way. the system 2000 is unarmed
in the first state. Thus, in the fivst state (or configuration), the system 2000 can be shipped,

stored or the Like.

{1164] To move the system 2000 to the second state shown in FIG, 168, the gser moves
the medicament contsinment chamber 2310 proximaily relative to the mjector assembly
2100, This can be achieved by app}vmv a force on the housing 2110 and/or the medicament
2310 mto the housing 2110 in the direction shown by the amrow A, The housing 2110 s

shaped aud sized to prevent any rotational maotion of the medicamens containment chamber

(]
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2310 relative to the housing 2110, Maotion of medicament coniainment chamber 2130
relative to the njector assembly 2100, also urges the actuaior 2320 to slide over the gaide rod
2140 and move refative to the injector assepbly 210, Thus, when the injector asscrbly
2100 is m the second state, the gmide rod 2140 s disposed in a second relative position within
the actostor {ov push rod) 2320. Furthermove, the biasing member 2146 is biased {or
compressed) when {he injector assesably 2100 is in the second state. The force is maintained
unitl the lateh 2134 of the pawl 2130 cogages and secures the engagement portion 2322 of the
actuator 2320. The paw! 2130 includes an angled suzface such that the engagement portion

322 can slide past the lateh 2134 in a proximal direction but cannot move past the iaich

2134 in a distal dircction. Thas, in the second state, the system 2004 is “armed™ and is ready

to be filled with a medicament.

{1168} The user can new couple a transfer needle, punctare member and/or delivery
member (net shown) o the delivery portion 2314 of the medicament containment chamber
2310, The puncturing member can be inserfed into a container of the medicament, for
example, inserted through a sepmm of a vial containing the medicament. The systera 2000
can then be moved into a third state (or covfiguration) fo Rl the medicament containment
chamber 2310 with a substance. To move the injector assembly 2100 1o the third state shown
in FIG. 16C, a force can be applied on the medicament containment chamber 2310 and/or the
housing 2110 10 move the medicanient contatnment chamber 2310 distally relative to the
injecior assembiy 2100 in the direction shown by the arrow B, In this maoner, the
medicament contatnment chamber 2310 is drawn out of (moved distally relative o) the
housing 2110. The engagement portion 2322 of the actuator 2320 remains securced by the
Imich 2134 of the pawl 2130 i the third state.  Thevefore, the relative motion of the

wedicament containment chumber 2310 to the housing 2110 urges the plonger portivn 2324

ﬂ/\

of the actuator 2320 to shide withio the internal volume 2316 of the medicament contalnment
chamber 2310 ontil the plunger portien 2324 is proximaie to the engagement portion 2312

the medicament containment chamber 2310, The displacement of the actuator 2320 and the
phig 2328 creates a suction force within the internal volume 2316 of the medicament

containment chamber 2310, wihich draws the medicament into the internal vohune 2318,

{1166} To place the injcctor asscrbly 2100 in a fourth state {(shown in FIG. E(}'D}, the
user can move the medicament confainment chamber 2310 proximally relative to the injecior

n

assembly 2100 such that the medicament contatmnent chamber 231 moves fnto the housing

Lad
.
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2118 as shown by the arrow € In the fourth state, the medicament containment chamber

23140 is partially drawn into the hoosing 2110, Since the actuator 2320 is still secured by the

pawl 2130 in the fourth staic, moving the housing 2310 urges the plunger portion 2324 of the

actaator 2320 (and thus the plug 2328} to alse shide in the interpal volume 2316 proximally

refative to the medicament contabrmnent chamber 2310, In tlis manner, the plunger portion

2324 of the actuator 2320 expels 2 portion of the medicament from the mternal volume 2316,
vy

Said another way, the user can expel air from: the internal volume 2316 and/for adjust a dose

of the medicament in the fourth state.

{1167 Prior 1o injecting the medicament (Le., moving the injector assembly 2000 to a
fifilk state shown n FIG. 16E), 8 punchuring member {e.g., 2 27 gauge needie, 8 30 gauge

sedle, or any other puncturing menbers deseribed he.rei.n\ or a needle assembly {eg., the
needic assenbly 3200 or any other veedle assembly described herein) can be coupled 10 the
delivery portion 2314 of the medicament containment chamber 2210, Whike not shown, a
hab can also be coupled to the delivery portion 2314, which is configured to contact an ocular
fssue. The hub can inclade a hub that includes a convex dista] end, 2 flat distal end, feanures
for abigning the sysiem 2000 ov a surface {e.g., conpunctiva) of the eve, or any other hub
described herein. For exampie, in some embodiments, the hub can include a convex distal
end surface configured to form a substantizlly floid-tight seal with a target surface arcund the

insertion site {see ©.g., hub 7270 inchaded in the medical injector 7000),

{1168} The user can insert the puncturing member mto sp eve, umil an outict of the
punciuring mermber 18 in ot otherwise near a target delivery layer, for example, the SCS. The
wsel can manvally adjust the insertion depth of the puncturing member or a needle agsembly
1o increase or decreasce the insertion depth of the puncturing member (.g., as deseribed in
further detail with refercuce to needle assersbly 3200). To initiate ingection (Le., to move the
mjeotor assembly 2100 to the {ifth configuration), the user can then exert a force on the
engagement surface 2121 of the actuating member 2120 in the direction shown by the arrow
D. This urges the engagement prokrusion 2122 1o slide in the slot 2117 disially 1o the user
o the housing 2110 and engage the engagoment surface 2132 of the pawl 2130, The
engagement profrusion 2122 can urge the pawl 2130 to rotale about the prowusicns 2137,
such the biasing portion 2136 is biased and the Iaich 2134 disengages from the cngagement
porfion 2322 of the actuator 2320, The biesing meomber 2146 cxeris a force on the

engagement portion 2322 of the actuator 2320 and urges the actuator 2320 w0 displace

L]
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proximally relative to the medicament conteinment chamber 2310, Thus, the plonger portion
2324 of the actuator shides an injection distance within the internal volume 2316 of the
medicament containment chamber 2310 and expels the medicament into the cye via the
puncturing member, The housing 2110 and/or the medicament containment chamber 2310
cen be configured to prevent the housing 2110 from displacing distally relative o the
medicament contamment chamber 2310 in the fifth siate.  For example, In some
embodiments, the flange 2313 of the medicament covtatiunent charsher 2310 and/or an inner
surface of the housing 2110 can have a high friction surface. The flange 2313 and the taner
surface of the housing 2110 can contact cach other to yield a high friction interface which can
prevent the bousing 2119 from displacing distally relative 1o the medicament containment
chamber 2310 in the fifth state. In some embodiments, notches, grooves, ndents, or any
pther features can be defined in the interpal volome of the housing 2110, and/or the flange
2313, In some embodiments, a locking mechanism, for example, a twist lock mechanism, a
push pin, a latch, g ledge, or any other suitable locking mechanism can be included in the
housiog 2110, In such embodiments, the user can engage the locking mechenism (e.g., twist
the housing 2110 relative to the medicament containment chamber 2310, depress a pin, ete.)
such that the housing 2110 can be provented from displacing distally velative 1o the
medicament contatnment chamber 2310 in the fifth state. In this manner, the force exerted by
the biasing member 2146 s apphed w move the actuator (or acumtion rod) 2320 disally
relative to {and/or within) the medicament containment chamber 2314, 4s opposed to being
applicd to move the entirety of the medicament contabmend chamber 2310 relative to the

housing 2116,

{1168} In some embodiments, the mjector assembly 2100 can be uwsed a8 an mjection-
assist assembly to enable a user w0 inject the medicament inio a desired tssue of the eve, for
example, the SCS. In such embodiments, the biasing member 2146 can be configured to
gxert g predetermined force on the actuator 2320, for example a force of kess than about 8N,
jess than abowt 5 N, fess thun about 4N, less than about 3 N, or less than about 2 N, inclosive
of alf ranges therebetween. The force can be sufficient to expel the medicament from the
medicament contaimment chamber 2310 when the backpressure, existing or applied at an
gutlet of the puncturing member, 15 below a ceriain threshold. As described before herein,
different layers of the eye can have different densities, for example, the selera is much denser
then the SCS. Therefors, a puncturing member inserted into the sclera will experience a

much higher backpressure than a puncturing member near or within the SC8. The biasing
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member 2146 can be configured to exert a force, which is only sufficient to overcome the

backpressure experienced in the target layer, for example, the 8CS, bat is not sufficien! fo
overconie the backprossure of any otber fayer, for cxample, the sclera.  In this manner, the
bising member 2146 urges the actuator 2320 to expel the medicament only into the target
layer, for example, the SCS. The backpressure expertenced by the actuator can vary hased on
the medicament used, the size of the puncturing member, the arget ocolar fissue layer, and/or
thickness of the target layer. If the force defivered by the biasing member 2146 is too bigh,
injection can ocowr It the Incorrect target layer, for example, the sclera. Conversely, if the
biasing force is too small, injection might not occer even when the outlet of the punctoring
member i within or vear the target layer, for cxample, the SCS. To overcome this, the
biasing member 2146 can be tailored based on the medicament used, the needle size, the size
of the medicament contatnment chamber 2318, the acwator 230, andfor target layer. In some
embodiments, the aciuator 2320 and the medicament coniainment chantber 2310 can be
collectively configured such that the force exerted by the biasing moember 2146 produces an
fnjection pressure within the internal volume 2316 of the medicamen containment chamber
2310 of between sbout 100 kPa and about 500 kPa. For example, the system 2000 can be
configured such that the same igjection presswe i produced within the medicament
containment chamber 2310, regardiess of the size (e.g., dlameter or otherwise cross-section)
of the medicament containment chamber 2310 andfor the asctualor 2320, the material of the
actuator 2320 or the medicament containment chamber 2310, the volume of the medicament,
the viseosity of the medicament, and/or the size of the puncture rember.  In some
embodiments, the pressore prodoced in the medicament containment chamber 2310 can be
abowt 100 ka, 110 kPa, 120 kPa, 130 kPa, 140 kPa, 15G kPa, 160 kP's, 170 kPa, 180 kPa, 180
Pa, 200 kPa, 220 kPa, 240 kPa, 260 kPa, 280 kPa, 300 kPa, 320 kPa, 340 kPa, 360 kPa, 330
kFa, 400 kPa, 420 k¥a, 440 kPa, 460 kPa, or about 480 kPa, inclusive of all ranges and values

therebetwesn,

P78 Furthormore, in some smbodiments, the injector assembly 2100 cun also be used
to inform the user when the puncturing member is within or near the target layer, For
example, the bousing 2110 can be transparent such that the oser can see the actuator 2320
andd/or the medicament containment chamber 2310, The user can insert the puncturing
member o the eye and engage the sctuating member 2120 such that the laich 2134
disengages the engagement portion 2322 of the actustor 2320, If the punctoring member s

within or near the target layer, for exaraple, the SCS, the biasing momber 2146 overcomes the

Lod
el



WO 2014/179698 PCT/US2014/036590

backpressure exerted by the target layer and displaces the actuator 2320 0 move the injection
distance and initiate injection of the medicament into the target layer. The user can visibly
observe the actuator 2320 and/or the plug 232% displacing within the housing 21710 and can
e informed that the puncturing mwember is within or otherwise near the target layer, for
example, the SCS, i the puncwring member 13 in & layer other than the target laver, for
example, the sclera, the blasing member 2146 will not overcome the backpressure of the
other layer and the actuator 2320 will vot displace proximally relative 10 the medicament
containmment chamber 2310, This can inform the user that the puncturing member is not
within or near the target layer. The user can then manipulate the punctaring member to reach
within or near the farget layer and iniflate injoction of the medicament,  In some
embodiments, any other communication mechanismy, for example, audible alarm, LED Hght,
a message, a display. @ tacnle alert, or any other communication meckanism can be used to
inform the user about the location of the punchurisg member. In some embodimenis, the
biasing member 2146 can be configured 1o oxert a force sufficient 1o expel substantially all of
the medicament inte the target layer, for example, the SCS. In some embodiments, the
biasing member 2146 can be configured 1o exert a force sufficient to initlate injection but not
gugh to expel all of the medicament ido the target layer. In such eobodiments, the
mjection distance can be a first tigection distance. Once the injection is initiated, the user can
then move the injection sssembly 2100 and thereby the actoator 2320 & second injection
distance proximally relative to the medicament contatnment chamber 2310, In this masner,

the remaining medicament can be debivered to the farget layer of the eve,

{1171] FIG, 17 shows a schematic flow diagram of a method 200 of delivering a
medicament to a target laver of a target tissue {or at a predetermined distance within the
tavget tissue) using o medical fnjector that includes an injection assembly. The method 200
includes inserting a distal tip of a needle of & medical injector {e.g., the system 100, 1000,
2000, or any other system described herein) a first distance into a target tissue, at 202, The
neodle can inchude any suitable necdle, for cxample, the needle 140 or any other necdic
described heredn.  The medical injector includes a medicament container (egp., the

nedicament coptainer 130, 1310, 2314, or any other medicament container described herein)
and an injection asseobly (2.g., the mjection agsembly 111, 2100, or any other injection
assembly described herein. The medicament container i In flaid commumication with the
needle. The injection assembly includes an actoation rod (e.g., the actoation rod 120, the

actuator 2320, or any other actuator described herein) and an energy storage member {e.g.,
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the energy storage member 146, 2146, or any other epergy siorage member described herein).
The energy storage member i configured to produce a force on a proximal end portion of the

actuation rod.

{13723 The method 200 further inclodes releasing the scwation rod of the injection
sssembly allowing a distal end portion of the actuation rod fo move within the medicament
comtainer m response to the force, at 204, For caample, 8 proximal end portion of the

actuation rod can be secured or otherwise engaged by a release member, for example, a pawl
{e.g., the paw! 2130) or any other release member described hersin. The release member can,
for exarople, be moved from a first position in which the sctuation rod is secured to 2 second
position in which the actuation t0d is released. As desoribed herein, in certain situations the
force will be insufficient to overcome the viscouos forces, tissue backpressure, frictional losses

or the like within the fivid delivery path defined by the medicament container, the needle and
the target tissue when the needle at the first distance within the dssue. Thus, the actuation

rod may net move, or may move less than a threshold “injeetion distance.™

{1173} Accordingly, the distal tip of the needle included in the medical injector can be
inserted, aftor the releasing, a scoond distance greator than the first distance into the target
tissue (£.£., the ocular tissue of an eye) if the distal end portion of the actuation rod moves
iess than a threshold imjection distance within the medicament container in response fo the
force, at 206. The injection distance can be a distance that the distal end portion of the
actuation rod moves within the medicament comainer afier the refessing.  In some
enbodiments, the njection distance is less than abowt § ey In this mammer, the lack of
movement and/or the hmited movement of the actuation rod in operation 204 provides an
indication to the wser that additional movement and/or repositioning of the needle tip is
desirable. Conversely, when the distal end portion of the actuation rod moves through the
injection distance within the medicament container, the user is aware that the needle #ip is in

a suitable region of the target Hasue,

{3174} In some embodiments, the distal end portion of the actoation rod can move a first
injection distance within the medicament container in response to the force, for example, fo
detiver a portion of the medicament to the target tissue, for example, the SCS. In such
embodiments, the method 200 can further include moving the injection assenibly velative to
the medicament container 10 move the distal end portion of the acwation rod a second
imjection distance gresicr than the first injection distance within the medicament container

fect
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208, For example, the foree can move the actuation rod the first ijection distance once the
distal tip of the needle is disposed within or near a desived region of the target tissue. This
cap indicafe to 2 user thar the distal tip of the necdle 18 disposed within or near a desived

I

vegion of the target tissue. The actuavon rod can then be moved proximally relative to the
nmiedicament container such that the actuation rod moves the second injection distance within
the medicament container. In some embodiments, the distel end portion of the actuation rod
can be moved the second injection distence manuaily by a user, for example, by moving the
housing proximally to the medicament container. In other embodiments, the medical injector
can include an avtomated delivery mechanism {¢.g., 3 mechanical actuator, & purmp, or any
other sutiable automated delivery mechanism) configored to move the acination rod the

second injection distance and deliver substantially all of the medicament to the target tssuc.

{11758} i some embodiments, the target tissue can be an eve. In such embodinents, the
inserting of the distal tip of the necdle of the medical Injector the second distance o the cye
mchides inserting at least a portion of the distal tip into a suprachoroidal space of the eve. In
some emmbodiments, inserting the distal tip of needle of the medical injector the second
distance ncludes contacting 2 surface of the eye with a hub coupled to the veedle. The hub
can inchude the hub 72790, 8270, 9270 or any other hub described herein in further detail

below.

{1176} FIG. 18 shows a schematic flow dingram of & method 300 for delivering a
medicament to a target layer of a targer tissue or a predetermined distance within the target
tissue using a medical injector that inchades an injection assersbly. The method 300 includes
inserting a distal tip of 2 needle of @ medical injector (e.g., the medical injector 108, 1000,
2400 or any other medical njoctor deseribed hercin, inte 8 medicement contained within a

medicament vial 302, The medicament vial can be any suifable commercially available
medicament vial, bottle, comaimer, or any ofhier vessel housing a mwedicament.  The
medicament can nclude apy suitable medicament {e.g., VEGF, 3 VEGF mhibitor, a
combination thereof, or any other medicament described herein) formulated o be delivered to
a farget tissue {e.g. the SCS of the eye). The medical injector includes a medicament
container and an injection assembly, and s in foidic communication with the needle. The
injection assembly inclodes an actuation rod, and cnergy storage member, a relcase membor
and an actuation menmber, In sorse embodiments, the injection assembly and the components

of the injection assembly described herein can be substantially stmilar to the componenis of
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the injection assembly 111, 2100, or any other injection assembly described herein. The
epergy storage member {e.g., a spring, a compressed gas container, or a container coxaining
a propellant) is configured to produce a foree on 2 proximal end portion of the actaation rod.
The proximal end portion of the actuation rod can be engaged and secured by the release
member. For example, the securing can lock the movement of the actustion rod with respect
0 a housing within which the actuation rod, the mjection asscmbly, and/or al feast a portion
of the medicament container s disposed. Said another way, the securing of the proximal end
pordon of the acteation rod by the release member prevents a diswal end porton of the
acination rod from moving relative o the housing,  Furthermore, any movement of the

housing relative fo the medicament condainer also urges the distal end portion of the achuation

rod to move within the medicament container.

{1177} Next, the method includes moving the distal end portion of the actoation rod
distally relative to the medicament container © draw a volume of the medicament within the
medicament container, at 304. Then, the medicament container is moved proximally relative
to the actuation rod to expel & volume of the medicament from the distal tip of the needle and
feave a dose volume of the medicament vemaining n the roedicament comtainer, at 306, Said
another way, any excess medicament drawn nto the medicament container can be expelied
frora the medicament container by moving the medicament container proximaliy relative fo

the actuation rod.

[1178] The distal 1ip of the needle is then Inseried a first distance into a target fissue, for
example, an ocular tissue, at 308, The acmiation member is activaied {e.g.. by a user) o
disengage the release member form the acteation rod, thereby releasing the proximal end
portion of the actuation rod. This allows the distal end portion of the actuation rod t0 move a
first fnjection distance within the medicament container in rosponse to the force produced by
ihe energy storage member, a1 310, As described herein, the actuation rod will move the first
injection distance {or a great amount) when the needle tip is disposed within a desired region
of the target tssue. Conversely, when the needle tip is not disposed within a desired region
of the target tissue, the force produced by the energy storage member is insufficient o move

the actuation rod by the first injection distance.

11379 The method 300 then weludes determinmyg i the actuation rod has mwved a
threshold injection distance. at 312, for example, the first injection distance. For example, 2

user can visvally observe if the distal end portion of the actuation rod moved within the
Y
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medicament comtainer or not {e.g., through a tansparemt housing of the medical njecior). T
the actuation rod did not move, the distal dp of the needie of the medical njecior is inserted,
after the releasing, # second distance greater than the first distance inte the target tissuc, at
314, In this manner, the user can reposition the needle tp (e.g., by mserting further, or

removing from the tissue) in response 1o the indication produced by the actuation rod.

{1184 For example, the first distance can correspond (o a2 sclera of the eye, which has a
backpreseure that, in conjunction with the frictional losses, viscous loses end the like via the
fiuid flow path, cannot be overcome by the force of the energy storage member, Thus, the
actuation member does move the first injection distance w0 deliver at Jeast a portton of the
medicament into the sclera. The distal tp of the needle ie then moved the second distance
which can comrespond 1o @ target region of the target tissue, for example, the 8CS. The
method then returns to operation 312 to determine if the actuation rod bas moved the first
injection distance. I the actuation rod has moved the first injection distance, this confivms
that the distal tip of the needle is disposed in the desired target region. For example, the
target region can be SCS, which bas a lower backpressure than that produced by the sclera,
The force exerted by the energy storage mersber can be configured to overcome this
backpressure such that the distal end portion of the actuation rod can be moved the first
injection distance and deliver at least & portion of the medicament into the target tissue via the
distal 1ip of the needle. 1o some embodiments, the force can be between about 2 N to sbout 6
N. Finally, the distal end portion of the acteation rod s moved a second injection distance
until substantially all of the medicament is expelled from the medicament container into the
target tissue {e.g., the SCE) at 316, via the distal tip of the veedle, For example, the user can
manually move the distal end portion of the actuation rod, or use any sutiable actuation
mevhantsm Included in the medical injector 1o move the distal end portion of the actuator the

second injection distance.

{1181} In some embodiments, a medical injector can include 2 necedle assembly
configured to adjust the lengih of & needle, for example, to adjust a distance the needle
penstrates into a target tissue, for example, an ccular tissve. FIGK. 19 and 20 are schematic
Hlustration of a medical injector 400 in a first configuration and 2 second configuration,
according to an cmbodiment.  The medical injector 400 includes a housing 410, an actuator
rodd 420, a medicament confainer 430, a needle 440, and an adjustment member 423,

Optionatly, the medical injector 400 can also inclode a hub 470 coupled to the housing 4190,
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The housing 410 Is configured to veceive a portion of the medicament container 430, The

housing 410 can include any suitable housing, for example, the housing 3210, or any other

housing described berein with respect to a needle assombly,

{1182} The needie 440 can be any suitable puncture member configured fo puncture a
target tssue. For example, the needle 440 can be a microneedle configured to punchure
ocudar tissue. In some cbodiments, the needle 440 can be a 32-gaoge microneedle or a 34-
gauge microneedie. In some embodiments, such a microncedie can be substandally similar to
or the same as the micronmeedles deseribed in the ‘009 PCT application incorporated by
reference above.  In some embodiments, the shape and/or size of the needle 440 can
comrespond, at least pavtially, with at least o portion of a target tissue. For example, in some
embodiments, the length of the needie 440 can correspond with a thickness of a portion of
ocnlar tissue such that when the needic 440 s inseried indo the ccular tissue, at least a portion
of the necdie 440 iz disposed within the sclera or suprachoroidal space of the eye,

described in further detail herein. The needle 440 defines a lumen 441 that extonds through a
proxims! end portion 443 and 2 distal end portion 442 of the needle 440, The distal end
pertion 442 of the needle 440 can include a bevel or a sharpened tip configured te puncture 2
target ussue, At least a portion of the proximatl end portion of the needie 440 can be disposed

in 2 passageway defined by the hub 470, as described herein.

{1183} The medicament container 430 of the medical injector 400 has & proximal end
portion 432 and 2 distal end portion 434, The medicament container 43¢ defines an ioner
vohlume 436 that can store, house, and/or otherwise contain a substance (e.g., a medicament, 4
prophylactic agent, a therapeutic agent, and/or a diagnostic agent), For example, in some
embodinents, a cartridge or the like containing 8 drog formulation can be disposed within the
mmer volume 436 of the medicament container 430, To other embodiments, a drug
tormulation can be disposed directly within the inmer volinne 436 (e.g., without a cartridge or
other intermediate yeservoin). In some embodiments, the inner volume 436 can contain a
drog formulation with a volume of about 0.5 mL or less. In other embodiments, the inner
volume 436 can contain a drug formmdation with 4 vohume of about 0.1 mi. Tn still other
embodiments, the inner volame 436 can contain a drug formudlation with a volume greater the
about 0.5 mL. Ip some embodiments, the medicement container 430 can be substamially
simifar 1o the medicament container 1310, 2310, 3310, or any other medicament container

described berein.
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{1184} The proximal end portion 432 of the medicament container 430 15 substantially
open to recetve the actoation rod 420, More specifically, a distal end portion 424 of the
actuation rod 420 is disposed within the inner volume 436 and can be moved between a first
position {e.g., & proximal posttion) and a second position (e.g., a distal position). Said

ancther way, the distal end portion 424 of the actuation rod 420 can move ap injecfion
distance within the inper voloms 426, A sealing member such as, for xample, a plug can be
coupled to the distal end portion 424 of the actuation rod 420, The sealing menber can be

configured to form a friction £t with one or move sorfaces of the medicament container 430
ihat define the foner volume 436. Ib this manner, the scal member and the medicament
contatner 430 can form a flaidic seal that substantially isolates a portion of the tnmer volume
436 that is distal to the seal member from 4 portion of the joner volume 436 that is proximal
to the seal member. Said another way, the medicament container 430 and the achuation rod

420 form at least a portion of » syringe.

{1185} in some embodiments, the distal end portion 434 of the medicament container 430
is physicaliy and fluidically coupled to the hub 470, For example, in some embodimenis, the

hub 470 and the distal end portion 434 of the medicament container 430 can form a press fi,
a snap fir, a threaded coupling, andfor the like, In other embodiments, (e hub 470 can be
monolithically formed with the medicament container 430, The hub 470 can define a
passageway configored to receive the needle 440 therethrough such that the distal end portion
442 of the neadle extends past a distal end surface of the hab 470 by a distance, for example,
a first distance di (sec c.g., FIG. 19) that can change, for example, 1o & second distance &
, FIG, 20) or any other distance, when the needle is moved threugh a plurality of
disorete merernends along the longitudinal axis of the housing 410, a5 described herein. In
some embodiments, the hub 470 can alse be configured to lhmit movement of the adjustment

member 422 within the housing 41{.

{1186} A groximal end portion of the adjustment member 423 1s configured {6 be coupled
o the medicament contaimer 430G, The coupling can be performed using any suitsble
coupling mecbargsm, for exaopie, 2 Luer lock, threads, snap-fir, friction-fit, or any other
suitable coupling mechanism. A distal end portion of the adjustment member 423 is coupled
to the needle 440, for cxample, o the proximal end portion 443 of the needle 440, Tn some
embodiments, the adjustment member 423 can defise a humen configmred to place the

medicament ¢ontainer 430 Ju fhad conpounication with the needle 440, In some
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embodiments, the proximal end portion of the adjustment member 423 can also include a
flange configured to be removably coopled to the medicament container 430, The adjustment
member 420 is configured to fransition between a first configuration (FIG. 19) and a second
configuration {F1G. 20) 1o adjust the distance that the distal end portion 442 of the needle 440
extends past the distal end surfuce of the hub 470, For example, the adjustment member 423
can be movably disposed within the housing 410 such that when the adjustment member 423
is rotated relative 1o the bousing 410, the needle 440 is moved through a plursiity of discrete
increments aloug a longitudinal axis of the housing 410. In this manner, the adjustment
member 423 can adjust the offective length of the needie 440 in the plorality of discrete
mcrernenits.  Said another way, the adjustmont member 423 can ailow diginl adjustment of
the length of the necedle 440, While not shown, in some embodiruents, the adjustment
member 423 and/or the housing 410 can imchide a phurality of detems. The detents can be
configured such that cach increment from the plerality of discrete increments is associated
with a corresponding detent from the plurality of detents defined by at least one of the
adivstrent member 423 and/or the housing 410, For example, the housing 410 can nelude a
protrusion configured to be removably disposed within cach detent from the pharafity of
detents when the adjusiment member 423 s votated relative to the bousing 410 1o move the
needie 440 through the pluralty of discrete increments.  As another example, in some
embodiments, a bearing can be coupled within the housing 410 and configared w0 be
removably disposed within cach detent from the plurality of defenis when the adjustment
member 412 is rotated within the housing 410 to move the needle through the plurality of
discrete incremems.  In such embodiments, 2 bias member can also be disposed im the
housing 410 and configured to maintain the bearing within a detent from the plurality of
detents. In sorne crnbodiments, the modical injoctor 400 can also include 2 fock member, for
example, a fock, a laich, a tab, a vod, or any other suitable lock moember removably coupled to
the housing 410, The lock member can be configured to engage the adjustment member 423
to limit movement of the adjustment member 423 relative (o the housing 410, In some
embodiments, at least a portion of the adjustment member 423 can include an indication
portion, for example, @ portion including 2 plorality of markings.  The markings can be
configured to indicate a distance that the neadle 440 extends beyond the housing 410 (e.g.,
extends bevond the distal end surface of the bub 470). In sech embodiments, the housing 410
can define @ window soch that the ndication porfion is visible through the window. For

example, a user can view the indication portion through the window o determine the distance

S
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that the needle 440 extends beyvond the housing 410 and estimate an insertion depth of the

distal end 442 of the needie 440 into a targe! tissue.

{1iET As shown in FIG, 19, ip the first configuration of the adjostment member 423, the
distal end portion 442 of the needle 440 can be spaced apart from & distal end surface of the
hub 470 by a first distance dy. The adjustment mentber 423 can then be moved into a second
configuration by moving {e.g., rotating, translating or yotating and translating} the adiostment
member 423 within the housing 410, This wrges the needle 440 1o move in a discrete
incroment such that distal end portion 442 of the needle 440 extends 8 second distance ds,
targer than d,, beyond the distal end surface of the bub 470, as shown in FIG. 26, To this
manner, # length of the needle 440 extending beyond the distal edge sarface of the hub 470

can be adjusted.

{1188] in use, an operator {e.g., a doctor, fechuician, nurse, physician, ophihalmologisi,
etc.) can manipulate the delivery device 400 1o insert the needle 440 into, for exanple, an
poufar tissue. In this manner, the distal end portion 442 of the needle 440 can be advanced
within the target tissue to pierce the sclera and place the hub 470 in contact with an outer
surface of the sciera. Moreover, with the adjustment member 422 in the first configuration,
the first distance d) between the distal esd surface of the bub 470 and the distai end pottion
447 of the needle 440 can substantially comespond to the thickness of the sclers. In this
mannes, & distal tip of the needle 440 can be disposed within the sclera (e.g., the sclera 20 of

the eyo 10 in FIG. 1),

{1189} The adjustment member 423 can be fransitioned from the first coufiguration to the
second configuration by roving, tfranslating or rotating the adjustment member 423 within
the housing 410, In some embodiments, the moving of the adjustment member 423 can be
performed by moving (e.g., rowting) the medicament container 430 relative to the housing
410. This can incresse the distance between the distal end surface of the hub 470 and the
distal end portion 423 of the needie 440 from the fivst distance d; to the second distance & {as
described above).  In this manper, when the adjustment member 422 s in the second
configuration, the distal tip of the needle 440 can be moved further proximally relative to the
ocular tissue to place the umen 441 of the needle 440 in fhiid commuication with the
suprachoroidal space {(e.g., the suprachoroidal space 36 of the eve 10 in FIG. 1), With the
lumen 441 of the neadle 440 In {luid commumication with the suprachoreidal space, the

aciuation rod 420 can be moved relative to the medicament container 430 from s first
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position to its second position,  With the distal end portion 424 of the actuation rod 420

forming a substantially fluidic seal (ie., a substantially hermetic seal) with an inner surface of
14 it ¥

the medicament container 430, the movement of the actuation rod 420 to its second position

expels the drog formulasion (contained within the bmer volume of the medicament contaimer

430} through the lumen 441 of the needle 440, Thus, the medical injector 400 can deliver the

drag formulation to the SCS of the eve and the drug formolation can flow within the

suprachoroidal space t be delivered to, for example, the posterior region of the cye.

{1188 By adjusting the distance between the distal edge surface of the hub 470 and the
distal end portion 442 of the needle 440 in discrete merements using the adjustment member
423, the distal end pordon 442 of the needle 440 can be placed within the 3CS with more
accuracy snd precision than would otherwise be achioved with a fixed distance therebetween,
For example, in some instances, the adjustment member 423 can be arvanged such that the
first distance ) between the distal end surface of the hub 470 and the distal end portion 442
of the needie 440 is less than the thickness of the sclera. Thus, the adjustment member 423
can be moved to the second configuration t¢ increase the distance between the distal edge
surface of the hub 470 and the distal end portion 442 of the needle 440 {e.g., 1 the second
distance dp) that s greater than the thickness of the sclera, thereby placing the distal end
portion 442 of the needle 440 in contact with the SCS. Moreover, the second distance dy can
ke less than a combined thickness of the sclera and the 8CS such that when the adjustment
member 423 15 moved to the second configuration, the distal end portion 442 of the neadle

440 does not pierce the choroid (e.g., the chorotd 28 of the eve 10 in FIG. 1)

1

{1151} The arrangement of the adjostment member 423, the needle 440, and the ab 470
sllows for control of the effective length of the noedic 440, Accordingly, the medical injector
400 can be used for procedures invelving different portions of 2 targst tissue {e.g,, the eye}
having different thickpesses, Moregover, control over the offective length of the needle 449,
as described hevein, allows the medical injector 400 fo be used on 2 variety of patients having
a range of anatomical differences (e.g., the device can be used in adelt applications and

pediamic applications).

182 The transition of the adjustment mevwber 423 (and any of the needle assemblics
described herein) between the fivst configuration and the second configuration can be
serformed at any suitable tme before and/or during & procedime.  Fur example, In some

cimbodiments, the adjustment member 423 can be ransitioned to the second configuration o
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set and/or adiust the effective length of the needie 440 before nserton of the needle 440 nto
the targei tissoe. The desired effective length of the needle 440 in such embeodiments can be
based on the known thickness of the sclora based on pre-operation measuroments ot the ke,
In other embodiments, however, the adjustment member 422 can be traunsitioned to the
second configuration after the seedle 440 has been nserted into the target tssue. In this
manner, the adiostment member 422 can provide the operator with a mechanism for adjusting
the effeerive length of the needle 440 in discrete fucrements during the procedure {c.g., based

on tactile feedback, optical feadback or the like).

{1193} The medical injector 400 18 shown in FIGS. 19-20 by way of example to provide
context to the proceeding discussion. Tn this manner and for shmplicity, only portions of a
medical ibjector according to specific embodiments are shown. It should be onderstood that
any of the embodimenis described berein can be disposed in & shmiler arrangement as
described above with reference to FIGS. 19-20. Muoreover, while the dolivery device 400 15
shown and described with reference to FIGS. 19-20 as having a particular arrangemeni, the

embodiments deseribed herein can be used with any suitable delivery mechanism or device.

{1104 In some embodiments, 8 sysicm for injecting a medicament fnto ocular Hssue can
inciude a veedle assembly configared to perform any of the functions described herein. In
other embodiments, a needle assembly can be configured to adjust the length and/or insertion
depth of the needle. Referring now to FIGS. 21-33 a system 3000 can inchude at least a
housing 3110, 2 medicament contabvuent charsber 3310, an actuator 3320, and a needle
assembly 3200. The needie assembly 3200 can be configured 10 adjust a length of a
puncturing member 3240 (alao referred o as a delivery member and/or a needle) ncluded in
the needle assembly 3200, as deseribed beoretn. The systom 3000 can be configured to delive

a medicament {0 a layer or region of an oye of patient, for example, o the SCS of the eye.

{1195] The housing 3110 cen include any of the housings described herein and is
configured to receive at least a pordon of the medicament containment chamber 3310, In
some embodiments, the housing 3110 can be substantiaily similar to the housing 110
described with respect to the system 1000, In such embodiments, the housing 3110 can be
configured for manual manipulation of the actuator 3320 t inject the medicament. Tn some
embodiments, an injector assembly can be disposed in the housing 3110, The mjector
assembly can be substantially similar to the injector assembly 2100 or any other injector

assembly described herein, and is therefore not described in forther detail herein,
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{1196} The medicament containment chamber 3310 defines an imernal volume 3316
configured to house & medicament (¢.g., s VEGF, & VEGF mhibitor, triameinclone acetonide,
any other pedicament deseribed herein, or & combination thereof).  The medicanicnt
comainment chamber 3310 mcludes an engagement portion disposed joside the tnternal
votume defined by the housing 311 The medicament containment chamber 3310 also
wcludes a delivery portion disposed ouiside the internal volwge defined by the housing 3110
- and coupled to the needle assembly 3200, The medicament containment chanber 3310 can
be sebstantially similer 16 the medicament containment chamber 1310, 2310 or any other
medicament containment chamber described hersin, and is therefors not described in further

detail herem,

jiiem The acteator 3320 includes an engagement portion and a plunger portion. The
plunger portion is slidably disposed joside the nternal volume 3314 defined by the
medicament containment chamber 3210 and s configured to draw the medicament into or
expel the medicament from the internal volome 3316 defined by the medicament confainment
chamber 3310, The sctuator 3320 can be substantially simifar to the actuator 1320, 2320 oy

any other actustor described herein, and is therefore not described in further detail herein,

{119} As shown in FIG. 22, the needle assembly 3200 includes a housing 3210, a
bearing {or lock ball) 3220, an adjustoent member 3230, a puncturing member 3240, a lead
screw 3242 a bushing 3250, a locking pin 3260, and a hub 327, The needie assembly 3200
is configured to enable lincar transiation of the puncturing member 3240 in fixed and/or
discrete inerements fo allow a user o nsert the punctoring member to 2 destred depth within

the eye, for example, insertion to the depth of the 3CS.

{1199} The bousing 3210 (FEGS. 23A-C, FIGS. 37 and 33} nchudes g proximal portion
3211 and a distal portion 3212, The housing 3210 can be substantially cylindrical in shape
andd tapers towards the distal portion 3212, The housing 3210 defines an internal 3213
volume within which the bearing 3220, the adjustment yoember 3230, at least & portion of the
puncturing member 3240, the lead screw 3242, the bushing 3250, and at least a portion of the
focking pig 3260 can be disposed. The internal volume 3213 defines a substantially circular
crosg-section to allow one or mwore components, for example, the adiustment member 3230
ard/or the lead screw 3242 1o rotate about 2 longiudingl axis Ay of the systern 3000 within

the internal volome 3213, A delivery portion of the medicament contalnment chamber 33K

cant also be disposed in the internal volome 3213, The distal portion 3212 of the housing
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3210 is configured to receive a proximal end 3272 of the hub 3270 (see FIGS. 31A-31C) or
any other hub described herein. Coupling features can be included in the distal portion 3212
0 removably or fixedly couple the proximal end 3272 of the hub 3270, Suitable coupling
faatares cen melude, for example, a fricton it mechanism, threads, a Luer assembly,
adhesive, lock, latch, groove, indems, detents, & snap-fit mechanism, or any other soitable
coupling mechanism. A multiplictty of ridges 3214 are disposed on an outer surface of the
housing 32190, The ridges 3214 can be configured to allow the user 1o ergonomically grip the
housing 3210, for example, when performing an injection of a medicament into the eve. A
window 3216 is defined in the housing 3210, The window 3216 is configured to align with
an intermediate portion 3233 of the adjustment sember 3230, such that the user can sec a sct
of markdngs 3236 defined on an outer surface of the mtermediate portion 3233, The
markings 3236 can indicate a length of the puncturing member 3240 protruding from a distal
end 3274 of the hub 3270, which can correspond to the insertion depth of the punchuing
member 3240 {c.g., a distance that a distal tip of the puncturing member 3240 traverses o
the ceolar tissue). A cavity 3218 is defined in the bousing 3210, The cavity 3218 1
configured to receive the bearing 3220, a biasing member 3221 and a plug 3222, as described
in further detal) herein. A set of through holes 3219 are defined in the sidewsil of th
housing 3210, The locking pin 3260 is inserted through the through holes 3219, such that the
iocking pin passes through the internal vohume 3213 defined by the housing 3210, and at least

a portion of the locking pin 3260 is disposed within the internal vohume 3213,

{12047 The bearing (or lock bally 3220 is disposed in the cavity 3218 of the housing 3210
The bearing can be any suitable bearing, for example, & metallic, plastic, or woodes bearing,
a comtoured cyhindrical member, or any other suitable beating, A first end of the biasing
member 3221 is coupled andior engaged with to the bearing 3220, and a second end of the
biasing member 3221 is coupled to the phug 3222, The biasing member 3221 can include a
spring, for example, helical, compression, extension, spring washers, Belleville washers,
tapered, any other type of spring, or any other suitable biasing member. At least a portion of
the plug 3222 (FIGS. 24A-B) s disposed within the cavity sach that the plog 3222 secures
the biasing member 3221 and the bearing 3220 inside the cavity 3218, The plug 3222 can
mehde a dowme shaped surface with rounded edges. o some embodiments, the plig 3222 can
be fixedly coupled to the cavity 3218, for example, via adhesives. In some embodiments, the
plug 3222 can be removably coupled to the cavity 3218 using 2 sultable coupling mechanism

such as, fr example, friction-fit, threads, grooves, indemts, detents, any cther suitable
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coupling mechanism or combination thereof. The plug 3222 can be configuwred o exert a

force on and/or maintain a position of the biashig member 3221 such that the biasine member
- g e

-~

3221 exerts a force against the bearing 3220, The bearing (or lock ball) 3220 is configured 1o
engage at Jeast one of 2 set of defonts 3235 disposed on a distal portion 3234 of the

adjustment member 3230, The biasing member 3221 biasss the bearing 3220 mward relative

-~

to the detents 3235 such that the bearing 3220 prevenis the adjustment member 3230 from

-

rotating freely relative to the housing 3210 about the longidinal axis Ay of the system 300¢.
In this manner, the bearing 3220 allows a digital length adjustment of a length of the
puncturing member 3240, as described in further detail berein.  Similarly stated, the
engagement of the bearing 3220 in the deteuts 3235 allows the rotational position of the
adjustment member 3230 (and thus the effective length of the puncrwring member 3240} to be

adjusted in discrete increments.

