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(57) Abstract: An apparatus includes a housing
coupled to a medicament container, which is
coupled to a needle. An injection assembly is
disposed within the housing and includes an en-
ergy storage member and an actuation rod. A
distal end portion of the actuation rod is dis-
posed within the medicament container. The en-
ergy storage member can produce a force on a
proximal end portion of the actuation rod suffi-
cient to move the distal end portion of the actu-
ation rod within the medicament container. This
can convey at 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. The force is insufti-
cient to move the distal end portion of the actu-
ation rod within the medicament container when
the distal tip of the needle is disposed within a
second region of the target location.



WO 20147179698 A 4 I W00 )00 00 00O

Declarations under Rule 4.17: —  with amended claims (Art. 19(1))
— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

Published:

(88) Date of publication of the international search report:
12 February 2015

Date of publication of the amended claims: 16 April 2015
—  with international search report (Art. 21(3))



WO 2014/179698 PCT/US2014/036590

APPARATUS AND METHODS FOR OCULAR INJECTION

Cross Reference to Related Applications

{1801} This application claims priority to and benctit of U.S. Provisional Patent
Application No. 61/953,147, eatitled “Apparatus and Methods for Geular Injection,” filed
March 14, 2014, U.S. Provisional Patent Application No. 61/944,214, cntitled “Apparatus
and Methods for Controlling the Insertion Depth of a Necedle,” filed February 25, 2014, U.S.
Provisional Patent Application No. 61/827,371, entitled “Apparatus and Methods for Qcular
Injection,” filed May 24, 2013, U.S. Provisional Patent Application No. 61/819,052, entitled
“Apparatus and Methods for Delivering a Drug to Ocular Tissue,” filed May 03, 2013, and
U.S. Provisional Patcnt Application No. 61/819,048, entitled “Apparatus and Methods for
Controlhing the Insertion Depth of a Needle,” filed May 03, 2013, the disclosurcs of cach of

which are tncorporated herein by reference in their entirety.

Background aof the fnvention

{1662} The embodiments desceribed bercin 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 therapeotic agent into and/or from ccular tissues for treatment of

the eye.

{1003} Although needles are used in transdermal and intraocular drug delivery, there
remains a need for improved microneedle devices and methods, particularly for defivery of
substances {c.g., drugs) into the posterior region of the cye. Many inflammatory and
proliferative diseases in the posterior region {or other regions) of the eye require long-term
pharmacological trcatment. Examples of such diseases include macular degeneration,
diabetic retinopathy, and uveitis. 1t is often difficult to deliver effective doses of a drug to the
back of the eye using conventional delivery mcthods such as topical application or an
mtravitreal administration (IVT), wihich has poor efficacy, and systemic administration,
which often causes significant side effects.  For example, while cve drops are useful in
treating conditions affecting the exterior surface of the eyc or tissues at the front of the cye,
the eve drops are often not sufficiently conveyed to the back of the eye, as may be required

for the treatment of some of the retinal diseases listed above.
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{1004} Although there have been advances in the past decade regarding the utilization of
systemically delivered substances, therc arc obstacles to wide spread adoption of such
methods.  For cxample, in cortain situations, direct injection into the eye (c.g., into the
vitreous) using conventional 27 gauge or 30 gauge ncedles and syringes can be effective.
Direct mjection, however, can be associated with significant safety nisks, and physicians
often require professional training to cffectively perform such methods. Morcover, in some
instances, targeted inicction of a therapeutic agent is desirable. In such instances, however,
the relatively small anatomic structures of the eye often result in significant challenges to
placing a necdic at a target location using known devices and methods, especially as they
pertain to placing the distal ond of the ncedle at the desired depth within the eye.
Furthermore, VT administration can have side effects such as increased intraocular pressure

or faster onset of cataract formation.

{1865} In addition, many known methods of direct injection of a drug into the eye include
inserting a needle or a cannula at an acutc angle relative to a surface of the cye, which can
make controlling the depth of insertion challenging. For exanple, some such methods
melude controlling the angular orientation of the needle such that the injected substance exits
the needle at a particular location. Moreover, some known methods of injecting substances
into ocular tissue include using complicated visvalization systcm or sensors {0 control the

placcoent of the needle or cannula.

{1006} Koown devices for ocular injection do not provide the mechanism for adjusting
needie length so that the needle can be inserted into the eye to the desired depth. Known
systems also do not provide a reliable mechanism for determining when the needle tip 1 in
the destred location, for example, the suprachoroidal spacc (SCS) of the cyve.  Such
shortcomings in known systems and methods arc cxacerbated because the size and thickness
of various layers included in the eye can vary substantially from one person to another. For
exammple, the thickness of the conjunctiva and the sclera can be substantially different and
their truc value cannot casily be predetermined via standard technigues. Forthermore, the
thickness of these layers can also be different in different portions of the cye and at different
times of the day in the same eye and location. Therefore, using known systems and methods
it can be challenging to determine and/or adjust the length of the needle for puncturing the
eyc, such that a tip of the ncedle is at the desired depth, for cxamplc, the SCS. Too short a

needle might not penetrate the sclera, and too long a needle can traverse beyond the SCS and

N
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damage the retina of the eye. Further, known systems do not provide a convenient way to

detect the position of the needle tip within the cye.

{1667} Because of the sensitivities asscciated with intraocular injection {e.g., the
sensitivity of the tissuc, the poteotial impact on intraccular pressurce and the like), many
known systems jovolve manual injection.  More particularly, many known devices and
methods mcluade the user manually applving a force (e.g., via pushing a plunger with their
thumb or fingers) to expel a fluid {e.g., a drog) into the cye. Because of the small necdlie size
and/or the characteristics of the injected drug, some such devices and methods involve the
use of force levels higher than that which users are comfortable with applving. For example,
some studies have shown that users generally do not like to apply more than 2N force against
the eyc during ocolar injection.  Accordingly, in certain situations a user may not properly
deliver the medicament using known systems and mcthods because of their reluctance to

apply the force to fully expel the medicament.

{1008] Moreover, injection into ditferent target favers of the cye can cause variability in
the amount of the force required for insertivn of the needle and/or injection of the
medicament. Different fayers of the eye can have different densities. For example, the sclera
aenerally has a higher density than the conjunctiva or the SCS. Ditferences in the density of
the target region or layer can produce different backpressure against the needle exit, i.c., the
tip of the necdle from which the fuid emerges. Thus, injection into a relatively dense ocular
material such as sclera requires more motive pressure to expel the medicament from the

necdle than is required when injecting a medicament into the SCS.

{1409} Furthermore, the injection force to expel the medicament alse depends on the
density and viscosity of the liquid medicament, length of the needle, and diameter of the
needle. To imject certain medicaments into the eye via desired needles {(e.g.. 27 gauge, 30
gauge, or even smaller) can require more force than many practitioners arc comfortable

applving.

{1618} Intraocular injection can also lead to leakage of intraccular fluids (c.g., aqueous
and vitreous humour) or the medicament from a delivery passageway formed by the necdle
penetrating inte the ocular tissue. By way of example, if the medicament is delivered to the
sclera instcad of the target ocular tissuc laver, for example, the SCS. the high backpressure of

the sclera can foree the medicament to leak from the insertion site.  Known systems do not
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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] It is an object of the present invention to substantially overcome, or at least ameliorate,

one or more of the above disadvantages.

Summary of the Invention

[1011a] In a first aspect, the invention provides an apparatus, comprising:

a housing configured to receive a portion of a medicament container;

a hub, the hub configured to be 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 the hub is coupled to the housing; 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 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.

[1011b] In a second aspect, the invention provides a method, comprising:

inserting a distal end portion of a puncture member of a medical injector into a target
tissue to define a delivery passageway within the target tissue and such that a distal end surface
of a hub of the medical injector is in contact with a target surface of the target tissue;

exerting a force on an actuation rod of the medical injector when the distal end surface of
the hub is in contact with the target surface, the force having magnitude of less than a threshold
value, the medical injector configured such that the force is sufficient to moveforce produces
movement of a distal end portion of the actuation rod within a medicament container when the

distal end portion of the puncture member is disposed within a first region of the target tissue,

AH26(21489499 1):BIM
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the medical injector configured such that the force is insufficient to move the movement of the
distal end portion of the actuation rod within the medicament container being limited when the
distal end portion of the puncture member is disposed within a second region of the target tissue;
and

conveying, in response to the exerting, a substance from the medicament container into
the target tissue via the puncture member when the distal end portion of the puncture member is

disposed within the first region of the target tissue.

[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.

[1013] In some embodiments, an apparatus includes a housing configured to be coupled to a
medicament 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 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 the adjustment
member is configured to be coupled to the medicament container. A distal end portion of the
adjustment member is coupled to a needle. The adjustment member is movably disposed within
the housing such that when the adjustment member is rotated relative to the housing, the needle

is moved through a plurality of discrete increments along a longitudinal axis of the housing. In

AH26(13968482_1):BIM
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some embodiments, the adjustment member defines a lumen configured to place the

medicament container in fluid communication with the needle.

[1015] In some embodiments, an apparatus includes a hub configured to be coupled to a medical
injector. The hub defines a passageway configured to receive a needle therethrough. The hub
has a convex distal end surface that is configured to contact a target surface of a target tissue
when a substance is conveyed through the needle into the target tissue. In some embodiments,
the distal end surface 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 embodiments, the sealing portion can be symmetrical about the centerline of the

passageway.

Brief Description of the Drawings

[1015a] The exemplary embodiments of the present disclosure will be described with reference

to the accompanying drawings in which:

[1016] FIG. 1 is a cross-sectional view of an illustration of the human eye.

[1017] FIG. 2 is a cross-sectional view of a portion of the human eye of FIG. 1 taken along the

line 2-2.

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

presence of a fluid.

[1019] FIG. 5 is a schematic illustration of an apparatus that includes a housing and an injection

assembly in a first configuration, according to an embodiment.

[1020] FIG. 6 shows the apparatus of FIG. 5 in a second configuration, according to an

embodiment.