“$i
4

12613 The adjustment member 3230 (FIGS. 25, FIGS, 26A-B, FIG. 33) inclade:
proximal portion 3232, an infermediate portion 3233, and a distal pordon 3234, The
proximal porfion 3232 is coofigured to couple to a delivery portion of the medicament
containment chamber 3310, The proximal portion 3232 can inchide coupling features, for
example. Luer lock connectors, threads, grooves, notches, indents, snap-fit, friction-fit, lock,
fatch, any other suitable coupling features or combination thereof In this manner, the distal
end portion of the medicament contaioment chamber 3310 can be coupled 1o the adiustment
member 3230. In some embodiments, the delivery portion of the medicament contaimment
chamber 3310 can be fixedly coupled to the proximal portion 3232, for example, by an
adhesive.  In other embodiments, the delivery porton of the medicament containment
chamber 33190 can be removably coupled o the proximal portion 3232, for example, to allow
the user to replace the medicament containment chamber 3310 to reuse the needle assembly
3200. In some embodiments, a locking feature (not shown), for cxample, a lock, a laich, or a
friction i, can be inchided in the proximal portion 3232, The locking featwe can be
configured to prevent uncoupling of the delivery portion of the medicament contaimment
chamber 3310 from the proximal portion 3232 of the adiustment member 3230 due to 2
rotation of the medicament containment chamber 3310 (e.g., because of a rotation of the
housing 3310 by the user). For example, @ user can rotate the housing 3310 about the
longitudinal axis Ay of the systemn 3000 wrging the medicament containment chamber 3310
and thereby, the adjustment member 3230 to also rotaie about the longitudinal axiz A, In

this manngr, the adjustment member 3230 can be configured to vary the length of the
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punchring member 3240 protruding throagh the distal end of the 3274 of the bub 3270, a5

described in further desail herein.

{1282} The intermediate portion 3233 of the adjustment member 3230 inciudes markings
3236 corresponding to the length of the punciuring member 3240 protruding through distal
end 3274 the hub 3270, The intermediate portion 3233 i aiigned with the window 3216
mnchided fn the housing 3210 such that the user can see the markings 3236 through the
window 3216 and determine the protruding length of the punctuwring member 3240, This can,
for example, indicate the insertion depth of the puncturing member 3240 into the eve. In
some embodiments, the markings 3236 can indicate a fengih in the range of about 850
microns, 950 microns, [0SO msicrons, 1130 microns, or about 1250 microns. In such
embodiments, the length intervat can be abowt 100 microns. The intermediate portion 3233
also fucludes a fluidic channel 3238 defined thersthrough. The fluidic cannel 3238 can be in
fhuidie commumication with the internal volome 3316 of the medicament containment

chamber 3310,

{1263} The distal portion 3234 is fixedly coupled to 2 proximal portion 3244 of the lead
scrow 3242, For cxample, the proxinal portion 3244 of the lead scrow 3242 can be welded,
bonded, adhered, bolted, riveted, or fivedly movnted using any other coupling mechanism to
e distal portion 3234 of the adjustmoent yperaber 3230, In this manner, a rotation of the
adiostment meomber 3230 can also rotate the lead screw 3242 about the longitudinal axis Ap
of the system 3000, The set of detents 3233 are defined on the ower surface of the distal
portion 3234 and are configured to be enguged by the bearing 3220, as described herein.
Although the lead screw 3242 and the adjostment member 3230 are shown and described ay
being sepavaic compononts that are joined together, in other embodiments, the lead scrow

3242 and the adjustment member 3230 can be monolithically formed.

{12604} The lead screw 324
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3244 and a distal portion 3246, The proximal portion 3244 is fizedly coupled to distal
portion 3234 of the adjustment member 3230, as described herein, The distal portion 3246 i
coupled to a proximal end of the punciuring member 3240 coupled thereto,  The pumcturing

iember 3240 can be a needle {e.g., 2 27 gauge, & 30 gauge, or even smaller needlel, or any
other puncturing member deseribed herein. The puncturing member 3240 defines o lumen
3241 {F1G. 33) configured to fluldically communicate the medicament (6 a target tissoe of the

eye, for example, the SCS. The punctuning member 3240 is fixedly coupled to the lead scrow

h
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3242 by any suitable mechanism. In this manner, a rotation of the adjustment member 3230
and lead screw 3242 aboui the fongitudinal axis Ay, which causes a lincar translation of the
icad screw 3242 along the longitudingl axis Ay, also wrges the puncturing member 3240 to
rotate about or tanslate along the longinudinal axis Ay, respectively. The lead screw 3242
defines a lumen 3247 therethrough, The lumen 3247 15 in fluidic conwnumication with the
fluidic channel 3238 of the adjosiment member 3230 and the lumen 3241 of the puncturing
member 3240, Thus, the fluidic channel 3238 of the adiustment member 3230, and the lomen
3247 of the lead screw 3242 provide a flmdic path for the medicament w be commumicated

etween the internal volome 3316 of the medicament confainment chamber 3310 and the
fumen 3241 of the puncturing membor 3240, for example, delivered 1o o target fayer (e.g., the

5C8) of the eye.

- o

{1205} At least a portion of the outer surface of the lead serew 3242, for example, the
distal portion 3246, wcludes threads 3248, The threads 3248 are configired (o mate with
mating threads 3254 inciuded in the bushing 3230, The bushing 3280 (FIGS. 22, 28A-C,
FId. 33} is finedly disposed inside the internal voluroe 3213 defined by the bousing 3210,
The bushing 32530 defines a humen 3252 configured o receive the distal porgon 3246 of the
fead screw 3242 such that the threads 3248 of the lead screw 3242 are mated with the mating
threads 3254 disposed along the surface of the lumen 3252 of the bushing 3250, Because the
bushing 32350 is fixedly disposed i the housing 3210, a rotation of the adivstment momber
3234 and the lead screw 3242 relative to the housing 3210 about the longitudinal axis Ap
orees the lead scrow 3242 io move linearly relative o the housing 3210 along the
fongitudinel axis Ay of the systom 3000, Each full rotafion of the lead screw 3242 can
correspond to a predeterrained translation distance of the lead screw 3242 and thersby, the
punctaring mesmber 3240, along the longitudinal axis & of the system 3000, In this masuer,
the adjustment member 3230 can be rotated {¢.g., by rotating the housing 3110) to rotate the
lead screw 3230 and thereby, advance or retract a predetermined length of the puncturing

member 3240 from the distal ond 3274 of the hub 3270,

{1286} The locking pin 3260 (F1G. 29) is coupled to a tab 3262, As shown in FIGS. 30A-
C, the tab 3262 inchedes a cavity 3264 configured to receive at least a portion of the locking
pin 3260, In some embadiments, the tab 3262 can be remoevably coupled to the locking pin
3260, for example via, threads, grooves, notebes, Todents, detents, friction fit, or coupled

using any other suitable coupling mechamism. Tn some embodbuents, the tab 3262 can be

h
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fixedly coupled to the locking pin 3260, for example, vie adhesives. At least a portion of the
tab 3262 can be substantially flat.  Although the locking pin 3260 is shown ss being
substantially cylindrical, m other cmbodiments, the locking pin can define & ciecular, oval,
square, rectangular, polvgonal, or any other suitable cross section. The locking pin 3260 is
configured fo be inserted {hrough and/or within the through holes 3219 of the housing 3214,
such that 2t least a portion of the locking pin 3260 i disposed in the iniernal volume 3213

defined by the heusing 3216,

{1247} The locking pin 3260 is configured to be moved from a first configuration (or
position} and a second configuration {or position). To the first configuration, the locking pin
3260 15 inserted through the through holes 3219 and at least a portion of the locking pin 3260

-

is disposed in proximity of the intermediate portion 3233 of the adiustment member 3230, In
the first configuration, the locking pin 3260 is configured to prevent a rotation of the
adjustment member 3230 relative to the housing 3210, and thereby, the lead acrew 3242,
Thus, when the locking pin 3260 is in the first configuration, movement of the puscturing
member 3240 along the longuudinal axis A of the systerm 3000 distally relative to the
medicament contatuent chamber 3310, for example, because of the rotation of the
adjustment mesber 3260, 13 Hmited. In a second configuration, the sser can pull the tab
3262 and thereby the locking pin 3260 out of the throough holes 3219 and the internal volume
3213. Thus, in the second configuration the adjustment member 3230 can be free o rotate
relative to the hooesing 3210, and thus move linearly along ihe longitudinal axis Ag, for
example, to advance a length of the puncturing member 3240 from a distal end 3274 of the
bub 3270, Said another way, the locking pin 3260 can serve as a safety mechanism to
prevent accidental activation of the needie assembly 3200 and prevent advancement of the

punctaring member 3260 out of the distal end 3274 of the hub 3270

{1268} The hub 3270 includes a proxumal portion 3272 and a distal portion 3274, The
proximal poriion 3272 is configured to be coupled 1o the distal portion 3214 of the housing
3210 (or any other housing defined herein) wsing any suitable coupling mechanism, for
exampie, friction-fit, threads, snap-fit, notches, grooves, ndents, detents, any other suitable
coupling mechanism or combination thereof The hub 3270 defines a lumen 3276
therethrough. At ieast a portion of the puncturing member 3240 (or any other punchuring
meniber described herein) can be disposed in the fumen 3276, and can be configured fo

advance through the fumen 3276 out of the distal end 3274, The distal end 3274 of the hub

i
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270 is substantially flat, and is configured to contact an outer surface of the conjunctiva of
the eve. Although the Bub 3270 is shown and described as having a fiat distal end {or

“contact”) surface, in some ombediments, a distal portion of a hwb can define substantially

convex of corved surface, as described in further detail herein,

1265 fn operation, the needle assembly 3200 is configared to allow @ user to adjust a
fength of the puncturing member 3240 emerging from the distal end of the hub 3270, FIG.

2 shows & perspective view of the needle assembly 3200 and FIG. 33 shows a cross-section
of the needle assembly 3200 taken along the Jine 33-33, While shown as including the hub
3270, any other hub can be coupled o the distal end 3212 of the housing 3210, for example,
the hob 7270, 8270, 9270, or any other hub described herein. The proximal portion 3232 of
the adjusument member 3230 can be coupled o the defivery portion 3314 of the medicamen
containment chamber 3310, In a first configuration, a first length of the puncturing membe:
3240 can be protruding from the distal end 5274 of the bub 5270, for example, about 8§30
microns, This information can be commusicated o the user via the markings 3236 visible to
the user through the window 3216, At feast a portion of the bearing 3220 is disposed n a
first inderd 3235 defined on the outer surface of the distal portion 3234 of the adjustment
member 3230, The bearing 3220 is biased against the first indent 3235 by the blasing
member 3221, and prevents any inadvertent rotation of the adjustment member 3270, thus
maintaining the position of adjustment member 32300 In the first configuration, the
puncaring member 3240 can protrude a known distance from the distal end 3274 of the hab,

for cxample a length of about 850 microns.

{1218}  To enable actuation of the needle assembly 3200, the user can remove the locking
pin 3260 by poliing on the tab 3262 fo remove the locking pin 3260 from the bousing 3210
The user ther disposes the distal end 3774 of the hub 3270 against the ower surface of the
conjunctiva of the eve. which results in the fminal length of the puncturing member 3240
being mserted into the eye. Shmilarly stated, the user can apply a distal force on the systern
3000 such that a distal end of the punciuring member 3240 pierces the conjunciiva and is
disposed | an ocular tissue layer below the coujunctiva, for example, the sclera. The user
can then determine, using any suitable technigue, if a distal end of the puncawing member
3240 is within or otherwise near a target laver, for example, the SCS of the eye. In some
ewbodiments, the user can doterming that the distal end of the punctusing member 3244 is not

n a target layer of the eve, for example, the SCS. For example, in some embodivients, a
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refative thickness of the ocudar tissae lavers can be known to the user via prior visualization
iechniques. 1n other embodiments the system 3000 can include an injection assembly, for
example, the injcctton assembly 111, 2100, or any other injection assembly described herein,
which can be activated and thereby inform the user that the distal end of the puncturing
member 3240 15 not in the warget layer, as described before hereim.  More particularly,
because the injection assembly provides an “injection assist” force within a predetermined
range, when the end of the puncturing member 3240 has not reached the SC8, actuation of
the jection assembly will not result in movement of the plug within the medicament
containment chamber, Thus, the user will receive feedback that the punciuring member 3240

is not In the target region (i.c., by not seeing any movement of the plug).

{1211} To move the needie assembly 3200 o a socond configuration, the user can apply a
first torque 10 rotate or otherwise twist the medicament containunent chamber 3310 such that
the adjustment member 3230 rotates relative 1o the housing 3210 about the fongitudinal axis
The first torqoe can urge the bearing 3220 to shide out of the first indent 3235 such that

the adjpstment member 3238 is free to rotate by application of a second torgue substantially
smaller than the first tovque.  The rotation of the adjustment member 3230 wges the lead
screw 3242 to also rotate in the bushing 3250, Since the bushing 3250 is fixedly disposed in
the internal volame 3213 of the housing 3210, the lead screw 3242 translates limearly along
the fongitudinal axis A, This urges the pusciuring member 3240 so also transhate and
advance deeper into the ocular tissue layers. The adjostment member 3230 can be rotated
antil the bearing 3220 approaches a second indent 3235 of the set of the indents 3235. At
least a portion of the bearing 3220 rooves o the second indent 3235 and thus provenis
further rotation of the adjustment member 3230 by the second torque.  Each indent 3235 can
correspond 1o predetermined length of the puncturing member 3240 protruding through the
distal end 3274 of the hub 3270, For example, the second indent 3235 can correspond to 2
profrusion length of the puncturing member 3240 of about 250 microns. A third indent 3235
can correspond 10 a protrusion length of the puncmring member 3240 of about 1050 microns,
and so on. Thas, in some embodiments, each indent 3235 can correspond 10 a difference in
protrusion length of {he puncturing member 3240 of about 100 microns, Since, in the second
configuration, the bearing 3220 is disposed i the second indenmt 3235, the adipstment
ember 3230 can no longer be rotated by application of the second iorgue. The user can now
apply a third torque, greater than the second torque {(e.g., substantially egual to the first

torque) to further rofte the adjusiment member 3230, thereby increasing the protrusion
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length or otherwise ingertion depth of the punchuring member 3240, In this manner, the
needle assemibrly 3200 can serve as a dighial length adjostment mechanism o allow the user to
adjust a protrusion length or otherwise msertion dopth of the puncturing member 3240 in
discrete increments, reliably and repeatably.  Furthermore, the different torgues required for
rotation of the adjusiment member 3240 at different positions of the hearing 3220 relative o
the indents 3235, also provide o tactile foedback o the user in adjusting the protuding length

or otherwise insertion depth of the puncturing member 3240,

{12124 In some embodiments, & device inchales an adiustment member configured o
move relative to 2 hub and/or 3 punctare member, Moreover, although being described above
as transtfionable between a fist configuration and a second configuration, W some
embodiments, an adjusiment member can be transitionable between any number of
cosfigurations and/or positions. For example, FIGS. 34-36 are schematic iHustrations of a
portion of a delivery device according to an embodiment. As shown in FIG. 34, a hub 4270
is coupled to a puncture member 4240 and an adjustment member 4230, The hob 4270 has 2
proximsl end portion 4277 and a distal end portion 4272, The proximal eud portion 4271 can
be physically and fludically coupled 1o 8 fluid reservoir such as, for example, the housing
4230 of the delivery device 400, 100, 1000, 2000, 3000, or any other delivery device or

>

medical injector described herein). Although not shown in FIGS 34-36, the proximal end
poriion 4271 of the bub 4270 can be coupled 10 a housing of a delivery device using any
suitable coupling method such as, for example, & press fit, a soap {it, a threaded coupling, a
Luer connection, 2 mechanical fastencr, an adhesive, and/or the ke, In other embodiments,
the hub 4270 can be monolithically formed with a housing of & delivery device. For cxample,
the hub 4270 can be included in and/or form distal end portion of a h@usn‘:g, {e.g., the medical
containmeni chamber [310, 2310, 3310, or any other medical contatament chamber described
herciny. Thus, an inner volume of the hub 4270 can be placed in fluid conummication with a
drag formulation contained within a floid reservolr (e.g., & medicament container or the hke

not shown i FIGS, 34-363,

{12134 As shown in FIG. 34, the distal end portion 4272 of the hub 4270 mehudes a
substantially clongaie portion that includes a set of aumudar walls 4274, As desoribed I
further detail herein, the annular walls 4274 have an outer surface 4273 that mchades and/or
forms a sct of threads 4277 that are configured to engage a portion of the adjustment nmember

4230, The annular walls 4274 define a lumen 4276 that extends through the distal end
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portion 4272 of the hub 4270, The fumen 4276 is configured to receive a portion of the
punchare member 4240 to physically and fluidically couple the puncuire momber 4240 o the

hab 4270

{1314} The puncture member 4240 {(also reforred 1o herein as “microncedie™ can be
configured to punctare and/or penstrate a portion of the eye to deliver a drug fornudation to,
for example, the suprachoroidal space. Tn some embodiments, the punctare member 4240
can be a 3Z-gauge micropeedie or a 34-gauge microneedle. The micronsedie 4240 bas a
proxiraad ond portton 4242 and & distal end portion 4244, and defines a lumen 4241, As
shown n FIG, 34, the proximal end portion 4242 s disposed within the hamen 4276 of the
hub 4270, For example, in some embodiments, the hub 4270 can be over-molded aboul the
proximai end porticn 4242 of the punclure member 4240, In other embodiments, the hub
4270 and the puncture member 4240 can be monolithically formed {e.g., the punctre
member 4240 can be a microcatheter or the like that is uniiarily formed with the hub 4270).
Therefore, with the hub 4270 physically and fluidically coupled o a housing or fluid

cservolr (as doscribed above), the lumen 4241 of the puncture member 4248 can be placed in

fluid communication with a drog formulation contained therein.

{1215]  As described above, the hwmen 4241 of the puncture member 4240 exionds
through the proximal end portion 4242 aud the distal end portion 4244, In this manner, the
hemen 4241 can be placed in fluid communication with a volume substantially ouiside the
microneedie 4240, The distal end portion 4244 can be any suitable shape, size, or
configuration, For example, in some embodiments, the distal end portion 4244 can form
bevel or the like. In some embodiments, the distal end portion 4244 can be sobstantially
similar fo or the same as those described i the *009 PCT application icorporated by
reference above. In this manner, the distal end portion 4244 of the puncture meraber 4240
can be configored to pierce an coular tissue while minmizing deformation of the tissue at the

nseriion site,

{1216}  As shown, the microneedle 4240 extends from the distal end portion 4272 of the
hub 4270 in the distal dicection. In this manner, the microneedle 4240 can have a shaft length
H between a distal edge 4245 of the punciure member 4240 and a distal surface of the bub
4270, The shaft length H can be any suitable length, For example, in some embodiments,
the shaft length H can substantially cosrespond to at least 2 portion of the eve. In some

embodiments, the shaft lengih H can be such that when the microneedic 4240 is inserted into

&0
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the eye, the distal end portion 4244 of the microneedie 4240 s disposed within the
suprachoroidal space without puncnuring the choroid. By way of example, the shaft length H
of the microncedie 4240 can be about 1000 pm or less, about 200 um or less, about 850 pm
or less, about 800 o or less, about 750 wm or lesy, about 700 pm oy less, about 654 um oy
fess, or about 600 pm or Jess. In some embodiments, the shaft length H of the microneedie
4240 can be about 750 um. in other embodiments, the shaft length of the microneedle 4240

can be about 800 po, or about RS0 um, or about 960 pm, or about 950 pm, or about { vum,

{1217} The adfustment member 4230 can be any suitable shape, size, or configuration and
can be movably disposed about 2 portion of the hub 4270 and the puncture member 4240,
The adjustment member 4230 has a proximal end portion 4231 and a distal end potion 4232
and defines an opening 4236 therethrough. Moreover, the adjustment member 4230 includes
an fnner surface 4235 inclades and/or forms a set of threads 4237 that can matingly engage
the threads 4277 of the b 4270 (described above). In this manner, the distal end porticn
4272 of the hob 4270 can be movably disposcd within a portion of the opening 4236, For
example, with the distal end portion 4272 of the hub 4270 disposed within the portion of the
opening 4236, the adjustment member 4230 can be rotated relative to the hub 4270 o
advance the threads 4237 of the adjustroent member 4230 along a length of the threads 4277
of the hub 4270, Thus, the adjostment member 4230 can be moved between & first position
relative to the hwb 4270 (e.g., a distal position, see e.g., FIGS. 34 and 35) and 2 second
position relative 1o the hub 4270 (e.g., a proximal position, see eg., FIG. 36), Moreover, the
adjustment member 4230 cas be moved to any nomber of different positions relative to the

fub 4270,

{1218} The arrangement of the hub 4270, the adjustment member 4230 and the puncture
member 4240 is such that z portion of the puncture member 4240 s disposed within the
opening 4236 defined by the adjustment member 4230 while the distal end portion 4244 of
the puncture member 4240 extends beyond a distal surface 4234 of the adjustment member
4234, For example, as shown in FIG. 34, the distal end portion 4244 of the puncture member
4240 can extend a distance Dy (also reforred w as an effective length of the puncture member
310} from the distal surface 4234 of the adjosiment member 4230, Similarly stated, the distal
edge 4245 of the puncturc member 4240 is spaced apart from the distal surface of the
adjustinent member 4230 by the distance Dy, Thus, when the adjustment member 4230 is

moved a given distance relative to the hab 4270, the effective fength of the puncture member
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4244 (ie., the distance D) Is chzmge.d by a comresponding distance. By way of example,
while the adjustment member 4230 is in the first position relative to the hub 4270 (e.g., the
distal position}, the distance [, can be, for cxample, 350 wm and when the adjustment
member 4230 is moved o the secoud position relative to the hub 4270 (e.g., the proximal
position}, the distance D can be increased to, for example, 650 win. In other embodiments,
the distence I3 can be increased to, for cxa}'npie, 560 wm, S50 pm, 660 wm, 700 pm, 750 wm,

800 g, 850 wm, 900 wm, 954 wm, or any suitable fraction thereof.

{1218} As shown in FIGS. 35 and 36, in use, a wser {e.g., a doctor, technician, nurse,
physician, ophthalmologist, e1c.) cun manipulate a delivery device (not shown) 1o insert the
puncture member 4244 into, for example, 8 portion of the eye 10, In this manner, the distal
end portion 4244 of the puncture member 4240 can be advanced through a portion of the
sclera 20 until the distal surface 4234 of the adjustment member 4230 s placed in contact
with an ooter surface of the selera 20, With the adjustment member 4230 in the first
configuration, the distance Dy (e.g., the first distance) between the distal surface 4234 of the
adjustment member 4230 and the distal edge 4245 of the puncture member 4240 can
substantially depend on and/or be associated with the thickness of the sclera 20, For
example, In some embodiments, when the adjustment wmember 4230 is in the first

configuration, the distance Dy (FIG. 34) between the adjustment member 4230 and the distal
edge 4245 can be abowt 430 pm. In other embodiments, the distance £ when the adjustment
member 4230 i3 in the first configuration can be about 350 wm, 400 um, 500 wm, 550 pm,
630 pm, 650 um, 700 pm, 750 wm, or any fraction therebetween, In still other embodiments,
the distance D when the adjustment member 4230 is in the first configuration can be less
than 350 wn. In this mamer, the distal edge 4245 of the punctime member 4240 can be
disposed within the sclera 20, ay shown in FIG. 35, While shown it FIG. 25 as being
disposed entirely in the sclera 20, in other embodiments, at least a portion of the distal edge

4245 can be disposed within the suprachoroidal space 36,

{12284 The adjustment member 4230 can be moved from s first position relative 1o the
hub 4270 fo its second posttion relative 1o the hub 4270 10 increase the distance Dy (FIG. 34)
between the adjustment member 4230 and the distal edge 4245 of the puncture member 4240
from the first distance (FIG. 35) te a scoond distance, as shown i FIG. 36, For example, in
some embodiments, a user can manipulate a grip portion {(e.g., & textured finish and/or a set of

handies, ribs, detents, grooves, efe.) of the adjusiment member 4230 to rotate the adjustent
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member 4230 relative w0 the hub 4270, ag indicated by the wrow AA in FIG. 36, In this
manner, the threads 4237 of the adjustinent member 4230 are advanced along a length of the
threads 4277 of the hub 4270, Thus, the hub 4270 s moved in a distal direction relative to
the adjustrnent member 4230 such that the adjustment member 4230 s placed its second
position relative 1o the hub 4270, as indicated by the arrow BB n FIG. 36. The movement of
the adjustment member 423G can be performed at any suiiable time, lLe., either before or

while the punchure member 4240 s disposed within the sclera 20.

{1224} Expanding further, by rotating the adjustment member 4230 relative to the hub
4270 {as fndicated by the arrow AAY, the adiustment member 4230 s placed in ity second
position relative to the hub 4270, Thes, with the adiustment member 4230 in the second
position, the distance I (FIG. 34) is incressed between the distal surface 4234 of the
adjustment member 4230 and the distal edge 4245 of the puncrure member 4240 {e.g., to the

second distance). In some embodiments, the distance Dy can be increased o about 500 wm.

In other embodiments, the distance Iy can be increased o about 650 pm, 700 um, 750 pm,
800 um, 850 wm, 900 wm, 950 wm, 1000 wm, or any fraction thercbetween, In still other
embodiments, the distance D can be increased 1o less that 600 wm (e.g., such as, for

example, in use on pediatric eyes).

{1222} As shown m FIG. 36, the distal movement of the hub 4270 can aliow the distal
end portion 4244 of the puncture member 4240 (e.g., in a distal direction) to be moved
distally refative to the sclera 20 to place the lumen 4241 of the puncture member 4240 in
flaid covpvunication with the suprachoroidal space 36, With the lumen 4241 of the puncture
member 4240 in fluid commmumication with the supsachoroidal space 36, a drug formuiation
{contained within a fhuld reservolr that is in fludd communication with the lumen 4241, for
cxample, as described above with roference to the medical injoctor 400 of FIGS. 19-20) can
bo expelied thwough the lumen 4241 of the punchwe member 4240 and o the
suprachoroidal space 36 of the eve 10, Tn this manner, the drug formelation can flow within
the suprachoroidal space 36 to be delivered to, for example, the posterior region of the eye
{2.g., the posterior region 14 of the eye 10 W FIG. 1), Moreover, with the adjustment

o~

member 4234} in the second configuration, the distance between the diswl surface 4234 of the

g

adjustment member 4230 and tho distal odge 4245 of the puncture member 4240 {c.g., the

sEvs

oy

distance Dy in FIG. 34) can be less than a combined thickness of the sciera 20 and the
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suprachoroidal space 36 such that the distal end portion 4244 of the punchre member 4240

does pot picrce the choroid 2%,

{1223} in some embodimexs, the relative position of the distal edge 4245 of the puncture
member 4240 within the eye can be localized (e.g., determined, reafized, ete.) via any suitable
1ethod. For example, in some instances, the amount of force exerted 1o advance the distal
edge 4245 of the puncture member 4240 through the a 20 can be greater than an amount
of force exerted to advance the distal edge 4245 through the suprachoroidal space 36, Thus,
reduction in the amount of force that is exerted to advance the distal cud portion 4244 of the
punctore member 4240 can indicate to 2 user the refative position of the distal edge 4245 of
the puncture member 4240 in the sye. In some instances, imagining technigues (e.g.,
flvoroscopy, X-ray Computed Tomography (CT) scans, or the like) can be vsed fo provide an
indication of the relative position of the distal edge 4245 with respect to the anatomy of the

target tissue.

{1224§ Although not shown in FIGS. 34-36, in some erobodiments, the bub 4270 snd/or
the adjustment member 4230 can provide an indicator associated with the distance I
between the adiustment moember 4230 and the distal edge 4245 of the puncture momber 4240,
in some embodiments, the indicator can be a visual ndicator such as a measuring scale or ¢

fike. For exarople, @ some enmbodiments, the puncture member 4240 can inclade indicia
{e.g., Hnes, markings, tic marks, etc.) that represents a gradation of a length of the puncture
member 4240 associated with the distance Dy between the distal surface 4234 of the
adiustment member 4230 and the distal edge 4245 of the puncture member 4240, In some
embodiments, the markings can represent distances of 100 nxcrons or less. In this manner, a
user cap view the indicia to detormine, for example, a change in the distance D; that would
otherwise be indeterminate. In other embodiments, the adjustment momber 4230 and/or the

~1N

hub 4270 can produce a audible or haptic mdicator such as, for example, a “clicking”™ sound

or the tike.

{1225} Although the adjustment member 4230 is described above with reference to FIGS.
34-3¢ as rotating about the hob 4270 to change the distance {e.g., ibe distance Dy in FIG. 34
between the distal surface 4234 of the adjustment member 4230 and the distal edge 4245 of
the puncture member 4240, in other embodiments, av adjustment member can be ransitioned
relative 10 a hub in any suitable manner. For example, in some embodiments, an outer

surface of & lwb can include a set of protrusions that can engage a set of detents defined by an
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inner surface of an adjustment member (01 vice versa). In such embodiments, the adjustment
member can be moved linearly relative to the hub such that the detents of the adjustment

member sequentially cngage the protrusions of the hub,

{1228} FIG. 37 is a schematic illustration of a portion of a delivery device according 10 an
embodiment.  As shown, a hub 5270 i coupled to a puncture member 5240 and ap
adjestment memtber $230. The bub S270 has a proximal end portion 5271 and a distal end
portion 5272, The proximal end portion S271 can be physically and fhudically coupled to =
fluid reservolr such as, for example, the medicament container 430 of the medical byjector
400 described above with reference o FIGS. 19-20, or any other medicament container
deseribed berein. Althoogh not shown in FIG. 37, the proximal end portion 5271 of the hub
5270 can be coupled to a housing (e.g.. a medicament container) of a delivery device using
any suitable coupling method such as, for example, a press fit, a snep fit, 2 threaded coupling,
a Loer commection, a mechanical fasfener, an adhesive, and/or the Bike. Tn other
embodiments, the hub 5270 can be monolithically formed with a housing of a delivery
device. For exanple, the hub 5270 can be included in and/or form a distal end portion of a
housing {e.g., distal end portion 434 of the medicament container 430). Thus, an inmer
voluroe of the heb 5270 can be placed in fluid commumication with a drag fornulation
coptaingd within a fluid reservolr {o.g., a medicament container), as described above
reference 10 the hub 4270 of FIGE. 34-36. As shown in FIG. 37, the distal end portion 3272
of the hub 5270 can be & substantially elongate portien that includes and/or is formed fom a
st of anmular walls 5274, As described in further detail herein, the annular walls 5274 define
a fumen 5276 that extends through the distal end portion 5272 of the hub 5276, The lumen
5276 s configured to receive a portion of the punchwe member 3240 w physically and

fluidically couple the puncture member 5240 {0 the hub 5270,

{1320 The puncture member 5240 (also referred to herein as “microneedie™) can be

T

configured to puncture and/or penctrate a portion of the eye to deliver a drug formulation fo,

for example, the suprachorpidal space. The microneedle 5240 has a proximal end portion
5242 and a distal end portion 5244, and defines 2 lumen 5241, As shown in FIG. 37, the

proximal end portion 5242 s disposed within the lomen 5276 of the hob 5270, For example,
in some embodiments, the bob 5270 can be over-molded about the proximal end portion 5242
of the puncture mentber 5240, In other embodiments, the hub 5270 and the puscture mewmber

5244 can be monolithically formed {e.2., the puncture member 5240 can be a microcathetes



WO 2014/179698 PCT/US2014/036590

or the like thet is wnitarily formed with the hub 52703, Therefore, with the hab 5270
physically and fluidically coupled o a housing or fleid reservoir (as described above), the
fumen 5241 of the puncture member 5240 can be placed I fluid conumumication with & drug

formulation contained therein.

{1218} As shown, the microneedle 5240 exiends from the distal end portion 5277 of the
hub 5270 in the distal divection. Tn this manner, the microneedle S240 can have a shaft length
H between a distal edge 5245 of the puncture member 5240 and a distal surface of the hub
3270, In this mannge, the puncture member 5240 can be substantially simifar to or the same
as the puncture member 4240 described above with reference to FIGS. 34-46, Thus, portions

of the ponctave member S240 are not deseribed m further detatl herein.

{12291 The adjustment member 5230 can be any suitable shape, size, or configuration and
is frapsitionable between a first configoration and a second cosfiguration. The adjustment

-

member 5230 is coupied to the distal end portion 5272 of the hub 5270, For example, in
some embodiments, the adjustment mewber 5230 can be coupled 1 the hub 3270 via a press
fit, a snap ¢, a threaded coupling, mechanical fastener, an adhesive, and/or the like, In other
embodiments, the adjustment member $230 can be disposed about s portion of the puncture

member 5240 such that a portion of the adjustment member 5230 is in contact with the distal
end portion 3272 of the hub 5270 (e.g., adjacent 10 yet not coupled to the hub 5270). 1o this
manner, the hub 5270 and the puncture member 5240 can be reusable (after sterilization) and

can be temporarily coupled to a disposable adjustment member 5230, In some embodiments,
the adjustoent member 53230 and the hub 5270 can be monolithically formed.  In some
embodiments, the adjustment member 5230 can be over-molded about the distal end portion
5272 of the hub 3270, For example, in some cmbodimenis, the hob 3270 can be formed from
a relatively rigid material such as & metal or hard plastic and can act as = subsivate about
which the adjustment member 5230 is molded {e.g., from a relatively soft material such as an
clastomeric matertal, thermoplastc, rubber, silicons, or the ike). As shown in FIG. 37, when
the adjustment member 5230 is in the first configuration, the adjustment member 3230 has a
thickness T, In some embodiments, the thickness Ty of the adjustment member 460 can be,
for example, about 25 wm, SO pm, 100 pm, 400 wm, or any suitable fraction therebetween. In
other embodiments, the adjustment member $230 can have a thickness Ty that is greater than
400 wou In other embodiments, the overall thickness T, of the adjustment member 5230 can

Pk ¥

he fess than sbout 25 pm.
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{12341 The adjustment member 5230 is removably disposed about a portion of the
ponciure member 5240, More specifically, the puncture member 5240 can exiend in the
distal divection from the bub 5270 such that a portion of the punciure member 5240 extends
through the adjustment member 5230, For example, as shown in FIG. 37, the distal end
porfion 5244 of the punchure member S244 can extend a distance (Le., D or D3} from a distal
surface 5234 of the adjushment member 5230, Similarly stated, the distal edge 5245 of the
puncture member 5240 is spaced apart from the distal surface 5234 of the adiustment member

5236 by the distance Dy (also referred to as an effective length of the puncture member 52403,
As described above, the adjustment member 5240 can be transitionsd between a first
configuration and a sceond configuration. More specificslly, the first configuration can be
associated with the fust thickness Tp of the adiustment member 3230 and the second
configaration can be associated with @ second thickness Ta Thus, when the adiustment

member 3230 is moved from the first configuration to the second configuration (e.g., from
tho first thickness T to the second thickness T2}, the cffective length of the punciure member
5240 between the distal edge 3248 of the puncture miember 5240 and the distal surface 5234
of the adjustment member 5230 is ncreased by a corresponding distance {2.2., increased from
the first distance Dy t0 2 sccond distance ). Similarly stated, the nominaf change in the
thickness from the first thickuess T to the thickness Ty substantially corresponds with {or s
the same as) the nominal change in distance from the first distance Dy 10 the second distance
D5 By way of example, while the ac:ij ustment mamber 5230 is in the first configuration, the
first thickness T can be, for example, 250 po and the first distance 3o can be, for example,
about 450 um. When the adjustment member 5230 is moved to the second configuration, the
second thickness Ty of the adjusunent member 5230 can be, for example, 100 pm and the

second distance Ik can be, for example, abouoi 600 pm,

{3231} In use, a user (o.g., a doctor, technician, nurse, physician, ophthalmologist, cic.)
can manipulate & debivery device (not shown) 1o Wnsert the puncture mersber 3240 into, for

example, a portion of the eye {e.g., the eve 10 shown in FIG, 1), T this manner, the distal
end portion 5244 of the puncture member 5240 can be advanced through a postion of the
sclera until the distal surface 5234 of the adjustment member $230 is placed in contact with
an outer surface of the sclera, With the adiustroend memiber 5230 n the first configuration,
the distance D {e.g., the first distance) between the distal sorface 3234 of the adjustment
nember 5230 and the distal edge 5245 of the puncture member 5240 can sobsiantially

depend on and/or can be associsted with the thickness of the sclera. For oxarople, in some
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embodiments, when the adjostment member 5230 is in the first configaration, the distance Dy
between the distal surface 5234 of the adjustment member 5230 and the distal edge 5245 can
be about 350 prr. In other embodiments, the distance D; when the adjustracnt member 5230
is in the first configuration can be about 354 wm, 400 yom, 456 wm, 500 wm, 600 pos, 650 pm,
U0 s, 750 wm, 806G pm, B50 g, 900 pm, 950 pm, 1000 wm, or any fraction therebetween.
in still other embodiments, the distance Dy when the adjustment member 5230 is in the first

configuration can be less than abowt 350 wmy  In this manner, a distal edge 5245 of th

&

punciure member 5240 can be disposed within the sclera {e.g., the sclera 20 of the eve 10 10

FIG. 1)

{1232 The adjustment member 5230 can be moved from its first configuration to its
second confipuration to increase the distance between the diswal sorface 5234 of the
adjustment member 5230 and the distal edge 5245 of the punciure member 5240 from the
fiest (Gistance Dy 10 the scoond distence Da. For example, In some Instances, a user can excrt a
force {cither directly or indirecily) on the hub 5270 to advence the puncture member 5240
refative to the eye. With the distal surface 3234 of the adjusiment member 5230 in contact
with an outer surface of the sclera, the force exerted on the hub 5270 can be operable in

-

compressing the adjustment member 5230 from the first thickness T {0 the second thickness
Ty Thus, the adinstment member S230 is placed in the second configuration and the distance
between the distal surface 5234 of the adiustment member 5230 is increased from the first
fistance Tt he second distance Da. For exampie, in some the s d distanc

grstance 13 to the seoond distance i, I'OF exampie, M some nstances, the second distane

D can be about A0 upi.  In other embodiments, the second distance D can be abouot 630
wis, 700 pm, 750 pon, 800 wm, 850 m, 900 pm, 950 ww, 1000 pm, or any fraction
therebetween. In still other embodiments, the sccond distance D can be increased to less

than about 600 pm (e.£.. such us, for example, 1n use on pediatric eyes).

{12334 As described above with reference to FiG. 36, the movement of the adjustment

member 5230 to the second configuration can be such that further movement of the puncture

member 5240 (e.g., in a distal divection) relative ic the sclera places the lumen 5241 of the

punctore member 5240 m fluid compumication with the suprachoroidal space {eg., the

suprachoroidal space 36 of the eye 10 in FIG. 1) Similarly stated, the increase in distance

from the first distance Dy to the second distance Dk can be sufficienily large to extond the
¢

distal edge 5245 of the puncture member 5240 through the sclera such that the lumen 5241 is

placed in fhuid comammication with the suprachoroidal space. With the fumen 5241 of the
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punetire member 5240 i fluid communication with the suprechoroidal space, a drug
formmwlation (contained within a fluid reservolr as deseribed above with reference to FIG. 36)
can be expelled through the tumen 3241 of the puncture member 5244 and into the
suprachoroidal space of the eye. In this manner, the drug formulation can flow within the

suprachoroidal space to be delivered to, fur example, the posterior region of the eve (e.g., the

o

r3

posterior region 14 of the eve 10 in FIG. 1), Moreover, with the adiustment member 5230 in
the second covfiguration, the distavee between the distal swiace 5234 of the adjustment
member 5230 and the disial edge 5245 of the puncture member 3230 (e.g., the second
distance Da) can be less than a combined thickness of the sclera and the suprachoreidal space
such that the distal end portion 3244 of the puscrure mombor 5240 does not pierce the

choroid.

11234} In addition to adjusting and/or controlling the effective length of the puncture
member 3240 to cnhance the likelihood that the himen $241 is placed tn fhuld commumication
with the desired region of the target dssue {¢.g., the suprachernidal space of the eye), in some
embodiments, the adjustioent member 5230 (and any of the adiustment members shown and
described heren) can form a substarfially fluid-tight seal and/or 2 substansially hquid-tght
seal with the outer surface of the target tissue {e.g, the conjuncliva of the eve). In this
manner, feakage of the injected medicament along the needle track during the injection event
can be reduced and/or elivinated. Expanding further, in some embodiments, the anatomy of
the target tissae and/or the arrangement of the delivery device can be such that, in use, &
portion of the opening of the lumen 5241 may be placed in fhuid communication with the
suprachorcidal space 36 of the eye, while ancther portion of the opening of the lumep 5241
may be positioned within the sclera 20, Thus, when the drug forraulation ks conveyed into
the eye via the puncture member 5240, a porton of the drug formulation maey be prone 10
migrating away from the desired region (c.g., the suprachorcidal space 363 and out of the eve

via the needie ack, By forming a substantially fluid-tight seal and/or 2 substantially hquld

tight seal, the adjustment member 5230 can produce an ares of high resistance to flow, thus

minimizing and/or eliminating the flow migration and/or leakage.

‘

{1235] Although the adjustaent mernbe s described above as being constracted
from a relatively soft material, which can be well suited to forming a fluid-tight scal, in some
embodiments, the adjusiment member 3230 can be constructed from multiple materials, For

2

exanmple, 0 some embodiments, the distal end surface 5234 of the adjustmem member 5230
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can be constructed from and/or can include 2 layer or portion consiructed from a material
formulated to form o substantially fhdd-dght seal with the ooter surface of the target tssue

{2.g., the conjunctiva),

{1236} Although oot shown in FIG. 37, in some embodiments, the adjustment meoiber
5230 and/or the puncture member 5240 can inclade a locking feature that can be configured
1o at feast temporarily retain the adjostment member $S230 In the second configuration. For
example, in some embodiments, the puncture member 5240 and/or hub 5270 can inclade one
or more detents, grooves, profrusions, otc. that can matingly engage s portion of the
adjustment member 5238 1o retain the adjustment member 5230 In the second configuration.
Maore specifically, in some embodimems, (he adjustment member 5230 can nchude a set of
profrusions (not shown) that extend from the adjustmaent member toward the puncture
member 5240, In such embodbuents, the adjustment member 5230 can be moved to the
second configuration to deercase the thickness of the adiustment member (8s described
above). In this manner, the protrusions can move along a surface of the puncture member
5240 while the adjustment member 523{ is being moved to the second configuration. Once
he adjustment member 3230 18 i the second counfiguration, the prowusions can matingly
engage a set of detents that can at least temporarily retain the protrusions therein. Thus, the
adjustment member 3238 can be at least temporarily locked in the second configuration. In
other embodiments, the adjustment member 5230 and the punciure menmber 5240 do not
nchude @ locking feature and a user can exert a substantally constant force to vetain th

adjustment member 5230 in the second configuration.

{1237} In some embodiments, the punctare member 5240 and/or the adjustment mermber
5230 can include a visval indicator thai is associated with the distance between the distal
surface 5234 of the adjustment member 5230 and the distal edge 5245 of the puncture
menber 5240, For example, in some cmbodiments, the pumeture member 5240 can nclude a
measuremient indicator.  In such embodiments, a user delermine the distance between the
distal surface 3234 of the adjustment member 5230 and the distal edge 5245 of the puncrure

member 5240 by visually inspecting the measurement ndicator,

11238} FIG. 38 is a schematic illustration of & portion of a delivery device according to an
embodiment.  As shown, a hub 6270 i coupled 0 & punciure member 6240 and ap

adjus;i}'neﬁt member 6230, The hub 6270 has a proximal end portion 6271 and a dismal end

portion 6272, The proximal end portion 6271 can be physically and fhidically coupled 10 a

~-}
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fhid reservoir such as, for example, the medicament container 430 of the medical injector
400 deseribed above with reference to FIGS. 19-20. Although not shown in FIG. 38, the
proximal end portion 6271 of the bub 6270 can bo coupled to a housing (e.g., @ medicament
container} of a defivery device using any switable coupling method such as, for example, &
press fit, a snap fit, a threaded couphng, a Luer connection, a mechanical fastener, an
adhesive, and/or the ke, In other embodiments, the hob 6270 can be monolithically formed
with a housing of a delivery device. For example, the hub 6270 can be included in andior
form a distal end portion of a housing (e.g., the distal end portion 343 of the housing 430).
Thus, an inner volume of the hub 6270 can be placed in fluid communication with a drug
formulation containgd within a fluld rescrvoir {¢.g., 2 housing), as described above with
reforence to the hub 6270 of FEHGS. 34-36. As shown in FIG. 38, the distal end portion 6272
of the hub 6270 can be & substantially elongate poroon that includes andfor is formed from a
set of annular walls 6274, The annular walls 6274 define a fumen 6276 that exiends through
the distal end portion 6272 of the bub 6270. The lumen 6276 is configured 1o receive a
portion of the puncture member 6270 10 physically and fluidically couple the puncture
menber 6270 i the hub 6270

{1238] The puncture membesr 6240 (also reforred to herein as “microneedie™) can be

configured to puncare and/or penetrate a portion of the eye to deliver a drug formulation to,
for exarople, the suprachoroidal space. The microneedle 6240 has a proximal end portion
6242 and a distal end portion 5244, and defines a lomen 6241 As described above, the
proximal end portion 6242 is disposed withia the humen 6276 of the hub 6270, For example,
m some embodiments, the b 6270 can be over-molded about the proximal end portion 6242
ofthe puncture member 6240, In other embodiments, the hub 6278 and the puncture merber
6240 can be monohithically formed {e.g., the punchure member 6240 can be a microcatheter
or the like that is unitarily formed with the hub 6270, Therefore, when the hwub 6270 s
physically and fluidically coupled to a bousing or fluid roservoir {as described above), the
fumen 6241 of the puncture member 6240 can be placed i fluid cormmuntcation with a drug

formalation confaimed therein.

{1248} As shown, the microneedle 6240 extends from the distal end portion 6272 of the
b 6278 in the distal divection. The microneedie 6240 bas a shaft length H between a distal
edge 6243 of the puncture member 6240 and a distal surface of the hub 6270, To this masner,

the puncture memsber 6240 can be substantially similar w or the sane as the puncture

~
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member 6240 described above with reference to FIGS. 34-36. Thus, portions of the puncture

member 8240 are not deseribed in further detail herein,

{1243} The adjustment member 6230 can be any suitable shape, size, or configuration and
can be disposcd about a portion of the bub 6270 and/or the puncture member 6240, For
example, although sore of the adjustoent members are described herein as being monelithic,
int other embodiments, such as here, an adjustment member can be constructed from multiple
differcni components that are joined together. In particular, the adjustment member 6230
inclndes a base 623% and a set of removable layers 6239, The base 6238 is coupled to the
distal end portion 6272 of the hub 6270, For example, in some embodiments, the base 6238
can be removably coupled to the hab 6270 {eg., via a press fit, & snap fiy, a threaded
coupling, mechanical fastener, and/or the lke). In this manner, the hub 6270 can be reusabie
{after sterilization} and can be temporarily coupled o 2 disposable adiustivent member 6234,
in other embodiments, the base 6238 can be fixedly coupled to the hub 6270 (e, via an

adhesive, olirasonic weiding, and/or the like).

{12421 The set of layvers 6239 is comprised of relatively thin strips that are sequentially
stackod on one another. More specifically, a frst layer 6239 s removably coupled 1o the
base 6238 and each subsequent layer 6239 is stacked on top of the preceding layer. Tn some
embodiments, the layers 5239 can be refatively thin strips of a self-adhering floxible material
such as sheets of polyethyiene, polyvinvlidene chioride, polvpropviene, polvacrylate, or the
like. 1o other embodiments, the layers 6239 can be at least temporarily retained to each other
and/or 1o the hub via an adhesive. In such embodiments, the layers 8239 can be retained by
cne or more adhesive material having varying adhesive strengths. For example, in some
embodiments, the adhesive strength between adjacent fayers 6239 can increasc from a first
adbesive strength between the distal-most layer and its adjacent layer and a second adhesive
strength between the proximal-roost layer and is adjacent laver. In some embodiments, sach
layer can be adhered t0 an adiscent laver by a wiique adhesive. In other embodiments, each
layer can be adhered to an adiacent layer by the same adhesive with, for example, varying
adhesive strengths, In yet other smbodiments, the layers can be retained via a combination of
an adhesive and one or more seif-adhesive material. In this manner, cne or more layers 6239
can be removed from the set of Jayers 6239 o transition the adjustment momber 6230 from

ihe fiest configuration to the second configwration. Moreover, by varying the properties of

~
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the adhesive, the user can more easily remove the desired layer(s} withowt inadvertently

removing additional layers.

{£243} As shown in FIG. 38, cach laver 6239 has z thickness Ty, In some embodiments,
the thickness Ty of each faver 623% can be, for example, about 5 yom, 10 wwy, 20 poy, 36 pm,
A0 pm, 56 po 100 wm, or any suttable fraction therebetween. In other e:mbefﬁmems, a layer
6239 can have a thickness Ty that is greater than 100 um. Althoogh each Jayer 6239 s shown
and described as having substantially the same thickness Ty, in other embodiments, the lavers
6239 can have varying thickness. As shown in FIG. 3R, the set of fayers 6239 can have an
overall thickness Ta that 1s the sum of the thickoesses Tr of each stacked laver 6239, For
example, 1 some embodiments, the overall thickness Ty of the set of layers 6239 can be
about 5O pim, 100 pm, 150 wm, 200 wm, 250 wm, 300 wm, 400 we, 560 pm, 1000 wm, or any
suitable fraction therebetween. In other embodiments, the overall thickness Ta of the set of
fayers 6239 can be less than about 30 pm. Tn still other embodiments, the overall thickness
T of the set of fayers 6239 can be greater than aboot 1000 . Although three removable
fayers 6239 are shown in FI1G. 38, in other embodiments, av adjustment member can inclade
, -

any suitable rummber of removable layers (e.g., two layers, four layers, five tayers, six layers,

seven layevs, eight fayers, nine layers ten layers, or more).

{1244} As described above, the adiusiment roember Vis disposed about a portion of
the hub 6270 and the puncture member 6270, More specifically, the puncture member 6240
can extend i the distal divection from the hub 6240 such that a portion of the puncture
member 6240 extends through the adjustment member 6230 {e.g., through the base 6238 and

the set of layers 6239). For example. as shown in FIG. 38, the distal end portion 6244 of the
punctare member 6240 can extend a distance D from the outermost layer 6239 of the
adjustment member 6230 (also reforred to as an offective length of the puncture member
1240}, Bhmilarly stated, the distal edge 6245 of the puncture member 6240 is spaced apart
from =z distal surface of the adjustment member 6230 (e.g., the cutermost layer 6239) by the

distance Do Thos, when a fayer 6239 is removed from the set of layers 6239 of the
adjustment member 6230, the effective longth of the punchure member 6240 {eg., the
distance D) Is ncreased by a distance that sebstantally corresponds to the thickness Ty of
the layer 6239 that was removed. By way of example, while the adjustiment member 6230 is
in the fist configuration {e.g., where all the layers moluded in the set of lavers 6239 are

stacked), the distance Dy can be, for example, about 350 pm und when the adjustment

~3
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member 6230 1 moved to the second configuration {e.g., when one or more layers arg
removed from the set of lavers 6239}, the distance Dy can be increassd to, for example, about
850 wo.  In other embodiments, the effective fength of the puncture member 6240 can be
mereased to 680 pm, 700 wm, 750 wo, 800 poy, 830 um, 900 pmy, 850 wm, 1004 pm, or any

suitable fraction thersbetween.

{1245} In use, a user {e.g., a doctor, techmician, nurse, physician, ophthalmologist, etc.)
can manipulate a delivery device (not shown} to insert the punciure member 6240 iato, for
cxample, a portion of the eye {e.g., the eye 10 shown in FIG. 1) In this manner, the distal
end portion 6244 of the punciure member 6240 can be advanced through 8 portion of the
sclera until an ouwtermost layer of the set of layers 6239 mchuded in the adjusumnent member
£230 13 placed in comact with an ouser surface of the sclera. With the adjustment meber
6230 in the first configuration, the distance 4 (o.g., a frst distance) berwoen the outermost
layer 6239 of the adjostment member 6230 and the distal edge 6245 of the puncture member
62440 can substantially depend on and/or can be associated with the thickness of the sclera.
For cxample, in some cmbodiments, when the adjustment momber 6230 6 in the first
configuration, the distance D between the outermost layer 8239 of the adjustment member
6230 and the distal edge 6245 can be about 43¢ pm. In other embodiments, the distance Dy
when the adjostment mermber 6230 is in the first configuration can be about 350 pum, 400 m,
500 pim, 550 wm, 600 oy 656 oy, 700 um, 750 wm, or any fraction therebetween. In stidl
sther embodiments, the distance Ds when the adjustment member 6230 iy in the first
configuration can be less than about 350 wm.  In yet other cubodiments, the distance Dy
when the adjustment reember 6230 is in the first configuration can be greater than 750 wm.
In this manner, a distal edge 6245 of the puncture member 6240 can be disposed within the

sulera (e.g., the sclera 20 of the eye 10 in FIG. 1)

{1248} The adjustmens member 6230 can be moved from s first configuration 1o its
second configuration to incrcase the distance Dy belween the cutermost layer 6239 of the
adjostment member 6230 and the distal edge 6245 of the punctore member 6240 from the
first distance to a second distance.  For example, i some embodiments, a user ¢an

manipuiate an engagement portion 6280 of one or more layers to remove (e.g., peel, tear,
shear, break away, cie.) the one o more layers from the stack of layors 6239 (L, the set of
fayers). In this manoer, the overali thickness T, of the set of layers 6239 is reduced by the

combined thicknesses Ty of cach layer that is removed. Expanding forther, by removing the

~3
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one or more layers, the overall thickness Ta of the set of tayers 6239 i3 reduced, thereby
placing the adjustment member in the second configuration. Thus, with the adjostment
member 623(0 in the second configuration, the distance Dy is increased betwoen the curront
putermost layer (e.g., the outermost layer after removing the one or more layers) and the
distal edge 6245 of the puncture member 6240 (e.g, t0 a second distance). In some
embodiments, the distance D4 can be increased to about 600 wm. In other embodiments, the
distance D4 can be increased 1o about 650 poy, 700 pa, 750 pm, 800 wm, 850 um, 900 pm,

950 wm, 1000 pmy, or any fraction therebetwesn. In still other embodiments, the distance D
can be increased to less than about 600 jun {e.g., such as, for e:xainpie? in use on pediatric
cves). By way of example, in some ombodimenis, the adjustment member 6230 can inchide a
set of 10 lavers 6230 with sach layer baving a thickness of about 30 pm.  In such
smbodiments, the distance Ds between the outermost layer 6239 and the distal edge 6245 can
be, for example, about 450 wm. In some instances, three layers can be removed from the set

of 10 layers 6239 to increase the distance D4 to gbout 600 pm.

j12474 tn addition fo adjusting and/or coniroliing the offective length of the punchre
member 6240 (c.g., by manipulating a layer from the stack of layvers 6239) 10 evbance the
likelthood that the humen 6241 is placed tn fluid communication with the desied region of
the target tissue {e.g., the soprachoroidal space of the eve), in some embodiments, the
adiustment member 6230 {(and avy of the adjusmment members shown and deseribed herein)
can form a substandally flaid-tight seal and/or a substantially laquid-tight seal with the outer
surface of the targe! tissue {e.g., the conjunciiva of the eye}. In this manner, leakage of the
mnjected medicameni along the needie track during the injection event can be reduced and/or
chivinated. Expanding further, in some embodiments, the asatomy of the target tissus and/or
the arrangement of the delivery device can be such that, in use, a portion of the opening of the
fumen 6241 may be placed in floid communication with the suprachoroidal space 36 of the
eye, while another portion of the opening of the tumen 6241 mwy be positioned within the
selera 26, Thus, when the drug formulstion is conveyed into the eye vie the punctre
member 6240, a portion of the drag formulation may be prone 1 migrating away from the
desired region (o.g., the suprachoroidal apace 36} and out of the eye via the needle track, By
forming a substantially fluid-tight seal and/or a substantially Houid-tight seal, the adjustment
member 6230 can produce an area of high resistance to flow, thus winimizing snd/or

eliminating the flow migration and/or leakage.

~
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{12481  Although the adjustment member 6230 is described above as being constructed
from a relatively soft material, which can be well suited to forming a fluid-tight seal, in some
embodiments, the adjustment member 6230 can be consirucied from multiple materials. For

xample, i some embodiments, the adiustment member 6230 can inchude a set of fayers
6239 with a first layer constructed from and/or inclading a portion constructed from a first
material, and a second layer constrocted from and/or including a portion constracted from a
second material different from the fivst materiel. Further to this example, at least a portion of
the first material and/or at least a portion of the second materin] can be constructed from
and/or can include a Jayer or portion constructed from & material formulated to form a

substantially fluid-right seal with the outer surfaee of the target tissue {e.g., the conjunctiva).
¥ 4 A

{12481 Although not shown in FIG. 38, in some embodiments, the lavers 6239 can
pravide and/or mclude an indicator associated with the distance 14 between the outermost
layer 8269 and the distal edge 6245 of the puncture member 6230, In some embodimonts, the
mdicator can be indicia such as, for example, a vahic associated with the distance Iy {2.g..
300 pm}. o other eabodiments, the lavers 6239 can be color coded with cach faver having a
different color and each color being associated with an effective length of the puncture

menber 6244,

{1254t Although vot shown in FIG. 3R, in some embodiments, 8t least a portion of the
lnyers 6239 can be disposed, at least temporarily, within a housiag or the like, For example,
in surme embodiments, the layers 6239 can be coupled 10 the base 6238, as described above,

and a housing can be disposed about at least a portion of the layers 6239 and the base 6238,
Expanding further, in some embodiments, the bousing can be movably disposed about the
basc and can define a window through which the cugagement portion 6280 of the layers 6239
can extend. Thus, @ user can manipulate the engagernent portion 6280 of a layer 6239 1o
remove the layer 6239 from the adjustrent member 6230, In some embodiments, the layer
6239 can be withdrawn through the window defined by the housing. In this manner, the
housing can be moved in the proximal direction to be placed in contact with the outermost
layer 6239, thereby allowing a shaft length of the puncture member 6240 between the distal
edge 6245 end 3 distal surface of the housing to be increased. In some embodiments, the

window can provide for visualization of the shaft length indicator {described above).

{1251) As described above with reference to FIG. 36, the incresse in the distance Dy can

be such that further movement of the puncnmre member 6240 (e.g., in a distal direction)
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relative 0 the sclera places the lumen 6241 of the puncture member 6240 in fluid
communication with the suprachoroidal space {2.g.. the suprachoroidal space 36 of the eve 10
in FIG. 1), Similarly stated, the increase in the distance Dy can be sufficiently arge to extend
the distal edge 6245 of the puncture member 6240 through the sclera such that the humen
6241 is placed in fluid communication with the saprachoroidal space. Expanding further, by
removing the one or more layers from the sct of layers 6239 of the adjustment member 6230,
the distaves between the outermost fayer 6239 of the adjustment member 6230 and the distal
edge 6245 of the punciure member 6240 {e.g., the distance D) is increased and the user can
move the hub 6270 (e.g., either directly or directly) place the corrent outermost laver in

contact with the outer surface of the sclera.

{1282} With the lamen 6241 of the punctare member 6240 in fluid communication with
the sup;-a.;:‘ixomidal space, & drug formulation {contained within a fuld reservolr as described
above with reforence to FIG. 36) can be expelled through the hunen 6241 of the panctare
member 6240 and into the suprachorcidal space of the eye. In this manner, the drug
formulation can flow within the suprachoroidal space to be delivered to, for example, the
postertor region of the eyve (e.g., the posterior region 14 of the eve 10 in FIQ. 11 Moreover,
with the adjustment member 6230 n the second configuration, the distance Dy can be less
than a thickness of the sclera and the suprachoroidal space such that the distal end portion

G244 of the puncivre mwemsber 6240 does not pierce the choroid.

132583 As described herein, a system, for example, the system 1060, 20006, 3000, or any
other system deseribed herein, can inclade a hub, for example, the hub 3270, 4270, 5270, or
any other hub described herein. The hub can be configured to form a sebstantially fhaid-tight
zone argud the insertion site of a puncturing member (e.g., the puncturing member 3240 or
any othet puncturing member desoribed hercin) o the gve.  For example, in some
embodiments, a system can include a hub or contact surface configured to contact a surface
of a target tssue to produce the desived effects during medicament delivery (e.g., mahmaining

a position of the conjunctive, forming & seal or the Hke).

J125841 FiG. 39 shows an apperatus 7000 that mclades a medical njector 7310, an
actuation red 7320, a needle 7240, and a hub 7270, and optionaily a needle adjustment
mechanism 7230, The system 7000 can be configured 1o deliver a medicament 1 a target

v

laver of an eve of patient, for example, o the SCS of the eve.
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{1288} The medical injector 7310 defines an internal volume 7316 configured to house a
medicament L (8.8, & ‘w‘,ﬁ{’ a VEGF ishibity, irlamcinelone acelonide, sny other
medicament described herein or a combination thereof). The medical injector 7310 mcludes
W engagement portion 7317 and 2 delivery pottion 7314 coupled 10 the noedle adjustmem
mechanisi 7230, The medical mygector 7310 can be substantially stmilar 1o the medicament
containment chamber 1310, 2310, 3310, or any other medicament confainment chamber

described berein, and is therefore pot described in further devail herein,

{1286  The sctuation rod 7320 includes an engagement portion 7322 and a plunger
portion 7324, The phmger portion 7324 is slidably disposed inside the mtemal volume 7316
defined by the wedical injector 7310, The engagement portion 7322 Is configured to be
engaged by the user and urge the plunger portion 7324 to slide within the internal volume
7316 defined by the medical jector 73180, For example, the user can apply a force in the
direction shown by the arrow F; on the engagement portion 7322 {0 move the planger portion
7324 proximally relative to the medical injector 7310 thereby, expelling at least a portion of
the medicament L through a fumen 7241 of the needle 7240, &s shown, at least a portion of

17

the actuation rod 7320 can be disposed around and concentric with the medical injector 7310,
The plunger porsion 7324 is configured to draw in the medicament L it or expel e
medicament L from the internal volome 7316 defined by the medical injector 7310, In some
embodiments, any other actuation rod can be included in the apparatus 7000, for example the

actuator 1324, 2320, 3320 or any other actoatoy described herein.

{1257] The needie 7240 defines the lumen 7241 and is configured to plerce the eve and
dehiver the medicament L into a target tissee of the eve. The needle 7240 can be substamiaiiy
similar to any of the punchuring members described herein, and is theecfore not described in
further detail herein, In some embodiments, the noedle 7240 can be a microneedic movably
disposed within 2 passageway 7276 of the hub 7270, as described heremn.  The necdle
adiostment mechamsm 7230 can be coupled to the delivery portion 7314 of the medical
injector 7310 and 2 proximal end of the needle 7240, In some embodiments, the needle
adjustment mechanism 7230 15 configured 1o move the needle 7240 within the passageway
7276 such that a distal end portion of the needle 7240 extends from the distal end surface
7275 of the hub 7270 by a predetermined amount. For cxample, the needle adjustment

mechanism 7230 can urge the needle 7240 to translate [incarly along the longitadinal axis A,

and thereby adjust @ length of the neadle 7240 prowuding through a distal end 7274 of the
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hub 6270. The needle adjustment mechanism 7230 can be substangially similar to the
adjustment member 422, 3200, 4230, 5230, 6230, or any other adjustment mechanism or

adjusament momber deseribed herein,

{1258}  The bub 7270 is configured to be coupled to the medical injector 7230, The bub
7270 mcludes a proximal end 7272 and & distal end 7274, The pmxmm? end 7272 is coupled
to a distal end portion of the needle adpustment mechanizm 7230, Tn some embodiments, the
proximal end 7272 can be coupled to a housing {not shown) which can be included in the

P ls
7
74

systom 7000, ¢ hab 7270 defines the passageway 7276 configured to receive at feast &
portion of the needic 7240 therethrough. T this manner, the needie 7240 18 i:{);'lﬁgured Eis)
pass throogh the lomen 7276 and into the eye. The distal end surface 7275 of the b 7270 is

configured to contact a target tissue {e.g., the conjunctiva of the ¢ye) when the medicament L
{or any other substance disposed within the medical fgector 7230) is conveyed through the
acedle 7240 into the target tissue. Tn some cmbodiments, the distal end sarface 7275 of the
heb 7270 is configured to deform the target surface {e.g., the conjunctiva of the evel when
the distal end surface 7275 is contact with the target surface. At least a potrtion of the distal
end surface 7275 can have a substantially convex shape, for example, a hemispherical shape
such that at least 3 portion of distal end surface 7275 defines a sealing portion 7277, The
sealing portion 7277 can be configured 1o define a substantially fluid-tight seal with the targei
surface when the distal end surface 7275 is in covtact with the target surface. For exampie,
the distal end surface 7275 can deform the target sarface sach that the sealing portion 7277 i3
comtiguons with the target swrface and forms the substantially fluid-tight seal. In some

T

embaodiments, the sealing portion 7277 can be symmetric about a center Ap of the apparatus
7000 and hence the passageway. This can, for example, facilitate perpendicular approach of
the needle 7240 1oty the target tssue (.., ocular tissue). Thus, the size of the msertion zone
can be minimized reducing damage. Furthermors, the needle 7240 can wvse the shoriest path
to reach a target region of the target tssue (e.g., the SCS of the eye). While shown as being a
cross-seetion, the hub 7270 can be substandally eylindrical, for cwample, have a circular

cross-section and such that the convex shape of the distal end surface 7275 resembles, for
example, & homisphere. In such embodiments, the scaling portion 7277 can circumftrentially
surround the needle 7240 to form & hemispherical substantially fluid-tight seal with the farget
surface. In some embodiments, only a smell portion of the sealing portion 7277 surrounding
the needie 7240 needs to contact and form the substantially {luid-tight seal with the target

. -
i

surface. For example, in some embodiments, only a small baod of the sealing portion 7277

~~3
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sarrounding the needle 7240 can contact and form the substantially fhuid-tight seal with the

target surface,

11259} I some embodiments, the target Hssue B8 an eve and the target swrface is @
conjunctiva of the eye. For example, FIGE. 40A-C shows a portion of an eye which includes
a conjunctiva C, the sclera S, the suprachoroidal space SCS (which can be the targer layer),
and a refina B. As shown in FIG. 404, in o fivst configuration, the distal end 7274 of the hub
727G is i contact with & comjunciiva C of an eye and a distal end of the needle 7240 i
disposed in a sclera & of the ove. Further fo this example, the curved shape of the distal end
aurface 7273 of the hub 7270 can allow for a desired distribution of foree(s) 10 be applied to &
portion of the eye, for example, the conjunctiva C. In some embodiments, the curved distal
end surfaca 7275 of the bub 7270 can create a taut spherical injection site. For example, the
hub 7274 can deform the conjunctiva C in a radial divection from the center point (Le., away
from where the needle 7240 penetrates) when the system 7000 moves from the fist
configuration to a second configuration {e.g., the second configuration shown in FIG. 40B).
Tn this mannet, the conjunctiva € can be moved mto and/or held in a preferable position
during the mmjection. In some jnstances, this can reduce the puncturing forces o penetrate the
surface of the eye. In some embodiments, the “streiching” of the conjunctiva C can minimize
and/or eliminate any “bunching” of the conjunctiva € that may otherwise vecur, and insiead
can produce a surface layer {e.g., conjunctiva) having a substantially constant thickness. In
some instances, the hub 7270 can, at least temporarily, adhere (o a portion of the cogjunctiv
C. In this manner, the hub 7270 can cause movement of and/or stabilize at least & portion of
the conjunctiva C such that at least the portion of the conjunctiva C s in a preforable position

during the injection.

p .

{1260} in some embodiments, the nserting of the needie 7240 into the target tissue {i.c.,
the conjunctiva and the sclera) can be performed such that a centerline of the delivery
passageway and a surface ling tangent to the target surface define an angle of entry of
between about 75 degrees and abowt 105 degrees. For example, as showsn in FIG. 40D, 2
centerting Cp, of the lumen 72471 of the needle 7240 can define an insertion angle § with &
surface line tangent ST formed velative to the surface of the conjonctiva €. The insertion
angle & can be in the range of between about 75 degrecs and about 1005 degrees, inciosive of
all ranges therebetween, For example, in some embodiments, the insertion angle 6 can be

gbout 90 degrees. Said another way, the ncedle 7240 can be inserted into the target tissue

o
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{Le., the conjunciiva C, and the sclera 8) such that the cemterline . defined by the lumen
7241 of the needle 7240 is substantially perpendiciler or otherwise normal to the surface of
the target tissue. Io this manner, the size of the insertion zong can be reduced theveby
minimizing injury and inflammation, which can be caused by any lateral wavel of the needic
7240 within the targef tissue. Furthermove, normal nsertion can also provide the shortest
path for the distal tip of the needle 7240 to reach the target tissue {(e.g., the SCS) thereby,

reducing the time reguired to reach the target dssue (e.g., the SCS).

{1263} Referring back to FIGS. 40A-C, to initiate delivery of the medicament L the user
can apply a force Fy on the systenm 7000, for example, on the engagement portion 7322 of the
actuation rod 7320, The force Fo can urge the plunger portion 7324 io slide within the
internal volume 7316 of the medical injector 7310 proximally refative to the medical njecior
7310 and wge the system o a second configuration.  While not shown, in some
embodiments, the system 7000 can include an imjection assembly, for example, the njection

assembly 100, 2100 or any other injection assembly deseribed herein configured to oxert the
force on the actation rod 7320. 1o the second configuration, the hub 7270 is pressed against
the conjunctiva C, such that the conjunctiva C compresses and conforms around the convex
shape of the distal end sorface 7275 of the hub 7270, This also pushes the needle 7240
further into the sclera 8. Furthermore, ai least a portion of the sealing portion 7277 defined
by the distal end surface 7275 is comtiguous with the deformed suwrface of the conjunctiva C
such that the sealing portion 7277 defines a substantiafly floid-tight seal with the conjunctiva
¢ around the insertion site. In some embodiments, the seafing portion 7277 can be
substantially syowunetrical about the centerline Oy, of the needie 7249 {e.g., as shown in FIG.
400Y. Tu some erobodiments, only a circular band of the sealing portion 7277 can contact and
form a substantially ﬁuid»ﬁghf seal with the conjunctive C surrounding the needie 7244
However, in the second configuration, the distal end of the needle 7240 can still be proximal
relafive to but not within the suprachoroidal space SCS, which can be the target laver for

delivery of the medicament L.

7

12621  In some embodiments, the hub 7270 cav be a rigid member that has a stiffness
substantially greater than the stiffness of the cogjunctiva C {e.g., & stiffness substantially
sirnifar to a stiffncss of stainless steef). In such cobodiments, application of the foree Fy only
deforms the conjunctiva C, without causing any substantial deformation of the b 7270, In

some embodimeants, the hub 7270 can have a stiffness that i intermediate to the stiffiess of
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{he conjunctiva C and the selera 8. In such embodiments, application of the force F; can urge
ihe hob 7270 o deform the conjunctiva C (FIG. 40B and 40C) unti] the distal end surface
7275 of the hub 7270 is proximate to the sclera 8. Since the stiffness of the hub 7270 is fess
than the stiffness of the sclera 8, firther application of the force Fz will urge the distal end
surface 7275 of the hub 7270 to deform without any substential deformation of the scleva S.
In this manner, the bub 7270 can prevent application of an excessive force from causing

damage 0 or otherwise deformation and/or piercing of the internal layers of the eye

{1263} In 2 third configuration shown in FIG. 40C, the yser can then maintain the foree
¥y and inctease the length of the needle 7240 provuding tndo the eye, for example, using the
needle adjostment mechanism 7230, The lengih of the needle 7240 can be increased wntil &
distal tip or ootlet of the needle 7240 is within or otherwise near the suprachoroidal space
SCS. The force F, can further depress the distal end surface 7275 of the bub 7270 into the
conjunctiva €. This can orge substantially all of the sealing portion 7277 of the distal end
surface 7273 fo be contiguons with the conjunctiva € further strengthening the substantiaily
fluid-tight seal. In this maunner, leakage of the injected medicament L along the needle 7240
frack during the injection event can be reduced snd/or eluminated. Expanding further, W
some embodiments, the anatomy of the target tissue and/or the arrangement of the system
7000 can be such that, in use, a portion of the opening of the fumen 7241 of the needie 7240
may be placed in fluid communication with the suprachoroidal space SCS of the eye, while
another portion of the opening of the humen 7241 may be positioned within the sclera 5.
Thus, when the medicament L Is conveyed into the oye via the needle 7240, a portion of the
medicament L may be prome fo miigrating away from the destred vegion, Le., the
suprachoroidel space SCS and out of the eye vis the needle 7240 track. By forming a
substantially fhuid-tight seal and/or 2 substantially liquid-tight seal, the hub 7270 can produce
an arca of high resistance to flow, thus minimizing and/or eliminating the flow migration

and/or leakage.

{1264} While not shown, in some embodiments, the system 7000 can include an injection
assembly, for example, the njection assembly 100, 2100 or any other injection assewnbly
described heremn. As described before herein, the injection assembly can be configured o
exert a force on the medicament L disposed in the internal volume 7316 of the medicament
contatnent chamber 7310, The force can be sufficient to overcome s backpressure of the

suprachoroidal space SCS exerted upon the needie opering, bot not the backpressore of the
) 3 ] £
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sclera §. in such embodiments, the user can insert the neadle 7240 imo the sclera § as shown
in FIG. 40A sad activate the injection assombly. The injection assembly can pressurize the
medicament L but the backpressure of the sclera S can prevent the medicanient L from
delivery mto the sclera 5. As shown in FIG. 408, the user can continue the insertion of the

needle 7240, for example, by maintaining or increasing a maguitude of the force Fy. - This car
wge the hub 7240 to deform the conjunciive € and initiate the formation of the fhid dght
seal around the insertion site, as deseribed heren. The force P can be maintained until o
distal end of the needle 7240 is within or near the suprachoroidal space SCS. The foree
exerted by the injection assembly on the medicament L can now overcome the backpressure
of the suprachoroidal space SCS thereby, inifiating conwnunication of the medicament L into
or near the suprachoroidal space SCS as shown in FIG. 40C. In this manner, the injection
assemibly can assist the user in determining the location of the distal end of the needle 7240
such that the medicament L is delivered substantially only to the target layer (ie., the
saprachoroidal space SCS), Furthermore, over excursion of the puncturing member 7240

beyond the suprachoteidal space SCS (e, into the retina R) can be prevented.

-~

{1265] In some embodiments, the needle adjustment mechanism 7230 can be wsed w0
ensare delivery to the target ayer. In such embodiments, the user can insert the needle 7240
into the sclera S as shown in FIG. 40A and activate the injection assembly 1o pressurize the
medicament L as described hersin. While maintaining the force Ta, the user can use the
needle adstment mechanism 7230 1o advance the needle 7240 in predeiermined merements
2., about 100 pm increments) into the sclera S, for example, as described herein with
reference to the needle assembly 422, 3200, or any other needle assembly describe hevein, In
this manoer, the needle adiusument mechanism 7230 can be used to advance the needle 7240
through the aclera S until a distal end of the needle 7240 is within or near the suprachoroidal
space SCS. The force exerted by the injection assembly on the medicament L can now
overcome  the backpressure of the suprachoroidal spuce SCS  therchy, initiating
compyunication of the medicament L oo or neer the suprachoroidal space SCS as shown in
FIG. 40C. Thus, by allowing the user fo advance the needle 72480 in known discrete
merements, the necdle adjustment mechanism 7230 can assist the user in preventing over
excursion of the needle 7240 beyond the suprachoroidal space SCS {(le., into the retina R). |
this manner, the injection assembly can assist the user in defermibnng the lucation of the distal
end of the needle 7240 such that communication of the medicament hato & layer of the eve

other than the target layer (Le., the suprachoroidal space SC$) can be prevented.

0
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Fusthermore, the needle adjpustment mechanism 7230 can assist the user in precisely
controiling the excursion length of the needie 7240, thereby oliminating the use of excessive
force and/or preventing over cxeursion of the needle 7240 boyond the target laver (Lo, the

suprachoroidal space SCS).

{1260} in some embodiments, the hub 7270 or any of the hubs described berein can be
constracted from a relatively soft material, which can be well-suited 10 forming a fluid-tight
seal. For example, in some embodiments, the system 7000, or any other system: described
heretn can be used to deliver 2 medicament through the skin of a user {e.g., for intravenous or
ntramuscular delivery of the medicament). fo such embodiments, the bub 7270 or any other
hub described herein can have a stiffhess less than the stranan cornewn that forms the top
faver of the skin. The distal end surface 7275 of the hab 7270 or any other hub described
herein can defornt about the strafum cornewn as a foree is applied on the system 7000, In
this manner, the sealing portion 7277 defined by the distal end sarface 7275 of the hub 7270
can form a {lnid tight seal around the stratum corneum thereby proventing leakage of the
medicanont, an intersttial fhoid, and/or blood from the m;ectum site.  In yei other

embodiments, the hub 7270 can be constructed from multiple roaterials. For example,
some embodiments, the distal end surface 7275 of the hub 7270 can be constructed from
and/or can include a layer or portion construcied from a material formulated o form a
substantially fluid-tight seal with the cuter surface of the target tissue {e.g., the conjunctiva

).

{1267} FiG. 41A and 418 show a finite eloment analysis (FEA) model of the diswal
portion 7274 of the hab 7270 compressed against the conjunctiva € of the eye. In s model,
a foree of 1N is oxered on the bub 72700 At this force, the conjunctiva C is compressed by

“~

about 2 rom, which is sebstantially equal to the total thickness of the covpnctiva C.
Furthermore, the conjunctiva C conforms around the distal end surface 7275 of the distal end
portion 7274 of the hub 7270. As shown, the sealing portion 7277 of the distal end surface
forms a subsianiially fluid-tight seal arcund the injection site of the needle 7240. The hub
7270 was modeled as a rigid and inflexible member. However, the lnd 7270 or any other
hub described herein can have any suitable stiffaess based on the material used 1o forns the
hub. In some embodiments, the bub 7270 or any other hub described herein can bave a
stiffness substantially similar to the stiffness of rubber, silicone, polymers, plastics {e.g.,

pofvethyiene, polypropylene, polycarbonate,  polytetrafluorocthylene, high  density
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polyethylene, ete.), metals {e.g., alumimun, stainless steel, metal alloys, ewe.), or any other

material described herein.

{1268} FIGS. 42A-C shows a hub 8270, according to an embodiment. The hob &270
inchades a proximal end portion 8272 and a diswal ond portion 8274, The proximal end
portion 8272 can configured to be coupled to & distal end of 8 housing (e.g., a distal ¢cund 3212
of the hoosimg 3210 of the needie assembly 3200, or any other housing deseribed hercin)
using any suitable coupling mechanism, for example, friction-fit, threads, snap-{it, noiches,

grooves, ndents, detents, any other suttable coupling mechandsm or combination thereof

The hub 8270 defines a passageway 8276 therethvough. At least a portion of a needie {e.g.,
the puncturing member 3240, the needle 7240, or any other puncturing member described

herein} can be disposed within the passageway 8276, and can be configured to advance
through the passageway 8276 out of the distal end 8274, The distal end 8274 of the hub 8270

inchides a contaet surface that 18 curved, and for example, defines a convex or hemispherios!

¥

I’

shape. The contact surface of the distal portion 8274 is configured 1o {i.c., has a size and/ox
shape configured {0} contact an outer surface of @ conjunctive of the cve and define a sealing
portion that formes a substantially fhad-tight seal around the insertion zoune of the punciuring
member 8240 into 2 target tissue, for example, the eye. Thus, the hub 8270 can prevent
icakage of the medicameni, andfor bodily fluid from the insertion site, as described n with

respect {o the hub 7270 focladed in the apparatus 7600,

§1268] In some embodiments, a bub can be substantially hollow and/or can define an
enfarged lumen theretbrough.  Reforring now to FIGS. 43A-C, 2 hub 9270 meludes a
proximal end portion 9272, a distal end portion 5274, and defines an internal volame 9275,
The proximal end portion 9272 can be configured to be coupled to a distal end of a howsing
{(e.g., the distal end 3214 of the bousing 3210 incladed in the needle assembly 3200, or any
other housing included in a needie assembly described herein), For example, a portion of a
distal end of 2 housing (e.g., the housing 3210) can be configured to slide info the interna
volume 9275, At lecast a portion of a needle (s.2.. ihe punchuring member 32406, the needie
7240, or any other puncturing member described herein} can be disposed in the internal
volume 9275, In some embodiments, at least a portion of a needie assembly, for example, the
foad screw 3242 jncluded in the needie assembly 3200 or any other component or any othor
needle assembly, can aiso be disposed in the nternal volume 9275, The distal eod 9274 bas a

contact surface that is corved, for exanple, defines a convex ot 4 hernispherical shape, such

pe.
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that the contact surface defines a sealing portion which can form a sobstundally fluid-tight
seal aroond the nsertion zone of the punctoring member {e.g., the punctaring member 3240,
or the needie 72401, as deseribed with respect to the hub §270. The distal end 9274 defines
an opening 9276 configured to enable at least portion of the puncturing member (e.g., the

punctaring member 3240} fo pass thevethrough and into the ocudar tissee of the eve.