[1021] FIG. 7 is a perspective view of a system for delivering a medicament to an eye,

according to an embodiment.

AH26(13968482_1):BIM
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[1022] FIG. 8 is an exploded view of the system shown in FIG. 7.

AH26(13968482_1):BIM
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{1023} FIG. 9 is a perspective view of a system for delivering a medicament to an eye

that inchudes an injector assembly, according to an embodiment.

{1624} FiG. 10 shows the system of FIG. 9 with a first portion of a housing removed to

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

{1026} FIG. 12A shows a side view, FIG. 12B shows a front view, and FIG. 12C shows &

top view of an actuating member included m the system of FIG. 9.

{1827} FIG. 13A shows a side view, FI1(G. 13B shows a front view, and FIG. 13C shows a

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

{1928} FIG. 14A shows a side view of an actuator included in the system of FIG. 9. FIG.
148 shows a side cross-section view of the actuator of FIG, 14A taken along the line 14B-

14B.
{1828} FIG. 15 shows a side view of a guide rod included in the system of FIG. 9.

{1638} FIGS. 16A-E shows side views of the systern of FIG. 9 with a first portion of the

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

{1031} FIG. 17 show a flow diagram of a method for determining the insertion depth in a
target tissue of a needle mncluded itn & medicament delivery device using an mjection

assembly, according to an embodiment.

{1032} FIG. 1R show a flow diagram of a method for assisting a user in deternuning the
msertion depth in a target tissue of a needle included in a medicament delivery device, and
assisting the user in medicament delivery using an injection assembly, according to an

embodiment.

{1833} FiG. 19 shows a schematic illustration of a medical injector that includes an

adjastment member in a first configuration, according t¢ an embodiment.

{1834} FIG. 20 shows the medical injector of FIG. 19 1 a second configuration.
{1835} FI1G. 21 shows a perspective view of a system for delivering a medicament to an

eve that includes a needle assembly, according 1o an embodiment.

G
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{1836} FIG. 22 shows an exploded view of the needle assembly included in the system of

FIG. 21

{1637} FI1G. 23 A, shows a top view, FIG. 23B shows a side view, and FIG. 23C shows a
side cross-section view (taken along the line 23C-23C) of a housing of the necdle assembly

of FIG. 22.

{1038} FIG. 24A shows a side view and FIG. 248 shows a top view of a plug included in

the needle assembly of FIG. 22,

{1439} FI1G. 25 shows a perspective view of an adjustment member, a lead screw and a

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

{1046} FIG. 26A shows a side view of the adjustment member mcladed m the needle
assembly of FIG. 22, FIG. 26B shows a side cross-section of the adjustment member of FIG.

26A taken along the line 26B-26B.

{1841} FIG. 27A shows a side view of the fead screw incleded in the necdle assembly of
FIG. 22, FI1G. 27B shows a cross-section view of the lead screw of FIG, 27A taken along the

line 278B-278.

11§42} FIG. 28A shows a side view and FIG. 288 shows a front view of a bushing
mcluded in the needle assembly of FIG. 22, FIG. 28C shows a cross-section view of the

bushing of FIG. 28A taken along the Hne 28C-28C.
{1843} FIG. 29 shows a side view of a locking pin included in the needle assembly of

F1G. 22.

{1844} FIG. 30A shows a side view and 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-section

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

{1845} FI1G. 31A shows a side view and FIG. 318 shows a front view of a hub included
m the needle assembly of FIG. 22, according to an embodiment. FIG. 31C shows a cross-

section view of the hub of FIG. 31A taken along the line 31C-31C.

{1846} FIG. 32 shows a perspective view of the needie assembly of FIG. 22,

~3
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{1847} FIG. 33 shows a side cross-section view of the needle assembly of FIG. 32 taken

along the line 33-33.

{1848} FIG. 34 is a cross-sectienal view of a portion of a dclivery device according to an

embodiment.

{1049} FIG. 35 is an enlarged portion of the eye identified in FIG. 1 as region Z and the

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

{1650} FIG. 36 is the cnlarged portion of the eyc identified in FIG. 1 as region Z and the

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

{1051} FIG. 37 is a cross-sectional view of a portion of a delivery device according to an

embodiment.

{1852} FIG. 3R is a cross-sectional view of a portion of a delivery device according 1o an

embodiment.

{1053} FIG. 39 shows a schematic illustration of a system for delivering a medicament to

an eye that includes a hub including a sealing portion, according to an embodiment.

{1834} FIG. 40A shows a distal end surface of a hub included in the system of FIG. 39 1
contact with a conjunctiva of an eye and a puncturing member included in the system of FIG.
39 inscrted into the sclera of the eye. FIG. 40B shows the distal end of the hub compressing
the comunctiva, FIG. 40C shows the hub further compressing the conjunctiva, and the distal
end of the puncturing member is disposed i proximity of a saprachoroidal space of the eye
and is delivering a medicament to the suprachoroidal space, such that the scaling portion
forms a substantially fluid tight scal with the conjunctiva. FIG. 40D shows an angle 8 formed
between a centerline of a delivery passageway formed by the insertion of the puncturing

memtber into the sclera of the eye and a surface line tangent to the conpunctiva.

{1055} FIG. 41A shows a fintte element analysis (FEA) moedel of the hub of FIG. 40 A-D,
pressed against the conjunctiva of an eye with a IN force. FIG. 41B shows an enlarged view

of a portion shown by the arrow 418 shown in FIG. 41A.
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{1856} FIG. 42A shows a side view and FIG. 428 shows a front view of a hub that
mcludes a convex distal end, according to an embodiment. FIG. 42C shows a cross-section

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

{1937} FIG. 43A shows a side view and FIG. 43B shows a front view of a bub that
mcludes a convex distal end, according to an embodiment. FIG. 42C shows a cross-section

view of the hab of FIG. 43A taken along the linc 43C-43C.

{1858} FIG. 44A-B show schematie ilustrations of a hub mcluded in a medicament
delivery system in a first configuration and a second configuration respectively, according to

an embodiment.

{1659} FIGS. 45A and 45B arc schematic illustrations of a portion of a delivery device

according to an emmbodiment.

{1660} FiGS. 46 and 47 are perspective views of a portion of a delivery device according

to an embodiment.

{1861} FIG. 48 is a per

Py

e view of a portion of a delivery device according

2
e
o
=
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¢ an
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embodiment.

1062  FIG. 49 i

7

a perspective view of a portion of a delivery device according to an

embodiment.

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

embodiment.

{1064} FI1G. 51 1s a perspective view of a portion of a delivery device according to an

embodiment.

{1065} FIG. 52 is a perspective view of a portion of a delivery device according to an

-t
7]

embodiment.

{1866} FIG. 53 15 3 perspective view of a portion of a dehvery device according to an

embodiment.

{1867} FiG. 54 is a perspective view of a portion of a delivery device being used o

facilitate an ocular injection, according to an embodiment.
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{1068} FIG. 55 is a cross-sectional view of the portion of the delivery device shown in

FIG. 54.

{1869} FIG. 56 shows a perspective view of a delivery device, according o an

embodiment.
{1878} FIG. §7 shows an exploded view of the delivery device shown in FIG. 56.

{1071} FI1G. 58 shows a perspective view of an actuator rod included in the delivery

device of FIG. 36.

1672 FIG. 39 shows a top perspective view of a plug included in the delivery device of
P porsy plug )

FIG. 56,
{1873} FIG. 60 shows a bottom perspective view of the plug of FI1G. 59.

{1674} FIG. 61 shows a fop perspective view of an actuator included in the delivery

device of FIG. 56.

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

the tine 62-62 shown in FIG. 61.

{1876} FIG. 63 shows a top perspective view of a medicament containment chamber

meluded n the delivery device of FIG. $6.

{1077} F1G. 64 shows a bottom perspective view of the medicament containment

chamber of FIG. 63.

{1878} FIG. 65 shows a side cross-seetion view of the medicament containment chamber

of FIG. 63 taken along the linc 65-65 shown in FIG. 63.

{1079} FI1G. 66 shows a top perspective view of a hub mcluded in the delivery device of

FIG. 56.

{1880} FI1G. 67 show a side cross-section view of the hub of FIG. 66 taken along the hine

67-67 shown 1 FIG. 66.

{1081} FIG. 68 shows a top perspective view of a cap included in the delivery device of

FIG. 56.

10



WO 2014/179698 PCT/US2014/036590

{1082} FIG. 69 shows a side cross-section view of the cap of FIG. 68 taken along the Hine

69-69 shown i FIG. 68.

{1883} FIG. 70 and 71 show side cross-section views of the delivery device of FIG. $6 in

a tirst configuration and a sccond configuration, respectively.

{1084} FIG. 72 shows a perspective view of an injection marker that can be included ina

delivery system, according to an embodiment.

{1885} FIG. 73 shows the injection marker of FIG. 72 being used to mark an injection site

on an ¢ye.

{1086} FIG. 74 shows a perspective view of a delivery device and an extraction member

configured to be coupled to the delivery device, according to an embodiment.

{1087} FIG. 75 shows a perspective view of the delivery device of FIG. 74 with the

extraction member coupled thereto.
{1888} FIG. 76 shows a side cross-section view of the extraction member of FIG. 74.

{1089} FIG. 77 shows a perspective view of the delivery device of FIG. 75 and a

medicament vial, the extraction member configured to be coupled to the vial.

{1998} FIG. 78 shows a side cross-section view of the extraction member and vial of FIG.

-

77 in an uncoupled configuration.

{1091} F1G. 79 shows the extraction member of the delivery device of FIG. 77 coupled to

the vial.

{1892} FI1G. 80 shows a side cross-section view of the extraction member and vial of FIG.

79 in a coupled configuration.

{1093} FIG. 81 shows a system for delivering a medicament to an eye, according to an

cmbodiment, in a first configuration.

{1694} FI1G. 82 shows an enlarged view of a portion of the system of FIG. 81 shown by

the arrow 82 in FIG. 81.

i



WO 2014/179698 PCT/US2014/036590

{1095} FIG. B3 shows a perspective view of the system of FIG. &1 in a second

configuration.