{12748 In some embodiments, a hub can inclade one or more engagement stractures that
cooperatively fimetion to surround the puncture member and/or contact a surface of the target
tissue. Morgover, in some embodiments, a hub can also be configured to induce deformation
and/or movement of g portion of the target fissue when placed into contact with the target
tisspe.  In such embodiments, the adjustment member can minimize “bunching” of the
surface tissue (2.2, the conjunctiva).  For example, FIGS, 44A and 448 are schematic
Hlustrations of a portion of a defivery devies 10000 in o fiest configuration and 2 second
configuration, vespectively, according to an cmbodiment.  The delivery deviee 10000
mchudes & hub 10270, a puncture member 10240 (also referred to herein as a delivery
member or g peadle} and an engagement asscrubly 10280, The engagement assembly 10280
mchades a first elongate member 10281 and a second elongate member 10285, The elongate
members 10281, 10285 can be any sutable structure configured to engage the target tissue
and deform {as described hercin). For example, in some embodiments, the first clongate
member 10281 and/or the second elongate member 10285 can be a thin structwre (o.g., fecler
sauge, wire, et¢.). In some embodiments, the firs! elongate member 11281 and/or the second
clongate member 10285 can be any suitable struciure configured 1o grip, hold, and/or deform
a portion of the target tissue {¢.g., the conjunciiva). Although not shown, addifional elongate
members {or “sleds™) can be coupled o the bub 10270, For example, in sorne embodiments,
the hub 13270 can include three elongate members attached thereto. Tn other ambodiments,
for example, the hub 10270 can include more than three elongate members {e.z., four, five, or

mote elongate members) attached thereto,

{1374 As shown, a proximal end portion 10286 of the fivst elongate member 10281 is
coupled 1o the hub 10270, The Srst elongate member 10281 bas & contaet portion 16284
{(2.g., the portion where the first elongate member 10281 can contact & portion of the eye 10
shown i FIG. 1, doving use}. The first clongate member 10281 bas a distal cnd portion
10283, At lcast a portion of the first elongate member 10281 can have 2 curved shape. The

curved shape, for example, can be such that the contact portion 10284 s configured ©

facel
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conttact a portion of the eye {e.g.. the confunctiva) along a line tangent 1o a portion of the first
clongate member 10281, Further to this example, the curved shape of the portion of the first
clongatc member 10281 can allow for a desired distribution of force(s) o be applied to &
portion of the eye during use. For example, 1 this marmer the contact portion 10284 does
ol contact the surface of the eve at a single point, but rather along a surface that is less likely

to puncture the eye,

{1272} A proxineal end portion 10286 of a scoond clongate momber 10285 is couplad to
the hub 10270, The second elongate member 10285 has a contact portion 10288 {c.g., where
the second elongate member 10285 contacts a portion of the eve 10 shown in FIG. 1) The
second elongate member 10285 has & distal end portion 10287, At least a portion of the
sccond clongate member 10285 can have a curved shape. The curved shape, for example,
can be such that the contact portion 10288 is configured to countact a portion of the eve {e.g,,

e conjunctiva) slone a line tangent to a portdon of the second cloneate member 10288,
o 4 é‘) o el

.

Further to this example, the curved shape of the portion of the second elongate member
10285 can allow for a desired distribution of foree(s) 1o be applied 0 a portion of the eye, as

discussed above with respect o the first elongate member 10281,

{273} When the delivery device 10000 is in a st configuration, as shown in FIG. 444,
the distal end portion 10283 of the first clongate member 10781 and the distal end pordon
10287 of ihe second clongate member 10285 arc separated by a distance Al. Similarly, in
the first configuration, the contact portion 10284 of the first clongate member 10281 and the
contact portion 10288 of the second elongate yoember 10285 are separated by a distance B
Muoreover, when the delivery device 100 s in the first configoration, the distal tip of the
puncture member 10240 is spaced apart from the contact portion 10284 and/or the contact
portion 10288 by a distance C1 taken along a center tine of the puncture member 10240, as
shown m FIG, 44A. In some cmbodiments, the distal tip of the puncture member 10240 i
spaced apart from a lne defined by the conlact portion 10284 and the contact portion 10288

by a distance C1 taken along a center line of the puncture meombor 10240,

{1274} in use, a user {e.g., a doctor, technician, murse, physician, ophthalmologist, eic.)
can mamipulate # delivery device 10000 to inssit the puncrure member 10240 buo, for
example, a portion of the eve {e.g., the eve 10 shown in FIG. 1} In this maoner, the user can
apply a distal force o move the delivery device 1000 from the first configuration to a

second configuration. Similarly stated, when the puncture member 10240 is inserted into the
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eve, the first elongate member 10281 and the second elongate member 10285 can both move
from the first configuration to the second configuration. When the delivery device 10000 is
in the second configuration, as showo in FIG. 448, the distal end portion 10283 of the first
ciongate menmber 10281 and the distal end portion 10287 of the second elongate member
HI2R5 can be sepavated by a distance AZ, A2 being greater than Al. In the second
configuration, as shown in FIG, 448, the contact portion 10284 of the first elongaie member
10281 and the contact porticn 10288 of the second clongate member 10285 can be separated
by a distance B2, B2 being greater than Bl. Moreover, when the delivery device 10000 is in
the second configuration, the distal tip of the puncture member 10240 is spaced spart from
the contact portion 10284 and/or the contact portion 10288 by a distance C2 raken along &
center Hne of the punciure member 10240, as shown in FIG. 448, C2 being greater than €1,
in some embodiments, the distal tip of the puncture member 10240 is spaced apart from a
{ine defined by the coniact portion 10284 and ihe contact portion 10288 by a distance 2
maken along a center fine of the puncture member 10240, C2 being greater than C1 when the

delivery device 10000 18 n the second configuration,

{12784 In some embodiments, when the delivery dovice G000 s moved from the st
configuration to the second configuration, the contact portion 10284 of the first elongate
member 10281 and the contact portion 10288 of the second clongate member 10285 can
cause a portion of the eye to move, or instead, prevent a portion of the eve from moving.
Similarly stated, in some embodiments, the deformation of the first elongate member 102581
and/or the second clongate member 10285 can move {or alicrnatively maintsin a position of)
a portion of the arget fissue, For example, i some uses, at feast one of the contact portion
1284 or the comtect portion 10288 can contact the corjunctiva of the eye. In this nanner, at
least one of the contact portions 10284, 10288 can stabilize, bold steady, grip, streich, or
mechanically fix & portion of the eye {e.z., the conjunctiva) when the device is moved from

the first configuration to the second configuration.

{1276} In some embodiments, the contact portions 10284, 10288 can create a taught
spherical injection site.  For example, the first clongate member 10281 and/or the second
elongate member 10285 can deform in a radial direction from the center point {ie, away
from where the puncture member 10280 penctrates) when the delivery deviee 10000 moves
from the first configuration to the second configuration. In this manuey, the conjunctiva can

¢ held in a preferable position during the injection. In some instances, this can reduce the

el
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punciuring force to penetrate the surface of the eve. In some embodiments, the “stretching”
of the conjunctiva can minimire and/or eliminate any “bunching™ of the conjunciiva that may
otherwise cccur, and instead can produce a surface fayer (c.g., conjunctival having a
substantialiy constant thickness. In some instances, the confact portions 10284, 10288 can, at
least temporarily, adhere fo & portion of the sorface layer (e.g., conjunctiva), In this manner,
the contact portions 10284, 1028% can cause movement of and/or stabilize at least a portion
of the surface layer such that at least the portion of the surface layer is in a preferable position

during the injection.

{3277 In some embodiments, the elongate member 10281 and/or the elongate member
10285 can be attached w0 the hub 10270 in agy suitable manner, as shown in FIGS. 44A and
44B. In yet other embodiments, the clongate member 10281 and/or the clongate member
10285 can be coupled to an clongate member holder or interface (not shown), The elongate
member holder can be coupled io the hub 10270, Tn somce cmbodiments, the clongate

member holder {not shown) can be a ring.

{1278} The elongate members 10281, 10285 can be any suitable material {e.g., metallic or
plastic). In some cmbodiments, the sicds can contain a plurality of different materials. For
example, the contact portion 10284 of the first clongate member 10281 may contain a
material not contained on a different portion of the fivst elongate member 10281, In some
embodiments, for example, additional materials (e.g., & costing) can be applied fo any portion
of the elongate mersbers 10281, 10285, Further to this exanmple, the additional material can
be configured to ncrease or decrease friction between the elongate members 10281, 10285
and a surface layer {e.g.. conjunctiva), In some embodiments, a phurality of additional
matcrials cap be applied io the clovgate moembers 10281, 10285, Each additional material
{£.g., coating) from the plurality of additional materials, for cxample, can include relatively

unique material properties (e.g., viscosity, density, surface tension, e1¢.).

{12791 in some embodiments, the clongate members 1028f, 10285 can provide an
indicator associated with at least one of the distance Al, A2, B, B2, CI, and/or C2. Tn some
embodiments, the indicator cap be a visval indicaior such as & measuring scale, graduated
marking or the fike, For example, in some cmbodiments, the first clongate member 10281
can include indicia (e.g., loes, markings, te marks, ew.). In some embodiments, the
markings can represent a change in location of the distal tip of the puncture member 10240

from the first configuration to the second configuration. In yet another embodiment, the
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markings can represent a porton of the eyve where the distal tip of the puncture member
10240 1z located. For example, the markivgs can indicate whether the distal tip of the
pumeture member 10240 is located in the sclera, choroid, suprachoroidal space, or retina of
the eye. For another example, the markings can indicate by term the location of the distal tip
of the pancture member 10240 (e.g., sclera, chorold, suprachoroidal space, reting, etc.), and
can further indicaic g location within the termed location {e.g., & location within the choroid).
in this manner, the markings can indicate, for example, the tocation of the distal tip of the
punciure member 10240 relative to the sclera and/or the choroid when the distal tip 15 located

within the suprachoroidal space.

{1288} Although shown as including multiple, deformable elongate members, in other
embodiments an engagement assembly and/or an adjustment assentbly, for example, included
or coupled to a hub, can include a single deformable member. For example, FIGS, 45A and
451 are schematic illustrations of a portion of a delivery device 11009, according to an
embodiment. Specifically, FIG. 45A illustrates ¢ portion of a delivery device 11000 in a first
configuration and & second configuration (e.g., thustrated with dashed lines), and FIG. 458
lustrates a bottom view of the portion of the delivery device 11000, The delivery device
1000 includes a hub 11270, a punctore member 11240 (also referred o herein as & delivery
menber or a needle) and an cugagement member 11280, The engagement member 11280

can be any suitable structure configured 1o engage the target Hssue.
5 g

{12811  As shown, a proximal portion 11282 of the engagoment member 11280 is coupled
to the delivery device 11000, The engagement member 11280 is coupled 10 the delivery
device 1000 via the hub 11270, In yet other embodiments, the engagement member [ 1280
can be coupled to an engagoment member holder (not shown). The engagement mombor

holder can then be coupled to the bub 11270, The engagement member 11280 has a comtact

porfion 11284,

{1282} When the delivery device 11000 s 1o a first configuration, as shown, in FIG. 434,
a portion of the contact portion 11284 of the engagement member 1 {280 is spaced apart from

el

the distal tip of the puncture member 11240 by a distance Al faken along a center line of the

puncture member 11240, To some ombodiments, the distal tip of the punciure member 11240
is spaced apart from g Hue defined by the contacr portion 11282 of the engagement member
{1384 by a distance taken along a cemer line of the punclure member 11240, Inuse, 2

user {e.g doctor, techuician, ourse, physician, ophthalmologist, ofe.) can manipulate a

*J'J.
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delivery device (not shown) to insert the puncture member § 1240 into, for example, a portion
of the eve (e.g., the eve 10 shown i FIG. 1}, In this manner, the user can apply a distal force
to move the delivery dovice 11000 from the first configuration fo a sceond configuration,
Similarly stated, when the punciore member 11240 1s inseried into the eye, the engagement
member 11280 cap move from the first configuration fo the second configuration, as
llustrated by the dashed line in FIG. 45A. When the delivery device 11000 is in the second
configuration, as shown in FIG. 444, 2 portion of the contact porton 11284 of the
erigagement member 11280 and the distal tip of the punchure member 11240 are separated by
a distance A2 (see the distance indicated from the dashed Hines), A2 being greater than Al
In some cmbodiments, when the delivery device 110600 is in the second configuration, the
distal tip of the puncture member 11240 is spaced apart from 2 Hne defmed by the contact
portion 11284 of the engagement member 11280 by a distance A2 taken along a center hine of

the punciure member 11240, A2 being greater than Al

{1283} In some embodiments, when the delivery device 11000 is moved from the first
configuration to the second configuration, the contact portion 11284 can cause a portion of
the eye to move, oF instead, prevent a portion of the eve from moving. Stmilarly stated, in
some embodiments, the deformation of the engagement member 11280 can move {or
alternatively maintain a position of} a portion of the targer tissue. For example, in some uses,

the contact ;\mriﬁn 11282 of the engagement member 11280 can stabilize, hold steady, grip,
stretch, or mcc}rﬂzica}ly fix a portion of the eye {e.g., the conjunctiva) when the delivery

device 11000 is moved from the first configuration into the second configuration.

{1284} Although the engagement member 280 is shown and described above as
including a contact portion 11284 that is curved in a convex manner (.o, curved ontwardly,
or in a manper that resernbles an outer surface of a sphere), in other embodiments, a hub
and/or an engagenent member can joclude a contact portion that i curved n a congcave

maaner (Le., curved inwardly, or in 2 manner {hat resembles an inner surface of a sphere).

{1285} In some embodiments, the engagement member 11280 can deform st a variable
rate. For example, the engagement member 11280 can provide variable resistance when a
user manipulates the delivery device 11600, In some embodimenis, the engagement member
11280 can provide a hard stop (l.e., a user would be substanually prevented from further
inserting the puneture member 11240 tmo a portion of the eye). In vet other embodiments,

the engagement member 11280 can be configured to provide variable resistance based on its
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level of deformity. In this manner, the engagement member 11280 can be configured o

srovide 2 first lovel of resistance when the puncture member 11240 is in a first portion of the
eve and @ second level of resistance when the puncture mamber 11240 s in & second portion
of ihe eye, the fixst level of resistance being different than the second level of resistance. in
some embodiments, for example, the first portion of the eve can be the selera and the second

portion of the eve can be the suprachoroidal space

{1286} In some embodiments, the cogagoment member 11000 can provide an indicator
associated with at feast one of the distance Al or A2 (e, the depth of penciration of the
puncture member 112403, In some embodiments, the mdicator cam bo & visual indieatoy such
as # measuring scale, graduated marking or the like. For example, in some embodiments, the
engagement member 11280 can inclode indicia {o.z., lines, markings, tic marks, etc.). In
some erahodinents, the markings can represent a change in focation of the distal tip of the
puncture member 11240 from the fisst configuration to the second configuration. In yet other
embodiments, the markings can represent a portion of the cve where the distal tip of the
punciure member 11240 is located. For cxample, the markings can indicate whether the
distal tip of the puncture member 11240 i located W the sclera, chorowd, suprachoveidal
space, o reting of the eve. For another exampie, the markings can indicate by the anatomical
term the location of the distal tip of the puncrure member 11240 {e.z.. schera, choroid,

¢

suprachorotdal space, reting, ete.) znd can frther indicate a location within the termed
location {e.g., a location within the choroid). In this memmer, the markings can indicate, for
example, the location of the distal tip of the puncture member 11240 relative to the sclera

and/or the choreid when the distal tip is located within the suprachoroidal space.

{'5287} Although the cngagement assembly 10000 is shown and described above as

scluding two or more elongate members having contact porfions that are corved in a convex
manner {1.¢., curved outwardly, or in a manner that resembles an outer surface of 2 sphere), in
other embodiments, a bub, an engagement sssembly and/or adjustment member can include a
contact portion or surface that is curved i a concave manoer (ie., curved inwardly, or in 2
manper that resemebles an nner surface of a sphere). Sindlarly stated, in some embodiments,
a delivery device can include a hub, an sngagement assembly and/or adjustment member
having a surface that is configured to engage, it and/or conform to the surface of the targst
tissue {e.2., the eye). As one sxample, FIGE, 46-47 are perspoctive views of & portion of &

delivery device according to an embodiment.  In particular, FIGS. 46-47 are perspective
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views of an engagement member 12280 configured to be used n conjunction with any of the
defivery devices shown and described herein. The engagement member 12240 includes a
proximal end portion 12281 and a distal end portion 12282 and defines a lumen or

passageway therebetween,

{1288 The proximal end portion 12281 of the engagement member 12280 can be
coupled to a debivery device (not shown in FIG. 46). In some embodiments, the proximal end
portion 12281 of the engagement member 12280 can be coupled to the hub 10270 (not shown
in FIGR. 45-46), ot any other hub described herein, For example, in some embodiments, the
engagement merber 12280 can be threadedly coupled 1o @ hub to conwol an effective length
of a punciure member {also referred to a5 2 delivery member or needle) as deseribed above.
In this manner, the engagement member 12280 can perform the fimction of a needle

adjustment mechavisan

{1289} As shown v FIGS, 46 and 47, the distal end portion 12282 of the cogagement
member 12280 includes three contact mombers 12283, Fach of the contact members 12283
ws a surface that inchludes an inverse-dimpled or “beaded” traction patiern 12284, The
contact members 12283 are configured to contact s surface of the target fissue {c.g., the
conjunctiva of the eve) during use 1o facilitate insertion of a puncture member (not shown)
and/oy injection of a drug formulaton into the target tissue. The distal end portion 12282 of
the engagemeni member 12280 and/or the contact members 12283 can be any suitable
steucture configured to engage the target tissuce (as described herein), For example, in some
embodiments, the distal end portion 12282 of the engagement member 12280 and/or the
contact members 12283 can be any suitable structure configured o grip, hold, and/or deform
a portion of the target tissue (2.g., the conjunctiva of the eye). As shown, at least a portion of
the distal end portion 12282 and/or the contact members 12283 bave a curved shape. The
curved shape, for example, can be such that the comtact members 12283 are configured fo

contact a portion of the eye {e.g., the conjonctiva) along a line tangent (6 a portion of the

Q7

contact members 12283, Further io this example, the curved shape of the portion of the
comact members 12283 can allow for a desived distribution of force(s) to be apphied to 2

portion of the eye.

[32961  in somne embodiments, the coutact members 12283 can create a tanght spherical
imjection site. For example, the contact members 12283 can deform in a radial divection from

the center point (Le., away from where the punciore member penetrates) when the delivery

a3
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device (nof shown) moves from a first configoration 1o a second configwrstion. In this
manner, the conjunctiva can be moved into and/or beld in 2 preferable position during the
injection. In some instances, this can reduce the puncturing forces to penetrate the surface of
the eye. o sovse evobodiments, the “stretebing” of the conjunctive can minimize and/or
eliminate apy “bunching” of the compunctiva that may ctherwise ocour, and instead can
produce a surface layer {e.g.. conjunciiva) having a substantiaily constant thickness. In some
instances, the contact members 12283 can, at least ©emporarily, adhere to a portion of the
surface layer {e.g., the conjunctival. In this manner, the contact members 12283 can cause
movement of and/or stabilize at least a portion of the surface layver sach that al Jeast the

portion of the surface layer is in 2 preferable position during the injection,

{1261} In some embodiments, the engagement member 12280 (and any of the
cngagement and/or adiustment members shown and described hersin) can form 3
substantially fluid-tight seal and/or a sobstantially Hquid-tight seal with the outer surface of
the farget tissue (2.£.. the conjunctiva of the eye). In this manner, lcakage of the mjecied
medicament along the needle frack during the injection event can be reduced sod/or
eliminated. Bxpanding further, in some embodiments, the anatomy of the target tissue and/or
the arrangement of the delivery device can be such that, in use, a portion of the opening of the
necdle (not shown) may be placed in fluid communication with the suprachoroidal space
{e.g., suprachoroidal space 36 W FIG. 1) of the eye, while another portion of the opening of
the needle may be positionad within the sclera 20 (e.g., aclera 20 In FIG.1). Thus, when the
drug formulation is conveyed into the eve via the needle (not shown). a poriion of the drug
formutation may be prone fo migrating away from the desired region (e.g., the suprachoroidal
space 36 1n FIG. 1) and out of the eve via the needie rrack. By forming a substantially fluid-
tight seal and/or 2 substantially Hguid-tight seal, the engagement member 12280 {e.g., the
surface of the contact members 12283) can produce an area of high resistance to flow, thus

mininizing and/ot eliminating the flow migration and/or leakage.

{1292} In some embodiments, the engagement member 12280 can bo constructed from o
refatively soft matenal, which can be well-suited to forming a fluid-tight seal. In yet other
embodiments, the engagement member 12280 can be constructed from multiple materialg.
For exampie, in some embodiments, the contact membors 12283 of the cogagement membor

12280 can be consfructed from and/or can include a fayer or portion constructed from a

material formulated to form 2 substantially fhind-tight seal with the outer surface of the wrget
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tssue (8.2, the conjunctiva). Although the contact members 12283 are shown and described
above a5 inchiding a beaded swrface, In other embodiments, the contact members 8%3 can
include any suitable surface foatures.  For example, as shown fn FIG. 48, in some
embodiments, an engagement member 13280 can include a series of contact members 13283
having a smooth surface. As another example, as shown in FIG. 49, i some embodiments,
an engagement member 14280 can include & series of contaci members 14283 having a
idged and/or stepped surface. in other embodiments, for example. an engagement membor

can include a contact member having a ribbed sarface (e.g., similar {o that shown in FIG. §

{1293} In other embodiments, an engagement member md/or contact members can
mclede any combination of seitable surface featwes. Tn this manwer, for example, an
engagement member can nclude a first contact member with 8 smooth surface and 2 second
contact menmber with a ribbed surface. As another example, a contact member can inclade a

first portion having a ribbed surface and a second portion having a beaded surface.

{1294} Akbhough shown as including three contact members, in other embodiments, an
engagenent member, hub and/or adjustment member can include any number of contact
members.  For cxample, FIGS. 30-55 are illustrations of delivery devices according o
various embodiments, In particular, FIG. 50 is a perspective view of an engagoment member
15280 according to some embodiments.  FIG. 51 is a perspective view of an engagement
member 16280 according o some embodiments. As shown, for example in FIGS. 50 and 51,
m some embodiments, the engagement member 15280, 16280 can include contsct members
15283, 16283 that are curved in a spherical manner. Further to this cxample, in some
embodiments, the contact member 15283 can include a dimpled swrface (eg., FIG. 500 In
vet other embodimenis, for example, the contact member 16283 can include a smooth surface

oy

(e.g, FIG. 51} FIG. 52

-yt

s a perspective view of an sngagement member 17280 according fo
some ombodiments.  FIG. 33 i a perspective view of ap engagement mernber 18280
according o some embodiments.  As shown, for example in FIGS. 52 and 53, in some
cmbodiments, the engagement member 17280, 18280 can include contact members 17283,
18283 that are curved iu a planar manser. Further to this example, in some embodiments, the
comtact member 172823 can include a ribbed surfuce (eg, FIG. 323 In vet other
cmbodiments, for example, the contact member 18283 can include a smooth surface {c.g.,
FIG 53 FHG. 54 shows a perspective view of the engagement member 18280 in use with a

detivery device 18000 to engage an eye and/or deliver a medicament thereto, according fo an
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embodiment. The delivery device can be similar to the delivery device 100, 406, 1004, 2000,
3004, 7000, or any other delivery device or medical injector described herein, FIG. 55 shows
a cross-sectional view of the perspective view shown in FIG. 54, The delivery device 18000
meludes 2 hub 18270, a puncture member 18240 (also referred to herein as a delivery

rember or a needle} and an engagement member 18280,

{1295} In use, a user {e.g., a doctor, technician, nurse, physician, ophthelmologist, ete.)
can manipulate the delivery device 18000 to insert the puncture member 18240 inio, for
example, & portion of the eyve {e.g., the eye 10 shown in FIG, 1), Inthis manner, the user can
apply a distal force such that punchure member 18240 is advimeed distally selative 1o andfor
through the engagement member 18280 {e.g., a8 shown by arrow F1 along longitudinal axis
AA in FHG. 53). In this manner, a portion of the punciure member 11080 can be advanced

through a portion of the sve.

{12946} In some embodiments, a system for ocular jection can tnclude suy of the hubs
described herein and/or & drog extraction device configured o matingly engasge with a
houstng and/or 8 medicament delivery container. For example, referring now to FIGS 56-74,
in some cmbodiments, a system 19000 can melude houvsing 19110, an actuator 19320, an
actuating member 19140, a medicament containment chamber 19310, 2 hub 19270, a needic
19244, and a cap [928(. The systemn 190600 can be configured to deliver a substance, for

examiye, a medicament to a target Hssue, for examyple, the SCS of an eye.

{1297} The housing 19110 {FIG. 57) inchsdes a first portion 1911082, and a second portion
19110b (collectively “191107) that can be coupled together to define an internal region for
housing af least a portion of the medicament confainment chamber 19310 and the actator
19320, The housing 19110 ncludes a grippmyg portion 19112 to allow a user 10 grip the
housing 19110 between bis index and middie finger. The houosing 19111 also includes ridges
19114 {o allow easy gripping of the housing 19110 by the user. For example, the user can
grip the gripping portion 19112 with one hand and grip the ridges 19114 with the fingers of &
second hand during Imjection, for example, delivery of a medicament into a target tissae {e.g.,
ccolar tissuey In this manner, the vser any sideways movement of the system 19000 during
medicament delivery can be reduced. A sotf of windows 19116 are defined in a sidewall of
the housing 19110, The set of windows 19116 can be configured to allow the user to view
the mferior volome of the medicament comainmem chamber 19310, for example, o view a

ievel of & medicament remabining in the medicament containmeni chamber 19310, The
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housing 19110 also include a set of slots 19118, each slot configured to siidably receive a rib
19323 included in an engagement portion 19322 of the actuator 19320, such that the set of
slots are configured to keep the actustor 19320 aligned as the actuator 19320 is displaced

within the housing 19110 and the medicament contatnment chambet 19310,

{1298} As shown i FIGS, 57 and 5¥, the semator 19320 jncludes an engagement portion
19322 and 4 plunger portion 19324, The engagement porton 19322 mncludes a set of ribs
19323 slidably disposed in the set of slots 1911% of the housing 19110, as described before
A portion of the engagement portion 19322 i disposed in o cavity 19146 defined by the
actuating toember 19140 {see, c.g. FIG. 62).  The plunger portion 19324 includes a
protrusion 19327 disposed on a distal end of the actuator 19320, The prowrusion 19327 can
be configured to be disposed in a recess 19335 defined by a plug 19328 with close tolerance

(e.g., fiction fit}, as described heretn. The plug 19328 (FIGS. 59-60) is disposed in the
iternal volome 19316 defined by the medicament containment chamber 19310, The phag

9328 includes a proximal end 19332 coupled to the plunger portion 19324 of the actuator
19320 and a distal end 19334 in fluid comonication with a medicament ot any other Hquid
disposed i the internal volupe 19316 defined by the medicament containment chamber
19310, The plug 19328 can be made of a rigid but soft material, for example, rubber, and
includes the recess 19335 configured to receive the prouusion 19327 of the actuator 19320
with close tolerance {e.g., friction fit}. The plug 19328 includes a first sidewall 193362 and 2
second sidewall 19336b (collectively referred 1o as the “sidewalls 19336} in contact with a
sidewall of the internal vohuve 19316 of the medicament containment chamber 19310, The

~

sidewalls 19336 forre a substantially fhuid-tight seal with the sidewalls of the inner volurse
19314 defined by the medicament confainment chamber 19310, Tn this manner, e plug
19328 cap prevent leakage of the Bguid medicament from the nernal volume 19316, for
example, leakage of the medicament into a portion of the internal volume 19316 within

which the plunger portion 19324 of the actuator 19320 is disposed.

{12881 The actvation member 15140 (FIGS. 61-62) includes a depression 19142, shaped
o conform to o thumb of a user, for example, 1w allow easy displacement of the actuating
member 19140 by the wser. The acluating member 19140 alse mchudes ridges 19144
configured to allow easy gripping of the actuating member 19140, for cxample, when loading
a medicament nto the medicavient containment chamber 193710, The actuation mewviber

19140 also inciudes a cavity 19146, configured to shdably reccive a portion of the

Rl
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engagement portion 19322 of the actuator 19320 with close tolerance (e.g., fricdon fit), In
some embodiments, the actuating member 19140 can be configured 1o be engaged by the user
o manwally move the plunger portion 19324 of the actuator 19320 within the intemnal volume
19316 of the medicament containment chamber 19310, In some embodiments, the actuating
member 19144 can be included in an injection assembly, for example, the injection assembly
100, 2106, or any other injection assembly described hercin, that can be included in the
system 19000, The actuating member 19140 can be configured to activaie the injection
assembly, for example, to release and/or move the actuator 19320 such that the planger

portion 19324 moves within the internal volume 19316 and expels at least a portion of the

{13061  Asshown in FIGS. 63-65, the medicament contaimment chamber 19310 defines an
internal volinme 19314, configured to house a medicament. The medicament containment
chamber 19310 includes a deHvery portion 19324, A first set of threads 19318a and a second
set of threads 19318b (FIG. 63} are formed on an ooter wall of the delivery portion 19314,
Gaid another way, the outer wall of the delivery portion 19314 includes doubie-start threads.
The threads 19318 are configured 10 allow coupling of the medicament containment chamber
19310 to a coupling portion 19272 of the hab 19270, In some embodiments, any other hub,
af infection site marker, for example, the injection site marker 20280 described bolow, and/or
an extraction device, for example extraction device 21280, can be coupled to the delivery
portion 19324 via the threads 19318, The delivery portion 19314 includes o first cavity
19315 configured to receive an engagemeni portion 19273 {e.g., a nozzie) of the hub 19270,
such that a fluidic chasnel 19317 included in the delivery portion 19314 i in fluid
compumication with a fivst flmdic chavpel 19277 included 1n the engagement portion 19273
of the hub 19270, The medicamend containment chamber 19310 also mchides a sevond
cavity 19313, The engagement portion 19322 of the actuator 19320 is disposed within the
second cavity 19313 and is counfigured to be slidably displaced within the second cavits
15313, ‘

{1381] As shown fn FIGS, 56-67, the hub 19270 includes an engagement portion 16273,
a coupling portion 19272, and a delivery porfion 19274, An inner sidewall of the
engagement portion 19273 and an outer sidowall of the coupling portion 19272 define a
recess 19275 confignred to recetve the delivery portion 19314 of the medicament

containment chamber 19310, The tnmer sidewall of the coupling pomion 16272 includes
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threads 19278, configured to engage the threads 19318a and/or 19318b of the medicament

—
)
i

containment chamber 19310, thereby coupling the hub 19270 o the medicament conainment

chamber 19310, An outer sidewall of the coupling portion 19272 includes a2 set of ridges
9276, The rnidges 19276 can faciltate @ user to grip the bub 19270, for example, for
coupling or vacoupling the bub 19270 from the medicament containment chamber 19230
The engagement portion 19273, defines 2 fluidic channel 19277 configured to engage the
tlutdic channel 19317 of the medicament containment chamber 19130 and establish fluidic
communication between the medicament contattment chamber 19130 and tfhe hub 19270,
The delivery portion 19274, defines a second fluidic channel 19279 configured to removably
cecive the needle 19240, for cxample, a microvesdle (c.g., any suitable wmicroncedic
described beremn). The needle 19240 15 configured to be disposed within a target tissve, for
example, ocular tissue and defines a himen 19241 such that the needie 19240 s configured 1o
establish fluidic communication between the medicament containment chamber 19310 and
the portion of the user’s body {(e.g., the eye). In some embodiments, the needle 19244 can be
fixedly disposed in the second fluidic channel 19279, In some embodinments, the nesdle
19240 can be monolithically formed with the hub 19270 such that the second fluidic channel

19279 and the luren of the needle 19241 are continuousty and/or scamlessly formed.

11362} As shown in FIGS. 68 and 69, the cap 19280 includes a coupling portion 19282
that includes a first cavity 19283 configured to slidably reccive the coupling portion 19272 of
the hub 19270 A set of grooves 19285 is formed on an inner sidewall of the coupling
portion 19282 configured to mate with the set of ridges 19276 of the hub 19270 with close
tolerance (e.g., friction fit). The cap 19280 alse includes an engagement portion 19284 that
defines a second cavity 19284 configured to veceive the delivery portion 19274 of the hub
19270, At least a portion of an outer sidewsH of the epgugement portion 19284 is
substantially flat, for example, to allow a user 1o grip the cap 19280 with ease {e.g.. to coupie
or uncouple the bub 19270 from the medicament containment chamber 1150). The cap
19280 cup thus enable safe couplimghmcoupling of hub 19270 to the medicwmoent
containment chamber 19310 and/or prevent accidental pievcing of a portion of a user’s body

by the needle 19240 during handling of the system 19000,

{1343} Referring now to FIGS. 70-71, FIG. 70 shows the system 19000 i a first
configuration, such that the actuator 19320 and the actuating member 19140 are in a st

position and the otersal volume 19316 of the medicament containment chamber 19313 is at
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least partially filled with the medicament. A user can now engage the actiating member
19140 by applying a foree in the direction shown by the arrow F on the actoating membes
19340, for example, using a thumb of the wser. This urges the actmator 19320, which is
coupled o the actuating member 19140, to displace along a longitadinal axis AA of the

systermn 1900 and orge the systemn 19000 inio the second configuration as shown in FIG. 7L
In the second coufiguration, the actuator 19320 iz displaced from the first position to a seooad
position within the internal volume 19316 of the medicament comtainment chamber 19310,
This displacement causes the plug 19328 which v in fluid communication with the
medicament, to slide from the first position to the second position within the internal volume
19316, The movement expels the medicament from the internal volume 19316 into the
fhuidic channel 19277 of the b 16270, and further through the lumen 19241 of the needle

19240 into the target tissue (e.g., the eye).

{1384} In some embodiments, a system for ocolar injection can include an injection
marker for marking an injection site on a target tissug, for example, ocular tissue. FIG. 72-73
show perspective views of an injection site marker 20280 according 1o an embodiment. As
shown, a proximal end 20282 of the injection stie mavker 20280 can be coupled to 2 delivery
device, for example, coupled o the coupling portion 19272 of the hub 19270 mchided n the
aystem 19000, The injection site marker 20280 has 3 distal end 20284, which includes & set
of pretrusions 20286 disposed on a distal cod surface of the distal end 20284, In some
embodiments, the proximal end 20282 of the injection site marker 20280 can be used in
conjunction with and/or coupled to any of the hubs, engagement members and/or adjustment
nembers described herein,  For exarmaple, io some embodiments, the injection site marker

2(280 can be threadediy coupled to a lub of a defivery device (e.g., hub 19270 of delivery

device 19000). In other embodiments, for example, the mjection site marker 20280 can be

coupled by way of friction (¢.g., interference {it, press fit, friction fif, etc.}
§13@S§ In some embodiments, the protrusions 20286 of the distal end 20284 of the

njection site marker 20280 can be configured to contact a portion of the eye (e.g., the eve 10
shown in FIG. 1), 1o some embodiments, for example, the prowrusions 20286 of the injection
site marker 20280 can be configured leave a marking on # portion of the eye. The marking,
for example, can indicaie an injection site. For example, the markings can appear as parallel
indentations on the conjunctiva of the eye indicating to the user that the injection is to be

performed in the region between the parallel matdngs,  Further to this example, in some
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embodiments, the injection site marker 20280 can be removably coupled to a delivery device
{c.g., the delivery device 19000). In sach embodieemts, the injection site marker 20280 can
be removed from the delivery device after marking the injection site on the target tissue. A
needle assembly and/or hub that wehides a needle, for example, the needle 19244 coupled
thereta, can then be coupled to the delivery device which can be used o deliver the
medicament to the injection site warked by the injection site marker 20280, In some
embodimenis, an injection site mwarker can define a passageowsy to allow a veedle w pass

therethrough.  In such cmbodiments, the injection site marker can rewpain coupled to the

detivery device during delivery of the medicament {0 the target tissue.

{1388} In some embodiments, a system for delivering medicaments can inglude an
extraction device for extracting medicaments or any other fluid from & condainer, for
example, a vial, Referring now to FIG. 74-80, a system 21000 ncludes a bousing 21110, an
actuator {not shown), an sctoating member 21140, a moedicament containment chamber
2131, and an cxtraction member 212806, The system 210060, that inclodes the extraction
member 21280, can be used to extract 2 higuid medicament from a medicament confainer
21294, The housing 21110, the actuator, the medicament coninment chamber 21310, and
actoating member 21140 of the systern 21000 can be substantially similar in struciure and
function io the components of the system 19000 described earlier, and are therefore not

described i further detail herein

13874 Fi(3, 74 shows the extraction merober 21280 uncoupled from the medicament
contaitmment charsber 21376 white FIG. 735 shows #he extraction member 21280 coupled ©

the medicament containment chamber 21310, As shown m FIG, 76, the extraction member
21280 mechuedes a coupling portion 21281, an cngagement portion 21284 and an extraction
portion 21288, Threads 21282 are formed on an inner side wall of the coupling portion that
are configured to wate with the threads of 213188 and 21318b of the medicament
contarnment chamber 21310 and {o couple the extraction member 21280 10 the medicament
containment chamber 21310, A set of ridges 21283 are formed on an outer sidewall of the
coupling portion 21281, The tidges 21283 can, for example, serve as grips to faciiitate a user
to couple/oncouple the extraction member 21280 to the medicament containment chamber
21256, The inner sidowall of the couphing porfion 21281 and an outer sidewsll of the
engagement portion 21284 define a cavity 21285, configwed to receive a portion of the

medicament containment chamber 21310, when the extraction member 21280 is coupled to
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the medicament containment chamber 21310, The engagement portion 21284 inchudes a
fluidic channel 21286 configured to establish fluid communication between the extraction
member 21280 and the modicament containment chamber 21230, for cxample, o allow

communication of fluid from the extraction member 21280 {e.g., Houid medicament extracted

4.)

from a medicament vial) to the medicament containment chamber 21250,

{1388} The extraction portion 21288 is configured 1o be releasably coupled to a container
a container 21294 that contains a medicament, and establish fluid conununication between
the container 21294 and the medicament contaimment chamber 21310 via the extraction
member 21280, The extraction portion 21288 includes a set of arms 21289, Fach of the set
of arms 21289 has an angled portion configured to flex open for receiving a cap of the
container, for example, the container 21294, EBach of the set of arms 21289 also mchide a
ledge 21290 configured to secure the cap of the container, for example container 21294 when
the container is coupled to the cxwaction momber 21280, a8 shown in FIG. 75, The
extraction portion 21288 also includes a puncturing member 21291 that defines a fhudic
channel 21292, The puncturing member 21291 s configured 1o puncrurc a seal of a

comtainer, for example, container 21294, and establish fhad communication between the
confainer and the medicament comainment chamber 21310, via the extraction member

21280, as described herein,

{13691 FIG, 77 shows a perspective view of the system 21000 in a fisst configuration,
such that the container 21294 1s uncoupled from the extraction member 21280, The container
21294 includes a cap 21296 that bas a seal 21297, for example, a septum {e.g., 2 vubber
sephurn), and defines an internal vohume for housing a liquid medicament, FIG. 78 shows

sectioned view of the perspective view shown in FIG, 77, but only the extraction member
21280 and the container 21294 are shown for clarity. A user can apply a force sbown by the

ry-n

arrow F2 (FIG. 78) along a3 longitudinal axis BB of the system 21000 10 urge the exiraction
member 21280 towards the container 21294, Optionally, a force can also be applied 1o the
container 21294 {o vrge the contalner 21294 towards the extraction member 21280, This
urges the system 21000 e the second configuration (FIGS, 79-80) such that extraction
member 21280 s releasably coupled © the cap 1296 of the container 21294, As shown in the
sectioned view of FIG. &0, in the sccond configuration a sarface of the ledge 21290 inchuded
in the each of the set of anms 21249 of the exiraction member 2128(, are contacting 2 small

portion of a bottom surface of the cap 21296 of the comtainer 21294, In this manner, the
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container 21294 is releasably secured o the exiraction member 2128{0. Furthermore, the
puncturing member 21291 punctires the seal 21297 of the cap 21296 mchuded in the
comtainer 21294 1o cstablish fluid communication between the coutainer 21294 and the
medicament containment charaber 21310 via the extraction momber 21280, Medicament can
now be extracted from the container 21294 by 2 user by engaging ihe actusting member
21240, as described herein with reference to system 19000 (FIGS. 70-71) To uncouple the
container 21294 from ihe extraction member 21288, the user can sinple pull the container
21294 away from the extraction member in a direction opposing the direction indicated by

arrow F2 {(F13G. 78},

{1319 In some embodiments, & system for injection of & medicement into an ocular
tissue, for example, the SCS can include a mechanism for insertion of the puncturing momber
as well as delivering the medicamont. Reforriog now 1o FIGS, §1-83, a system 22000
meludes 2 housing 22114, a neadie assembly 22200 that nchudes 2 puncturing member 22240
and a hub 222790, and 3 medicament containment chamber 223310, At least a portion of an
actuator {not shown) can be disposed in the medicament containment chamber 22310, The
actuator is configured fo communicate a2 medicament disposed in an infernal volume of the
medicament containment chamber 22310 into an ceular Hssue, for example, the STS of an

eve.

{1314} The houvsing 22110 has an ergonomic shape and inclades ridges 22114 o allow &
user to easily grip the bousing 22110, The bousing 22110 can define an internal volume
within which at least a portion of the medicament containment chamber 22310 and the
actuator can be disposed. In some embodiments, an injector assembly, for example, the
injector assembly 2100 or any other njector asscmbly deseribed herein can be disposed in the
housing 22110, The bousing 22110 is configured to move laterally along & longitudinal axis
Ar of the system 22000, berween a fisst configuration shown in FIG. 81 and 2 second
configuration shown in FIG. 83, In this manner, the housing 22110 can move the actuator
and draw in or expel out a medicament from the medicament contaipment chamber 22310, In
some embodiments, the housing 22110 can alse be configured 10 insert the punciuring

member 22240 into the ocular fissue,

{1312} The medicament contalrment chamber 22310 defines an internu} volume within
which a medicament can be disposed. A set of markings 22315 can be defined on an outer

surface of the medicament contaimment chamber 22310, The medicamerd containment
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chamber 22310 can be substantially trangparent such that the user can visually observe a

volume of the medicament disposed in the infernal volume and use the markings 22318 wo

determine the quantity of the remaining medicament, In sovec embodiments, the medicament
L 10 204

confainment chamber 22310 can be substantially similar to the medicament cordainment

chamber 1310, 2310, 3310, or any other medicament containment chamber described herein.

{1333] The needle assembly 22200 includes a housing 22210 that can define ap imernal
volume configured to house the components of the needle assembly 22200, A plurality of
ridges 22216 are disposed on an outer surface of the housing 22210, The ridges 22216 are
configured to allow s user fo easily grip the housing 22210 (e.g, for rotating the housing
22210}, The needle assembly 22200 can be configured to adjust a length of the punecturing
member 22240 protruding from a distal end 22274 of the hub 22270, For example, a user can
rotate the needle assembly 22200 sbout the longitudinal axis Ap to adjust 2 length of the
pumchring member 22240 gn‘utrudirig from a distal end 22272 of the hub 22270, In some
embodiments, the nesdle assembly 22200 can include an adjustment member, a lead scrow,
bushing, bearing, locking pin, markings, or any other compoenents as described with respect

to the needie assembly 3200 deseribed herem.

{1314} The puncturing member 22240 s configured to be inserted mio the eye and to
deliver a medicament info the eye, The puucturing member 22240 can be substaptially
similar to the puncturing member 3240 or any other puncturing member described herein. At
lzast 2 portion of the puncturing member 22240 is disposed in the hub 22270, For exampie

proximal end portion of the puncturing member 22240 can be disposed n a passageway
defined by the bub 22270, The hub 22270 includes & proximal end 22272 and a distal end
22274, The distal end 22274 can be curved, for example, define a convex or hemispherical
shape. A distm] end surface of the distal end 22274 can define a sealing portion configured o
contact an outer suxfece of the eye, for example, the conjunctiva, and form 2 substantially
fluid-tight seal arcund an insertion site of the puncturing member 22240, as described with
respect 1o the bob 7270, The proximal end 22272 of the hub 22270 can be removably or
fixedly coupled to a distal portion of the housiog 22210, For example, the proximal end
22272 can include a friction fit, snmap fit, threads, grooves, notches, indents, detents, or any
other suitable coupling mechanism o couple the hub 22270 1o the housing 22210, In some

embodiments, the hub 3270, 7276, 8270, 9270, or any other hub described herein can be

coupled to the housing 22218
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{1315} In a fivst configuration shown in FIG. 81, the housing 22210 can be disposed

distally relative fo the ncedie assembly 22200 and the medicament contaimment chamber
22310, The wmedicament can be disposed in the internal volume of the mediamont
containment chamber 22310, In the second configuration, shown i FIG, 83, a user can
dispose the by 22270 of the system 22000 on as outer layer of the eve (e.g., the conjmetiva
C). The oser can then exert g foree on the housing 22110 in the divection shown by the anow
Fy to move the housing 22110 proximally relative o the needle assembly 22200, This can
cause the puncturing member 22244 to be Inserted o the ovalar tissue, for example, a sclera
of the eye, and the medicament 10 be expelled from the internal volume of the medicament
containment chamber 22310, The vser can use the veedle assembly 22200 to adjust an
msertion depth of the punctoring member 22240 to ensure that the medicament is

connmumicated to the target ocular tssue {e.g., the SCS).

{1316} In sowne embodiments, a needle adjustment mechanism can inclode adjusting the
msertion depth of a needle into a target tissue, for example, ocular tissue, by varying the force
on an actuation rod inclhuded in a modical injector. Por example, FIGS. 844 and 848 show s
portion of 8 medical mjector 23000, that mcludes an sctuation rod 23320 and a needic
disposed in a target fissue i a first configuration and a second configuration, respectively,
according to an embodiment. A distal end portion of the actuation rod 23320 is disposed in a
medicament comtainer included in the medical infector.  The medical injecior can be
substantially similar to the medicament container 130, 1310, 2310, 3310, or any other
medicament container described herein.  The needle 23240 can be any suitable puncture
member, for example, a sicroneedle {e.g., a 27 gauge needle, a 30 gauge needle, or even
smaller). The medical injector 23000 alse inclodes a needle adiusiment mechanism that can
be used to adjust the distance a distal tip of the needle 23240 travels into the target tissue, for
example, ocular tissue based on the magnitude of force applied on an proximal portion, for
example, an engagement portion of the actation rod 23320, By way of example, in some
embodiments, the needle adjustment assembly can include any suitabic mechanism
configured to increase the distance that the distal tip of the needle 23240 travels into the
target tissue based on the force applied on the actuation rod 23320, The force applied on the
actaation rod 23320 cap continue to increase the distance travelled by the distal tip of the
needle 23240 without delivering the medicament from the distal tip of the needle 23240, gntil
the distal tip of the needle 23240 is disposed within a farget region {(e.g., the 8CS) of the

target tissue, The force cav then, for example, overcome the backprossure of the target region
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of the warget tissue such that the distal tip of the needle 23240 doss not travel any further nto
the target tissue and the medicament is delivered to the target region. The needle adjostment
mechanism can include any suitable components such as, for cxarople, & hiasing member
(e.g., 2 spring or a bydranlic biasing member), one or more valves, and, or a force sensing

wechanism.  In some embodiments; the force applied on the actuation rod 23320 can be
adjusted muanually, for example, via haptic foedback (0 a user engaging the actuation rod
23328, In sume embodiments, an automated force adjustent mechanism, for example,
mchsded i the needle adjustment mechanism or an injection assembly {e.g., the Inmjection
assembly 100, 2184, or any other injection assembly described horein) can be used to adjust

the foree and thereby, control the fusertion depth of the distal tip of the necdle 23240,

113171 For example, the distal ip of the needic 23240 can be inserted into an ocular
tissue and configured to deliver a medicament to the SC8 of the ccular tissue. In the frst
configuration shown in FIG. 84A, a first force Fy is applied on the scteation rod 23320, The
fivst force Fy {e.g., fess than about 2N) can be sufficient (o overcome the backpressure of the
comjunciiva (not shown} and get inserted into the sclera S, but insufficient to wrge the distal
tip of the needle 23240 1w travel across the thickness of the sclera 8 and be disposed in the
SCS. The aser can then apply a second force Fy greater than the first foree Fr and sufficient
to overcome a backpressure and/or density of the sclera S such that the distal tip of the needle
23240 tavels through the sclera § and is disposed within or near the 8CS. In some
embodiments, the second Fy can be between about 2 N and about 8 N, for example, about 3
N, about 4 N, about 5 N, or any other range or value therebetween, The user can maintain the
force Fy such that once the distal tip of the veedle 23240 reaches the SCS, the force Fy can
pvercome the backpressure of the SCS and thereby, deliver the medicament to the $CS. In
some embodiments, the transition from the first force Fr to the second force ¥y can be
gradual. For example, the force applied on the actuator can be creased slowly from the
force Fy until the force has a sufficient magoiude (e.g., substantially equal to the second
force Fo) to wrge the distal tip of the needle 23240 1o wavel through the sclera S and be

disposed in the 8CS,

{1318} In some embodiments, a medical injector can inclode an injection assembly that
includes an actuation member configured to actuate an actuation rod included in the medical
imjector. For example, FIGS. 85A and 858 show a medical mjector 24000 that includes

v

medicament container, a needle, and an injecrion assembly, i a first and a second
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configuration respectively, according to an embodiment. The njection assembly nchides an
actuation membar 24120 and an actation rod 24320, The injection assembly can include
othor components such as, for cxample, an cnergy storage member {¢.g., & spring, a
compressed gas oylinder, or a propellant container), a velease member (e.g., a logk, latch, a
pawl), a guide rod, or any other components deseribed with reapect fo the injection assembly
106, 2100, or any other injection assembly described herein. In some cmbodiments, the
actuation member 24120 ¢an be configured to engage and/or secure a proximal end portion of
the actuation rod 24320, In some embodiments, the actuation member 24120 can be
configured to cngage a 1‘{‘.1*335‘6. member that is configured to engage or otherwise sevure
proximal end portion of the actuation rod 24120, The actoation member 24120 can be
engaged by a user such that the actation member 24120 releases the actuation rod 24320 or
urges the release member to release the actoation rod 24320, This can enable a distal end
porlion of the actuation rod 24320 fo move within the medicament container, as shown in

FIG, 858,

{1319} For example, as shown in FIG. B4A-B, the actuation member 24120 inchdes a
fever Hke member that can be disposed on a sidewall of 2 housing coupled to the medicament
container, In the first configuration shown in FIG. 844, the actaation member canbe ain g
first position in which a distal end of the actuation member 24120 is distally disposed from
the medicament comainer, In the first configuration, a proximal end portion of the actuation
member 24120 can be engaged by the actuation member 24120 or the release member and
prevent a distal end portion of the actuation rod 24320 from moving within the medicament
container. Furthermore, an enetgy stovage member or 2 biasing member can be coupled o
the proximal end postion of the actuation rod 243206, o the second configuration shown in
FIG. 848, a user can engage the actuation member 24120, for example, move a distal end of
the actuation member 24120 proximally relative to the medicament containment chamber in a
direction shown by the arrow A. This can urge the actuation member to refcase the proximal
end portion of the actuation rod 24320, In some embodiments, the engaging of the actuation
mentber 24120 can engage a release member engaging or otherwise securing the proximal
exd portion of the actuation rod 2320 such that the release member releases the proximal end
portion of the actuation rod 24320, The energy storage member or biasing member coupled
to the proxinal end porfion of the actuation rod 24320 can then urge the distal end portion of
the actuation rod 24320 to move within the medicament container and thereby, deliver

medicament to a targe! tissue via the needle.
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{13244 In some embodiments, a8 medical njector can inclide a needle adjostment
mechanism that inchudes & wheel. For example, FIG. 86 shows a medical injector 25000 that
can include a medicament containet, a needle assembly 25200, and @ necdic 252406, The
needle sdinstment mechanism 25200 mcludes a wheel 25230, The wheel 25230 is pivotally
mounnted i 2 housing of the medical injector 25000, The wheel 25230 can include a pharality
of prowusions defined thereon. which can be engaged by a user (o move or otherwise rotate
the wheel 25230, The wheel 25230 can be configured w0 be rotated in discrete angular
displacements, such that cach discrete angudar displacement corresponds to 3 diserate
adjustment of the length of a portion of the veedle 25240 emerging from a distal end of &
housing, or a hub coupled 1o the bousing.  In some ombodiments, cach discrete angular
displacement can correspond 10 a length adjustment of asbout 100 microns of the needle
252490, Inthis manner, the wheel 25230 can allow for dighal adjustment of the length of the
necdle 25240, For example, 3 user can insert a distal tip of the necdic a fiest distance (e.g.
corresponding to the depth of the sclera) of 2 target tissue (e.g., ocular tissue), The user can
then engage the wheel 25230 by rotating the wheel 25230 about its pivot mount in discrete
imcrements as described herein. This can adhst the length of the needie 25240 such that a
distal tip of the ncedle 25240 wavels a sccond distance inte the target Hssue (c.g.,
corresponding fo the depth of the SCS) such that the distal tip of the needle 25240 15 disposed
within or near a target region (e.g., the SCS) of the target tissue, The medical injector 25000
can deliver at least a portion of the medicament disposed within the medicament container

>

into the target tissue (e.g., the SCS). For exanple, an injection assembly {(c.g., the injection
assembly G0, 2100, or any other injection assembly described herein) mcluded in the
medical injector 25000 can be configured o mitiate delivery of the medicament inlo the
target rogion {¢.g., the 83CS}, therchy informing the wser that the distal tip of the needle 25240
is disposed in the target vegion. In some embodiments, the wheel 25230 can also be

configured to move a distal end of an actoation vod disposed within the medicament

container, for example, to deliver the medicament o the target tissue via the needle 25240,

{1321} In some embodiments, a wedical injector can imclude a pressure agsist assembly
configured 10 exert a pressure on a proximal nd portion of an actuation rod and assist,
facilitate and/or affect the debivery of & medicament from a medicament contamer.  For
erample, F1G, 87 shows a portion of a medical njector 26000 that mcludes @ housing 26114,
3 prossure assist assembly that imcludes an actuation member 26120, and & medicament

container 26310 coupled to the housiog 26110, A needie is also coupled to the medicamend
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container 26310 and I floidic communication with a medicament disposed within the
medicament container 26310, As shown, in some embodiments, the actuation member 26120

can be a button disposed within a sidewall of the bousing 26110, The pressure assist

~

£
&, I

assembly can also inchude other coroponeuts such or example, One O WMOTe energy

jas)

storage members (e.g., 2 spring, & compressed gas container, or a propeliant container). The
enefgy storage member can be coupled to 8 proximal end portion of an actuation rod included
in the medical injector 26000, A distal end portion of the actuation rod can be disposed
within the medicement container 26310 and configured to move within the medicarment
container 26310, In some embodiments, the pressure assist assembly can also mchude a
rclease member configured fo cngage or otherwise secure the proximal ond portion of the
actuation rod i g first configuration In which the medicament contaiper 18 filled with =
vohune of the medicament. In such embodiments, the actuation member 26120 can be
configured to engage the release member and wrge the release member to release the proximal
erd portion of the scwaton rod. For example, in a second configuration, the actuation
member 26120 can be engaged (e.g., depressed) by a user thereby urging the release member
1w release the proximal end portion of the actuation rod. The energy storage member can now
exert a foree on the proximal cnd portion of the actuation rod configured to move a distal end
portion of the actuation rod within the medicament conrainer 26310, This applics & pressure
o the medicament disposed within the medicament container 26310 and dispels the

medicament through a distal end of the needle,

113121 Is some embodiments, a medical injecior can inclade & needle adjusimont
mechavism that fucludes a leaf spring. For example, FIG, 88 shows a portion of & medical
mjector 27000 that mcludes & medicament container 27310, a leaf spring 27230, and a needle
27240 in a first position (solid Hnes) and a second configuration (dotted lnesy. The leaf
spring 27230 cap be coupled to the medicament container 27310 or « hub coupled o the
medicament container 27310, and configured 10 move from a first position fo a secend
position in response to a foree appled in a direction shown by the arrow F. The movement of

-
;

the leaf spring 27230 is configured to allow a distal tip of the needle 27244

"

dapesed

Snwd

{0 be

o

within a target region. More force can be roquired to move the leaf spring 27236 more and
move the distal tip of the needle deeper info the target vissue (e.g., an ocular tissue). For
example, a8 shown in FIG. 88, in the first configuration a distal end surface of the leaf spring
27230 can be in contact with the outer surface of the conjunctiva C of an eye. Furthormore, 8

fimbus 27247 defined on a distal ead of the neodie 27240 can be disposed a fivst distance Ly
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nto the eye as measwred form a distal end of the leaf spring 27230 such that the iimbus

27242 is disposed in the a 5 of the eye. A force F can be applied to move or otherwise
compress the leaf spring 27230 and move the Bmbus 27242 deepor into the cye. For

example, a magnitude of the force F can be increased untll the leaf spring 27230 moves into
the second configuration. This also orges the distal end of the needle 27240 to move deeper
into the eye, uniil in the second configuration, the limbus 27242 is disposed a second distance
L. mto the eye as measured from the distal end of the leaf spring 27230, The second distance
L, can correspond 1o a depth of the suprachorpidal space within the eve, such that the Hmbus

27242 Is disposed within or near the suprachoroidal space SCS (e.g., the target region) in the

LA

seeond configoration. o this manncy, the leaf spring 27230 can be used to adjust a fength of
needie 27249 thereby, facilitating dehivery of 2 medicament to the rarget region of a target
tisspe. In some embodiments, the movement of the leaf spring 27230 from the fivst position

to the second position can be configured w0 move the needle a predetermined distance

corresponding to the depth of a target region of a target tissue {e.g., the SC8).
{13234 In some embodiments, a needle adjustroent mechanism can include an adinstment

member movable betwean a fivst position and a second position 1o adjust a distance a distal
tip of a needie travels within a target tesue. For example, FIGS. §%A and 898 show a
portion of a medical igjector 28000 that includes a medicament container 24310, a hob
28270, an adjustment reember 28230 and a needle 28240 in a first configuration and a second
configuration, respectively. The medicament container 28310 can be substantially similar to
ihe medicament container 130, 1310, 2310, 3310, or any other medicameni container
described horein.  The proximal end portion of the bub 28270 can be coupled to the
medicament container 28310 and a distal end portion of the hub 28270 can be coupled 10 a
proximal end of the veedle 28240 such that a medicament contained within the medicament
container 28314 is in fhiid commaonication with the needle 28240, The hub 28270 can be
substantially similar to the hub 7270, 8270, 9270, or any other hub described herein, The
adjostment member 28230 can be slidably disposed about the needle 28240 and be
configured to be movable between a first position A and a second position B, As shown, the
adiosiment member 28230 defines a curved surface, which can be configured to conform the
curved surface of a target fissue, for example, an eve. The movement of the adjustment
member 28230 can be used 0 adjust a distance that a distal tip of the needle 28244 can be

inserted into the target tissoe, for example, ocular tissue,
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{1324} For example, in the first configuration shown in FIG. R9A, the adjustment
menther 28230 can be disposed at the first position A and a disial tip of the needle 28240 can
be nserted ¢ first distance into a target tissue {(c.g., within the sclors of an eye). Furthermore,
the curved surface of the adjustment moember 28234 can be n covntact with and conformal to
an outer sarface of the target tissue {e.g., the compunciiva of the eye). A force can be appled
on the medical injector 28000, for example, on a proximal end portion of the medicament
containgr 28310, or a proximal end portion of an acwation rod included in the medical
injector 28000, This can wge the adjustment meniber 28230 to slide and move about the
needle 28240 proximally relative to the medicament container 28310, The foree can be
maintained untl the adjustment member 28230 moves to position B, This incrcases the
distance the distal tip of the veedle 28240 ravels within the target tissue (e.g., ocular tissue),
for example, until the distal tip of the needie 28240 is disposed within or near 8 target region
(e.g., the SC8) of the target tissue. In this manner, the medicament disposed within the
medicament containgr 28310 can be delivered 1o the target region (e.g., the 8C8) of the target

ULEUEC,

{13251 In some embodiments, a needie adjustment assembly can include am adjustment
member configured o adjust the length of a needle in discrete mcrements,  For example,
FIGS, 90A-C show 2 medical injector 29000 ihat includes a medicament container 29310, a
needle adjustment assembly 29200, and a needle 29240 fluidically coupled w0 the
medicament contaimer 29310, in & first, second, and third configuration, according to an
embodimeni.  The medicament container 29310 can be substantially similar to the
medicament container 130, 1310, 237G, 3310, or any other medicament container described
herein.  The wneedle 29240 can include any suitable puncture member, for example, a
microneedle, or any other needie described hevein. The needle adiustment mechanism 29200
includes an adjustment member 25230 configured to be engaged by 2 user to adjust a length
of the needle 29240, for cxample, fo a control a distance a distal tip of the needie 29240
wravels into a target tissue. By way of example, the adjustment member 29230 can be
configured to move in discrete increments, for example, ncrements of 100 microns such that
the length of the needle 29240 can be digitally adiusted. For example, as shown in the first
configuration of FIG. 90A, the needle can have a first length Ly {eg., about 750 microns)
measured from a disial tip of the needle (o a distal end of the medicament container 29310, or
2 hob {e.g.. any of the hubs described herein) coupled to the distal end of the medicament

gontamer 29330, The length L can be sufficient to insert the distal tip of the needle 29240 1n
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a target tissue such that the distal tip is disposed short of a target region (e.g

2., the SC8) of the
imrget tissue (e.g., ocolar tissue). The adjustment member 29230 can be engaged, for
cxample, depressed mte the medicament chamber by a first incroment by applying & force F
on the adjustment member 20230, This can increase the length of the needle 29240 t0 2
second length Ly {e.g., about 850 microns), as shown mn FIG. 90B measured from the distal
tip of the needle 29240 to the distal end of the medicament container 29310, or a hub {e.g.,
any of the hubs described herein) coupled to the distal end of the medicament container
29310. The second length L; can be sufficient to insert the distal tip of the needle 26240
ieeper into the target tissue but still insufficient o dispose the distal tip of the needle 29240
mio the targes tissue. The adjustment member 29230 can be ongaged a second time applying
the force F again on the adjustment member 29230, This can further increase the length of

;

the needle 29240 to a third length Ls {e.g., about 930 microns) measured from the distal tip of
the needle 29240 to the distal end of the medicament container 29319, as shown in FIG, 96C.
The third length La can be sufficient to insert the distal tip of the needle 29240 deeper into the
target tissue such that the distal tip of the needle 29240 is disposed within the target region
‘e.g., the 5CS) of the target tissue. Thas, delivery of the medicament contained within the
medicament container 29310 can be initiated to the target region (e.g., the SCS) of the target

pe

tissue, for example, via an injection assembly ncluded in the medical njector 29000,

11326} in some embodiments, a wedical injector can include 2 needle adjustment
mechanism configured to allow adjostment of a length of & needle included in the medical
injector in a small set of qualitative increments. For example, FIG. 91 shows a medical
injector 30000 that includes a needle adjustment reechanism including an adjustraent member
30230, and a needie 30240 fhudically coupled 0 a medicament container. The adjustment
member 30230 is shidably disposed within a sidewall of a housing of the medical mjecior
30000, The adjustment member 30230 can be configured to be moved between three discrete
positions corresponding 1o a short length, an intermediate (mid) teogth, and 2 long length of
the necdle emerging from a distal end of the medical injector 30000, The needle adiustmoent
mechanism can include other components such as, for example, nowches, grooves, ndents,
detents, a lock ball, a blasing member, or any other component configured to allow the

adjustment member 30230 1o be moved in the discrete increments as described hereim.

3z I some cmbodiments, 2 medical njector can include a bub configured 1o allow

adjustment of a length of a noedle juserted nto a target tissue. For example, F1GS. 92A and
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52 B show a pornion of a medical injector 31000 that includes a housing 31110, a hub 31270,
and a necdle 31240, according to an ewbodiment. The needle 31244 is fizedly coupled 10 a
distal end of the housing 31110, for example, fluidically coupled with & medicament
contginer disposed within the housing 31110, The hub 31270 is coupled to 2 distal end
portion of the housing 31110 sach that the distal end portion can meve within a passageway
defined by the hab 31270, Furthernmore, the distal end portion of the hub 31270 can define a
carved surface configured to conform to a curved surface of a targer tissue, for example, an
eye. The housing 311140 includes a fiest vidge 311 14a and a sccond ridge 311 {4b configared
to be matingly disposed within & groove 31272 defined on an mner surface of the hub 31270,
While shown as including two ridges, the housing 311710 can include any number of ridges
disposed thereon for example, 3, 4, 5, or even more. Furthermore, the hub 31270 can be
formed from a flexible material, for example, rubber, plastics, polymers, or any other flexible
material described herein, This can enable the ridges 31114 from sliding cut of the groove
31272 mio the chavnel defined by the bub 31270 by application of a foree on the housing
31110, In this manmer, either the first groove 31114a or the second groove 31114b can be

mated with the groove 31272 to adjust the length of the needle 35240,

{1328} For example, as shown in FIG, 928, in e first configaration the hub 31270 can be
disposed on a conjumetiva of an eye, such that the curved surface of the distal end portion of

~

the hub 31270 conformally contacts the curved conjunctiva. To the first configuration, the
fivst ridge 31114da can be disposed in the groove 31272 such that a distal dp of the needle
31240 is not inserted inio the eve. A force can be exerted on the housing 31110 fo displace
the housing 31110 within the channel defined by the hub 31270 while maintaining the curved
sarface of the hub 31270 in contact with the conjunctiva, This can wrge the medical injector
31000 into a second configuration in which the second ridge 31114b is disposed within the
groove 31272, The moving of the housing 31110 cen also vrge the needle 31240 10 move
within the channel defined by the hub 31270 until a distal ip of the needle 31240 plerces the
cye. The distal tip of the needie 31244 can contimue ravelling into the eye tissoe until the
second ridge 31114b is disposed in the groove 31272, In some embodiments, the distal tip of
ihe needic 31240 can be disposed within a target region, for example, the SCS in the second
configuration. In some embodiments, the distal tip of the needle 31240 can be disposed near
but not within the target vegion, for example, the SCS of the eve. 1n such embodiments, the
user can increase the force on the housing 31110 1o ingest the distal tip of the needle 31240

further into the eye, for cxample, by a flexing of the sidewalls of the bub, such that the distal

i13
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tap of the needle 31240 can be disposed within the target region {¢.g., the SCS) of the target

Hesue,

{1328} In some embodiments, a medical injector can include a hub configored fo contact
an guter surface of the target tissue and flex or bend 1o allow a needle included in the medics
mmjector 1o be inserted into the target tissue. For example, FIG. 934 shows a pesspective view
of a portion of & medical injector 32000, The medical injector includes a hab 32270, a

medicament contaimer 32310 and needle 32240 that can be fluidically coupled t0 a

medicament container included in the medical in 1j. 2000, The hub 33270 s coupled to #
distal end portion of the medicament container 327 The bub 32270 has g hemispherical or

a semi-hemispherical shape and defines a region therewiihin, The b 32270 is configured 1o
be disposed on the distal end portion of the housing 32110 such that the needle 32240 is
disposed within the region defined by the hub 32270, A distal end surface of the bub 32240
is configored to contact an outer surface of a target tissue, for example, the conjunctiva of an
eye. Furthermore, the hub 32270 can be formed from a flexible material, for example,
rubber, plastic, polymers, silicone, or any flexible material described heremn or a combivation
thersof, The hub 32270 1 configured to flex or bend, for example, by application of a force
on the medicament confainer 32110, The bending or otherwise flexing can reduce the
distance betwesn a distal tip of the needle 32240 and the target tissue, such that the disal tip

of the needle 32240 can be disposed within the target tissue.

{13384 For example, FIGS. 93B and 93C show the medical injector 32000 in a first
configuration and a second eonfiguration, respectively. T the first configuration, the distal
end surface of the hub 32270 is disposed on a wrget tissue, for example, the comjanctiva of
the eye such that & distal tip of the ncedie 32240 is distal from the outer surface of the target
tissue. Batd another way, in the fisst configuration pe foree is exerted on the hub 32270 such
that the hub 32270 15 not bent, and the needle 32240 is 1ot inserted imto the target tissue. Jo
the second configoration, a force can be spplied on the medicament container 32310, or any
other portion of the medical injector 32000 such that the bub flexes or otherwise bends
reducing the distance between the distal tip of the needle 32240 and the outer surface of the
target tissue. The force can be maintained wunti] the distal tip of the needle pierces target

tissuc and is disposed within a target tissue (e.g., the SCS) of the target tissue (¢.g., an cye}.

v
/ bk

{1331}  Insome embodiments, a medical injector can include a puncture member included

in a medical injector can be configured fo sense light 1o determine the depth of insertion of
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the puncture member, For exampie, FIGS. 94A and 948 show a portion of a4 puncture
member 32240 that can be incloded in a medical injector, for example, the medical injector
106, 1000, 2000, or any other medical igector deseribed herein, 10 a first configuration and 4
second configuration, tespectively, according to an smbodiment.  The puncture member
32240 can be configured to communicate Hght from the target tissue to a hght sensor, for
example, a photodiode included in the medical injector. The punciure member 32240 can be
formed fFom any suitable optically fransparent material, for example, an optical fiber. A
distal end of the optical fiber can be beveled or otherwise formed into a sharp tup to plerce a
target tissus, Furthermore, the distal tip can be optically transparent such that the punchure
member can communicate Hght from the target tissue to the light seasor. The presence,
absence, or otherwise amount of Hght communicated by the puncture member 32240 1o the

sensor can be used to deternyine the Insertion depth and thereby, the region of the arget tissue

in which the distal end of the puncture member 32240 is disposed.

{1333} For example, in the first configuralion shown in FIG, 944, the distal end of the
puncture member 32240 can be disposed i the sclera S of an ¢ The sclera S is opague so
10 hght §s commumicared from the puncture member 32246 w0 the light sensor. In the second
configuration, the distal tip of the puncture member 32246 is inserted deeper into the oculay
tissue until at least a portion of the distal tip is disposed within the suprachoroidal space 3CS
which can be the target region for delivering a medicamend. Since the suprachoroidal space
SCS is tramaparent, Hght entering the eye and mpinging on the veting R alse penetrates into
the suprachoroidal space SCS. The light can be communicated from the distal tip of the
puncture member 32240 to the light sensor included in the medical injecior thus confirming
that the distal tip of the punctore member 32240 is indeed disposed in the target region of the
eye. In some embodiments, the medical njector that inclades the puncture member 32240
can alert a user that the distal tip of the punciure member 32240 is disposed within the
suprachorotdal space SCS using an audible alert {e.g., a boep, an alarm, k), a haptic alert
{c.g., vibrations, or minor clectric current), or a visible alest {e.g., 2 light such ag, for example,
an LED Bight, or a visual message). Thus, & user can indttate delivery of the medicament
through the puncture member 32240 only whes the distal tip of the puncture member 32240

1s within the suprachoroidal space SCS.

113331 in some embodiments, a kit that includes a medical injector for delivering a

nedicament 0 a farget region of a targer tissue can mclude all or pans of the comcepts
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described herein. For example, iIn some embodiments, 2 kit can mclude a medical injector

(e.g., the medical injector 10, 1000, 2000, 3000, 21000, or any other medical injector
described hereiny), # transfer assombly that can inchide, for cxample, an extraction member
{e.g., the extraction member 21280), an mjection assist housing {e.g., the injection assembly
2100 or any other injection assembly described hevein), 2 needle adjustment mechantsm (2.8,
the needle assembly 3200, or any other needle assembly described herein), a container or vial
of a substance, for example s medicament or apy other substapce described berein,
replacement needles and/or hubs, one or more speculums, swabs, wipes, anti-bictic
ointments, cye drops, or any other device or apparatus configured to facilitate delivery of the

medicament to the target tissue, for example, the oye

{1334} For example, FIG. 95 shows a speculum 33400 that can be included in a kit that
tnchudes a medical injector 33000, according to an cmbodiment. The medical injector 33000
can be substantially similar to the medical injector 106, 1000, 2006, 30006, or any other
medical injector described herein. The speculum 33400 can be configured to be placed on an
outer surface of the conjunctiva of the oye and open the eye lids of 2 patient. In thas mannes,
the speculum 33400 can facilitate access 10 the swiace of the eve such that the medical
mjector can be used o deliver 8 medicament to a target fissue of the eve, for example, the
SCS.  The specufom 33400 can include an ergonomic handle, which can be comforiably
gripped by a user during use. The speculwn 33400 also includes a cavity 33410 configured
to receive at least & portion of the medical injector 33000, In use, a user can disposed the
specoium 3340G on the conjusctiva of the cye such that the eyelids are forced open.
Furthermore, the cavity 33410 can be located on a target portion of the eye. The user can
dispose a distal end portion of the medical rgector 33000 into the cavity 33410 and deliver
the medicament 0 & target region (e.g., ﬂae SCS of the eyve. Tn some embodimenms, the
cavity 33410 can be oriented such that a center line of 2 delivery passageway of the medical
injector 33000 and a surface line tangent of to the rarget surface of the eye {e.g., the
conpunctiva, the sclera, and/or the suprachoroidal space SCS) defines an angle of entry of
between about 75 degrees and about 108 degrees, for example, about 90 degrees. Moreover,
the cavity 33410 can be configured fo prevent lateral movemend of the medical infector such
that the cemerling of the veedle remains substantially normal io the target surface during

dehvery of the medicament.
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{1335} In some embodiments, 2 speculum can nchade markings (0 enable measurement
of a size, radius, diamoter or otherwise cross-section of an eye. For example, FIEE, 96 shows

a specuium 34400 that can be included in a kit that includes a medical injector {e.g., the
medical injector 100, 1000, 20060, 3000, or any other medical fnjector described hersin, The
speeuium 34400 includes two arms. A distal end portion of the each of the arms I

configored to disposed on the firsi and the second evelid. The distal end portions can be
moved apart o open the oyelids and allow access to the surface of the eye. The distal
portions also inchude a phuality of markings or indicle. The markings can be used 10 measure
a size of the eve, for example, a size, radius, diameter, or otherwise, cross section of the eye.
Tnformation on the size of the eve can be used 1o determine, for cxample, the thickness of
mdividual layers, for exampic, the selera and the 5C3. In this manner, a user can predict how

far 2 needle has o be penetrated into the eve such that 8 distal tip of the needie is disposed in

a target region {e.g., the 8C8; of the eye.

{1336} In some cmbodiments, a speculum can inclede mounting features o mount a
medical injector.  Reforving now to FIG. 97, a speculuo 35400 jncludes a set of arms
configured to open the evelids of a patent and provide access to the eve. The speculum
35400 includes a mount 35410 configured to receive mounting member 35114 included in a
medical injector 35000, The medical injector 35000 can be substantially similar to the
medical injector 100, 1060, 2000, 3000, or any other medicament container described berein.
The mowting member 35410 can mclude any suitable mounting features, for example, a
magnet, threads, spap-fit mechanism, friction-fit mechanism, or any other suitable mounting
mechanisn configured to mount the modical misctor 35000 via the mounting member 35114,
o some embodiments, the mount 35114 can include @ magnet. In such embodiments, the
miounting member 35114 can be formed Hom & mugnetic mulerial, for example, a ferrous
material, such tha! mounting member 35114 can be coupled to the mount 35410 via magnetic
coupling. In use, the specuium 35400 can be disposed on an eve of a patient. Bach arm of
the speculum 33400 can be used 1o open an cyelid of the patient to allow access to the eye.
The medical injector 35000 can be mounted on the moant 35410 via the mounting feature
35114, for example, vis magneiic coupling, Mounting the medical injector 35000 can
prevent inadvertent movements of the medical injector 34000 during medicament injection
thereby minimizing the risk of mjury to the eve. Furthermwre, the speculom 35400 can

reduce tho risk of an orror by the user by positioning the medical injector 35000 for the aser
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so that the user can focus on delivering the medicament €0 a targed region of the eye instead

of correctly positioning the medical jector 35000 on the eye.

{13371  In some embodiments, a speculom can inclode = single piece specuhmm,  For
exaruple, FIGS. 98A shows a single piece specuium 36400 configured to be disposed on a
surface of an eve and open the eyelids of the parient. The speculum 36400 defines a cavity
36410 configured to receive at teast 3 portion of a medical injecior, for example, the medics!
mjector 33000 or any other medical injector described herein, For example, as shows in FIG.
08B, the speculum 36400 can be disposed on the eve such that the cavity 36410 is disposed
over a target location of the eve. At least a portion of the medical injector 33000 is then
disposed in the cavity 364 1 thereby positioning the medical Injector 33000 gver the target

iocation of the eve for delivering the medicament to a targe! region within the target location,

{1338] FIG. 99 shows a schematic flow disgram of a meihod 300 for delivering &
medicament o a target fssue using & medical injector that includes & bub having a copvex
distal end murface (e.g., the hub 7270, 8270, or the hub 9720), coupled thereto. The medical
injector can inelude any of the medical injectors described herein.  The method includes
inserting a distal end portion of a needle of & medical injector into a target tssuc to define 8
delivery passageway within the target tissue 502, The needle can include any suitable
puncture member, for example, 2 microneede (s.g., 8 27 gange needle, a 30 gauge needle, or
even smaller), or any other punciore member described herein.  In some embodiments, ihe
target tissue can be ocular tissue including the corguucttva, the sclera, and the suprachoroidal
space. In some embodiments, the inserting 5 performed such that conterline of the delivery
passageway and a surface line tangent to the target surface defines ap angle of entry of
berween about 75 degrees and about 105 degrees, for exampie, about 90 degrees. In somc
embodiments, the inserting can be pevformed such that the centerfine of the needle is
substantially normal to the target surface. This can, for exavple, minimize tissue damage
and provide the shorlest path for a distal tip of the needle to reach atarget region of the target
fissue (2.g. the SCS). MNext, the convex distal end surface of the hub is placed in contact with
a target surface of the target tssue to fhudically isolate the delivery passageway 504, In
some embodiments, the placiug can include deforming the target surface., For example, the
distal end surface of the hub can include a scaling portion configured to contact and definc a
substantially fluid-tight seal with the target surface, for exaniple, the conjunciiva of the eve

{e.z.. as defined with vespect to the sealing portion 7277 meluded m the hub 72703, In such
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embodiments, the sealing portion can be substantially symmetrical around a centerline of the
neadle. In some embodiments, the sealing portion can be convex. In some embodiments,
only a portion of the sealing portion can be configured to contact the target surface of the

target Hssue to form the substantally fhed-fight seal. For exanple, 2 circular band of the

sealing portion can confact the target surface and form the substentially fluid tight seal

surrounding the centerline of the needle,

{13381 The method 500 forther includes conveying, after the placing, a substance into the
target tissue via the needle 506, In some embodiments, the substance can include a
medicanent such as, for example, 8 VEGF, 2 VEGF inhibitor, or 2 combination thereof. The
substance can be disposed within an mternal volume of & medicament container included in
she medical injector. An actuation rod can be included in the medical injector, which can be
configured fo be engaged by & user io fluidically compunicate the substance from the
meadicament container to the target tissue via the needle. The medicament container and the
actuation rod can be substantially similar o the medicament container and/or the acruation
rod fnchded in the sysiera 100, 10040, 2000, 3000, or any other system or apparatus described
herein. 1o some embodiments, the target tissue can be an eve, and the target wnface can be ¢
conjunctiva of the eye. In such embodiments, the defivery passageway can extend through a
sclera of the eye such that the conveying inchides conveying the substance into ai least one of

a suprachoroidal space or a fower portion of the sclera,

1348}  In some cmbodiments, the method 500 can further inchude adjusting, before the
conveying, a length of the needle ewtending from the distal end surface of the hub. For
example, the medical imjector can inclode a necedle assembly, for example, the needie
assembly 3200 or any cther nopdle assembly described hercin, The needie agssembly can be
used to adjust the length of the needle sxtending from the distal end surface of the bub until a
distal tip of the needie 15 disposed within a target region, for example, the 5CS of the eye.

The substance, for example, as medicament as described herein, can then be conveved i the

farget mgim:a of the eye,

11341} The emsbodimenis described herein can be formed or constrocted of one or more
biocorapatible materials.  Examples of suitable biocompatible materials include metals,
glasses, ceramics, ov polyrsers. Examples of suitable metals include pharmaceutica! grade
stainless steel, gold, titanium, nickel, iron, platinum, tin, chromium, copper, and allovs

thereof. The polymer may be biodegradable or non-biodegradable. Exampies of suiiable

11a
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bindegradable polymers include polylactides, polyglyveolides, polylactide-co-glycolides
(PLGA}, polyanhydiides, polyorthoesiers, polyetheresters, polycaprolactones,
polycsteramides, poly(butyric acid), poly{valeric acid), polyurethancs and copolymers and
blends thereof.  Examples of nov-biodegradable polymers include nylons, polyesters,
polycarbonates, polyacryiates, polymers of ethylene-vinyl acetates and other acy! substifuted
cellulose acetaios, non-degradable polyurethanes, polystyrenes, polyviny! chloride, polyvinyl
thuoride, poly{vinyl imidazole}, chlorosulphonate polycieting, polyethylene oxide, blends and

copolymers thereof.

{1342}  The micronsedles deseribed hevein can be fabricated by a variety of methods, For
example, in some embodiments, the hollow microneedle is fubricated using a laser or simila

optical energy source. In one example, 3 microcannula may be cut using a laser to represent
the desired microneedle longth. The laser may also be use to shape single or multiple tip
openings. Single or multiple cuts may be performed on a single microncannula o shape the
desired micronecdle structure. In one example, the microcannula may be made of metal such
as stainless stect and cut using a laser with & wavelength in the infrared region of the fight
spectrum (0.7-300 um). Further refinement may be performed using mewl electropolishing
techidgues familiar to those in the field. In another embodiment, the microneedie fength and
optional bevel is formed by a physical grinding process, which for example may nclude
grinding a metal cannula against a moving abrasive surface. The fabrication process may
further inchude precision grinding, micro-bead jet blasting and ulrasonie cleaning to form the

shape of the desired precise tip of the microncedic.