{1696} FIGS. 84A-B shows a schematic illustration of a delivery device that includes a
mcechanismo to adjust the tength of an insertion depth of a needle included in the delivery
device in a first configuration and a second configuration respectively, according to an

embodiment.

{1897} FIGS. 8SA-B shows a schematic illustration of a delivery device that includes an
mjection assist assembly in a first configuration and a sccond configuration respectively,

according to an ecmbodiment.

{1098} FIG. &6 shows a schematic illustration of a delivery device that includes an

adjustment member, according to an cmbodiment.

{1699} FIG. 87 shows a schematic illustration of a delivery device that includes an

mjection assembly, according to an embodiment.

{1108} FIG. &8 shows a schematic iHustration of a portion of a delivery device that

mcluades an adjustment member, according to an embodiment.

{1191} FIGS. 89A-B show schematic illustrations of a portion of a delivery device that
includes an adjustment member in a first configuration and a second configuration

respectively, according to an embodiment.

{1102} FIGS. 90A-C show a schematic illustrations of a debivery device that includes a

necdle assembly in a first, second and third configuration, according to an ecmbodiment.

{1103} FIG. 91 shows a schematic illustration of a delivery device that includes a needle

asscmbly and an adjustment member, according to an embodiment.

{1104} F1G. 92A shows a perspective view and FIG. 92B shows a side cross-scction view

ot a delivery device that includes a hub, according to an embodiment.

{1105} FIG. 93A shows a perspective view of a delivery deviee that includes a hub,
according to an embodiment.  FIG. 93B-C show side cross-section views of the delivery

device of FIG. 93A 1n a first configuration and a second configuration.
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{1186} FIG. 94A-B show schematic illustrations of a needle configured to communicate
light inserted a tirst distance within ocular tissues and a sccond distance within the ocular

tissue respectively, according to an embodiment.

{1197} FIG. 95 shows a speculum configured to position a delivery deviee for ocular

mjection into an eye, according to an embodiment.

{1108} FIG. 96 shows a speculum that includes markings for sizing an cye, according to

an embodiment.

{1199} F1G. 97 shows a specubum that includes a mount configured to receive a mounting
portion included in a delivery device and position the delivery device {or ocular injection into

an eye, according to an embodiment.

{1110} FIG. 98A shows a perspective view of 4 one-piece speculam, and FIG. 98B shows
the speculom of FIG. 98A disposed on a cye and delivery device coupled thereto, according

to an embodiment.

{1511} FIG. 99 shows a flow diagram of a2 mcthod of injecting a substance into an cye
using a medical injector that includes a hub such that a convex distal end of the hub forms a

scal with a target surface to fluidically isolate a delivery passageway, according to an

embodiment.
Derailed Description of the Invention

{1112} The embodiments described hercin relate to systems and devices for delivering a
fluid {e.g., a drug) or extracting a fluid imto the sclera of an eye. Furthermore, embodiments
described herem are related to systerss, devices, and methods to assist in the insertion of 2
delivery member, for example, a needle or microncedle into the eye, and/or assist in iyjecting
a medicament into a target ocular ossue. Embodiments deseribed herein are also related to
systems, devices, and methods for controlling the insertion depth of a delivery member, such
as, for example, a microneedle, nto the eye to deliver a therapeutic agent to, tor cxample, a
posterior region of the eye (e.g., via the suprachoroidal space). Embodiments, described
herein are also related to systems, devices and methods to form a substantially {fluid-tight seal

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

—
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microneedle, into the eye to prevent leakage of the substance and/or ocular fluid from the

nsertion site.

{1113} In some embodiments, the microncedles included in the embodiments described
herein inchade a bevel, which aliows for case of penciration o the sclera andior
suprachoroidal space with minimal collateral damage. Morteover, in some embodiments, the
micre needles disclosed hercin can define a narrow lumen {e.g., gavge size greater than or
equal to 30 gauge, 32 gauge, 34 gauge, 36 gauge, cic.) fo allow for suprachoroidal drug
delivery while minimizing the diameter of the needie track caused by the insertion of the
microneedie. In some embodiments, the lumen and bevel aspect ratio of the microneedles
deseribed hercin are distinet from standard 27 gavge and 30 gauge needles, which are now
commonly used for intraocular injection. For example, the microneedles incleded in the
embodiments described herein can be any of those described in International Patent
Apphcation Publication No. W(G2014/036009, entitled, “Apparatus and Methods for Drug
Delivery Using Microncedles,” filed on August 27, 2013, the disclosure of which is
incorporated by reference hercin in its entirety (referred to henceforth as the “ 009 PCT

application™).

{1114} In some embodiments, an apparatus includes a housing configured to be coupled
to a medicament 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 s configured to
produce a force on a proximal end portion of the actuation rod. The force s sufficient o
move the distal end portion of the actuation rod within the medicament container to convey at
icast a portion of a substance from the medicament container via the needle when a distal tip
of the needle s disposed within a first region of a target location. Furthermore, the foree is
inmsutficient 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 sccond region of the target
jocation. In some embodiments, the fitst region of the target location bas a first density and
the second region of the target focation has a second density, higher than the first density. In
some cmbodiments, the {irst region of the target location producces a first backpressure and
the second region of the target location produces a sccond backpressure, higher than the first

backpressure.
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{1115} In some embodiments, an apparatus includes a housing configured to receive at
least a portion of a medicament container. The medicament container is configured to be
coupled o a needle.  An injection assembly is disposcd within the housing. The injection
asscmbly includes an energy storage member, an actuation rod, and a release member. A
distal end portion of the actuation rod is configured to be disposed within the medicament
container. The release member is configured to maintain a position of the actwation rod
relative o the housing when the relcase memboer is o a first position such that the movement
of the housing relative to the medicament container moves the distal end portion of the
actuation rod within the medicament container. The release member is configure to release
the actuation rod when moved from the first position to a second position such that a force
produccd by the encrgy storage member moves the distal end portion of the actuation rod
relative to the housing within the medicament container. This conveys at least a portion of a
substance from the medicament container via the needle. In some embodiments, the force is
sufficient to move the distal end portion of the actuation rod within the medicament containcr
when a distal tip of the needle is disposed within a first region of a target focation. The force
however, is insufficient to move the distal end portion of the actuation rod within the
medicament container when the distal tip of the needle is disposcd within a second region of

the target location.

{1116} In some embodiments, a method includes inserting a distal tip of a needle of a
medical injector, which includes a medicament container and an injection assembly, a first
distance into a target tissue. The medicament container is i fluid communication with the
needle. The injection assembly includes an actuation rod and an cnergy storage member that
1s configured to produce a foree on a proximal end portion of the actuation rod. The method
further includes releasing the actuation rod of the injection assembly to allow a distal end
portion of the actuation rod to move within the medicament container in response to the
force. Finally, the methed includes inserting, after relcasing, the distal tip of the needle of the
medical injector a sccond distance nto the farget tissue if the distal end portion of the
actuation rod moves less than a threshold injection distance within the medicament container
m response to the force, the second distance greater than the first distance. In some
cmbodiments, the distal end portion of the actuation rod moves a first injection distance
within the medicament container in response to the force. In such embodiments, the method

can further inchude moving the mjection assembly relative to the medicament container {o
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move the distal end portion of the actuation rod a second injection distance, greater than the

first injection distance. within the medicament container.

{1117} In some embodiments, an apparatus inchides a housing configured to receive a
portion of medicament container and an adjustment member. A proximal end portion of the
adjustment member is configured to be coupled to the medicament container. A distal end
portion of the adjustment member is coupled to a needle.  The adjustment member is
maovably disposed within the housing such that when the adjustment member is rotated
refative to the housing, the necdic is moved through a plurality of discrete increments along a
longitudinal axis of the housing. [n some cmbodiments, the adjustment member defines a

lomen configured to place the medicament container in fhud communication with the needle.

{1118} In some embodiments. an apparatas inclades a housing configured to receive a
portion of a medicament container and an adjustment member. A proximal end portion of the
adjustment member is configured to be coupled to the medicament container. A distal end
pottion of the adjustment member is coupled to a needle. The adjustment member defines a
plurality of detents such that a protrusion of the houwsing is configured to be removably
disposed within each detent from the plurality of detents when the adjustment member is
moved relative to the housing to move the needle relative to the housing through a plurality
of discrete increments.  In some embodiments, the protrusion can be a bearing movably
coupled within the housing. In such cmbodiments, the bearing is configured to be removably
disposed within cach detent from the plurality of detents when the adjustient member is
moved relative o the housing to move the needle through the plurality of diserete increments.
Furthermore, the apparatas can also include a bias member configured 1o maintain the

bearing within a detent from the plurality of detents.

{1119} In some embodiments, an apparatus includes a hab configured to be coupled to a
medical injector. The hub defines a passageway configured to receive a necdle thercthrough.
The hub has a convex distal end surface, which is configured to contact a target surface of a
target tissue when a substance is conveyed through the needle mnto the target tissae. In some
embodiments, the distal end swrface includes a scaling portion configured to define a
substantiafly fluid-tight seal with the target surface when the distal end surface is in contact

with the target surface.
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{1128} In some embodiments, a method includes mnserting a distal end portion of a needle
of a medical injector into a target tissue to define a delivery passageway within the target
tissuc.  This is followed by placing a couvex distal end surface of a hub of the medical
mjector into contact with a target surface of the target tissue to fluidically isolate the delivery
passageway. Nexi, the method includes conveying, after the placing, a substance mte the
target tissue via the needle. In some embodiments, the target tissue is an eyve and the target
surface s the conjunctiva of the eve. Insome embodiments, the delivery passageway extends
through a sclera of the eye and the conveying inclades conveying the substance into at least
one of a suprachorcidal space or lower portion of the sclera.  In such embodiments, the
method can further include adjusting, before the conveying, a length of the needle extending

from: the distal end surface of the hub.

{1121} I some embodiments, a method inchudes inserting a distal end portion of & needle
of a medical imjector into a target tissue to define a delivery passageway within the target
tissue. The inserting is performed such that a centerline of the needle is substantially normal
to a target surface of the target tissue. This is followed by placing a distal end surface of a
hub of the medical mjector mnto contact with a target surface of the target tissue to thudically
isolate the debivery passageway. Next, the method includes conveying, after the placing, a
substance into the target tissue via the needle. In some embodiments, the delivery is
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 about 105 degrees.

ISR LIRS

1122 As used herein, the singular forms “a,”” “an”, and “the” nclude plural referents
3 Pl b 2

unless the context clearly dictates otherwise. Thas, for example, the term “a member” is
mtended to mean a single member or a combination of members, “a material” is intended to

mean one or more materials, or 2 combination thercof,

{1123} As used herein, the words “proximal™ and “distal” refer to the direction closer to
and away from, respectively, an operator {c.g.. surgeon, physician, nurse, technician, etc.)
who would insert the medical device into the patient, with the tip-end (i.e., distal end) of the
device inserted inside a patient’s body first.  Thus, for example, the end of a microneedle
described herein first inserted inside the patient’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.

—
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{1124} As wsed herein, a “set” can refer {0 multiple features or a singular feature with
multiple parts. For example, when referring fo sct of walls, the set of walls can be considered

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

{13125} As uscd hercin, the terms “about” and “approximately™ gencrally mean plus or
minus 10% of the value stated. For example, about 0.5 would include 0.45 and 0.55, about

10 would include 9 to 11, about 1000 would inclade 800 to 1100

{1126} As used herein, the terms “delivery member”, “puncture member”, and
“puncluring member” are used interchangeably to refer to an article configured to pierce
tissuc lavers and deliver a sobstance to a target tissue layer, for example, a necedle or a

microneedle.

{1127} As used hercin, the terms “medicament container”™, and “medicament containment
chamber” are used interchangeably to refer to an article configured to contain a volume of a

substance, for example, a medicament.

{1128} The term “fluid-tight” is understood to encompass both a hermetic seal {i.¢., a scal
that 1s gas-impervious) as well as a seal that is liquud-impervious. The termn “substantially”

ELIN4Y

when wsed in connection with “fluid-tight,” “gas-impervious,” and/or “hquid-impervious™ is
mtended to convey that, while total fluid tmperviousness is desirable, some minimal leakage
due to manufacturing tolerances, or other practical considerations (such as, for example, the
pressure applied to the scal and/or within the fluid), can occur even in a “substantially fluid-
tight” scal. Thus, a “substantially fluid-tight” scal includes a scal that prevents the passage of
a flurd (including gases, hquids and/or slurries) thercthrough when the seal is maintained at 3
constant position and at fluid pressures of less than about S psig, less than about 1) psig, less
than about 20 psig, fess than about 30 psig, less than about SO psig, less than about 75 psig,
less than about 100 psig and alf values in between. Similarly, a “substantially liquid-tight”
seal includes a scal that prevents the passage of a liquid {e.g.. a liguid medicament)
therethrough when the seal is maintained at a constant position and 1s exposed to liguid

o {ess than

pressurcs of less than about § psig, less than about 10 psig, less than about 20 psig,
about 30 psig, less than about 50 psig, less than about 75 psig, less than about 100 psig and

all values in between.

{1129} The embodiments and methods described herein can be used 1o treat, deliver

substances to and/or aspirate substances from, various target tissues in the eye. For reference,
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FIGS. 14 arc a various views of a haman eye 10 {with FIGS. 2-4 being cross-sectional
views). While specific regions arc identificd, those skilled in the art will recognize that the
proceeding identified regions do not constitute the eutircty of the eve 10, rather the identified
regions arc presented as a simplificd example suitable for the discussion of the embodiments
herein. The eyve 1) includes both an anterior segment 12 (the pottion of the eye i front of
and including the lens} and a posterior segment 14 (the portion of the eve behind the lens).
The anterior segment 12 15 bounded by the cornea 16 and the lens 18, while the posterior
segment 14 15 bounded by the sclera 20 and the lens 18, The anterior segment 12 is further
subdivided into the anterier chamber 22, between the iris 24 and the cornea 16, and the
posterior chamber 26, betwecen the fens 18 and the iris 24, The cornea 16 and the sclera 20
collectively form a limbus 38 at the point at which they meet. The exposed portion of the
sclera 20 on the anterior segment 12 of the eye is protected by a clear membrane referred to
as the conjunctiva 45 (sec e.g., FIGS. 2 and 3). Underlying the sclera 20 is the choroid 28
and the retina 27, collectively reforred to as retinachoroidal tissue. & vitrcous humour 30
{also referred to as the “vitreous™) is disposed between a cibiary body 32 (jncluding a ciliary
muscle and a ciliary process) and the retina 27. The anterior portion of the retina 27 forms an
ora scrrata 34. The loose connective tissue, or potential space, between the choroid 28 and
the sclera 20 is referred to as the suprachoroid. FIG. 2 illustrates the comea 16, which is
composed of the epitheliinm 40, the Bowman’s layer 41, the stroma 42, the Descemet’s
membranc 43, and the endothclium 44. FIG. 3 illustrates the sclera 20 with surrounding
Tenon’s Capsule 46 or conjunctiva 45, suprachoroidal space 36, choroid 28, and retina 27,
substantially without fluid and/or tissue separation in the seprachoroidal space 36 (i.c., the i
this configuration, the space is “petential” suprachoroidal space). As shown in FIG. 3, the
sclera 20 has a thickness betwecn about SO0 pm and 700 pm. FIG. 4 illustrates the sclera 20
with the surrounding Tenon’s Capsule 46 or the conjunctiva 45, suprachoroidal space 36,

choroid 28§, and retina 27, with fhad 50 in the suprachorsidal space 36.

{1136 As used herein, the term “suprachoroidal space,” or SCS which is synonymous
with saprachorgid, or suprachoroidia, describes the space (or volume) and/or potential space
{or potential volume) in the region of the cye 10 disposed between the sclera 20 and choroid
28. This region primarily is composed of closely packed layers of long pigmented processes
derived from cach of the two adjacent tissues; however, a space can develep in this region
becausc of fluid or other material buildup in the suprachoroidal space and the adjacent

tissucs. The suprachoroidal space can be expanded by fluid buildup because of some disease
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state n the cye or because of some trauma or surgical intervention. In some embodiments,
the fluid buildup is 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
{(1.e., by disposing a drug formulation therein). This volume may serve as a pathway for
uwveoscleral outflow {i.e., a nataral process of the cye moving fluid from one region of the eye
to the other through) and may become a space in instances of choroidal detachment from the

sclera.

{1131} The dashed line in FIG. 1 represents the equator of the eye 10. In some
cmbodiments, the msertion site of any of the microneedles and/or methods desceribed herein is
between the equator and the limbus 3R (i.e., in the anterior portion 12 of the eye 13} For
example, in some embodiments, the insertion siie is between about twe millimeters and 10
millimeters {mam) posterior to the limbus 38, In other embodiments, the insertion site of the
micreneedle is at about the equator of the eye 10. In still other embodiments. the insertion
site is posterior the equator of the eye 10. In this manner, a dmg formulation can be
introduced (c.g., via the microneedle) into the suprachoroidal space 36 at the site of the
msertion and can flow through the suprachoroidal space 36 away from the site of msertion

during an infusion event {e.g., during injection).

{1132} fn some cmbodiments, a system for ocular mjection can include a medicament
container at least a portion of which is disposed in a housing that includes an injection
assembly.  The injection assembly can facilitate delivery of a substance disposed in a
medicament container to a target tissue, for example, the SCS. For example, FIGS. 5-6, show
a system 100, according to an embodiment. The system 100 includes a housing 110, an
mnjection assembly 111, a medicament container 13{}, and a needle 140, in a first
configuration and a second configuration, respectively. The system 100 can be configured to
defiver a medicament to region and/or a layer of a target location, for example, an eye of a

patient, (e.g., to the SCS of the eye), as described herein,

{1133} The housing 110 1s configured to be coupled to the medicament container 130,
and the medicament container 130 is configwred to be coupled to the needle 140. For
example, in some embodiments, at least a portion of the medicament container 130 can be
disposed within an jnternal volume defined by the housing 110, In some embodiments, the
medicament container 130 can be slidably disposed within the bousing 110. The housing 110

can be a monolithic housing or inclade twa or more portions which can be joined together to
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form the housing 110, As shown, the housing 110 defines an internal volome within which
the injection assembly 111 is disposed. Mounting features, for example, mounts, notches,
grooves, indents, guide rods, slots, or any other suitable mounting features can be disposed in
the interval volume defined by the housing 110 configured to secure at least a portion of the

components incladed in the injection assembly {11

{1134} The injection assembly 111 inclodes an cnergy storage member 146 and an
actuation rod 120. In some cmbodiments, the encrgy storage member 146 can be a spring,
for cxample, helical spring, compression, extension, spring washers, Belleville washer,
tapered, any other type of spring. In other embodiments, the energy storage member 146 can
mclade a compressed gas container, or a container containing a propellant.  The cnergy
storage member 146 is operatively coupled to a proximal end portion 122 of the actuation rod

120, and produces a force on the proximal end portion 122 of the actuation rod 120,

{1135} A distal end portion 124 of the actuation rod 120 is disposcd within the
medicament container 130. The distal end portion 124 can be coupled to and/or jn contact
with a plug 128 which 1s in fleidic communication with a substance M (e.g., a medicament
such as, for example, VEGF, a VEGF inhibitor, a combination thereof, or any other
medicament described herein) disposed within an internal volume detined by the medicament
container 130. The distal end portion 124 of the actuation rod 120 is configured to be
displaced within the internal volume defined by the medicament container 130, for example,
due to the force produced by the cnergy storage member 146, as desceribed herein.  Tn this
manner, the actuation rod 120 can displace the plug 128 within the medicament container 130
to draw in or expel the substance M from the distal tip 142 of the ncedle 140, as described
herein. The sidewalls of the plug 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 container 130, for example, to prevent leakage of the
substance M. The plug 128 can be made of an inert and/or biocompatible material which is
rigid but soft. Example materials include rubber, silicone, plastic, polymers, any other
suitable material or combination thereof. ln some embodiments, the plug 128 can be

monolithically formed with the actuation rod 120.