{13431 A wide range of veolar diseases and disorders may be treated by the methods and

1

devices described hersin.  Norelimiting oxamples of ocular discases include wveitis,
glaucoma, diabetic macular edema or retinopathy, macular degencration, retinoblastoma, and
genetie diseases. The methods described herein are particularly useful for the local delivery
of drugs that need o be admimsiered o the posierior region of the eve, for example the
retimochoroidal fissue, maculs, and optic nerve in the posterior segment of the eve. In one
embodiment, the delivery methods and devices described herein may be used in geve-baser
therapy applications. For example, the methods may administer a fluid drog formulation into
the suprachoroidal space to deliver sciect DNA, RNA, or oligonocleotides to fargeted ocular

HiSSueS.
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{1344} The microneedies can be used to target delivery to specific tissues or regions
within the eye or in neighboring tissne, In various embodiments, the methods may be
designed for drug defivery specifically to the sclera, the choroid, the Brach™s membrane, the
etinal pigment epithelivum, the subretinal space, the vetfing, the macula, the optic disk, the
optic nerve, the ciliary body, the trabecular meshwork, the agueous humor, the vitreous

humor, and othet ocular tissue or neighboring tissue in need of weaiment,

{1345} A wide range of drugs may be formulated for delivery to ocular tissues using the
present systens and devices desctibed herein. Morcover, any of the delivery devices and/or
methods described herein can involve, include andfor contain any of the drogs described
herein. For example, in some embodimenss, the medicament containment chamber 1310,
2310, 3310, or any other medicament containment chamber can contain any of the drugs
and/or formulations described heremn. As used herein, the term “drug” refors 1o any
prophylactic, therapeutic, or diagnostic agent {e.g, a conirast agenl). The drug may be
selected from suitable protoins, peptides and fragmends thereof, which can be naturally
occurring, synthesized or recombimantly produced. Representative examples of types of
drugs for delivery to ccular tssues Jocluide antibodies, anti-viral agents, chemotherapeutic
agents (&.g., topoisomerase inhibitors), analgesics, anesthetics, apramers, antikistamines, anti-
inflammatory agents, and anti-neoplastic agenis. In one embodiment, the drug is

riameinolone oF tameinolone acetonide.

3346}  The term “antibody” B intended to vefer broadly to any immupologic binding
agent such as 1gQ, Igh, TgA, Igh and IgB. Av antibody can be monocional or polyclonal,
and in one embodiment, is a humanized antibody. The term “antibody” is also used to refer
to any antibody-like molecule that hag an antigen binding region, and includes antibody
fragments such as Fab®, Fab, Flab™), single domain antibodies (DARg), Fv, scfv (single
chain Fv), and coginecring mudhtivalent antibody fragments such as dibodies, tribodies and
multibodies. The technigques for preparing and using various antibody-based constructs and
fragments are well known in the art (seeg, e.g., Antibodies: A Laboratory Manual, Cold Spring

Harbor Laboratory, 198R; incorporated herein by reference).

{1347} Non-limifing cxamples of specific drugs and classes of diugs mclude -
adrenoceptor antagonists {e.g., carteolol, cetamolol, betaxolol, levobusolol, metipranoiol,

umolol), miotics (g.g., pllocarpine, carbachol, physostigmine), sympathomimetics {e.g.,

~

o

adrenaline, dipivefting), casbonic anhydrase inhibiters (e.g., acetazolamide, dorzolamide),
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topoisomerase inhibitors (e.2., topotecan, irinotecan, campiothecin, lamellerin D, etoposide.
feniposide,  doxorubicin,  miloxanirone, amsacrine), prostaglandins, anii-iicrobial
compounds, iscluding  anti-bacterials  and  amti-fungals  {eg.,  chloramphenicol,
chlortetracycline, ciprofloxacin, framyeetin, fusidic acid, gentamicin, neomyein, norfloxacia,
sfloxactn, polymyxin, propamidine, fefracyeline, tobramycin, quinolines), anti-virsl
compounds {e.g., acyclovir, cidofovir, iWdoyuriding, interferons), aldose reductase inhibitors,
anti-inflamanatory  and/or amti-allergy  compounds {c.g., steroidal compounds such as
betamethasone, clobetasone, dexamethasone, fluorometholons, hydrocortisone, predmisolone
and non-steroidal compounds such as smazolice, bromfenac, diclofenac, indomecthacin,
fedosamide, saprofen, sodivm cromoeglyeate), artificial tear/dry cye thorapios, local
angsthetics {e.g., amcthocaine, Hgnocame, osbuprocaing, proxymetacaing), cvelosporine,
diclofenac, urogastrone and growth factors such as epidermal growth factor, mydriatics and
cycloplegics, mitomycin C, and collagenase mbibitors and ireatments of age-related macular

degeneration such 88 pegagtanib sodium, ramibizumab, afibercept and bevacizumab,

{1348} In one embodiment, the drug is an integrin antagonist, a selectin antagonist, an
adhesion molecule apagonist {e.g., mtercelular adhesion molecule (TCAM)-1, 1CAM-2,
ICAM-3, placiet endothelial adbesion molecule (PCAM), vascular cell adhesion molecule
(VCAM}), a leukoceyte adhesion-inducing cytokine or growth factor antagonist {e.g., tumor
necrosis facior-o {TNF-a), jnterlenkin-1f§ (AL-18), monceyie chemotatic protein-1 (MOP-1),
or a vascular endothelial growth factor (VEGF)). In some embodiments, a vascular
endothelial growth factor (VEGF) hibifor is administered with one of the microneedles
deseribed berein.  in some embodiments, two drugs are delivered by the methods deseribed
wretn. The compounds may be administered jn one formudation, or administered serfally,
two separate formulations. For sxample, both @ VEGF inhibitor and VEGF are provided. In
some cmbodiments, the VEGF inhibitor is an antibody, for example & humanized monocional
antibody.,  In further embodimenis, the VEGF antibody 38 bevacizomab,  In another
embodiment, the VEGF inhibitor is ranibizumab, aflibercept or pegaptanth.  In still other
embodiments, the devices and methods described herein can be used to deliver one or morg
of the following VEGF antagonists: AL8326, 2C3 auntibody, ATO0! antibody, HyBEV,
bevacizumab  (Avasting, ANG3070, APXO003 antibody, APXO04 auntibody, ponatinib
(AP24534), BDM-E, VGXI106 anabody (VGXI100 CIRCADIAN), VGX200 {¢c-fos induced
growth factor monoclonal antibody), VGX300, COSMIX, DLXG03/1008 antibody,
ENMDZ076, Sutent (sunitivib malate), INDUSRISC, R84 antibody, KDO19, WM3, allogenic

Yo
]
]
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mesenchymal precursor eells combined with an antl-VEGF agent or antibody, MGCD26S,
MiG515, VEGF-Receptor kinase inhibitors, MPOZ60, NTS03, antl-DLLA/VEGF bispecific
antibody, PANR20R(S, Palonud 379, BDOROT antthody, XV615, lucitanib (AL3810, 3810,
AMGT06 (motesanib  diphosphate), AAVZ-sFLTOL, scluble FiU receptor, Cedivanib
(Recentiny, AV-931 (Tivozamb, KRN-951), Stivarga (vegorafenib), Volasertib (BI6727),

CEP1198E, KBS03, Lenvaiinib {E7080), terameprocol {(EM1421), raniblrumab (Lucentis),
Votrtent  (pazopantb  hydrochloride),  PFROG337210,  PRSO050,  SPO1 {curcumin),
Carboxyamidotriazele orotate, hydroxychloroquine, hnifanib (ABT8E69, RGIE35), Nuvien
{fluocinolone acetonide), ALGIO0L, AGNIS0998, DARPI MP0OII2, AMG386, ponatinid
(AP24334), AVAT0], Vargatef (nintedanib), BMS6905314, KH02, golvatinib (B7050),
Afinitor (everolimus), Dovitinib Jactate (TKI238, CHIR258;, ORAICE, ORAIG2, Axitinib
(Inlyta, AGOI3736), Phudepsin (Aplidin}, Lenvatinib mesylaie, PTC299, affibercept
(Zaltyap, Eylea), pegapianib sodiom (Macegen, LIS00013), Visudyne (verieporfin),
bucillamine (Rimatil, Lamin, Brimani, Lami, Boowmiq), R3 antibody, AT001/84 antibody,
wroponin (BLEOSST), BEGA306, vatalanib (PTKT7R7), Bowbl(0, GSKZ136773, Anti-VEGFR
Alerase, Avila, CEPT70SS, CLTO09, ESBAZ03, HuMax-VEGE antibody, GW634652,
HMPLOTO, GEM220, HYBE76, INS1T0292548, TAKSS3, XtendVEGE antibody, Nova21012,
NovaZl(13, CP564959, Smart Anti-VEGE mtibody, AGO28262, AGI395§, CVX24{,
SU4813, PRSOSS5, PGB, PGS45, PTII0N, TOI00948, 1CS243, XL647, enzastawin
ydrochloride  (LY317615), BCI94, gquinolines, COTHIMOGL, COT6H4MO6.2,
MabtonVEGF, SIR-Spheres coupled to amti-VEGF or VEGF-R  aptibody, Apatinib
{YNOGRIH), and AL381R. 1In addition, delivery of a VEGQF inhibitor or VEGF antagonist
using the microneedic devices and methods disclosed herein may be combined with one or

more agents listed herein or with other agents known in the art.

1349} In one embodiment, defivery of a VEGF antagonist 0 the suprachoroidal space of
the eye using the devices and methods disclosed herein is used to trear, prevent and/or
ameliorate & disease or disorder selected from leukemia, relapsedirefractory leukemia, scute
tymphoeblastic leukemia, Acote myelogencus leukemia, relapsed or refractory acute myeloid
fenkomias, atopic dermmiitis, recorrent o metastalic carcinoma of the wrothelhm, advanced
wrothelial carcinoma, blood disorders, myelofibrosis, brain tumor, glioblastoma, gliona,
meningioma, cancer, cawcinomatous  meningitis  (neoplastic  meningis),  choroidal
neovascularization (CNV), subfoveal choroidal neovascolarization, chronic ymphocyiic

icukemia, chronic myelogenons leukemia, refractory chronic miyelogenous leukemia, colon
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cancer, colorectal cancer, degenevative nerve diseases, Neurodegenerative diseases, diabetic
macular edema, visual Impairment due to diabetic macular edena, disbetic retinopathy, dry
eve syndrome (inflammation and comeal tissuc damage of dry Eve), endomeirial cancer, cye
diseases, ocular diseases, ocular neovascularization, eyve cancer, Neurofibromatosis Type 1,
head snd neck cancer, hematelogical walignancies, Kaposi’s Sarcoma, Hepatocelular
Carcinoma, Lung cancer, macular degeneration, age related macolar degeneration, exudative
age-refated macular degeveration, neovascular (wet) age-related macular degeneration
{AMD)), subfoveal Neovascular Age-Related mucular degeneration, macular edema, macolar
edema associated with Branch Retinal Vein Occlusion, macular edema following retinal vein
occlusion, macular edoma with Retinal Vein Ocelusion (RVO), muliiple mycloma, relapsed
or refractory mwltiple myeloma, multiple sclerosis, myopia, pathological myvopia,
neurcendocrine tumor, carcinoid tumor, neurcendocrine tumor, non-Hodgkin's Lymphoma,
Driffuse Large B-Cell Lymphomsa, Nop-Small-Cell Lung cancer, Non-Sguamous Non-Small-
Cell Lung cancer, Non-small-cell-fung Adenocarcinoma, Sguamous Nen-8malt-Cell Lung
cancer, corpeal graft rejection, ostecarthritis, recwrrent symptomatic malignant ascites,
peripheral T-cell Iymphoma, androgen Independent Psoriasis, pulmonary Fibrosis, Idiopathic
Pulmonary Fibrogis, rospiratory diseases, retinal detachment, retinal disordors, retinitis
pigmentoss, retinal vein occlusion, branch rednal vem occlusion, central retinal vein
geclasion, rhewmatoid arthoinis, sarcoma, alveolar soft part sarcoma, soft tissue sarcoma,
scleroderma/systemic sclerosis, solid tumors, refraciory germ cell fumors, thyroid cancer,

differentiated or medullar thyroid cancer, and West Syndrome (Tufaniile Spasnt),

{13581 n certain embodiments, the drug delivered 10 the suprachoroidal space using the
devices and methods disclosed berein 18 rapamovein (Sirolimus, Rapasmune).  In one
smbodiment, the devices {e.g., microneedle devices) and methods disclosed herein are ased
in copjunction with rapamycin to treat, prevent and/or ameliorate a wide range of diseases or
disorders including, but not Hmited 1o abdominal neoplasms, acquived bmnumodeficiency
syndrome, acute coronary syndvome, acute lymphoblastic leukemia, acute myelocytic
leukemia, acute non-lymphoblastic leokemia, adenocarcinoma, adenoma,
adenomyoepithelioma, adnexal diseases, anaplastic astrooytoma, anasplastic large cell
lympbome, anaplastic plasmacyioma, @veiia, angina  pectotds,  angicimmunoblastic
lymphadenopathy  with  dysprofeinemia, angiomyolipoma, arterial  occlusive  diseases,
arteriosclerosis, astrocytoms, atherosclerosis, auloimnmne diseases, B-cell lymphomas, blood

coagulation disordess, blood protein disorders, bons cancer, bone marow discases, brain
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diseases, brain neoplasms, breast beoplasms, bronchial ncoplasms, carcineid syndrome,
carcinold Tumor, carcinonta, squamous cell carcinome, central nervous system diseases,
central nervous system neoplasms, choreid discases, choroid plexus neoplasms, choroidal
neovascularization, choroiditls, chronic lvmphooytic leukemis, chronic myeloid leukemia,
chronic myslomonocytic leakemia, chironic myeloproliferative disorders, chyonic neutrophilic
cukemia, clear cell renal cell carcinoma, colonic disecases, colonic neoplasms, colorectsl
neoplasms, coronary artery  disease, corovary <isease, coronary Occlusion, coronary

estenosis, coronary stenosis, coromary thrombosis, cotaneons T-cell lymphoma, diabetes

B

melitus, digestive system peoplasms, dry eye syndromes, car diseases, edema, endocrine
gland neoplasms, endocrine systen discases, codomctrial ncoplasms, Endomcirial siromal
tumors, BEwing’s sarcoma, exanthema, eye neoplasms, fibrosis, follicular lymphoma,
gastrointestinal diseases, gastrointestinal neoplasms, genital neoplasms, glioblastoma, glioma,
ghiosarcoma, graft vs host disecase, hematologic diseases, hemalologic neoplasms,
hemorrhagic  disorders, hemostatic  disorders, Hodgkin discase, Hodgkin lymphoma,
homelogous wasting discase, immuneblastic ymphadenopathy, fmmunoclogic deficiency
syndromes, immunoproliferative disorders, infarction, mflammation, intesting] diseases,
mtestinal neoplasrns, ischemia, kidoey cancer, kidnoy disesses, kidney neoplasms, leukemia,
B-Cell, leukemwia, lymphotd, liver cancer, Hver discases, lung discases, lyrophatic diseases,
Iymphoblastic hymphoma, lymphoma, macular degenevation, macular edema, melanoma,
mouth  neoplasms,  muliiple  myecioma, myelodysplastic  syndromes, myelofibrosis,
myeloprofiferative  disorders,  ncurocctodermal  tumors, neurocndocrine  fumors,
neuroepithelioma, neurofibroma, renal cancer, respivatory tract diseases, retinal degeneration,
retinal diseases, retinal neoplasms, retinoblastoma, rhabdoemyosarcoma, thoracic neoplasims,
uveitis, vascular discases, Waldenstrom Macroglobulinemia, and wet macular degencration.
In addition, delivery of rapamycin using the wicroneedie devices and methods disclosed
heretn may be combined with one or more agents Hated herein or with other agents known in

the art.

{1351 Inn one embodiment, the drug delivered to coular tissue, for example the sclera or
suprachoroidal space, using the microncedle devices and methods disclosed herein reduces,
inhibits, prevends and/or ameliorates inflammation. Examples of drugs that reduce, inhibit,
prevent and/or ameliorate inflammation Inclode (but are not fimited to): 19AV Agounists,
19GT agonisis, 2MD Analogs, 45CI101, 45C102, §7-57, 5-HT2 Receptor Antagonist, 64G12,
ASG4398, ASSTOTY, AADIZO04, ABI0I0, AB224030, sbatacept, Abegrin, Abevac,
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AbGnl34, AbGnl6R, Abki, ABNOIZ, ABR2IS062, ARRZ224050, Abramnnme, Abreva,
ABSIS, ABS4, ABS6, ABTI22, ABT325, ABT494, ABTE74, ABTS63, ABXILY, ABXREB2,
AC430, Accencirn, Acdeam, ACUETT2, Accbid, Acebloc, accclofensze, acetaminophen,
chiorzoxazone, serrapeptase, tizamidine hydrochloride, betadex, Aceciogesic Plus, Aceclon,
Acecloren, Aceclorism, acecroma, Aceffein, acemetacin, Acenac, Acenterine, Acetal-SP,
ibuprofen, Acetyl-G, acetylsalicylaie dl-lysine, acetylsalicylic acid, Acicot, Acifine, Acik,
Aclocen, Acloflam-F, Aclomore, Aclon, A-CQ, ACSIS, actardt, Actenwa, Acthelea
oftfizado, Actifast, Actimab-B, Actiquim, Actirin, Actis PLUS, activated leukoeyie cell
adhesion molecule antibody, Acular X, AD4S52, adalbnumeb, ADAMTSS Inhibitor,
ADCI00L, Adco-Diclotenac, Adeo-indomethacin, Adco-Meloxicam, Adco-Naproxen, Adeo-
Piroxicam, Adcort, Adco-Sulindac, adenosine iriphosphate  disodium,  AdenosineAla
Receptor Agonist, Adimod, Adines, Adioct, Adicdol, Adipoplus, adipose derived stem and/or
regenerative cells, Adizen, Adpep, Advacan, Advagraf, Advel, Adwiflam, AEBO71, Aental,
Afenac, Affon Plus, Afiancen, Afinttor, Aflamin, Aflazacort, Aflogen, Afloxan, AFPMIS,
AFMI6, AFMIT7, AFM23, Afpred-Dexa, AFX200, AGO1L, Agafen, aganirsen, AGII096,
Agidex, AGS010, Agudol, A-Hydrocort, AT, AIN4S7, Airtal, AITI10, ATM300, ajulemic
acid, AKI06, AL-24-2A1, AL4-1A1, Ala Cort, Alsnr, Albumin mmmune-globulin,
alclometasone dipropionate, ALDSIS, aidesleukin, Aldoderros, alefacept, alemtuzumab,
Alequel, Alergolon, Alergosone, Aletraxon, Alfenac, Algason, Algin vek cost, Algioflex,
Algirex, Algivin Plus, alicaforsen sodium, Aln, Alinia, Aliviodol, Aliviosin, alkaline
phosphatase, ALKS6%31, allantom, Allbupen, Aflmol, Allochrysine, allogeneic endothelial
cells, allogenmeic mesenchymwal precursor cells, allogenele mesenchymal stem  cells,
alminoprofen, alphe 1 antittypsin, Alpha 7 nicotnic agonisis, alpha amylese, alpha
chymotrypsin, alpha fetoprotein, alpba linelenic acld, Alpha-l-antitrypsin, Alpha?Retal
Integrin  Inhibitors, Alphacort, Alphafen, aipha-hexidine, alpba-trypsin, Alphintem,
Alpinamed wobility omega 3, Alpoxen, AL-Revl, Alterase, ALX0O061, ALX(781,
ALXNIOOT7, ALXN1I0Z, AMIB40, AM3S76, AMAB, AMAPI(2, Amason, Ambens,
Ambezindy, amecinonide, AMEI3Iv, Amecin, Amelorks, A-Methapred, Amevive,
AMGIOR, AMGIIS, AMGIGE2, AMGISL, AMGIOL, AMG220, AMGH23, AMGH4,
AMGTH, AMGT19, AMG729, AMGSE27, Amidol., amifampridine phosphate, Amifenac,
Amimethacin, amiprilose hydrochioride, Amiprofen, Ammophos, Amoflam, AMP1I0,
Ampikyy, Ampion, ampiroxicam, aniolmetin guacil, AMX256, AN6415, ANAOG4,
ANAS06, Anabu, Anacen, Aunaflam, Anaflex ACL Anaide, anakinra, Analgen Arwitig,

Amnapan, Anaprox, Anavan, Anax, Anco, andrographis, Ancol, Anergix, Ancrvax.RA,
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Anflene, ANGT797, Anilicin, Asmeroshin, Annexin | peptides, annexin A3, Anodyne,
Ansaid, Anspirin, Antarene, Anti BSTZ antibody, Anti C5a MAb, Ami ILT7 antibody, Anti
VLAL antibody, Anti-alphall antibody, Anti-CD4 802-2, Anti-CIE6 Monoclonal Aniibody,
Anti-chemokme, Anti-DC-SIGN, Anti-HMGRB-1 MAb, And-IL-18 Mab, Awi-1L.-1R MAD,
Anti-IL-1R MAL, Anti-IL23 BRISTOL, Anv-inflammatory Peptides, Anti-interleukin [Beta
antibody, Anti-LIGHT antibody, Antt-LIGHT antibody, Aeti-MIF Antibody, Anti-MIF
Antibody, Anti-miR187a, antioxidant inflavupation modulators, Antiphlamine, AntiRAGE
MAD, antithrombin I, Antd-TIRC-7 MAb, Anusol-HC, Anyfen, API0OS, AP10R9, APLIR9,
AP4GL, APSM, apazone, APDI334, Apentac, APGIG3, Apidone, apilimod mesylate, Apiiac,
Apitoxin, Apizel, APN Tnhibitor, epo-Azatbiopring, Apo-Dexamethasone, ApoE mimetics,
ApoFasl, apo-Indornethacin, apo-mefonanue, spo-methotrexate, apo-nsbumetone, Apo-
Wapro-NA, apo-Naproxen, aponidin, apo-Phenylbutazone, apo-Piroxicam, apo-Sulin, Apo-
Tenoxicam, apo-Tiaprofenic, Apranax, apremilasi, apriconib, Aprofen, Aprose, Aproxen,
APXOOT  anitbody, APX0Q7 antibody, APYO201, AgvoDes, AQXI08, AQXI1125,
AQXI3113S, AQXI4L, AQXIS0, AQX200. AQX356, AQXMNIOG, AQXMNINS,
ARAZ290, Arava, Arcalyst, Arcoxis, Arechin, Arflor, ARGOOS, ARG30L, arginine aescin,
arginine deiminase {pegylaicd), ARGXI09 anttbody, ARGX116, Arkewma, Aristocor,
Aristospan, Arvk-AP, ARN4G26, Arofen, Aroff BEZ, Avolef, Arotal, Arpibru, Arpimune, Arpu
Shuangxin, ARGQIO, Armestin SP, Arrox, ARRY 162, ARRY371797, ARRY614, ARRYR72,
ARTG2L, Artamin, Arthfree, Artho Tech, Arthrexin, Arthrispray, Arthrotee, Arthvovas,
Arifit, Artigo, Artin, Artinor, Astisid, Aroflex, Arwen Hipergel, Aruidol, Artrilase,
Artroeaptin, Arvvodiet, Artrofen, Avtropan, Artrosil, Artrostlene, Arirotin, Artron, Artyilany
Arrerra, AS604850, ASG0SE3E, Asacol, ASA-Grindeks, Asazipam, Aseclo, ASF1(96,
ABFI096, ASKSG07, ASKPI240, ASLANOGR, Asmo 1D, Asoncp, ASPOISK, ASF2408,
ASP240%, Aspagin, Aspeol, Aspicam, Aspirimex, aspivin, ASTI20, astaxanthin, AstroCort,
Asres, ATOO2 andbody, ATH7, ATU0R anubody, ATC08 antibody, ATOIO, ATIONI,
stacicepl. Ataspin, Atepadene, Aigam, ATG-Freseoius, Atbrofen, ATI003, atiprimod,
ATLIZ22, ATNIOZ, ATNIOZ, ATRI07, Aty Atrmin, Afrosab antibody, ATX3145, AURGH,
autanofin, Aurobin, Auropan, Aurcthio, amrotioprol, sutologous adipose derived regenerative
cells, Autonec, Avandia, AVESE97, AVES940, Avelox, Avent, AVI33I78, Avioquin,
AVPI3546, AVPIIT48, AVPZE22S, AVXOUZ, Axcel Diclofenas, Axcel Papain, Axen,
AZYT, AZYTS, Azacortid, AZA-DR, Azafrine, Azavwn, Azanin, Azap, Azapin, Azapres,
Azaprin, Azaram, Azasan, azathioprine, AZDO275, AZDGR02, AZD2315, AZDS672,

AZDGETO3, AZDT7 1406, AZDR309, AZDIRS6H, AZDY0SS, Azet, Azinirel, azithromyein, Az-od,
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Azofit, Azolid, Azoran, Azulene, Awulfidine, Asmulfin, B1 antagonists, Baclonet, BAF312,
BAFF Inhibitor, Bages, Baily 5.P., Baleston, Balsclone, baminercept alfa, bardoxolone
methyl, baricitinib, Barotase, Baseccan, basiliximab, Baxmune, Baxo, BAYRS9766, BBZE27,
BCX34, BCX4208, Becfine, Beclate-C, Beclae-N, Beclolab @, beclomethasone
dipropionate, Beclorhin, Becmet-CG, Begita, Begti, belatacept, belimuwmab, Belosalic,
Bemetson, Ben, Benevat, Beunexam, Beoflogin, Benisan, Benlysta, Benlysta, benorilale,
Henoson, benoxaprofen, Bentol, benzydamine hydrochloride, Benzymin, Beofenac, Berafen,
Berinert, Berlofen, Bertanel, Bestamine, Bestofen, Bets Nicip, Betacort, Betacorten G,
Betafoan:, beta-glucan, Betalar, Beta-M, Beiamed, Betamesol, betamethasone,
betamethasone dipropionate, betamethasone sodium, botarscthasone sodium phosphate,
betamethasone  valerate, Bemne, Boetancx, Bempanthen, Botapar, Betapred, Betason,
Betasonate, Betasone, Betatrints, Betaval, Betaron, Detuzone, Betesil, Betnecor!, Betnesol,
Betmovate, Bextra, BFPCI3, BFPCIS, BFPC21, BFPT6864, BGI2, BGYG24, BISYS500,
HBIoLa501, BIALL, Big-Jomt-D, BHB023 antibody, Bi-ksikam, Bingo, BioBee, Bio-Cartilage,
Bio-C-Sinkki, Biodexoue, Biofenac, Bioreucam, Biosoune, Biosporin, BIRB766, Bitnoval,
Bitvie, Bivigam, BKTI40, BKTP46, BL2030, BL3030, BL4020, BLa(40, BL’?G(";E),
BLI1300, biisibimod, Rlokiwn B12, Blokhon Gesic, Blokium, BMS(66, BMS34554
BMS470539, BMSE561392, BMSS566419, BMSSR2949, BMSSR7101, BMSR1ITI9
BMSY36557, BMS94542%9, BMS-A, BNOG6, BNOCG7, BNPIs6, Bonacort, Bonas., bone
marrow stromal cell antigen 2 antibody, Bonflex, Bonifen, Boomiq, Borbii, Bosong,
BRO20G1, BR3-FC, Bradylkinin BI Recepior Antagonist, Bredinim, Brexeccam, Brexin,
Brexodin, briskimumeb, Brimani, briobacept, Bristaflam, Britten, Broben, brodalumab,
Broen-C, bromelains, Bromelin, Bronasx, Bropain, Brosiral, Brusce, Brufadol, Bmi‘bn,
Brugel, Brukil, Brusil, BT061, BTI9, BTK kinase inhibitors, BTT1023 antibody, BTT1S
bucillanune, Bucillate, Buco Reigis, bucolome, Budenofalk, budesonide, Budex, Bufect,
Bafencon, Bokwang Ketoprofen, Bunide, Bunofen, Busilvex, busulfan, Busulfex, Busulips,
Butartrol, Butarut B12, Butasons, Butazolidin, Butesone, Butidiona, BVXI0, BXLA2E,
BYM338, B-Zone, C1 esterase inhibitor, (243, c4462, 05997, C3adb, ¢7198, ¢9101, {9709,
¢%787, CABIOL cadherin 11 am‘sib(}(iy, cacrulomycin A, CAL263, Caleort, Calmael,
CAM3001, Camelid Antibodies, Camlox, Ceamole, Campath, Canwox, Camtenan,
canakinumab, candida albicans antigen, Candin, cannabidiol, CAPLI, CAP12, CAP2.1,
CAP22, CAP3.E, CAPIZ, Carerarn, Carimume, Cariodent, Cartifix, Cartilaint, Cartilage,
Cartisafe-DN, Cartishine, Cartivit, Cartril-8, Carudol, CaspaClDe, CaspaCiDe, Casyn,
CATI004, CATIDOZ, CAT2200, Cataflam, Cathepsin S inhibiior, Catlep, CB0114, UB2

128
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agonist, CC478765, CCLO004, CCIG01S, COT083, CCHIOSE, CCI3097, CCisess,
CCL6057, CC220, CC292, CC401, CCRMR, CC309, CCTU85, CCY30, CCRI1 Antagonisi,
CCRG Inhibitor, CCRT Antagonist, CCRLZ antagonist, CUX025, CCX354, CCX634, CD
Trclofenac, CDIGZ, CDIGY Amtibody, CDHG3 Antibody, CDH37 antibody, CD16 antibody,
CD18 antthody, CD9 antibody, CDId Antibody, CD20 antbody, CD200Fe, CD20%
aniibody, CD24, CD3 anttbody, UD30 antibody, CDB3ZA anitbody, CDA2B antibedy, CD4
antibody, C40 Bgand, CD44 amibody, CD64 antibody, CDHC836, CDCRYR, CDIM4,
CDIMG, CDES-Inhibitor, CDP146, CDP323, COP4R4, CDP60O3R, CDPR7(, CDX1135,
CDX301, CE224535, Ceansl, Cebedex, Cebutid, Ceclonac, Ceex, CEL2000, Celaci,
Celbesx, Celeox, Celebiox, Celebrex, Celebrin, Celecox, celecoxib, Celedol, Celestone,
Celevex, Celex, CELG4, Cell adbesion molecule antagonists, CellCept, Cellmune, Celost,
Celoxib, Celprot, Cehudex, cenicrivirec mesylate, conplacel-l, CEPIIO04, (EP37247,
CEP37248, Cepbyr, Ceprofen, Certican, cericlizumab pegol, Cetofenid, Cetoprofono,
cetylpyridinium chiorvide, CF101, CP4G2, CF302, CG37008, COEN1S0GE, CGENISOZY,
COENIS051, COENITSO9E, CGEN23017, COENZSG6S, CGEN4DR, COEN34, COENT6S,
COENSSS, CGI1746, CGIS60, COI676, Catx-Peplides, CHISN, CH4031, (H4446,
chaporonin 10, chemokine C-C moetif Hgand 2, chomokine C-C motit ligand 2 antibody,
chemokine C-U motif Hgand 5 amibody, chemokive C-C wmonf receptor 2 antibody,

chemokine C-C motif recepior 4 antibody, chemokine C-X-C motf ligand 10 amtibody,

L™

-~

chomokine C-X-C motif ligand 12 aptamer, Chemotaxis Inhibitor, Chillmetacin, chitinase 3-
tike I, Chiocodemin, Chloguin, chlorhexidine ghuconate, chloroquine phosphate, choline
magnesiam tisalicylate, chondroitin sulfate, Chondroscart, CHRI620, CHR4432, (HR5154,
Chrysalin, Chusnxiniien, Chymapra, Chymotase, chymotrypsin, Chyvtowirp, C1202, CI302,
Cicloderm-C, Ciclepren, Cicporal, Cilamin, Civazia, cinchophon, cinmetacin, cinnoxicam,
Cinoderm, Cinolone-S, Ciroyeze, Cipeorlin, cipemastat, Cipol-MN, Cipridanel, Cipzen, Citax F,
Ciiogan, Citoken T, Civamide, CJ042794, (114877, ¢-Kil monoclonal antibody, cladribine,
Clafen, Clanza, Claversal, clazakizumsb, Clearoid, Clease, Clevegen, Clevian, Clidod,
Clindac, Clinoril, Cliptel, Clobenate, Clobeguad, clobetasel butyrate, clobetasol propionate,
Clodel. clofarabine, Clofen, Clofenal LP, Clolar, Clonac, Clongaroma, clonbiin lysioe,
Clotasoce, Clovacort, Clovana, Cloxin, CLTO01, CLTO08, C-MAT Inhibitor, CMPX 1023,
Caae, CNDG20), CNI1493, CNTO136, CNTO48, CNTQ1959, Cobefen, CoBenlolierm,
Cobix, Cofenac, Cofenac, COGE41, COLITY, colehicine, Colchicum Dispert, Colchimax,
Colctbra, Coledes A, Celesol, Colifoars, Colirest, collagen, type V, Comcort, complement

component (3b/4b) receptor 1, Complement Component Cls Inhibitors, complement
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component €3, complement factor Sa recepior antibody, complement factor Sa receptor
antibody, complement factor I antibody, Condrosulf, Condrotee, Condrothin, conestat alfa,
comnective tissue growth factor antibady, Coolpan, Copaxone, Copiron, Cordefla, Corhydros,
Cont 8, Cortan, Cortate, Cort-Dome, Corteceting, Cortef, Corteroid, Corticap, Corticas,
Cortdc-D¥S, corticotropin, Cortiderm, Cortidex, Cortiflam, Cortinet M, Cortinil, Cortipyren B,
Cortiran, Cortis, Cortisolu, cortisone acetate, Cortival, Cortone aceiate, Cortopin, Cortoral,
Cortril, Cortypiren, Cosamine, Cosong, cosyotropin, COT Kinase Inbibitor, Cotilam,
Cotrisone, Cotson, Covex, Cox B, COX-2/5-LC Inhibitors, Coxeton, Coxflam, Coxicam,
Coxitor, Coxtral, Coxypar, CP195543, CP412245, CP424174, CP461, CPG29933, CPae0550,
CP751871, CPSI12364, C-guin, CRO3%, CRO74, CR106, CRAINZ, CRAC chanpel nhibitor,
CRACM lon Chamnel Inhibitor, Cratisone, CRB1S, CRC4273, CRO4342, C-reactive protein
Z-methoxyvethyl phosphorothicate oligonucieotide, CreaVax-RA, CRH modulators, critic-aid,
Crocam, Crohusvax, Cromoglycic acid, eromolyn sodium, Cronccorteroid, Cronodicasone,
CRYXEO3, CRx119, CRx139, CRx130, C8502, CS670, 8706, CSFIR Kinase inhibitors,
CRL324, C8L718, C5L742, T2, CTIS0IR, CT200, CT2008, CT29, €T3, €335,
CT340, CTS3587, CT637, CTPOS, CTPLG, CT-PL3, CTPIT, (uprcml Caprimine, Cuprindo,
Cupripen, Curaquin, Cotfen, CWFOS0R, CWP271, CX1020, CX1030, CX1040, TX5011,
Cx611, CxE21, Cx911, CXC chemokine receptor 4 aimbcdy CXCLEZ antibodics, CXCR3
antagonists, CXCRY antagonist, Cyaths 1104 B, Cycle-2, Cyclocort, cyclomxygenase-2
inhibitor, cyclophosphamide, Cyclorine, Cyclosporin A Prodrog, Cyclosporin analogue A,
cyelosportne, Cyrevia, Cyrin CLARIS, CYTOOTTNFGh, CYTOI31L1b0Qb, CYTOISTLI7Oh,
CYTO2Z0TNEQGD, CYTIO7, CYT387, CYTO0G7, eytokine inbibntors, Cylopan, Cytoreg,

CZC24832, D1927, DY42IC, daclizomab, danazel, Danilase, Dantes, Danzen, dapsone,
Dase-D, Daypro, Daypro Adta, Dayrun, Dazen, DB295, DBTE2, D-Cor, DD, DD3, DEOYE,
DESR, Deol406, Debio(512, Debiof615, Debio(oiR, Debiol(38, Decadern, Decadrale,
Decadron, Decadronal, Decalon, Decan, Decason, Decdan, Decilone, Declophen, Decopen,
Decorex, Decorten, Dedema, Dedron, Deexa, Defcort, De-flam, Dotlamat, Deflan, Deflanii,
Deflaren, Deflaz, deflazacort, Deinac, Defnatone, Defnil, Defosalic, Delsure, Defea,
Dehydrocortison, Dekont, Delagil, delcaserttb, delmitide, Delphicort, Deltacorsolone,
Deltacortril, Deltafloorene, Deltaselone, Deltasone, Deliastab, Deltonin, Demarin, Demisone,
Dencbole, denileukin  diftitox,  denosumab, Denzo, Depocortin,  Depo-medrol,
Depomethotrexate, Depopred, Deposet. Depyrin, Derinase, Dermol, Dermolar, Dermonate,
Demmosons, Dersone, Deskete, desonide, desoxycorticosterone acetate, Deswon, Dexa,

Diexabene, Dexacip, De.xacori’, Dexacortisone, Dexacotisil, Dexadic, Dexadrin, Dexadron,
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Dexafar, Dexahil, Dexalab, Dexalaf, Dexalet, Dexalgen, Dexallion, Dexalocal, Drexalone,
Dexa-M, Dexamecorun, Dexamed, Dexamedis, Dexameral, Dexamets, Dexamethasone,
dexamethasone acetate, dexamethasone palmitate, dexamcthasone phosphate, dexamethasone
sodium twetasalfobenzoate, dexamethasone sodium phosphate, Dexamine, Dexapanthen,
Diexa-5, Dexason, Dexatab, Dexastopic, Dexaval, Dexaven, Dexazolidin, Dexazona,
Dexazone, Dexcor, Dexiby, dexibuprofen, Dexico, Dexifen, Deximune, dexketoprofen,
dexkeroprofen wometamo!, Dexmark, Dexomet, Dexon 1, Dexonalin, Dexonex, Dexony,
Dexoptifen, Dexpin, Dextan-Phu, dexwan sulfate, Dezacor, Dz, diacerein, Diannexin,
Diastone, Dicarol, Dicasone, Dhcknol, Diclo, Diclobon, Dielobonse, Diclobonzox, Diclofast,
Diclofen, diclofenac, diclofenac beta-dimethylandnocthanol, diciofonac deanol, diclofenac
digthylaming, diclofenac epolamine, diclofenae potassium, diclofenac resinate, diclofenac
sodiom, Diclogen AGIO, Diclogen Plus, Diclokim, Diclomed, Diclo-NA, Ddclonac,
Dicloramin, Piclorsn, Bicloreum, Diclorism, Dieloiee, Diclovit, Diclowal, Diclozem, Dico F,
Dicofen, Dicoliv, Dicorsone, Dicron, Dicser, Difena, i}:iffuiab, diffonisal, dilmapimod,
Dilora, dimethy! sulfone, Dinae, D-Indomethacin, Dioxafiex Protect, Dipagesic, Dipenopen,
Dipexin, Dipre AS, Diprobeta, Diprobetasone, Diprokienat, Dipromet, Dipronova,
Diprosene, Diprovate, Diproxen, Disarmin, Diser, Disopain, Dispain, Dispercan, Distaming,
Dizox, DLT303, DLT4A04, DMI99, DM9Y, DMIOS23, dnalPl, DNXOZ(70, DNXO4042,
DINX2000, DNX4000, docosanol, Docz-6, Dolamide, Dolaren, Dolehis, Dolex, Dolflam,
Dolfre, Dolglt, Dolmax, Dolmina, Dolo Ketazon, Dolobest, Dolobid, Doloc, Dolocam,
Dolocartigen, Dolofi, Dolokind, Dolomed, Dolonac, Dolonex, Dolotren, Dolozen, Dolguine,
Dom{(100, Domi400, Dom800, Domet, Dometon, Dominadol, Dongipap, Donica,
Dentisanin, doramapimod, Dorixing Relax, Dormelox, Dorzine Pius, Doxatar, Doxtran, DP
NEC, pP4ST77, DPS0, DP6221, D-Pornamine, DPIV/APN Inhibitors, DRI fnbibitors, DR4
Inhibitors, DRATGY, DRAIGZ, Drenex, DRF4E4R, DRLIST25, Drossading, DSP, Duexis,
Due-Decadron, Duoflex, Duonase, DVIG79, DVIITY, DWI425, DWP422, Dymol, DYNI1S,
Dynapar, Dysmen, ES090, E6070. Easy Dayz, Ebetrexat, EBIOO7, EC0286, ECD563,
HCO746, Beax, echinacea purpures extract, EC-Naprosyn, Econac, Ecosprin 300, Ecosprin
300, Eeridoxan, eculivumab, Edecam, ofslizvmab, Efcortesol, Effigel, BEflagen, BEfridel,
EGFR Antibody, EGS21, eIFSAT siRNA, Ekarzin, elafin, Fldoflam, Blidel, Eliflam, Blisone,
Elmes, Elmetacin, BLNDOO, ELNDO04, elocalcitol, Elocom, elsibucol, Bmanzen, Emcori,
Porifen, Bwifenac, emorfazone, Hmpynase, oowicasan, Fmtor, Bnable, Hubrel, Bnceid,
EncorStat, Encortolon, Eacorton, Endase, Endogesic, Endoxan, Enkorten, Ensera, Entocort,