{1136} The needle 140 can be coupled to the medicament container 130 using any
suitable coupling features, for example, Luer connectors, threads, snap-fit, latch, lock, friction

fit, or any other suitable coupling features. The necdle 140 can include any suitable needle
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described herein, for example, a micro needle {e.g., a 27 gauge, 30 gauge, or even smaller
ncedle). The distal tip 142 of the necdle 140 can define a sharp tip such that the needle 140 is
configured to pierce a target location T, for example, a bodily tissue (c.g., ocular tissue). In
this manuer, the distal tip 142 can be disposed within a first region R1 and/or a second region
R2 of the target location T, as described herein. The needle 140 defines a himen 141, which
is in floidic communication with the substance M disposed within the intornal vohume
defined by the medicament container 130, To this manncr, the needle 140 i configured to
establish flaid communication between the medicament container 130 and the target focation
T, for cxample, the first region R1 of the target location T, as described hercin.  In some
cmbodiments, the first region R of the target location T can have a first density and the
second region R2 can have a second density, which s higher than the first density. 1n some
embodiments, the first region R1 of the target location T produces 4 first backpressure on the
distal tip 142 of the needle 140, and the second region R2 produces a second backpressure on
the distal tip 142 of the needle 140, which is higher than the tuwst backpressure. In other
words, the first region R1 of the target location T produces a first pressure that resists and/or
opposes flow from the distal tip 142 of the needle 140, and the second region R2 produces a
second pressure that resists and/or opposes flow from the distal tip 142 of the needle 140,
which is higher than the first pressure. In some embodiments, the target location T can be an
eye such that the first region R1 is a suprachoroidal space of the eye, and the second region

R2 is a sclera of the eye.

{1137} The force produccd on the proximal end portion 122 of the actuation rod 120 by
the cnergy storage member 146 can be sufficient to move the distal end portion 124 of the
actuation rod [20 within the mcdicament container 130 to convey at lcast a portion of the
substance M from the medicament contamer 130 via the needle 140 when the distal tip 142 of
the needle 140 is disposed within the first region R1 {(e.g., an SCS of the eye) of the target
location T. Furthermore, the force can be insufficient to move the distal end portion 124 of
the actuation rod {20 within the medicament container 130 when the distal tp 142 of the
needle 140 is disposed within the second region R2 {e.g., the sclera of the eye) of the target
location T. Said another way, the injection assembly 11 can be configured to assist a user in
dehivering at least a portion of the substance M to the region Ri, while be configured or
“calibrated” to Lt and/or prevent debivery to the region R2. In some embodiments, the

mjection assembly 111 can be configured to inform the user when the distal tip 142 of the

o)
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needle 140 1s 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 ferther, FIG. 5 shows the apparatus 100 in the first configuration in
which the distal tip 142 of the necdic 1440 is disposcd in the sceond region R2. When the
apparatus is actuated, the encrgy storage member 146 exerts a force i a direction shown by
the arrow F on the proximal end portion 122 of the actuation red 120, The force F exerted,
however, is msufficient to move the distal end portion 124 of the actuation rod 120 within the
medicament container 130. For cxample, the sccond region R2 {e.g., the sclera of the cye)
can produce a second backpressure which overcomes the force F, thercby preventing and/or
fimiting delivery of the substance M to the second region R2. In other words, the apparatus
1{}0 is specifically configured or “calibrated” such that the force F is insufficient to convey

the substance M to the second region R2.

{1139} In the sccond configuration shown in FIG. 6, the distal tip 142 of the needle is
now disposed m the first region R {c.g., the SCS of the cye). Because of the anatomical
differences and/or the differences in material properties between the first region R1 and the
second region R2, the force F is sufficient to movce the distal end portion 124 of the actuation
rod 120 an injection distance within the medicament container 13{. For cxample, the force F
can be sufficient to overcomce a first backpressure produced by the first region R1. In this
manner, the injection assembly 111 can be configured to ensuvre that the injection is initiated
only when the distal tip 142 of the needle is in the first region R1 such that the substance M
(e.g., a medicament such as, for example, VEGF, a VEGF inhibitor, a combination thereot, or
any other medicament described herein} can be delivered only to the region Ri. In some
embodiments, the force F cxerted by the energy storage member 146 can be between about 2
N and about 6 N, for example, about 3 N, about 4 N, or about 5 N, inclusive of all ranges
thercbetween. In some embodiments, the actuation rod 120 and the medicament container
130 can be collectively configured such that the force produces an injection pressure within
the medicament container 130 of between about 10( kPa and about SO0 kPa. For example, in
some embodiments, the njection pressure can be about 100 kPa, 110 kPa, 120 kPa, 130 kPa,
140 kPa, 150 kPa,160 kPa, 170 kPa, [0 kPa, 180 kPa. 200 kPa, 22( kPa, 240 kPa, 260 kPa,
280 kPa, 300 kPa, 320 kPa, 340 kPa, 360 kPa. 380 kPa, 400 kPa, 420 kPa. 440 kPa, 460 kPa,
or about 480 kPa, inclusive of all ranges and valucs therchetween. The injection pressure can

be sufficient to overcome the backpressure produced by region RI, but msutficient to
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overcome the backpressure produced by region R2. For example, the force F can be varied
{c.g., by varving the cnergy storage member 146} depending on the diamcter of the
medicament container 130 and/or the actuation rod, the viscosity of the substance M, and/or
the material of the medicament contamer 130 and/or the actuation rod 120. 1In this manner,
regardless of the variations in the actuation rod 120, the medicament container 130, and/or
the substance M. the injection assembly 11 produces an injection pressure within the

medicament container of between about 100 kPa and about 500 kPa.

{1144 In some cmbodiments, the injection asscmbly 111 can be configured {0 be
engaged or disengaged by a user reversibly on demand. For example, the injection assembly
11 can include an ON/OFF switch which can be engaged by the user to activate or
deactivate the injection asscmbly and/or the ecnergy storage member 146, By way of
example, in such cmbodimenis, the injection asscmbly 111 can be activated by the user {c.g.,
by turming the injection assembly ON) to release the energy storage member 46 such that the
cnergy storage member 146 exerts the force on the proximal end portion 122 of the actuation
rod 120 {c.g., as shown in FIG. 6) to move the distal end portion 124 of the cnergy storage
member 146 within the medicament countainer 130. The user can then deactivate the mjection
assembly Tl {e.g., by turning the injection assembly OFF). The disengaging can resglt in
the force exerted on the proximal end portion 122 of the actuation rod 120 to be removed
(2.g., to stop any turther movement of the actuation rod 120 within the medicament container
1303 or reduced. In some embodiments, the injection assembly 111 can be configured such
that the direction of the force F can be reversed or the actutation rod 12 and/or the energy
storage member 146 can be moved in an opposite direction of the arrow F (FIG. 5). In this
manner, the medical injector 100 can be returned to the first configuration such that, for
example, the energy storage member 146 and/or the actuation rod 120 can be secured. This
can, for example, allow more flexiblity to the user {o perform dry runs or correct a mistake,
for example, inadvertent activation of the injection assembly 111 {e.g., during transportation
to the target tissue), or injection 1n an incorrect msertion site (e.g., an undesired location on
an eyve). In such embodiments, the energy storage member 146 can mclude any sustable
cngagement member which can be reversibly engaged or disengaged by the user such as, for
cxample, a valve (e.g., a flap valve, a butterfly valve, or the likes), a diaphragm, a mechanical
actuator (c.g., a rack and pimon acteator, a lead screw and nut actuator, 8 cam, etc.), a
hydraulic actuator {c.g., a hydraulic piston). an clectromechanical actuator (e.g.. a piezo

clectric actuator), a magnetic actuator, or any other suitable energy storage member 146
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which can be reversibly engaged by the user. Such an energy storage member 146 can, for
cxample, allow the medical injector 1{}0 to be moved between the first configuration and the

sccond configuration on demand.

{1141} In some embediments, the injection assembly 111 can be configured such that
injection distance traversed by the actuation rod 120 is sufficient to deliver substantially all of
the desired 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
actuation rod 120 1s sufficient to deliver only a portion of the desired dose of the substance M
mto the first region R1. In such embodiments, the injection assembly 111 can be configured
to initiate delivery of the substance M into the first region R, for example, to mform the aser
that the distal tip 142 of the needic 140 is disposed within the first region R1 (e.g.. the user
would sec 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 {1 can
assist the user in determining whether the distal tip 142 of the necdie 140 is within the region
R1 or not by initiating delivery of the substance M. o such cmbodiments, the injoction
distance can be a first injection distance. The user can then move the distal end portion 124
of the acteation rod 120 a second injection distance, for example, by applying a manual force
on the actuation rod 120 (e.g.. by moving the bousing 110 relative to the medicament
container 130, as described herein). In some cmbodiments, any suitable delivery mechanism
{e.2., a mechanical actuator or a pump) can be used to move the distal end portion 122 of the
actuation rod 120 the sccond injection distance such that substantially all of the desired dose

of the substance M is delivered to the first region R1.

{1142} In somc cmbodimenis, the proximal end portion 122 of the acteation rod 120
moves relative to the housing 110 to move the distal end portion 124 of the actuation rod 120
within the medicament container 130, for cxample, when the distal tip 142 of the needle 140
is disposed within the first region R1 {e.g., the SCS of the eye) of the target location T. For
cxample, in some embodiments, the proximal cnd portion 122 of the actuation rod 120 can be
configured to move frecly within the housing 110 such that, distal end portion 124 can move
within the medicament container 130 without the housing 10 and the medicament container
130 moving refative to each other. This can, for example, ensure that force F exerted by the
encrgy storage member 146 dogs not move the housing relative to the medicament container

130. In this manner, substantially all of the force ¥ can be transferred to the proximal end
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portion 122 of the actuation rod 128, In such embodiments, the housing 110 and/or the
medicament container 13{ can include features, for example, ribs, notches, grooves, indents,
locks, latches, high friction, or any other suitabic mechanism, sufficient to prevent the
housing 110 and the medicament container 130 from moving relative to each other duc to the

force F.

{1143} In some embodiments, the mjection assembly 111 can include a release member
{not shown) configure to sclectively limit movement of the actuation rod 120 relative to the
housing 110. In such cmbodiments, the housing 110 can be configured to move relative to
the medicament container 130 to move the distal end portion 124 of the actuation rod 120
within the medicament container 130 independently from the furce F. In this manner, the
release member can be configured to lock or otherwise secure the actuation rod 120, for
example, the proximal cud portion 122 of the actuation rod 120, and/or the energy storage
member 146 in the first configuration. This can, for example, bias the energy storage
member 146 {o exert the force F on the distal end portion 122 of the actuation rod 120. In
this manner, the movement of the actuation rod 120 can be substantially limited within the
housing 110 such that any movement of the housing 110 relative to the medicament container
130 also displaces the distal end portion 124 of the actuation rod 120 within the medicament
container 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 used to draw the substance M into the
medicament container 130 and/or move the distal end portion 124 the second injection
distance fo expel substantially all of the substance M in the first region R1 or any other target

region of the target location, as described herein.

{1144} In some embodiments, the release member can be configured to move between a
first position and a sccond position such that the releasc member is configured to releasce the
energy storage member 146 when the release member is moved from the {irst position to the
second position. The release member can include any suitable release member such as, for
cxample, a pawl, lock, latch, or any other suitable release member. By way of example, in
the {irst position the release member can secure or otherwise engage the proximal end portion
122 of the actuation rod 120. and/or the energy storage member 146, such that the cnergy
storage member 146 is biased and/or the actuation rod 120 is locked within the housing 110,

as described hercine Once the distal tip 142 of the ncedle 140 s disposed within the second
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region R2, the release member can be moved mto the second position to release the energy
storage member 146 and/or the actoation rod 120, Said another way, the release member can
be configured to maintain a position of the actuation rod 120 relative to the housing 110 when
the release member is in the first position such that the movement of the housing §10 relative
to the medicament container 130 moves the distal end portion 124 of actuation rod 120 within
the medicament container. Furthermore, the release member can be configured to release the
actuation rod 120 when moved from the first position to the sccond position. This can allow
the force F produced by the energy storage member 146 to move the distal end portion 124 of
the actuation rod 120 reiative to the housing 110 and within the medicament container 13
and, therchy convey at least a portion of the substance M from the medicament container 130
via the needle 140. [n some embodiments, an actuation mechanism, for example, a bution, a
pull tab, or any other actuation mechanism 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 into the second position thereby releasing the actuation rod 120 and/or the

energy storage member 146,

{1145} fo some cmbodiments, the injection assembly 111 can also include a guide rod
(not shown) fixedly cogpled to the housing 110, The actuation rod 120 can be configured to
slide about the guide rod when the energy storage member 146 is released. For example, in
some cmbodiments, at lcast a portion of the guide rod can be disposed within a cavity defined
in proximal end portion 122 of the actuation rod 120. In some embodiments, the guide rod
can be a hollow rod within which the proximal end portion 122 of the actuation rod 120 is
disposed. The guide rod can be configured to casure that the actuation rod 120 moves within
the housing 110 and/or medicament container {30 substantially along a center fine Ap of the
apparatus 100. In this manner, the guwide rod can prevent any sideways (or lateral) movement

of the actuation rod 120.

{1146} In some embodiments, a system for ocular mjection can include a medicament
containment chamber at fcast a portion of which is disposed in a housing. Referring now to
FIGS. 7-8, n some cmbodiments, a system 1000 includes at least a housing 1110, a
medicament containment chamber 1310, and an actuator 1320. The system 1000 can be
configured to deliver a medicament to a region and/or layer of an cye of a patient, for

example, to the SCS of the cye.

]
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{1147} The housing 1110 includes a first portion 11104 and a second portion 1110b, that
can be coupled to define an internal volume for housing at Icast a portion of the medicament
containment chamber 1310 and the actuator 1320. The first portion 1110a and the second
portion 1110b can removably or fixedly coupled together using any suitable means, for
examples, screws, nuts, bolts, rivets, adhesives, a snap-fit mechanism, notches, grooves,
indents, lock, latch, or any other suitable coupling mechanism. The housing 1110 includes a
aripping portion 1112, A plurality of ribs 1113 are disposed on the gripping portion 1112 to
allow a user to easily grip the housing 1110, for example, between the user’s index and/or
middle finger, and thumb. A plurality of ridges 1114 are disposed on an outer surface of a
distal portion of the bousing 1110. The ridges 1114 can provide an additional gripping
surface for the user to securely hold the housing 1110, For example, a user can grip the
gripping portion 1112 with a first hand and grip the ridges 1114 with a second hand to limit
any movement of the housing 1110 during injection of a medicament disposed in the
medicament contairunent chamber 1310, A set of ribs (also referred to as sidewalls and/or
protrusions) 1116 are disposed 1 the intermal 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 containment chamber 1310, for example, to define a range of travel of the
actuator 1320, as described hercin.  Similarly stated, the ribs 1116 are configured to limit
movement of the actuator 1320 and/or the flange 1313 relative to the housing 1110 during

LS.

{1148} A set of mounts 1118 arc disposed at a proximal end, within the mterior region, of
the housing., The mounts 1112 arc configured to mount and/or retain an cngagement portion
1322 of the actuator 1320, such that a lincar translation of the housing 1110 along a
longitudinal axis Ay of the system 1000 vrges the actuator 1320 to alse translate along the
longitudinal axis Ay relative to the medicament containment chamber 1310, A securing
member 1119 can be disposed over a distal end of the housing. The securing member 1119
can be a ring-like member formed from a relatively elastic material, for cxample, mibber,
silicone, plastics, polymers, any other suitable material or combination thereof. The securing
member 1119 can be configured to sccure the first portion 111{a and the second portion

1110b of the housing 1110 to each other at a distal end of the housing 1110,

{1149} The medicament containment chamber 1310 defines an  internal volume

configured to house a medicament {e.g., triameinelone acetonide, VEGF, VEGF mhibitor, or
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any other medicament described hercin).  The medicament containment chamber 1310
mcludes an engagement portion 1312 and a delivery portion 1314, The delivery portion 1314
can include any suitable coupling feature, for example, a luer connector, threads, a snap-fit, a
latch, a lock, a friction fit coupling, or any other suitable coupling features. The coupling
features can be configured to couple the debivery portion 1314 with a puncturing member (not
shown), for example, a microncedle {c.g., a 27 gauge, a 3{} gauge necedle, or even smaller
micro needie). The puncturing member can be any suitable puncturing member (such as
those described in the ‘009 PCT application”) configured to pierce a portion of a patient’s
body, for example, an eye, and to cstablish fhuidic commuonication between the medicament

containment chamber 1310 and the portion of the user’s body {c.g., the eye).

{1159} The engagement portion 1312 is disposed proximate to the user and includes a
flange 1313. The engagement portion 1312 is disposed in the bousing 1110 such that the ribs
1116 arc distal to the flange 1313, and interact with the flange 1313 to define a range of
motion of the actuator 1320 and/or the medicament containment chamber 1310, In some
cmbodiments, the medicament containment chamber 1310 can include a commercially
avatlable syringe such as, for example, a BD™ [CC syringe, or any other commercially

avatlable syringe.

{1151} The actuator 1320 mcludes an cngagement portion 1322 and a planger portion
{not shown) movably disposed within the internal volumc defined by the medicament
containment chamber 1310. At least a portion of the actuator 1320 is slidably disposed in the
mtemal volume defined by the medicament containment chamber 1310, Thus, the actuator
1320 can be displaced within the internal volume defined by the medicament containment
chamber 1310 for drawing the medicament into or expelling the medicament from the
internal volume defined by the medicament condainment chamber 1310, The cngagement
portion 1322 is fixedly mounted m the mounts 1118 of the housing 1110, Thus, any lincar
displacement of the housing 1110 along the longiudinal axis Ay of the system 1000 also
urges the actuator 132§ to slide within the internal volume of the medicament containment

chamber 1310.

{1152} Inuse, a user can grip the housing 1110, for example, at the gripping portion 1112
with one hand, and with the other hand grip a4 portion of the medicament countainment
chamber 1310 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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{110 also urges the actwator 1320 to shide within the internal volome defined by the
medicament containment chamber 1310, The ribs 1116 can prevent the user from sliding the
housing 1110 beyond a predetermined threshold to prevent the actuator 1320 from being
separated from the medicament containment chamber 1310, Furthermore, the range of
motion can also define a maxinmm dose of the medicament that can be drawn into the
mternal volume of the medicament containment chamber 1310. In this manner. the user can
draw a mecdicament into the medicament containment chamber 1310, or inject the

medicament mto an gcular tissue, for example, the SCS of an eve.

{1153} To some cmbodiments, a system for injecting a medicament into ocular tissuc can
mclude an injector assembly configured to produce a force to assist in the delivery of a
medicament. Referring now to FIGS. ¢ to FIGS. 16A-C, a system 2000 includes a housing
2110, an injector asserbly 2100, a medicament containment chamber 2310, and an actuator
2320. The system 2000 can be configured to deliver a medicament to a desired layer and/or

region of an eye of paticnt, for cxampie, to the SCS of the eye.