Enryian, Epancva, Eparang, Epatec, Epicotil, epidermal growth factor receptlor 2 antibody,
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epidermal  growth factor receptor antibody, PEpidixome, Epidron, Epikdin, EPPAL
epratuzumab, EquiG, Erac, Erazon, ERB041, ERB19S, Exdon, EryDex, escherichia coli
entorofoxin B subunit, Bsein, E-Sclectin Antagonists, Eusfouac, ESN603, csonarimod,
Bsprofeon, esterrol, Estopein, Estrogen Receptor beta agonist, otanercept, ctavacizumalb,
ETCH0Y, ethanol propolis extract, ETIS T, etipradnol dicloacetate, Etodin, Etodine, Etodol,
etodolac, Elody, ctofenamate, Elol Fort, Etolac, Etopin, ctoricoxib, Etorix, Etosafe, Etova,
Frozox, Brora, Fucob, Bufaps, cukaryotic translation inidation factor 54 oligonucieotide,
Eunac, Eurccox, Eorogesic, everolimus, Evinopon, EVT401, Exaflam, EXELSOSS, Exicort,
Expen, Extra Feverlet, Extrapen, Extrauma, Exodase, FI6, FO%1, Falcam, Falkol, Falzy,
Farbovil, Farcomethacin, Farnerate, Farnerone, Famozone, Farotrin, fag antibody, Fastfiam,
FagTRACK, Fastum, Fauldmeto, FegammaRIA antibody, FE301, Febrofen, Febrofid,
felbinac, Feldene, Feldex, Feloran, Felxicam, Fenac, Fenacop, Fenadol, Fenafian, Fenamic,
Feparen, Fenaton, Fenbid, fenbufen, Fengshi Guiong, Fenivort, Feanopine, fenoprofen
calcium, Fenopron, Penris, Fensupp, Fenxicam, fopradinol, Fsrc.wis&,, Heverlet, fozakinumab,
FG3018, FHT401, FHYCTE, FIDII4657, figitumumab, Filexi, filgrastioy, Fillase, Final,
Findoxrin, fngolimod hydrochioride, firategrast, Fivdapse, Finiodar, Fivasa, FK778, Flacoxio,
Fladaigin, Flagon, Flamar, Flameid, Flamfort, Flamide, Flaminase, Flamirex Gesic, Flanid,
Flanzen, Flaren, Flaren, Flash Act, Flavonoid Ant-inflammatory Molecule, Fleboganima
DIF, Flenac, Flex, Flexafen 400, Flexi, Flexidol, Flexium, Flexon, Flexono, Flogene,
Flogiatrin B12, Flogomin, Flogoral, Flogosan, Flogoter, Flo-Pred, Flosteron, Flotrip Forte,
FU3 inhibitors, fluasterone, Flucam, Flucnar, fludrocortisone acetate, flufenamare aluminun,
flumethasone, Flumidon, flunixin, flgocineolone, floocmolone acetonide, fluocinenide,
fiuocortolone, Fluonid, flucrometholone, Flur, furbiprofen, Fluribee, Fhurometholone, Flutal,
fluticasone, fluticasone propionate, Flutizone, Flurone, FM 101 antibody, fins-related tyrosing
kinase 1 antibody, Folirax, foniolizumab, formic acid, Fortecortin, Fospeg, fostamatinib
disednan, FPIG6Y9, FPIIXX, FPAJGE, FPAGSE, FPTU25, FRI1O4, FRI167653, Framebin,
Frime, Froben, Frolby, FROUNT inhibitors, Fubifen PAP, Fucole ibuprofen, Fulametol,
Folpen, Fungifin, Furotalgin, fusidate sodium, FXOG2, FXI141L, FX201, FX300, FX87L,
Galectin modulators, galivm  malichte, Gamimone N, CGuaomagard, Gemma-LV.,
GammaQuin, Gamma-Venin, Gamunex, Garzen, Gaspirin, Gattex, GBRS00, BRSO
antibody, GBT00S, G-CSF, GED(301, GEDO414, Gefenee, Gelofen, Genepril, Gengraf,
Gentmune, Geniguin, Genotropin, Genz29155, Gerbin, Gerbin, gevokizumab, GFU1564600,
Gilenia, Gilenya, givinostat, GLGOSO, GL2045, glathramer acetate, Globulin, Glortho Forte,

Glovalox, Glovenin-1, GLPG0259, GLPGH555, GLPGO634, GEPGOTTR, GLPGOHY74, Gluco,
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Glucocerin, glucosamine, ghicosamine hydrochloride, glucosamine sulfate, Glucotin, Gludex,
Glatilage, GLY079, GLY145, Glyeanic, Glycefort up, Glygesic, Glysopep, GMCSF
Axtibody, GMII010, GMITCTT, GMIT43, GMR321, GN4001, Goanna Salve, Goflex, gold
sodivm thiomalate, golionusab, GP2013, GPCR wodulator, GPR1IS Antagonist, GPRI&3
attagomst, GPR3Z antagonist, GPRE3 antagonist, G-protein Coupled Receptor Antagomnists,
Graceptor, Graftac, granolocyte colony-stimulating Tactor aptibody, granclocyte-macrophage
colony-stimulating factor antibody, Grave, GRC4039, Grelyse, G8101, G89973, GRC100,
GSKI605786, GSKIR2777L, (GSK2136525, (GSK294126A, (GSK315234, (GSK6R1323,
GT146, GT442, Gueixiactong, Gufisera, Gupisone, gusperimos hydrochloride, GW274150,
(GW3333, GW406381, GWSSaS533, GWB78, (GXP04, Gynestrel, Haloart, halopredone
acetate, Haloxin, HANALL, Hanall Solodacortim, Havisco, Hawon Bucillamin, HBS(02,
HC31496, HCGQ 200, HD104, HD203, HDB20S, HDAC mhibitor, HE2500, HE3177, HE3413,
Hecoria, Hectomitacin, Hefasolon, Helen, Helenil, HemaMax, Hemaiom, hematopoietic stem
cells, Hemarrol, Hemmner, Heowil, heparivoid, Heptax, HER2 Astibody, Herponif, hESC
Derived Dendritic Cells, hESC Derived Hematopoistic stem cells, Hespercorbin, Hexacorton,
Hexadrol, hexetidine, Hexoderm, Hexoderm Salic, HFO220, HFI026, HFT-401, hG-CSFR
ED Fo, Hiberna, high mobility group box | antibody, Hilonecd, Hinocam, hiradin, Hirndoid,
Hison, Histamine ¥4 Receptor Asntagonist, Hitemercept, Hizemtra, HLO36, HLIGI,
HMPLOGL, HMPLOO4, FMPLOO4, HMPLOLL, HMPL342, HMPLAS2, honey bes venom,
Honggiang, Hotemin, HPHII6, HTIIGL, HuCAL Astibody, Human adipose mesenchymal
stemr cells, anti-MHC class 1T monoclonal amibody, Huomao bomwvoglobulin, Human
Placenta Tiesue Hydrolysate, HuMaxCD4, HuMax-TAC, Humetons, Humicade, FHumira,
Huons Betamethasone sodium phosphate, Huons dexamethasone sodiom phosphate, Huons
piroxicam, Huons Talpiflumate, Hurofen, Huroma, Huvap, HoZAF, HX0Z, Hyalogel,
hyaluronate sodium, hyahironic acid, hyaloronidase, Hyaron, Hycoein, Hyeort, Hy-Cortisone,
hydrocortisene,  hydrocorfisone  acetats,  hydrocortisone  batyrate,  hydrocortisone
hemisuccinaie, hydrocortisone sodium  phosphate, hydrocortisone sodium  succinate,
Hydrocortistab, Hydrocortone, Hydrofin, Hydroguine, Hydro-Rx, Hydrosone HIKMA,
hydroxychloroguine, hydroxychioroquine sulfate, Hylase Dessau, HyMEX, Hypen, Hy(Q,
Hysonate, HZN6O2, TMLTS, TAP Inhibitors, Toalgin, Ibalgin, Ibex, tbrutinib, IBsolvMIR, Thu,
ibucon, Ibudolor, Ibufen, Dhuffam, Dbuflex, Ibugesic, Ibu-Hepa, Ibukim, fhumal, Ibunai,
fpupental, Thopril, Ibuprof, ibuprofen, Thuscent, Ibusoft, Thusuki Penjeong, lbususpen,
thuiard, fbuiop, lbutop, IThutrex, [C4R87892, ichthammeol, ICRAC Blocker, IDECI3I,
IDECCES.1, Ides, Idicin, Idizone, IDNGS36, Idomethine, IDR1, Idyl SR, Ifen, iguratimod,
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IKGHG2, IKK-beta nhibitor, 1017 Asntagomst, 1L-17 Inhibiter, IL-17RC, ILIS, TLiHy1,
ILIRL, IL-23 Adnectin, IL23 Inkibitor, 1123 Receptor Antagonisi, IL-31 mAb, IL-6
Inhibitor, 1L60OL, Hacox, Tlaris, todecakin, ILVO9, TLVEYS, Tmayetl, IMDBOS60, IMD23560,
fmesel Plus, fminoral, Toumeodin, IMMUY03, TMMUTGS, Tmmucept, Immufine, Jmmunex
Syngp, mmumoglobulin, immonoglobolie G, Immmumoprin, InoumoRel, Tmerin, IMGB400,
IMP731 antibody, Implanta, Immocell, Irmeran, Imwerck, Imusafe, Imosporin, Imutrex,
NO70L, Inal, INCBQ39110, INCRIS4AZ4, INCR28050, INCRBI284, INCB3344, Indexon,
Indic, Indo, Indo-A, Indobid, Indo-Bros, Indocaf, Indocassil, Indocid, Indocin, Indomehotpas,
Indomen, Indomet, Indometacin, indomethacin, Indomethasone, Indometin, Indomin,
Indopal, Indoron, Tndotroxin, INDUSR3G, INDUSS3030, Infladase, inflamae, Inflammasome
mhibitor, Inflavis, Toflaxen, Inflectra, wiliximab, lngelipt, Intcox dp, Tnmecin, lnmunoartro,
Tnnarmit, TnnoD06006, INGTI97, Inocin, luoten, Inoven, Inpra, Inside Tap, Insider-P,
Instacyl, Instracool, Iniafenac, Intaflam, Inteban, Inieban Spansole, integrin, alpha 1
antibody, ntegrin, alpba 2 amibody, Intenusse, interferon alfs, foterferon beta-la, nterforon
gamig, interforon gavuna antibody, Tmerking, tuierleukin 1 Hyl, interleukin 1 anubody,
mterleukin 1 receptor antibedy, taterleubdn 1, beta antibody, terleukin 10, interleukin 10
antibody, interlevkin 12, inericukin 12 antibody, inferfeukie 13 antibody, muerleukin 15
antibody, nferfeukin 17 antibody, interleukin 17 receptor C, interfeukin 18, interleukin 18
binding protein, interleckin 18 antibody, interleukin 2 receptor, alpha antibody, interleukin 20
antibody, Interleubin 21 mAb, isterleokin 23 aptamer, interloukin 31 antibody, interleukin 34,
Interfeukin 6 Tnhibitor, joterleukin 6 antibody, tderleukin & vecepior antibody, tnterloukin 7,
mterteukin 7 recepior antibody, interleukin §, interleukin § antibody, interleukin-18 antibody,
Intidrol, Intradex, Intragam P, Intragesic, Inwaglobin F, Intratect, Inzel, fomab B, IOR-T3,
P75, TPH2Z201, IPHZ301, TPH24, 1PH33, 1P1145, Tpocort, TPP201007, -Profen, Iprox,
ipson, Iputon, IRAK4 Inhibitor, Iremod, Irtonpyson, IRX3, IRXS183, [SA247, ISIST04838,
15152302, ISISCRPRx, Ismafron, IsoQC inhibitor, Isox, TTF2357, Tveegam EN, Ivepred,
IVIG-SN, 1WO001, Izilox, J6OT7Y, J775Y, JAK Inhibiior, JAK3 inhibilor, JAK3 kinasge
mbibitor, JI3292, 4135, Jinan Lida, JNJIO320670, INJ18003414, INJ2652839%,
INJ2T390467, FNI28838017, INJII001988, INIIBSISI6R, INIZOTIRGTY, INJ4(346527,
INJT777120, INT-Plus, Joflam, Joint Glucosamin, Jeintec, Jointstem, Joinup, JPEI37S,
JSHE0292, JSMTT17, JSMETST, JTEQSL, JTEOS2, JTES22, JTESDT, Jusgo, K412, KR32,
Kaflam, KAMRIQE, KAHRIGZ, KAIUEO3, Kalymin, Kam Predsol, Kameton, KANABGTE,
Kappaproct, KARZS581, KARI000, KARII66, BAR4GN0, KAR4I39, KAR4T41, KBOU2,

KB003, KD7332, KE298, keliximab, Kemanat, Kerarox, Kenacort, Kenalog, Kenaxir,
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Kenketsu Venoglobulin-TH, Keplal, Ketlgipan, Keto Pine, Keto, Ketobos, Ketofan, Ketofen,
Ketolgan, Ketonal, Retoplus Kata Plasma, ketoprofen, Ketores, Ketotin, ketorolac, keiorolac
tromethamine, Ketosoleet, Kototop, Ketovail, Ketricin, Ketroe, Kotum, Keyi, Reyven,
WIF24345, K-Fenae, K-Fenak, K-Gesie, Kifadene, Kilcort, Kildrof, KIMI127, Kimotab,
Finase Inhibitor 450, Kinase N, Rincort, Kindorase, Kineret, Kineto, Kitadol, Kitex, Kitolac
KLED Inhibitor, Klofen-L, Klowaren, KLS-40o0r, KILS-40ra, XMZ77., Knavon, Eodolo
orabase, Kohakusanin, Koide, Koidexa, Kolbet, Konac, Kondro. Kondronnn, Konshiern,
Kontab, Fordexa, Roesa, Kotase, KPEQSO(3, KRPIO7, KRP203, KRX21l, KRX252,
KSB302, E-Sep, Bv 1.3 Blocker, Kv1.3 45C, Kv1.3 ishibitor, KVK 702, Kynol, L156602,
{.abizone, Labobydro, Labopen, Lacoxa, Lamin, Lamit, Lanfetl, laguinimod, larasotide
acetate, LASIRA32S, LASI®RT247, LAS4I002, Larcort, LBECOIOT, LCPI30E, LCP-Sire,
LOP-Tacro, LCsA, LDP392, Leap-§, Ledercort, Lederfon, Lederlon, Lederspan, Lefenine,
ieflononuide, Leflux, Lefno, Lefra, Leftose, Lefumide, Lefunodin, Lefva, lenalidomide,
lenercept, LentiRA, LEO15520, Lecdase, Leukine, Leukocyte function-assoctated antigen-1
antagonist, leukocyte immunoglobulin-fike receptor, subfamily A, member 4 amibody,
Leukothera, leuprolide acetate, levalbuters!, levomenthol, LFA-1 Aptagonist, LFA451,
LEATO3, LFARTS, LGU06, LG267 Tubibitors, LGORE Johibitors, LGI¥3852, 14 Life,
LideMantle, Lidex, Bdocaine, lidocaine hydrochloride, Lignocaine hydrochlonide, LIMO720
LIMS314, Limethason, Limus, Limustin, Lindace, Linfonex, Linola acute, Lipey, l‘isaffy_“i'ﬁine,
Listren, Liver X Receplor modulator, Lizak, LJPI1207, LJP920, Lobafen, Lobu, Locafluo,
Localyn, Locaseptil-Neo, Locpren, Lodine, Lodotra, Lofedic, Loflam. Lofuac, Lolcam,
Lonac, lonazolac calcium, Loprofen, Loracort, Lorcam. Lorfenamin, Lorinden Loto,
Lernerad, ornoxicam, Lorox, losmapimod, loteprednol etabonate, Loteprednol, Lotirac, Low
Molceular Ganoderma Lucidum Polysaccharide, Loxafon, Loxfondoe, Loxicam, Loxofen,
Loxonal, Loxonin, loxeprofen sodiwm, Loxorom, LPIS3AL, LPIS3AZ, LP24AIL,
LPCNIOLG, L7194z, LT10964, LTNSIOL, LTNSIOZ, LTNSHOS, LTINS, LTSS,
LTZMPG01, Lobor, lumiracoxib, Lumitect, LX2311, LX2931, LX2932, LY2127399,
LY2189102, LY2430821, LY204002, LY3009104, LY309887, LY333013, hymphoovic
activation gene 3 andibody, Lymphoglobuline, Lyser, lysine aspirin, Lysobact, Lysofiam,
Lysozyme hydrochloride, M3000, M§34, M9%23, mAb hG-CS5F, MABPI, macrophage
migration  inhibitory factor aniibody, Maiiongna, Majamil prolongatum, owjor
histocompatibility complex class 1 DR anstbody, major bistocompatibility complex class I
antibody, Malidens, Malival, wmannen-binding lectin, mannan-binding lectn-associated serine

profease-2 amtibody, MapKap Kinase 2 Inhibitor, maraviroe, Marlex, masitinib, Maso,

135



WO 2014/179698 PCT/US2014/636590

MASP2 antibody, MAT304, Matrix Metalloprotease Inhibitor, mavrilimemaeb, Maxiflam,
Maxilase, Maximuvs, Maxisons, Maxios, Maxpro, Manrel, Maxsulid, Maxy12, Maxy30,
MAXY4, Maxy735, Maxy740, Mayfenamic, MB11040, MBPY003b, MCAF5352A,
MceCam, McRofy, MCS1E, MD707, MDAM, MDcort, MDRO6155, MDTO12, Mebicam,
Meboton, meclofenamate sodium, Meelopben, Mecox, Medacomb, Medafen, Medamol,
Medesons, MEDRIZGT(, MEDIS1I7, MEDIS41, MEDISS2, MEDIST1, Medicox, Medifen,
Medisolu, Medixon, Mednisol, Medrol, Medrolon, medroxyprogesterone acerate, Mefalgin,
mefenamic acid, Mefenix, Mefentan, Moeflen, Mefnetra forte, Meftagesic-DT, Mefial,
Megakaryooyte Growth and Development Factor, Megaspas, Megaster, megestrol acetate,
Metie, Meksun, Melbrex, Melcam, Melcam, Melflam, Mclie, Mclica, Melix, Melocam,
Melocox, Mel-Une, Meloprol, Melosteral, Melox, Meloxan, Meloxearm, Meloxic,
Meloxicam, Meloxifen, Meloxin, Meloxiv, Melpred, Melpros, Melarjin, Menamin,
Menisope, Menthomketo, Meothoneurin, Mentocin, Mepa, Mepharen, meprednisone,
Meptesso, Mepsolone, mercaptopurine, Mervan, Mesadoron, mesalamine, Mesasal, Mesatee,
Mesenchymal Precursor Cells, mesenchymal stem cell, Mesipol, Mesren, Mesulan, Mesulid,
Metacin, Metadaxan, Metatlex, Metalcaptase, metalloenzyme inhibitors, Metapred, Metax,
Meotaz, Meted, Metodic, Methacin, Mothaderm, Methasone, Methotrax, methotrexate,
methotrexate sodivm, Methpred, Methy! preduisclone acetate, methy! salicylate, methyl
sulphony! methane, Methylon, Methylpred, methylpredaisolone, methylpreduisolone scetate,
methylprednisolone sodium succinate, methylprednisolone succinate, Methylpreduisolone,
Methysol, Metindol, Metoart, Metoject, Meolate, Metoral, Metosyn, Metotab, Metracin,
Metrex, metropidarole, Metypred, Mevamox, Mevedal, Mevilox, Mevin 3R, Mexilal,
Mexpharm, Mext, Mextran, MF280, M-FasL, MHC class 1I beta chain peptide, Micar,
Miclofen, Miclofenae, Micofenolate Mofetil, Micosone, Microdase, mictoRNA 181a-2
oligonueciectide, MIF Inhibitors, MIFQb, MIKA-Ketoprofen, Mikametan, milodistim, Miltax,
Minafer, Minalfen, Minalfene, Minesulin, Minocort, Mioflex, Miclox, Miprofen, Miridacin,
Mirloks, Misocle, Misofenac, MISTBO3, MISTB(4, Mitilor, mizoribine, MK(359, MK{812,
MKOR73, MK2 Inhibitors, MKS50, MKE457, MESE0S, MKC204, MINOG0O2, MLN0O413,
MEINI202, MIN2T3, MIN3126, MINIT0L, MLN3RST, MEINMGOZ, MMO93, MMTXX,
MN8001, Mobic, Mobicam, Mobicox, Mobifen Plus, Mobilat, Mobitil, Mocox, Modigraf,
Medrasone, Modulin, Mofecept.  Mofetyl, wmofezolac  sodium, Mofilet, Molace,
molgramostim, Molslide, Momekin, Momen Gele, Moment 100, Momesone, Momesun,
Mometamed, mometasone, mwometasone froate, Momimate, monosodium alpha-luminol,

Mopik, MORI03, MORIO4, MORIDS, MOR2Z0Z antbody, MORABIZ2, Moricam,
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morniffamaie, Mosuoht, Motoral, Movaxin, Mover, Movex, Movix, Movozicam, Mox Forteé,
Moxen, moxifloxacin hydrochloride, Mozobil, MP, MPO210, MPO270, MPIO(, MPIO3T,
MP19S, MP435, MPA, mPGES-1 mbibiior, MPSS, MRXTEAT, MSL, MT2(3, MT204,
wmTOR Inhibitor, MTRXI01 1A, Mucolase, Multicort, MultiStem, mugramidase, numanudase,
muramidase hydrochioride, muromonab-CD3, Muslaz, Muospiul, Mutaze, Muvera, MX88,
Mycept, Mycocell, Mycocept, Mycofenolatmofetil Actavis, Mycofet, Mycofit, Mycolate,
Myeoldoss, Mycomun, Myconol, mycophenolate wmofeill, myveophenolate  sodium,
mveophenolic acid, Mycotl, myeloid progenitor cells, Myfenax, Myfedl, Myfortic, Mygraft,
- Myochrysine, Myocrigin, Myprodol, Mysone, nab-Cyclosporine, Nabentae, nabiximols,
Nabton, Mabuco, Nabucox, Nabuflam, Nabwmet, nabumceione, Nabuton, Nac Plas, Nacta,
Nacton, Nadimn, Naklofen 3R, NALIZ07, NALIZI6, NALIZ19, NALI268, NALR2(2,
Walfon, Nalgesin S, namilumab, Namsafe, nandrolone, Nanocort, MNanogam, Nanosomal
Tacrolimus, Napageln, Napilae, Naprelas, Napro, Naprodil, Napronax, Napropal, Naproson,
Maprosyn, Naproval, Naprox, paproxen, naproxen sodivm, Maproxin, Maprozen, Narbon,
Narexsin, Nagif, Nasida, nsabzumab, Naxdom, Naxen, Naxin, Nazovel, NC2300, N7,
NDCG1352, Nebumetone, MecLipGUSF, Neesulide, Necsanim, Nelsid-§, Neo Clobenate,
Neo Swiflox FC, Neocoflan, Neo-Dvol, Neo-Eblimon, Neo-Hydroe, Neoplanta, MNcoporine,
Neopreol, Neoprox, Neoval, Neowrexate, Neozen, Nepra, Nestacort, Neumega, Neupogen,
Weuprex, Newrofenac, Neurogesic, Newolab, Newotoradol, Newoxicam, Neotalin,
neutrazumab, Newzym, New Panazox, Mewfenstop, NewGam, Newmafen, Newmatal,
Newsicara, NEXI283, sFeRITB, Nextomab, NF-kappaB Inhibitor, NF-kB iohibitor,
NGD2000T, NHPS534B, NHPSS54P, NIOI0! antibody, Ni0401, NI0SO1 antibody, NIOTOL,
NIG71, NI1Z01 antibody, NI14G 1, Nicip, Niconas, Nicool, NiCord, Nicox, Niflumate, Nigaz,
Nikam, Nilitis, Nimace, Nimaid, Nimark-P, Nimaz, Nimcet Joicy, Mime, Nimed, Nonepast,
mimesuiide, Nimesufix, Nimesolon, Nimuea Pus, Nimkul, Nimfin, Nimmat, Nimodol,
Nimpidase, Nimsaid-3, Nimser, Nipsy-3P, Ninupep, Nimasel, Nimutal, Nimwwin, Nimvon-
S, Nincort, Niofen, Nipan, Nipeat, Nise, Nisolone, Nisopred, Nisoprex, Nisulid,
nitazoxanide, Nifcon, nitric oxide, Wizhvisal B, Nizon, NL, NMR1947, NNBZ09, WNS21{,
NNE226, WNBSES, WNET76S, NNBE2R, NNCOT4100000100, NNCO51869, Noak, Nodevey,
Nodia, Nofenac, Noflagma, Noflam, Noflamen, Noflix, Nop-antibacterial Tetracychnes,
Nonpiron, Nopain, Normferon, Notpel, Notritis, Novacort, Novagent, Movarin, Novigesic,
NOXALZ, NOXDH9, Noxen, Noxon, NPII302a-3, NPII342, NPYIZRT, NPTI39G, NPRCSH,
NPRCS2, NPRCS3, NPRCS4, NPROSS, NPRUSG, NPS3, NPS4, aPT-ery, NU3450, mulear

factor NF-kappa-B p65 subunit oligesuciectide, Nucori, Nudoiix, Numed-Plus, Nurokind
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Ortho, Nusone-H, Nutrikemia, Nuvion, NV{7alpha, NX001, Nyclobate, Nyox., Nysa,
Obarcort, OCO62417, OC2286, ocvaraiuzamab, OCTSGRIS, Oedemase, CGedemase-D,
ofatrorumab, Ofgyl-O, Ofvista, OHRIIE, OKL Okifen, Oksamen., Clal, olokizuniab,
Omeprose E, Ommacortil, Owmneed, Omniclor, Omuigel, Ommiwel, onercept, ONO4(57,
ONSIZHY, ONSI220, Ontac Phis, Ondak, ONX0914, OPC6S53S, opebacan, OPNIUL,
QPN201. OPN30Z, OPN30S, OPN4OL, oprebvekin, OPTS6, Optifer, Optiflur, OptiMIRA,
Orabase Heg, Oradexon, Oraflex, Oralfenac, Oralog, Oralpred, Ora-sed, Orasone, wrBes,
Osbone forte, Orcl, ORE1000Z, OREIN002, Grencia, Org214007, Org217993, Org219517,
Org223119, 0rg37663, Org39141, Crgd&762, OrgdB775, Orgadrone, Crmoxen, Orofen Phus,
Oromylase Biogaran, Orthal Forte, Ortho Flex, Osthoclone OKT3, Orthofen, Orthoflam,
Orsthogesie, Orthogla, Ortho-11, Ovthomae, Ortho-Plus, Ominims, Ortofen, Cradis, Oruvail,
082, Cscart, Osmetone, Ospain, Ossilife, Ostelox, Ostelue, Osteocerin, osteopontin, Osteral,
otelixizumab, Ofipax, Ou Ning, OvaSave, OX40 Ligand Antibody, Oxa, Oxagesic CB,
Oxalgin DF, oxaprozin, OXCQ, Oxeno, Oxib MD, Oxibui, Oxicam, Oxiklorin, Osinwad,
Oxynal, oxyphenbutazone, Oxyphenbutazone, ozoralizumab, P13 peptide, F1639, P21, P2X7
Antagonists, p38 Alpha Inhibitor, p3% Antagonist, p38 MAT kinase inhibitor, p38alpha MAP
Kinase Tohibitor, PT peptide, P7170, PY79, PA40E, PASTY, Pabi-desamethasone, PAC,
PACH649, pachiaxel, Paimoxam, Paldon, Palima, pamapimod, Pamatase, Panafoort,
Panafoortelone, Panewin, PanGraf, Panimun Bioral, Panmesone, Panodin SR, Panslay,
Panzem, Panzem NCD, PAPI, papain, Papirzin, Pappen K Pap, Papiinbn-D, paguinimod,
PARZ Antagonist, Paracetamol, Paradic, Parafen TAJ, Paramidin, Paranac, Parapar, Parci,
parecoxib, Parixam, Parry-S, Partaject Busulfan, pateclizomab, Paxceed, PBIO0O3Z, PBILIGT,
PBII308, PBII393, PBIIGOT, PBII737, PRIZESS, PBI441%, PBRI441G, P-Capm, PCI3IS23,
PCT32765, POI340ST, PCI4S26T, PCIASZ92, PUI45308, PD3G0324, PD360324, PDAGDI,
P3E4  mbibitor, PDE-IV  Ighibitor, PDL241 antibody, PDL252, Pediapred, Pefree,
pegacaristim, Peganix, Peg-Interleukin 12, pegsumercept, Pegsurercept, PEGylated arginine

debminase, peldesine, pelubiprofen, Penacle, peniciliamine, Penosiop, Pentalgin, Pentasa,
Penfaud, peotosiatin, Peon, Pepdase, Pepser, Peptirase, Pepzen, Pepzol, Percutalgine,
Periochip, Peroxisome Proliferator Activated Receptor gamma modulators, Petizene,
PFOO344600, PFO4171327, PF04236921, PFO4308518, PFOS230905. PFOSZE05Rs,
PF251802, PF3475952, PF34091390, PF3644022, PFR4629591, PF48S&%R), PRES212367,
PES230896, PF547659, PFTSS616, PFOL84, PG2Z7, PGSH2, PG760564, PGEILA,
PGE393519Y, POESZT667, PHS, PHUSTS(4, PHA408, Pharmaniags Mefenamic acid,

x

Pharmaniaga Meloxicam, Pheldin, Phenceept, phenyibutazone, PHY702, PI3K dehe
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mhibitor, PI3K Gamne/Tielta Inhibilor, PI3K Inhibitor, Picalm, pidotimod, piketoprofen,
Pilelife, Pilopil, Pilovate, pimccerolimus, Pipethanen, Piractam, Pirexyl, Pirghet, Piroc,
Pirocam, Pirofel, Pirogel, Piromed, Pirosol, Pirox, Piroxen, Piroxicam, piroxicam betadex,
Priroxifar, Piroxil, Piroxim, Pixim, Pixvkine, PRC Theta Iohibiior, PL3100, PL5100
Drclofenac, Placenta Polypeplide, Plaguenil, plerixafor, Plocfen, PLRI4, PLRIE, Plutin,
PLX3397, PLXS5622, PLXA47, PLX-BMT, pos-Diclofenac, pms-Tboprofen, pms-
Lefiunomide, pms-Meloxicam, pms-Pivoxicam, pms-Prednisolone, pms-Sulfasalazine, pms-
Tiaprofenic, PMX353, PNO61S, PN100, PNOS 1, podofilox, POLA326, Poleortelon, Polyderm,
Polygam S/D, Polyphiogin, Poncif, Ponstan, Ponsti! Forie, Porine-A Neoral, Potaba,
po‘sassium arinobenzoate, Potencort, Povidone, povidone dodine, praloacasan, Prandin,
Prebel, Precodif, Precortisyl Forte, Precortyl, Fredfoany, Predicort, Predicorten, Predilab,
Predi}one, Predmeti], Predonx, Predna, Prednesol, Predni, prednicarbate, Predaicort,
Prednidib, Predoifarma, Prednilasca, predmisolone, predmisolone acetaie, prednisolone
sodivm  phosphbate, prednisolone sodiwm  succinate, predmisolone sodium  succinate,
preduisone, preduisone acetate, Prednitop, Pradnol-L, Prednox, Predone, Predonems, Predsol,
Predsolone, Predsone, Predval, Preflam, Prelon, Prenaxol, Prencione, Preservex, Preservin,
Presol, Preson, Prexige, Prifiximab, Primacort, Primowno, Primofenac, primaberel, Privigen,
Prixam, Probuxil, Procarne, Prochvmal, Procider-BF, Proctocir, Prodase, Prodel B, Prodent,
Prodent Verde, Proepa, Profecom, Profenac L, Profenid, Profenol, Profiam, Proflex, Progesic
Z, proglumetacin, proglvmetacin meleate, Prograf, Prolese, Prolixan, promethazine
ydrochloride, Promostem, Promune, Pronal3, pronase, Pronat, Prongs, Pronison, Pronfofiam,
Propaderm-L, Propodezas, Propolisol, Proponol, propyl micotinate, Prostaloc, Prostapol,
Protacin, Protase, Protease Inhibitors, Protectan, Proteinase Activated Recepior 2 Inhibitor,
Protofen, Prowin, Prosalyoe, Proxidol, Proxigel, Proxil, Proxym, Prozym, PRT062070,
PRIZ607, PRTXIO0, PRTX2(), PRXIG6, PRXIGTION, Prvsolone, PSO3I201, PR375179,
PR3R6113, PR340446, PRSOBS04, PRR26YST, PSETI266, Psond, PT, PTI7, PTLINL, P-
Transfer Factor peptides, PTX3, Pobminiq, Pulsonid, Purazen, Pursin, PVS40200, PX101,
PXI06491, PX 114, PXS20G0, PXS2076, PYMSO001, Pyralvex, Pyranim, pyrazivobutazone,
Pyrencl, Pyricam, Pyrodex, Pyroxi-Kid, QAXST76, Qianbobiyan, QPII002, QR440, ¢T3,
Q‘_;acort GQuidofil, R107s, R125224, R1295, R132811, R1487, R1503, R1524, R1628, R333,
48, R548, R7277, R78%, rabenimod, Radix Isatidis, Radefen, Raipeck, Rambazole,
Randazima, Rapacan, Rapamune, Raptiva, Ravax, Ravoes, RDEAT19, RDEA436, RDPSS,
Reacting, Rebif, REC200., Recartix-DN, receptor for advanced glycation end products

antibody, Reclast, Reclofen, recombinant HSA-TIMP.2, recombinani human alkaline
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Phosphatase, recombinant Interferon Gamma, Recominant human alkaline phosphatase,
Reconil, Rectagel HC, Recticin, Recto Menaderm, Rectos, Redipred, Redolet, Refastin,
Regevica, REGNSE, Relafen, Relaxib, Relov, Relex, Refifon, Relifex, Relitch, Remaiof,
remestemeei-l, Remesulidon, Remicade,, Remsima, Remsima, Remsima, ReN18E9,
Renacept, Renfor, Renodapt, Renodapt-5, Renta, Reosan, Repare-AR, Repartiexin, reparixin,
Repertaxin, Repisprin, Resochin, Resel, resolvin El, Resurgil, Re-tin-colioid, Retoz,
Reumacap, Reumacon, Reumadolor, Retmador, Reumanisal, Reumazin, Reumel, Reumotee,
Renquinol, revamilast, Revescor, Reviroe, Reviimid, Revmoksikam, Rewalk, Rexalgan,
RG2077, RG3421, RG4934 antibody, RG7416, RG7624, Rhbeila, Rheoma, Rheprox,
Rbcudenolone, Rheufen, Rheugesic, Rheumacid, Rheumacort, Rboumatrex, Rhsumesser,
Rheumid, Rbeumon, Rheumox, Rbheuoxib, Rhewlm, Rhocin, RhiBex, Rhulef Ribox,

Ribunial, Ridaura, rifaximin, rilonscept, timacalib, Rimase, Rimate, Rimaul, Rimesid,
risedronate sodium, Ritamine, Rito, Rituxan, rituximab, BNS64G, RO1138452, Ro313648,
RO3244794, ROB316074, Rob¥(3, Rocamiz, Rocas, Rofeh, rofeconib, Rofee, Rofowal,
Raficip Plus, Rojepen, Rokan, Rolodiquim, Romacox Fort, Romatim, romazarit, Ronaben,
ronacaleret, Ronoxein, ROR Gamma T Amagonist, ROR gamma t inverse agonists, Rosecin,

é;[xtazom,, Rosmarinic acid, Rotan, Rotec, Rothacin, Roxam, Roxib, Roxicam, Roxopro,

oxygin DT, RPS4745, RPT7R, RPI7EM, RPI7TEMN, RPIMN, ROOG000007, RQU0GO0OUS,
RTA40Z, R-Tyflam, Rebicaln, Rubifen, Roma pap, Rumalef, Rumidol, Rumifen, Runomex,
rugslatide acetate, ruxolitinib, RWJ445380, RX10001, Rycloser MR, Rydol, S1P Recepior
Agonists, SIP Recepior Modulators, S1P1 Agonist, ST1P1 receptor agonist, 82474, S3613,
SA237, SAG541, Saez, S-adenosyi-L-methionine-solfate-p-oluene sulfonate, Sala, Salazidin,
Salazine, Salazopyrin, Salcon, Salicam, salsalate, Sameron, SAN3(0, Sanaven, Sandimmon,
Sandoglobulin, Sancxon, SaogCya, SARIS3191, SAR302503, SAR479746, Sarapep,
sargravnostim, Sauvex, Savantac, Save, Saxizon, Sazo, SBISTE, SB2103%96, SB217969,
SB242235, SB273005, SBIRIK3Z, SBGRIGOR, SBT751689, SBIOKT, SCORGG3S, SC12267,
3C40%, Scaflam, SCD ketoprofen, SCIO323, SCIO469, SD-15, SD281, SDPO5ST antibody,
Sd-rxBNA, secnkinumab, Sedase, Sedilax, Sefdene, Secizyme, SEL113, Seladin, Seclecox,
selectin P ligand antibody, Glucecorticoid Recepior Agonist, Selectofen, Selektine, SeiK!
antibody, Seloxx. Selspot, Selzen, Selrenta, Selrentry, semapimod, semapimod
hydrochloride, semparatide, Semparatide, Senafen, Sendipen, Senterlic, SEP119249,
Sepdase, Septirose, Seractil, Serafen-P, Serase, Seratid D, Scratiopeptidase, Serato-M,
Seratoma Forte, Serazyme, Serczon, Sero, Serodase, Serpicam, Serra, serrapeptase, Serraiin,