{1154} The housing 2110 includes a {first portion 21 10a and a second portion 2110b, that
can be coupled to define an infernal region for housing the compeonents of the injector
assembly 2100 and at lcast a portion of the medicament containment chamber 2310 and/or
the actuator 2320. The first portion 21 10a and the second portion 2110b can removably or
fixedly coupled together using any suitable means, for examples, screws, nuts, bolts, rivets,
adhesives, a snap-fit mechanism, notches, grooves, indents, lock, latch, or any other suitable
coupling mechanism. The housing 2110 includes a gripping portion 2112 A plurality of ribs
2113 are disposed on the gripping portion 2112 to allow a user to easily grip the housing
2110, for examplc, between the user’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 to allow casy gripping of the housing 2110 by the user. For example, a user can grip
the gripping portion 2112 with a {irst hand and grip the ridges 2114 with a second hand to
limit any movement of the housing 2110 during injection of a medicament disposed in the
medicament containment chamber 2310, A sct of ribs 2116 are disposed ju the internal
region defined by the housing 2110, The ribs 2116 (also referred to as shoulders or
profrusions) arc configured to engage a flange 2313 included in an engagement portion 2312
of the medicament containment chamber 2310, tor exanmple, to define a range of travel of the

actuator 2320 and/or the medicament contarnment chamber 2310, as described herem. A
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proximal end of the housing 2110 includes slots 2117 (see FIG. 11) configured to receive at
least a portion of an actuating member 212{ included in the injector assembly 210{), as

cseribed berein. A sct of mounts 2118 are disposed at a proximal cnd, within the interior
region, of the bousing. The mounts 2118, are configured to mount an engagement portion
2142 of a guide rod 2148 included in the injector assembly 2108, A securing member 2119
can be disposed over a distal cnd of the housing. The secering member 2119 can be a ring
like member formed from a relatively elastic material, for example, rubber, silicone, plastics,
polvmers, any other suitable material or combination thereof. The securing member 2119
can be configured to secure the first portion 2110a and the second portion 2110b to each

other at a distal end of the housing 2110,

{1155} The actuating member 2120 (FIGS. 12A-C) is disposed at the proximal end of the
housing 2110 and is configured to actuate the injector asserbly 2100, as described bercin.
The actuating member 2120 includes an engagement protrusion 2122 and a guide protrusion
2124, At least a portion of the engagement protrusion 2122 and the guide protrusion 2124
arc slidably disposed in the slots 2117 (sec FIG. 11). A uscr can cugage an engagement
surface 2121 of the actuating member 2120, and move the actuating member 2120 between a
first configuration, in which the engagement protrusion 2122 and the guide protrusion 2124
are partially disposed within the internal volume defined by the housing 2110, and a second
configuration, in which the engagement protrusion 2122 and the guide protrusion 2124 arc
substantially disposed within the internal volume defined by the housing 2118, Said another
way, the actuating member 2120 can be moved refative to the housing 2110 between a {irst

position {sce FIG. 1613} and a second position (FIG. 16E).

{1156} The engagement protrusion 2122 is configured to cngage a pawl 213{ included in
the injcctor asscmbly 2100 in the sceond configuration {or position), as described herein (sec
FIG. 16E). The guide protrusion 2124 is configured to slide within the slots 2117 along with
the engagement protrusion 2122, to prevent any angular motion of the actuating member
2120 about the longitudinal axis Ay, A biasing member 2123, for example, a spring (e.g.,
helical spring, compression, extension, spring washers, Belleville washer, tapered, any other
type of spring) is coupled to the engagement protrusion 2122, for example, disposed around
the engagement protrusion 2122. The biasing member 2123 is configured to bias the
actuating member 2120 in the first configuration {or position). A washer 2125 is coupled o a

proximal end of the guide protrusion 2124 and is disposed inside the internal volume defined
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by the housing 2110. The washer 2£235 has a diameter, or otherwise cross-section, which is
substantially larger than the diameter or otherwise cross-section of the slots 2117, such that
the washer 21235 prevents the actuating member 2120 from being removed from the housing

2100.

{1157} The pawl 2130 (FIGS. 13A-C) 1s disposed at the proximal end of the intemal
volume defined by the housing 2110, The pawl 2130 includes an engagement portion 2132, a
laich 2134, and a biasing portion 2136. A set of protrusions 2137 are disposed on the pawl
2130. The protrusions 2137 arc configurcd {0 pivotally mount the pawl 2130 in the internal
volume defined by the housing 2110, This allows the pawl 2130 to rotate about the
protrusions 2137 between a first configuration {or angular position) and a second
configuration (or angular position) as described herein.  The engagement portion 2132

defines a flat surface, which is configured to be engaged by the engagement protrusion 2122
of the actuating member 2120 (see e.g., FIG. 16E). More particularly, when the actuating
member 2120 is moved from its first configuration (or position} to its second contfiguration
{or position), the cungagement protrusion 2122 can urge the pawl 2130 from the first
configuration into the sccond configuration. The fatch 2134 defines a ledge or shoulder
configured 10 engage an engagement portion 2322 of the actuator (or push rod) 2320 in the
first configuration, as described hercin. The biasing portion 2136 includes a thin, beam-like
structure configured to clastically bend in the second configuration.  In this manner, the
biasing member 2136 can urge the pawl 2130 into the first configuration, as described herein.
For example, in the first configeration, the laich 2134 can engage the engagement portion
2322 of the actuator 2321 {sec FIGS. 16B-16D) and the biasing portion 2136 can be in an
cxtended position (i.c., maintaining the position of the pawl 2130). A user can engage the
engagement portion 2121 of the actuating member 2120 and urge it imto its second
configuration {or position). In the second configuration of the actuating member 2124, the
engagement profrusion 2122 can cngage the engageoment portion 2132 of the pawl 213{.
This can urge the pawl 2130 to rotate about the protrusions 2137 and move mto the sccond
configuration.  When the latch 2134 is in the second configuration, the latch 2134 can
disengage from the engagement portion 2322 of the acteator 2320 such that the biasing
portion 2136 is bent against the housing 2110 and is biased {or compressed). The user can
then disengage the actuating member 2120, The biasing member 2123 coupled to the
engagement protrusion 2122 can wege the actuating member 2120 back into the firsi

configuration. This disengages the cngagement protrusion 2122 from the engagement surface
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2132 of the pawl 2130 such that the biasing portion 2136 can urge the pawl 2130 into the first

configuration.

{1158} The guide rod 2140 (FIG. 15) includes @ mounting portion 2142 that is immovably
mounted on the mounts 2118 included in the housing 2110, Similarly stated, the guide rod
2140 is coupled within the housing 2110 such that movement (distal movement and proximal
movement) is fmited. At least a portion of the guide rod 2140 is disposed in a cavity 2326
defined within the actuator 2320. The guide 2140 rod is configured to prevent lateral motion
of the actuator 2320 when the actuator 2320 slides in a lincar direction along the longitudinal
axis Ap of the system 2000 within the housing 2110, as described in further detail herein.
The guide rod 2140 also couples a biasing member 2146 (or energy storage member which is
disposed around the guide rod 2140, see ¢.g. FIG. 16A) between the mounts 2118 and the
actuator (or push rod} 232{0. The biasing member 2146 can include, for example, a spring,
{e.g., a helical spring, compression, extension, spring washers, Belleville washer, tapered, any
other type of spring), any other suitable biasing member or combination thereof. A proximal
end of the biasing member 2146 is coupled to and/or cngaged with the mounting portion
2142 of the guide rod 2140, and a distal end of the biasing member 2146 is coupled to and/or
engaged with the engagement portion 2322 of the actuator 2320. The biasing member 2146
is configured to bias the actuator 2320 when the engagement portion 2322 of the actuator
2320 1s disposed relative to the mounting portion 2142 of the guide rod 2140 in the “readied”
position (see e.g., FIGS. 16B-16D). In this manner, the biasing member 2146 can exert a
predetermined biasing force on the actuator 2320 to enable or otherwise assist the actuator
2320 to expel a medicament from the medicament containment chamber 2310, as described

m further detail herein.

{1139} The medicament containment chamber 2310 defines an internal volume 2316
configurcd to house a medicament (c.g., a VEGFE, a VEGF inhibitor, triameinolone acetonide,
any other medicament described herein or a combination thereof).  The medicament
containment chamber 2310 inclodes an engagement portion 2312 and a delivery portion
2314, The delivery portion 2314 can mclude coupling features, for example, fuer connectors,
threads, snap-fit, laich, lock, friction fit, or any other suitable coupling features. The coupling
features can be contfigured to couple the delivery portion 2314 with a punciuring member (not
shown), for example, a microncedle {c.g., a 27 gage, or 30 gage, or even smaller needie).

The puncturing member can be any suitable puncturing member (such as those described 1
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the ‘009 PCT apphication) which is configured to pierce a portion of a patient’s body, for
example, an cye, and to establish fluidic communication between the medicament
containment chamber 2310 and the portion of the user's body (e.g., the eye). The
engagement portion 2312 includes a flange 2313, The engagement portion 2312 is disposed
in the housing 2110 such that the ribs 2116 are distal to the flange 2313, and interact with the
flange 2313 to define a range of motion of the actuator 2320 and/or the medicament
containment chamber 2310, Said another way, the ribs 2116 and the tlange 2313 can serve in
combination as a locking mechanism to prevent the medicament containment chamber 2310
from moving beyond a threshold distance within the housing 2110, In some embodiments,
the medicament containment chamber 2310 can include a commercially available syringe

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

{1160} The actuator (or actuation rod) 2320 (FIGS. 14A-B) includes an engagement
portion 2322 and a plunger portion 2324, As described before, the engagement portion 2322
defines a cavity 2326 configured to receive at least a portion of the guide rod 2140. A
proximal end of the engagement portion 2322 is coupled to and/or engaged with the biasing
member 2146, as described before herein. At least a portion of the actuator 2320, for
example, the plunger portion 2324, 1 slidably disposed in the internal volume 2316 defined
by the medicament containment chamber 2310, Thus, the actuator 2320 can be displaced
within the internal volume 2316 for drawing and/or expelling the medicament from the

internal volume 2316 defined by the medicament contaimment chamber 2310.