Serratiopeptidase, Serrazyme, Servisone, Seven E P, SGI1252, SGN38, SGN7, SGX203,
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shark cartilage exiract, Sheril, Shield, Shifazen, Shifazen-Fort, Shincort, Shincort, Shiosol,
ShK 186, Shuanghuangxiaoyan, SI615, S1636, Sigmasporin, Sigmasporin, SIM916, Simpaone,
Simuiect, Sinacort, Sinalgia, Sinapol, Sinatrol, Sinsia, siponimod, Sirolim, sirolmus,
Siropan, Stota, Sirova, sirukumab, Sistal Forte, SKF056RS, SKFI05809, SKFI06615,
SKF86002, Skinalar, Skymm, Skyteip, SLAM family member 7 antibody, Slo-indo, SMI{H,
SM201 antibody, SM40GT, SMAD family member 7 oligonuclectide, SMART Anti-1L-12
Antbody, SMF114, SNOG30908, SMNOO70131, sodium aurcthiomalate, sedivm chondrottin
sulfate, sodiom deoxnyribonacieotide, sodim guslenate, sodium naproxen, sodiom salicylate,
Sodixen, Sofen, Soleton, Solhideol, Sclicam, Soliky, Soliris, Soi-Melcort, Sclomet, Solondo,
Yolone, Sok-Cort, Sofu-Cortef, Sohs-Decortin H, Solufen, Solu-Ket, Selumark, Sofe-Medrol,
Solupred, Somalgen, somatropin, Sonap, Sone, sonepcizumab, Sonexa, Sonim, Sonim P,
Soonil, Soral, Sotenl, sofrastaurin acetate, SP-10, SP60D12S5, Spanidin, SP-Coriil, SPDSS,
Spedace, sperm adhesion molecole 1, Spictol, spleen tyrosine kinase oligonucleotide, Sporin,
S-prin, SPWF1501, SQ641, 80022, SR31ER, SRO02S, SRT2104, S5R150106, SSRIB0S7S,
SS507 amibody, STI059, STAS32e, stabilin | antibody, Stacort, Stalogesic, stanozoiol,
Staren, Starmelox, Stedex IND-SWIFT, Stelara, Stemin, Stenirol, Sterapred, Steriderm S,
Sterio, Sterisone, Steron, stichodactyia heliandhus peptide, Stickzenol A, Sticfeortil, Sttmulan,
STNMG L, Store Operated Calcium Channel (SOCCY Modudator, STP432, STPO00, Stratasin,
Stridimmune, Strigraf, SU Muedrol, Subrevnn, Sobuton, Suceivort, Succimed, Salan, Scleolon,
Sulfasalazin Heyl, Sulfasalazin, sulfasalazine, Sulfovit, Sulidac, Selide, sulindac, Sulindex,
Sulinton, Sulpbafine, Suwilky, SUNSS7, Suprafen, Supretic, Supsidine, Surgam, Surganine,
Suragamu, Suspen, Suton, Suvenyl Suwel, SW Dexasone, Syk Family Kinase Inhibitor,
Syn1002, Synacran, Synacthen, Synalar C, Synalar, Synavive, Synercort, Sypresta, T celi
cyviokine-inducing surface moleculc anttbady, T cell receptor antibody, V5224, T5226,
TA0, TAL112, TA3R3, TAS4D3, tabaluvwb, Tacedin, Tacgraf, TACIFeS, Tawrobell,
Tacrograf, Tacrol, tacrolimus, Tadekinig alpha, Tadolak, TATASS, Tafirol Artro, Taizen,
TAKG03, TAK71S, TAKTR3, Takfa, Taksta, tslarozole, Talfin, Talmain, tabmapimod,
Talmea, Talnif, taloiflumate, Tales, Talpain, Talumat, Tamalgen, Tamceton, Tamezon,
Tandrilax, tarmmins, Tavmosynt, Tantum, tanzisertib, Tapain-beta, Tapoein, Tavenac,
tarenflurbil, Tarimus, Tarproxen, Tauxib, Tavomust, TBR635Z, TCS619, T-cell, tmmune
regulator 1, ATPase, H+ transporting, lysosomal VO subunit A3 antibody, TCK1, T-cort, T-
Dexg, Tecelac, Tecon, teduglutide, Tescort, Tegeline, Tementil, temwoporfin, Tencam,
""" Vendrone, Tenefuse, Tenfly, tenidap sodivm, Tenccam, Tenoflex, Tenoksan, Tenoti,

tenpxicam, Tenoxim, Tepading, Toracort, Teradol, tetosulast, TGO0S4, TGIO6H, TG2O,
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TG20, tgAACHS, Thi/Th? Cytokine Synthase Inhibitor, Th-17 cell inhibitors, Thalido,
thalidomide, Thalomid, Themisers, Thenil, Therafectin, Therapyace, thiarabine,
Thiazolopyrimidines, thioctic acid, thiotepa, THRO9G717, THRO921, Throenofen, Thrombate
{1l Thymic peptide, Thymodepressin, Thymogam, Thymoglobulin, Thymoglobuling,
Thymoject thynue peptides, thymomodulin, thymopentin, thymopolypetides, tiaprofenic acid,
tibezomum iodide, Ticoflex, tilmacoxib, Tilur, T-imrane, Timocon, Tiorase, Tissop,
TEBO662Z, TLOTY, TLRA antagonists, TLRY inhibitor, TM120, TM400, TMX302, TNF Alpha
hibitor, TNT alpha-TNF receptor antagonist, TNF aatibody, TNF receptor superfamily
antagonists, TNF TWEAK Bi-Specific, TNF-Kinoid, TNFQb, TNFRI antagonist, TNROOI,
N0, TNX224, TNX336, TNXSES8, tocilizumab, tofscitinib, Tokuhon happ, TOL101,
TOLHR, Telectin, TolariMab, Tolerostem, Tolindol, toll-like receptor 4 antibody, toll-fike
receptor antibody, tolmetin sodium, Tongkseper, Tonmex, Topflame, Topicort, Topleucon,
Topnac, Toppin Ichthammol, toralizumab, Toraren, Torcoxia, Toroxx, Tory, Toselac,
Totaryl, Teuch-med, Youchron, Tovok, Toxic apis, Toyolyzom, TP4179, TPCATL, TPISZ4,
TRI403S, Tradil Fort, Traficet-EN, Tramace, tramadol bydrochioride, manilast, Transimune,
Transporing, Tratud, Trexall, Triacort, Triskort, Trialon, Triam, triamcinolone, triamcinolone
aectate,  wiameinolone  acctonide,  triamcinalone  acetonide  acctate,  wriamcinolone
hexacetomide, Triamcort, Tramsicort, Trianex, Tricin, Tricort, Tricortone, TricOs 7T,
Triderm, Trilac, Trilisate, Trinocort, Trinolone, Triolex, triptolide, Trisfen, Trivaris,
TRKI76, TRKS30, Trocade, frolamine salicylate, Trolovol, Trosera, Trosera D, Troveort,
TRXT antibody, TRX4, Trymoto, Trymoto-A, TE30L, TT302, TT32, TT32, TT33, TTI314,
wmor  necrosis  factor,  tumor  necrosis  factor  Z-methoxvethyl  phosphorothicate
oligonucicotide, tumor necrosis factor antibody, tamor pecrosis factor kinoid, tumor necrosis
factor oligonucieotide, tumor necrosis factor receptor superfamily, member 1B antibody,
oot necrosis  factor receptor superfamilyiB  ofigomucleotide, tumor necrosis factor
superfamily, member 12 antibody, tumor necrosis factor saperfamily, member 4 antibody,
wmor protein pS3 oligonucleotide, tumour necrosis factor alphs antibody, TUNEX, TXA127,
TX-RAD, TYKZ inhibitors, Tysabri, ubidecarcnone, Ucerase, ulodesine, Ultiflam,
Ultrafastin,  Ultrafen, Ulwalan, U-Nice-B, Uniplus, Upitrexate, Unizen, Upbaxicam,
URIZBTL, URS269, URGTT6T, Uremol-HC, Urigow, U-Ritls, ostekinumab, V35546, Valeib,
Valcox, valdecoxib, Valdez, Valdixx, Valdy, Valentac, Valoxib, Valtune, Valus AT, Vaiz,
Valzer, Vamid, Vantal, Vantelin, VAP-1 S5A0 Inlubitor, vapalixtmab, varespladib methyl,
Varicosin, Varidase, vascular adhesion protein-! antibody, VBIIG, VBI20, VB2{(I,

VBY285, Vectra-P. vedolizomab, Vefren, VEGFR-1 Antibody, Veldona, veltumumab,

-t
s
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Vendexine, Venimmun N, Venoforte, Venoglobulin-TH, Venozel, Veral, Verax, vercimnon,
vero-Dexamethasone, Vero-Kladribin, Vetazone, VGX1027, VG730, Vibex MTX|
vidofiudimus, Vifonae, Vimovo, Vimwultisa, Vincort, Vingraf, Vieforn-HC, Vioxl, Vioux,
Virobron, visilizumab, Vivaglobin, Vivalde Plus, Vivian-A, VLSTOIZ, VLSTO03, VLST0G04,
VLITGOS, VLSTGUT, Voalla, voclosporin, Vokam, Vokmor, Vohnax, Voina-K, Voltadol,
Voltagesic, Voltanase, Voltaner, Voltaren, Voltarile, Volite, Voren, vorschuzumab, Votan-
SR, VROG9, VRAGNZ, VRPIOOR, VRSE26, VRSS826, VT, V1214, V1224, V1310,
VT3d6, VT362, VTXT63, Vurdon, VX3( antibody, VX467, VXS, VX306, VXTO2, VX740,
VX745, VX745, VX850, W54011, Walacort, Walix, WC3027. Wilgraf, Winflam, Winmol,
Winpred, Winsolve, Wintogeno, WIPS01, Woncox, WEB711 antibody, WSB712 antibody,
WSB733, WSBOGL, XOTINAB, X083NAR, Xantomicin Forte, Xedenol, Xefo, Xefocam,
Kenar, Xepol, X-Flam, Xibra, Xicam, Xicottl, Xifaxan, XL499, XmAbS483, XmAbS485,
XmAbSs574, XmAbSET1, XOMAUS2, Xpress, XPro1595, XiendTNF, XToll, Xira, Xylex-H,
Xynofen SR, Yang Shu-TVIG, YHRBI4112, YM974, Youteling, Youfenac, Yuma, Yumerol,
Yuroben, YY piroxicam, Z104657A, Zacy, Zahokin, zaltoprofen, Zap70 Inkibitor, Zeepain,
Zeloxim Fory, Zema-Pak, Zempack, Zempred, Zenapay, Zenas, Zenol, Zenos, Zenoxone,
Zerax, ferocam, Zorospasin, ZFNs, zine oxide, Zipsor, ziralimwnab, Zitis, Zix-8, Zocort,
Zodixam, Zofiadex, zoledronie acid, Zolfin, Zolterol, Zopyrin, Zoralone, Z0Rprin, Zortress,
ZP1848, zucapsaicin, Zunovate, Zwitterionic polysaccharides, ZY 1400, Zybodics, Zyeel,
Zyrofen, Zyrogen Inhibitors, Zyser, Zytrim, end Zywin-Forte. In addition. the anti-
inflanumatory drugs, as listed above, nay be combined with one or more agents Hsted above

or herein or with other agents known in the art.

{13831 In one embodiment, a drug that redoces, inhibits, prevents and/or amehorates
inflammation, for example, one of the drugs provided shove, is delivered o the
suprachoroidal space of the eve using the microneedle devices and methods disclosed hereis,
and is used 1o treat, prevent and/or ameliorate 2 disease or disorder selected from arthritis,
degencrative arthritis, psoristic  arthritis, arthrite disorders, anhritic pain,  arthrosis,
autoimenune arthritis, aowimmune diseases, autoimmune disorders, axial spondyloarthritis,
chronic prosthetic joint nfection, collagen induced arthritis, osteoarthritis, theumatoid
arthritis. senile arthritis, seronegative oligoarthrits of the konee, allergic and autoimmune
inflammmatory diseases, inflammatory discases, inflamnmatory disorders, collagen diseases,
discoid Lupus Erythemstosus, bomune deficiencics, immune diseases, immune disorders,

immumodeficiency  diseases,  mwwmnodeficiency  disorders,  inununoglobulin {(1gG2)
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deficiency, immunoglobulin deficiency, Inflammation, Lambert-Eaton mvasthenia syndrorse,
polymyositis, dermatomyositis, polyneuriils, posi-operative  ocular  inflammation,
polychondritis, sporadic inclusion body wmyositis, Systonmde Lupus Erythematosus, T ccll
deficiency, TNF-receptor associated periodic syndrome, tropical spastic paraparesis,
Wegener Granalomatosis, X-linked severe combined immumodeficiency disease, Beheet’s
disease, Crohn’s disease, Crohn’s Fistula, culancous Lupus Erythematosus, acute
nflammation,  acwe  inflavumatory  edema, adrenocortical  imsufficiency,  cercbral
mflammation, chronic lung inflammation, corticoid-responsive mflavmaiory skin disorders,
cutaneous inflammation, dermal inflammation, dry skin inflammatory disesse, car edema, ear
inflammation, glossitis, inflammatory bowel discase, inflammatory degencrative disease,
milammatory disorders of the eve and/or ecar, mflanmmatory lesions in fungal infections,
inflammatory lesions, mflammatory pain, inflammatory skin diseases or disorders, mouth and
gum inflammation, mouth and throat inflanumation, mosculoskeletal disorders, otitis, pelvic
inflammatory disease, perianal nflammation, post operative inflammation, pulmonary
inflammation, rectal Wflwmmation, refractory  idiopathic  mflanmnatory  myopathies,
seborrhoeic  dermatitis, swelling, aphthous olcerations, chronic polyarthritis, juvenile
rheumatoid arthris, rhoumatic diseases, Sjogren’s syndrome, opthalmic for Sjogren’s
syndrome, tramsplant rejection, acute allograft rejection, chronie graft rejection, graft versus
host disease, humoral rejection in hesrt trapsplantation, humoral rejection in kidney
transplantation, organ rejection in renal transpiasiation, solid orgen tramsplant rejeciion,
bronchiolitis obliterans after lung transplantation, rejection of bone marrow transplant,
chronic lang wansplant rejection, Corneal graft rejection, delaved graft function in kidney
fransplaniation, heart transplant rejection, Homotransplamiation rejection, mpmme rejection
of hESC-derived therapeutic grafts, kidney transplant rejection, fiver transplant rejection,
lung transplant rejection, organ rejection, pancreatic islet wansplantation rejection in fype |

dizbetes, renal ransplant rejection and xenograft rejection,

{1358 in onc ermbodiment, the drug delivercd to the suprachoroidal space using the
microneedle devices and methods disclosed herein iveats, prevenis, and/or ameliorates
macular degeneration (e.g., age related macolar degencration, dry age related macular
degeneration, exudative age-refated muacular degeneration, geographic atrophy associated
wiih age related macular degeneration, ueovascolar (wet) age-related macular degeneration,
neovascolar maculopathy and age related mmoular degeneration, oceult with no classic

choroidal neovascularization (CNV) in age-related macular degeneration, Swargardt’s diszase,
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Subfoveal wet Age-Related macalar degeneration, and Vitreomacular Adhesion (VMA)
associated with Neovascelar Age Related macular degeneration). Examples of drugs that
treat, provent and/or ameliorate macular degoneration that can be used in conjunction with the
devices and methods deseribed hesein inelude, but are not Bmited o ABGO3, A3S peptide,
AAV2-sFLTOL | ACEQM4L, ACUNZ, ACU32232, ACU4429, AJPEDF, aflibercept, AGI3958,
aganirsen, AQGNIS0R98, AGNT745, AL39324, ALT8E98A, ALE309B, ALN-VEGOI,
alprostadil, AMI101, amyloid beta amtibody, anccortave acefate, Anti-VEGFR-2 Alterase,
Aptscine, APROO3, ARCE90S5, ARCISOS with Lucentis, ATG3, ATP-binding cassette, sub-
family A, member 4 gene, ATXS10, Avastin with Visodyne, AVTIOL, AVT2, bertifimumab,
bevacizumab with verteporfin, bevasitanih sodivm, bevasivanib sodiurn; with ranbizumab,
brimonidine tarivate, BVA301, canakinumab, Cand$, Cand$ with Lucentis, CERE 140, ¢iliary
neurotrophic factor, CLTOOS, ONTQ2476, coltagen wmonoclonal amtibody, complement
component” 5 aptamer {pegylaled), complement compopert 3 aptamer (pegylated) with
ranibizursab, complement component C3, complement factor B antibody, complement factor
D antibody, copper oxide with luteln, vitamin €, vitamin E, and zine oxide, dalantercep,
DEIGY, dexamethasone with ranibirumab and verteporfin, disitertide, DNA damage
inducible transcript 4 oligonucleotide, E10030, E10030 with Lucentis, EC400, coulizumab,
EGP, EHTZ04, embryonic stem cells, human stem cells, endoghin monoclonal antibody,
EphB4 RTK Inhibitor, EphB4 Soluble Receptor, ESBAIN08, ETX6691, Evizon, Evebar,
EyePromise Five, Evevi, Evlea, F200, FCFD4514S, fenretinide, fluccinolone acetonide,
tluocinoione acctonide with ranibizumab, fms-related tyrosine kinase 1 ofigomucleotide, fins-
refated tyrosine kinase 1 oligonucleotide with kinase inmsert domain receptor 169,
fosbretabulin romethamine, Gamunex, GEM220, GS101, GSK 933776, HC31496, Human n-
ColeR, HYB676, IBI-20089 with Lucentis, #Co-008, lconi, 1-Gold, Tlarts, Thuvien, Thavien
with Lucentis, mypmmoglobuling, miegriv alphaSben! immmunoglobulin fragments, Tntegrin
mbibitor, IRIS Lutein, I-Semse Ocushield, Ihonep. isopropyl unoprostone, JPET375,
ISME427, KH90Z, LenttVue, LFEG316, LP3%0, LPOIGIOAM, Lucends, Lucentis with
Visudyne, Lutein ckstra, Lutein with myrtillug exeract, Lutein with zeaxanthin, M200, M200
with Lucentis, Macogen, MCHIOL, MCT333, mecamylamine, Microplasoan, motexafin
iutetium, MPO112, NADPH oxidase inhibhtors, Neoretna, neurotrophin 4 gene, Nova21012,
Novazl013, NTSOL, NTS03, Nuiri-Stulln, ocriplasmin, OcuXan, Oftan Macela, Optrin,
ORAIGZ with Avastin, Pid4, P17, Palovud 529, PANSOR(6, Panzem, Fanzem, PARP
Inhibitors, pazopanib hydrochloride, pegapianib sodium, PF4523655, PG11047, piribedi,

platelet-derived growth factor beta polypeptide aptamer (pegylated), platelet-derived growih
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factor beta polypeptide aptamer {pegylated) with ranibizomab, PLGI01, PMX20005,
PMX53, POTY, PREOSS, PTH 787, ranibizumab, ranibizumsb with riamcinclone acetonide,
ranibizumabwith verteporfin, rantbizuroab with volociximab, RID27, Rescula, Retaance, retival
pigment cpithehial colls, RetinoStat, RGT417, RNGG, RT101, RTUNT, SB267263, serpin
peptidase inhibitor, clade F, member | gene, shark cartilage exivact, Shefl, SIRI46,
SIR1076, Sirna0l7, sirolimus, SMTD(04, Snelvit, SOD Mimetics, Soliris, sonepcizumab,
squalamoine  factate,  ST602, StarGen, T2ToRS, TA06, twlaporfin sodiom,
Tavroursodeoxycholic acid , TGI0080, TRI |, TLCx88, TRCH93, TRC10S, miamcinolone
acetonide with verteporfin, Trivastal Retard, TT30, Ursa, wsodicl, Vangiolox, VARIN200,
vascular endotbelial growth factor antibody, vascular endothelial growth factor B, vascular
endothelial growth factor kinoid, vascular endothelial growth factor oligonueleotide, VAST '
Compounds, vatalanib, VEGF Inhibitor, verteporfin, Visudyne, Visudyne with Lacentic and
dexamethasone, Visadyne with triamcinclone acetonide, Vivis, volochximab, Voirient,
XV615, zeaxanthin, ZFP TF, zinc-monocysicine and Zybrestat. In one embodiment, one or
wre of the macwiar degeneration treating drugs described sbove is conmbined with ong of

more agens lsted above or herein or with other agents known in the art.

{1354 In one embodiment, the methods and devices provided hererin are used to delivery
triamcinoione or wriamcinolone acetonide to the suprachoroidal space of an eye of a patient in
need thereof. In a further embodiment, the triamcinolobe or triameinoione acetonide is
delivered for the treatment of sympathetic ophthalmia, temporal arteritis, uwvettis andfor
ocular mflammatory conditions. In one embodiment, wiamciolope or triameinoions
acetonide is delivered to the suprachoroidal space of the eye in a patient in need of treatment
of sympathetic opthalmia with the methods and devices described herein.  In another
embodiment, irameinolone or triamcinolune acelonide is delivered to the suprachoroidal
space of the eye in a patient in need of treatment of temyporal arteritis with the methods and
devices described herein.  In yet another embodiment, triamcinolone or triameinolone
scetonide 1§ delivered to the suprachoroidaispace of the cye in a patient in need of treatment
of uveitls, with the methods and devices described herein.  In another embodiment,
irlamcinclone or triamcinolone acctonide is delivered io the suprachoroidal space of the eye
in a patient o need of treatment of one or more ocular nflaramatory conditions, with the

methods and devices described herein.
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{1335] The wiamcinolone composition provided herein, in one embodiment, i a
suspension comprising microparticles or naneoparticles of triamcinolone or trlameinolone
acetonide. The microparticles, in one embodiment, have a Dy of about 3 um or less. oz
further embodiment, the Do 18 about 2 wm. In another evshodiment, the Dsg is about 2 wm or
fess. In even another embodiment, the Do is about 1000 wm or less. The micropasticles, in
one embodiment, have a Do of aboot 10 um or Jess, In another embodiment, the Doy is aliout
i pm. In anotber emsbodinnent, the Doo is fess than about 10 pum or loss than about  pm or

legs.

{1356} In ope embodiment, the tramecivelone composition Comprises fiameinolone
microparticles. In a further embodiment, the composition comprises polysorbate 80, In
another embodiment, the iriamcinolone composition comprises one or more of CaCly, MgCh,
sodium acetate and sodium citrate.  In one ombodiment, the composition comprises

solvsorbate 80 at a4 w/vSs of 0.02% or about .02%, $.015% or about 0.015%,.
}:.' -

{3387} In certain embodiments the dvug delivered 10 ocular tssues using the microneedie
devices and methods disclosed herein treats, prevents, and/or amelorates fibrosis (e.g.

myclofibrosis, fibrosis in diabetic nephropathy, cystic fibrosis, scarring, and skin fibrogis),

{1358} In one embodiment, a drug that teats, prevents and/or amelorates fbrosis Is used
in copjunction with the devices and methods described herein, and is delivered to ih

suprachoroidal space of the eye.  In a further embodiment, the drog is Actimpnme with
Pirferndone, ACUIITROZR, AlphaVBetas, aminobenzoaie potassium, amvioid P, ANG1{22,
ANGIITH, ANG3062, ANG3281, ANG3298, ANG4011, Aati-CTGF RNAL Aplidia,
astragalus membranaceus extract with salvia and schisandra chinensis, atherosclerotic plague
blocker, Azol, AZXI00, BB3, connective tissue growth factor antibody , CT140, danazol,
Esbriet, EXCO00L. EXCO02, EXCO03, EXC004, EXCO03, Fed7, FG3019, Fibrocorin,
Follistatin, FT011, Galectin-3 inhibitors, GKTI37831, GMCTOL, GMCTG2, GRMDOI,
GRMDOZ, GRNS10, Heberon Alfe R, interferon alfa-2b, inferferon gamoa-lb with
pirfenidone, TTMNS2ZO, JKBIS, JKBI2E, JKBI22, KRX168, LPAL receptor aptagonist,
MON42Z0, MIAZ, microRNA 29 oligonucleotide, MMIGIO0, noscapine, PBI4050,
PRI4419, PDGFR ichibitor, PF-06473871, PONO0S2, Pivespa, Pifencx, purfenidons,
phindepsin, PRMISE, Px102, PYNI7, PYN22 with PYN17, Relivergen, thPTX2Z Fusion
Proteing, BXTI09, seoretin, STXI00, TGF-beta Inhibitor, trensforming growth factor, beta

recoptor 2 oligonucieotide, VASY926( or XV613. in one embodiment, one or more of the
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fibrosis treating drugs described above 15 combined with one or more agents listed above or

herein or with other agents known in the art.

{1358} In one embodiment, & drug that treais, prevenis and/or amcliorates diabetc
macular edema ig used in conjunction with the devices and methods described herein, and i
delivered 1o the sgprachoroidal space of the eve. In g further embodiment, the drug is
AKBO7TS, bevasivanib sodivm, Cand5, choline fenofibrate, Cortiject, c-raf 2-methoxyethy]
phosphorotiioate oligonucleotide, DEIGY, dexamethasone, DNA damage indocible transcript
4 oligonucicotide, FOVZ304, iColU7, KHU0Z, MP(11Z, NCX434, Optina, Omurdex,
PE4523655, SAR LIS, sirolimus, SKO503 or Trilipix, In oue embodiment, one or more of
the diabetic macular edema treating drugs described above is combined with one or more

agents listed above or herein or with other agents known in the art.

{13681 In one embodiment, a drug that treats, prevents and/or amelioraies macular edems
is used in conjunction with the devices and methods deseribed herein, and s delivered fo the
suprachoroidal space of the eye. In a further embodiment, the drug s denofosol tetrasodiurg,
dexamethasone, evallantide, pegaptanib sodium, rantbizumab or triamcinclone. In addition,
the drugs delivered o ocalar tissues using the migroneedle devices and methods disclosed
herein which treat, prevent, andVor ameliorate macular cdema, as lsted above, may be
combined with one or more agents Histed above or herein or with other agents known in the

art,

{1361} In one embodiment, a drug that treals, prevents and/or amelRorates ocular
hypertension is wsed in conjonction with the devices and methods described herein and is
detivered to the suprachoreidal space of the eve. 1o a further embodiment, the drug is 2-MeS-
beta gamma-CCI2-ATP, Aceta Diazol, acenzolamide, Aristomol, Arteoptic, AZD4017,
Betalmic, betaxolol hydrochloride, Betimol, Betoptic S, Brimodin, Brimonal, brimenidine,
brimonidine tartrate, Brinidin, Calic, carteolol hydrochioride, Cosopt, CSO088, DEGH2,
DEIM, DE, dowolamide, dorzolamide bydrochioride, Domolamide hydrochloride with
Timolol maleale, Droptimol, Fortinol, Glawmeol, Rypadil, Temotic, isopropyl wnoprostone,
wsosorbide,  Latelux, latenoprost,  Latanoprost with  Timolof maleate,  levobusolo!
hydrochloride, Lotensin, Mannigen, roannitol, metipranolol, mifepristone, Mikelan, Minims
Metipranolol, Mirel, nipradilol, Nor Tenz, Ocupress, olmesartan, Ophtalel, pilocarpine
nitrate, Plobaj, Rescols, RU486, Rysmon TG, SAD44S, Saflutan, Shemol, Taflotan,

tafiuprost, tatleprost with timolol, Thisboot, Timocomed, timolel, Timolo! Actavis, timolol
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hemibiydreate, tmolol maleate, Travast, wavoprost, Unilat, Xalacom, Xalatan or Zomilol In
addition, the drugs delivered to ocular tissues using the microneedle devices and methods
disclosed heroin which treat, provent, and/or ameliorate oculer hyportension, as listed above,
may be combined with one or more agents histed above or herein or with other agents known

in the ari.

{1362} Inn certain embodiments one or more drugs may be delivered to ocular tissues
and/or into the suprachoroidal space via the systoms and devices described berein. Delivery
of one or more drugs into the suprachoroida fspace using the microneedle device deseribed
herein may be accomplished by vsing one or more microncedles. In addition, conbinations
of one of more drugs may be delivered to the suprachoroidal space using the microneedie
device deseribed herein in combination with delivery of one or more drugs via intravitreal
(1VT) administration {e.g., intravitreal injection, infravitreal implant or eye drops). Methods
of TVT administration are well known in the art. Examples of drugs that can be admimistered
via IVT inclade, but are not imited to: AGO03, AOO06, Acedolone, AAPEDF, aflibercept,
AGI3958, aganirsen, AOGNIOB3I97, AKBO77S, ALTERGBA, amyloid P, Angiogencsis
inhibitor Gene Therapy, ARCIS0S, Aurocort, bevasiranib sodium, brirnonidine, Brimonidine,
brimonidine tastrate, bromfenac sodium, Cands, CERE40, Ciganclor, CLTOGT, CLTO(3,
CLTG04, CLTO0S, complement component § aplamer (pegyiated), complement facior D
antibody, Cortiject, c-raf 2-methoxyethyl phospborethicate oligonucieotide, cvelosporine,
riamcinolone, DEE{}Q, denufosol fetrasodium, dexamethasone, dexamethasone phosphate,
disitertide, DNA damage inducible transcript 4 coligonuclectide, E10030, ecallantide,
EG3306, Fos013, ESBATOGS, ESBALOS, Eylea, FCFDA5148S, fluccinolone acetonide, fms-
related tyrosine kimase 1 oligomucicotide, fomivirsen sodivan, fosbretabulin trometbamine,
FOV2301, FOV2S501, ganciclovir, ganciclovir sodiom, GS101, GS156, hyaloronidase,
IBI20089, iCol7, Huvien, INS37217, Isonep, JSM6427, Kalbitor, KHO02, lerdelimumab,
LFG316. Lucentis, MIZ00, Macugen, Makyueido, Microplasmin, WMK(GI14Q, MP01M12,
NCX434, neurotvophin 4 gone, OCIGX, ooriplasmin, ORA 102, Ommdex, Fi4d4d, P17, Palomid
529, pazopanib hydrochloride, pegaptanib sodiom, Plasma Kalliloeln Inhibitors, platelet-
dertved growth factor beta polypeptide aptamer (pegylated), POTY, PRMIGT, PRSO5S,
QPLIGGT, ranibinnmab, resveratrol, Retilone, retinal pigment epithelivnespecific protein
65kDa gene, Retisert, rod derived cone viabiluty factor, RPE6SS Gene Therapy, RPGR Gene
Therapy, RTPE0L, Sd-mxRMA, serpin peptidase inhibitor clade F momber § gene, Sirna0i27,

sirolirous, sonepcizumab, SRTS01, 8TP60T, TGI00948, Trabio, imamcincione, trismcinolone
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acetonide, Trivarls, tumor necrosis factor antibody, VEGF/rGel-Op, verteporfin, Visudyne,
Vitrase, Vitrasert, Vitravene, Viireals, volocizimab, Votrient, XGI{(2, Xibrom, XV615, and
Zybrestat. Accordingly, the methods of the presont invention include administrating via IVT
one or more of the drugs listed above m combination with one or more drags disclosed herein

administered into the suprachoroidal space using the micvoneedle device described herein.

{1363} In one embodiment, the drug is formalated for storage and delivery via the
microneedle device deseribed berein. The “drug formolation™ is a formulation of 2 drug,
which typically includes one or more pharmaceutically acceptable excipicnt materials known
in the art.  The term “exciptent” refers o any non-active mgredient of the fornwlation
nfended to facilitate handling, stability, dispersibility, wettability, release kinetics, and/or
injection of the drag. In one cmbodiment, the excipient may inclode or consist of water or

safing.

{3364} In onc embodiment, the fluid drog formuiation includes wnyeroparticles or
nanoparticles, each of which can include at feast one drug. Desirably, the microparticies or
nanoparticles provide for the controlied release of drug into the ocular tissue. As used herein,
the term “microparticle” encompasses microspheres, microcapsules, microparticles, and
ficads, having a number average dimmeter of 1 {0 100 pum, most preferably 1 10 25 um, The
term “navoparticles”™ ave particies having a number average diameter of 1 o 1000 nm.
Microparticles may or may noi be spherical in shape, “Microcapsules™ are defined as
microparticles having an outer shell surrounding a core of another material. The core can be
ligquid, gel, solid, gas, or a combination thereof. In one case, the microcapsule may be a
“miicrobubble” having an outer shell surrounding « core of gas, wherein the drug is disposed
on the surface of the outer shell, in the outer shell Hiself, or in the core. Microbubbles may
respond to acoustic vibrations as known in the art for diagnosis and/or can be used to burst
the mwicrobubble to reloase its payload a¥/into a select ooular tissue site. “Microspheres™ can
be solid spheres, can be porous and include a sponge-iike or honeycomb structure formed by
pores or voids in a matrix material or shell, or can include multiple discrete voids in a matyix
material or shell. The microparticle or nanoparticies may further inchude a wattix material.
The shell or manix material may be 2 polymer, amino acid, saccharride, or other material

known in the art of microencapsulation.

{1365} The drug-containing microparticles or nanoparticles may be suspended  an

aqueous or nop-agueous Hguid vehicle. The liguid vehicle may be a pharmaceutically

150



WO 2014/179698 PCT/US2614/036590

acceptable agueous solution, and optonally may further inchide o surfactant.  The
microparticies or nanoparticies of drug themselves may inchude an excipient material, such as
a polymer, a polysaccharide, a surfactant, cte., which arc known n the art to control the

kinetics of drug release from particles.

{1366} by one embodiment, the fluid drug formulation further inchudes an ageny effective
to degrade collagen or GAG fibers in the sclera, which may enhance penetration/release of
the drug into the ocular tissaes. This agent may be, for examiple, an enzyme, such a
hyaluronidase, a collagenase, or a combination thereof. In a variation of this method, the
enzyme 18 adounistered to the ocular tissue in a separafe step from—preceding or

following—infusion of the drog. The enzyme and drag are administered at the same site.

{1387} in another embodiment, the drug formulation is one that undergoes a phase
change upon administration. For instance, a liquid drug formulation may be injected through
hollow microncedles fnto the suprachoroidal space, where it then gels and the drag diffuses

out from the gel for conrolled release.

{13681 While the cmbodiments and methods berein describe delivering a medicament fo a
target tissue, the embodiments described herein can be configured to facilitate 2 biopsy

procedure and/or removal of a substance from a target location,

{13691 While the embodiments have been desciibed above in use on ocular {issue,
some instances, the embodiments and methods described herein can be used on any other
suitable bodily tissue. For example, in some instavces, the use of an adivstable length needle
can be beneficial in corgunction with standard phiebotomy techniques during drug infusion
and/or blood draw from a vein, Thus, while the embodiments and methods are specifically
described above in use on ocular fissue, i should be undersicod that the embodiments and

methods have been presented by way of example only. and not Hoitation,

{1378} While varicus cmbodiments bave been deseribed above, it should be understood
that they have beon presented by way of example ovly, and not lmitation.  Where methods
described sbove indicate certain events occorring in certain order, the ordering of certain
events may be modified. Additionally, certain of the events may be performed concurrenily

in a parallef process when possible, as well as performed sequentially as described above,
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1371 Although the systetss and methods are shown and described herein as providing
for delivery of medicaments i the suprachoroidal space, in other embodimenis, the systems
and the methods described hercin can be applicabic for delivery of any suitable therapeutic
substance 1o any portion of the eye, such as, the coroea, the retinal ares or the vitreous. In
gther embodiments, any of the systems, methods and devices described herein can be used o
deliver any soitable therapeutic substance 10 any desired target tissue (nchuding non-ocular

tssue),

{1372} Where schematics andfor embodiments described above indicate certain
components arranged i certain orientations or positions, the arrangement of components may
be modified. Similarly, where methods and/or events described above Indicais certain events
and/or procedures occurring in certain order, the ordering of certain evems and/or procedures
may be modified. While the cmbodiments have been particularly shown and described, it
will be understood that various changes in form and details wmay be made.

{13731 For example, alhough the injector assembly 2100 i8 shown and described as
including a biasing member 2146 configured to exert a force to move the actuator 2320 (o
assist in the delivery of a medicament, in other embodiments, the injecior assembly 2100 (and
apy other inmjector assomblics shown and deseribed hercin) can include any suitable
mechanism for producing a8 force to move the actator 2320, For example, In some
embodiments, an injector assembly can include 3 stored caergy member, such as a propeliant

3

canister, a compressed gas container, a magnetic cnergy storage member, an electronic

oa

energy storage member {¢.g., a battery or a capacitor) or the ke,

11374 Although various eombodiments bave been desceribed as having particular features

and/or combinations of components, other erobodiments are possible having a combination of

any features and/or components from any of embodiments as discassed above. For exanmie,

while the extraction member 21280 is described as being mchuded in the sysiem 21000 and
configured 10 be coupled to the medicament container 21310, in some embodiments, the
device 2000, 3000, or any other device described herein can be used with and/or include the
extraction member 21280, or any other extraction member described herein,  Furthermore,
while the seedle assenbly 3200 is shown as being fncluded in the systeny 3000, i some
embodiments, the systen: 2000, 21000, or any other medical injector described herein can
also inclade the needle assembly 3200 or any other peedic assembly described herein,

Mereover, while the injection assembly 2100 is described as included with the sysiem 2000,

,.....
L
N



WO 2014/179698 PCT/US2014/036590

in some ombodiments, the injection assambly 2100 can also be included in the system 3600,

21000 or any other system described herein. Similarly, any of the systems described herein

{c.o., the system 2060, 3000, or 21000) can nclude or configured 10 be coupled 1o a hub that
o 4

melades a covvex distal end surface such as, for example, the hub 7270, 8270, or 9270,



Claims:

1. An apparatus, comprising:

a housing configured to receive a portion of a medicament container;
a hub, the hub coupled to the housing and defining a passageway configured to receive a
puncture member theretﬁ;ough, the hub having a distal end surface, the distal end surface of the
hub configured to contact a target surface of a target tissue when a substance is conveyed
through the puncture member; and

an actuation rod, the actuation rod configured to be coupled to the medicament container,
the actuation rod and the puncture member collectively configured such that (1) a distal end
portion of the actuation rod moves within the medicament container in response to a force on the
actuation rod when a distal end portion of the puncture member is disposed within a first region
of the target tissue and the actuation rod is coupled to the medicament containet, and (2)
movement of the distal end portion of the actuation rod within the medicament container in
response to the force on the actuation rod is limited when the distal end portion of the puncture
member is disposed within a second region of the target tissue and the actuation rod is coupled to

the medicament container, the force having a magnitude less than a threshold value.

2. The apparatus of claim 1, wherein:

the threshold value is about 6N.

3. The apparatus of claim 1, wherein:

the force is between about 0.5N and about 2N.

4. The apparatus of claim 1, wherein:

the target tissue is an eye, the target surface is any one of a conjunctiva of the eye or a
sclera of the eye,

the first region includes at least one of a suprachoroidal space, a lower portion of the
sclera, a choroid of the eye, a subretinal space of the eye, or a retina of the eye,

the second region is an upper portion of a sclera of the eye.
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5. The apparatus of claim 1, wherein:
the distal end surface of the hub includes a sealing portion configured to define 2
substantially fluid-tight seal with the target surface when the distal end surface is in contact with

the target surface.

6. The apparatus of claim I, wherein:

the distal end surface of the hub includes a sealing portion configured to define a
substantially fluid-tight seal with the target surface when the distal end surface of the hub is in
contact with the target surface, the sealing portion being symmetrical about a centerline of the

passageway.

7. The apparatus of claim 1, wherein:

the target tissue is an eye, the target surface is any one of a conjunctiva of the eye or a
sclera of the eye,

the distal end surface of the hub is configured to deform any one of (1) the conjunctiva of
the eye, or (2) the sclera of the eye, when the distal end surface of the hub is in contact with the

target surface.

8. The apparatus of claim 1, further comprising:
the puncture member, a centerline of the puncture member being substantially normal to

a surface line tangent to the hub.

9. The apparatus of claim 1, wherein:

the substance is conveyed through the puncture member in response to movement of the
actuation rod within the medicament container when the distal end portion of the puncture
member is disposed within the first region of the target tissue and the actuation rod is coupled to

the medicament container.

10.  The apparatus of claim 1, wherein:
movement of the distal end portion of the actuation rod within the medicament container

in response to the force on the actuation rod is limited when the distal end portion of the puncture
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member is disposed within the second region of the target tissue and the actuation rod is coupled
to the medicament container such that the substance is not conveyed to the second region of the

target tissue.

11.  Anapparatus, comprising:

a housing configured to receive a portion of a medicament container; and

a hub coupled to the housing, the hub defining a passageway configured to receive a
puncture member therethrough, the hub having a convex distal end surface, the distal end surface
of the hub configured to contact a target surface of a target tissue when a substance is conveyed
through the puncture member; and

an actuation rod at least partially disposed within the medicament container,

the medicament container, the actuation rod, and the puncture member collectively
configured such that (1) a distal end portion of the actuation rod moves within the medicament
container in response to a force on the actuation rod when a distal end portion of the puncture
member is disposed within a first region of the target tissue, and (2) movement of the distal end
portion of the actuation rod within the medicament container in response to the force on the
actuation rod is limited when the distal end portion of the puncture member is disposed within a

second region of the target tissue, the force having a magnitude less than a threshold value.

12, The apparatus of claim 11, wherein:
the distal end surface of the hub includes a sealing portion configured to define a
substantially fluid-tight seal with the target surface when the distal end surface is in contact with

the target surface.

13.  The apparatus of claim 11, wherein:

the distal end surface of the hub includes a sealing portion configured to define a
substantially fluid-tight seal with the target surface when the distal end surface of the hub is in
contact with the target surface, the sealing portion being symmetrical about a centerline of the

passageway.
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14.  The apparatus of claim 11, wherein:

the target tissue is an eye and the target surface is any one of a conjunctiva of the eye or a

sclera of the eye.

15. The apparatus of claim 14, wherein:

the distal end surface of the hub is configured to deform any one of (1) the conjunctiva of
the eye, (2) the sclera of the eye, (3) a choroid of the eye, or (4) a retina of the eye, when the

distal end surface of the hub is in contact with the target surface.

1564



16.  The apparatus of claim 11, further comprising:
the puncture member, a centerline of the puncture member being substantially normal to

a surface line tangent to the hub.

17. The apparatus of claim 11, wherein:
the threshold value is from about 2 N to about 6 N.

18.  The apparatus of claim 11, wherein:

the target tissue is an eye, the target surface is any one of a conjunctiva of the eye or a
sclera of the eye,

the first region includes at least one of a suprachoroidal space, a lower portion of the
sclera, a choroid of the eye, a subretinal space of the eye, or a retina of the eye,

the second region is an upper portion of a sclera of the eye.

19.  The apparatus of claim 11, wherein:
the target tissue is an eye and the target surface is a conjunctiva of the eye,
the distal end surface of the hub being configured to displace the conjunctiva towards a

sclera of the eye in response to the force.

20.  An apparatus, comprising:

a housing configured to receive a portion of a medicament container;
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a hub coupled to the housing, the hub defining a passageway configured to receive a
puncture member therethrough, the hub having a distal end surface, the distal end surface of the
hub configured to contact a target surface of a target tissue when a substance is conveyed
through the puncture member; and

an actuation rod at least partially disposed within the medicament container,

the puncture member fixedly coupled to the hub such that the hub moves with the
puncture member when the puncture member is moved relative to the target surface,

the medicament container, the actuation rod, and the puncture member collectively
configured such that (1) a distal end portion of the actuation rod moves within and relative to the
medicament container in response to a force on the actuation rod when a distal end portion of the
puncture member is disposed within a first region of the target tissue, and (2) movement of the
distal end portion of the actuation rod within and relative to the medicament container in
response to the force on the actuation rod is limited when the distal end portion of the puncture
member is disposed within a second region of the target tissue, the force having a magnitude less

than a threshold value.

21.  The apparatus of claim 20, wherein:
the distal end surface of the hub includes a sealing portion configured to define a
substantially fluid-tight seal with the target surface when the distal end surface is in contact with

the target surface.

22. The apparatus of claim 20, wherein:

the distal end surface of the hub includes a sealing portion configured to define a
substantially fluid-tight seal with the target surface when the distal end surface of the hub is in
contact with the target surface, the sealing portion being symmetrical about a centerline of the

passageway.
23. The apparatus of claim 20, wherein:

the target tissue is an eye and the target surface is any one of a conjunctiva of the eye or a

sclera of the eye.
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24, The apparatus of claim 23, wherein:
the distal end surface of the hub is configured to deform any one of (1) the conjunctiva of
the eye, (2) the sclera of the eye, (3) a choroid of the eye, or (4) a retina of the eye, when the

distal end surface of the hub is in contact with the target surface.
25. The apparatus of claim 20, wherein:

a centerline of the puncture member is substantially normal to a surface line tangent to

the hub.
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26. The apparatus of claim 20, wherein:
the threshold value is from about 2 N to about 6 N.

27. The apparatus of claim 20, wherein:

the target tissue is an eye, the target surface is any one of a conjunctiva of the eye or a
sclera of the eye,

the first region includes at least one of a suprachoroidal space, a lower portion of the
sclera, a choroid of the eye, a subretinal space of the eye, or a retina of the eye,

the second region is an upper portion of a sclera of the eye.

28. The apparatus of claim 20, wherein:

at least a portion of the distal end surface of the hub has a hemispherical shape.
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