{1161} As shown in FIGS. 14A and 148, a protrusion 2325 i3 disposed at a distal end of
the plunger portion 2324. The protrusion 2325 is configured 1o be inserted into a plug 2328
with close tolerance {e.g., friction-fit). The plug 2328 can be slidably disposed in the internal
volume 2316 of the medicament containment chamber 2310, A distal end of the phag 2328
can be 1o fluid commumication with the medicament disposed in the internal volume 2316
defined by the medicament containment chamber 2310. The sidewalls of the plug 2328 can
be in contact with the sidewalls of the internal volome 2316 such that the phug forms a fluid
tight scal to prevent leakage of the medicament. The plug 2328 can be made of an inert
and/or biocompatible wiich is rigid but soft. Example materials inclode rubber, silicone,

lastic, polymers. any other suitable material or combination thereof.
5 | J Yy

1162 The injector assembly 2100 is configured to produce a force 1o inject or otherwise
, Y y g 8 Y

assist in injecting the medicament from the medicament containment chamber 2310 into the
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ocular tissue, for example, the SCS. Furthermore, the injector assembly 2100 can be
configured to excrt a predetermined force and/or a force within a desired range on the
actuator 2320 sufficicut to expel the medicament only when an outlet of a puncturing member
(e.g., a needle such as a 27 gauge, a 30 gauge or any needle described herein) s within or
otherwise near the target injection site, for example, the SCS. Sinulacly stated, the injecior
assembly 2100 can be configured to exert a predetermined force on the actuator (or push rod)
2320 and/or the plug 2328 such that the actuator 2320 and/or the plug 2328 move when the
backpressure against the opening of a delivery member (e.g., a puncture member or needle,
not shown} is below a desired level. As deseribed below, the amount of backpressure against
the delivery member can be a function of the tissue characieristies of the target tissue {c.g.,
tissue density, presence of voids, tissue tvpe, ete.). Thus, the njector assembly 2100 can
produce motive force when the opening of the delivery member is within a desired target
location (e.g., the SCS). FIGS. 16A to 16E show the systemn 2008 that includes the injector

assembly in various states of operation as described herein,

{1163} In a first state shown in FIG. 16A, a portion of the medicament containment
chamber 2310 is disposed in the housing 2110 of the injector assembly 2100. The flange
2313 of the medicament containment chamber 231 can be contiguous and/or in contact with
the ribs 2116 of the housing 2110. The actuator 2320 is pushed into the medicament
containment chamber 2310 such that the plunger portion 2324 of the actuator 2320 occupics
substantially all of the internal volume 2316 of the medicament containment chamber 2310
and there is no medicament in the internal volume 2316, Additionally, the guide rode 2140 is
disposed in a fiest relative position within the actuator {or push rod) 2320, In the first statc,
the biasing member 2146 is coupled to the engagement portion 2322 of the actuator 2320 and
is unbiased (or in an expanded configuration). Said another way, the system 2000 is unarmed
inn the first state. Thus, in the first state {or configuration), the system 2000 can be shipped,

stored or the like.

{1164} To move the system 2{}00 to the second state shown in FIG. 16B, the user moves
the medicament contammment chamber 2310 proxamally relative to the injector assembly
2100. This can be achicved by applying a force on the housing 2110 and/or the medicament
containment chamber 2310 such that the force pushes the medicament containment chamber
2310 into the housing 2110 in the direction shown by the arow A, The housing 2110 is

shaped and sized to prevent any rotational motion of the medicament containment chamber

(3]
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231} relative to the housmng 2110. Motion of medicament containment chamber 2130
relative to the injoctor assembly 2 1), also urges the actuator 2320 to slide over the guide rod
2140 and move relative to the injector assembly 2100, Thus, when the injector assembly
2100 1s 10 the second state, the guide rod 2140 1s disposed in a second refative position within
the actoator (or push rod) 2320. Fuwrthermore, the biasing member 2146 is biased {or
compressed) when the injector assembly 2100 1s in the second state. The force is maintained
until the latch 2134 of the pawl 2130 engages and sccures the engagement portion 2322 of the
actuator 2320. The pawl 2130 includes an angled surface such that the engagement portion
2322 can slide past the latch 2134 in a proximal direction but cannot move past the latch
2134 in a distal direction. Thus, in the sccond state, the system 2000 is “armoed™ and is ready

to be filled with a medicament.

{1165} The user can noew couple a transfer ncedle, puncture member and/or delivery
memtber (not shown) to the delivery portion 2314 of the medicament containment chamber
2310. The puncturing member can be inserted into a container of the medicament, for
cxample, inserted through a septum of a vial containing the medicament. The systerm 2000
can then be moved into a third state (or configuration) to fill the medicament containment
chamber 2310 with a substance. To move the mjector assembly 2100 t¢ the third state shown
m FIG. 16C, a force can be applied on the medicament containment chamber 2310 and/or the
housing 2110 to move the medicament containment chamber 2310 distally relative to the
injector assembly 2100 in the direction shown by the amrow B. In this manncr, the
medicament containment chamber 2310 is drawn out of {moved distally relative to} the
22

housing 2110. The cogagement portion 2322 of the actuator 2320 remains sccured by the

latch 2134 of the pawl 2130 in the third state.  Therefore, the relative motion of the

medicament containment chamber 2310 1o the housing 2110 wges the plunger portion 2324

of the actuator 2320 to slide within the internal volume 2316 of the medicamen! containment

chamber 2310 until the plunger portion 2324 is proximate to the engagement portion 2312 of

the medicament containment chamber 2310, The displacement of the actuator 2320 and the
12

plug 2328 creafes a suction force within the internal veolume 2316 of the medicament

containment chamber 23 1{), which draws the medicament into the internal volume 2316,

{1166} To place the injector assembly 2100 in a fourth statc (shown in FIG. 16D), the
user ¢can move the medicament containment chamber 231 proximally relative to the injector

assembly 2100 such that the medicament containment chamber 2310 moves 1nto the housing

()
N



WO 2014/179698 PCT/US2014/036590

211} as shown by the arrow C. In the fourth state, the medicament containment chamber
2310 is partially drawn into the housing 2110, Since the actuator 2320 is stili sccured by the

pawi 213{ in the fourth staie, moving the housing 2310 urges the plunger portion 2324 of the

31

actuator 2320 (and thus the plug 2328) to also slide 1o the internal volume 2316 proximally
relative to the medicament containmoent chamber 2310, In tlus manner, the plunger portion
2324 of the actuator 2320 expels a poriion of the medicament from the internal volume 2316.
Said another way, the uscr can cxpel air from the internal volume 2316 and/or adjust a dose

of the medicament in the fourth state.

{1167} Prior to njecting the medicament (i.c., moving the injector assembly 2000 to a
fifth state shown in FIG. 16E), a puncturing member {e.g.. a 27 gauge needle. a 30 gauge
necdle, or any other puncturing members described hercin), or a necdie assembly {c.g., the
necdle assembly 3200 or any other needle assembiy described herein) can be coupled to the
delivery portion 2314 of the medicament containment chamber 2310, Whike noi shown, a
hob can also be coupled to the delivery portion 2314, which 1s configurcd to contact an ocular
tissue. The hub can include a hub that includes a convex distal end, a flat distal end, features
for aligning the system 2000 on a surface {c.g., conjunctiva) of the cve, or any other hub
described herein. For example, in some embodiments, the hub can include a convex distal

end surface conﬁgured to form a substantially fluid-tight seal with a target surface around the

insertion site ¢.g., hub 7270 included in the medical injector 7000).
{1168} The wser can insert the puncturing member into an eve, unill an outict of the

puncturing member is in or otherwise near a target delivery layer, for example, the SCS. The
user can manually adjust the insertion depth of the puncturing member or a necdic assembly
to incrcase or decreasc the insertion depih of the puncturing member (¢.g., as described in
further detail with reference to needle assembly 3200). To initiate injection (i.¢., to move the
injector assembly 2100 to the fifth configuration), the user can then exert a force on the
cngagement surface 2121 of the actuating member 2126 in the direciion shown by the arrow
D. This urges the engagement protrusion 2122 o shlide in the slot 2117 distally o the user
mto the housing 2110 and engage the engagement surface 2132 of the paw! 2130, The
engagement protrusion 2122 can urge the pawl 2130 to rotaie about the protrusions 2137,
such the biasing portion 2136 is biased and the latch 2134 disengages from the cngagement
portion 2322 of the actuator 2320.  The biasing member 2146 exeris a foree on the

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

(93]
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proximally relative {0 the medicamen! containment chamber 2310. Thus, the planger pottion
2324 of the actuator slides an injection distance within the infernal volume 2316 of the
medicament containment chamber 2310 and cxpels the medicament into the eyve via the
puncturing member.  The housing 2110 and/or the medicament containment chamber 2310
can be configured to prevent the housing 2110 from displacing distally relative 1o the
medicament containment chamber 2310 in the fifth state. For cxample, in some
embodiments, the flange 2313 of the medicament containment chamber 2310 and/or an inner
surface of the housing 2110 can have a high friction surface. The flange 2313 and the inner
surface of the housing 2110 can contact each other to vicld a high friction interface which can
prevent the housing 2110 from displacing distally relative to the medicament containment
chamber 2310 in the fifth state. In some embodiments, notches, grooves, indents, or any
other features can be defined in the internal volume of the housing 2118, and/or the flange
2313. In somc embodiments, a locking mechanism, for example, a {wist lock mechanism, a
push pin. a latch, a ledge, or any other suitable locking mechanism can be included in the
housing 2110, In such embodiments, the user can engage the locking mechanism (e.g., twist
the housing 2110 relative to the medicament containment chamber 2310, depress a pin, etc.)
such that thc housing 2110 can be prevented from displacing distally relative to the
medicament containment chamber 2310 10 the fifth state. In this manner, the force exerted by
the biasing member 2146 1s applied to move the actuator (or actuation rod) 2320 distally
relative to {and/or within) the medicament containment chamber 231{}, as opposed to being
applicd to move the entirety of the medicamcunt containment chamber 2310 relative to the

housing 2110.

{1169} fo some cmbodiments, the injector assembly 2100 can be used as an mjcction-
assist assembly to enable a user to inject the medicament into a desired tissue of the eye, for
example, the SCS. In such embodiments, the biasing member 2146 can be configured {0
excert a predetermined foree on the actuator 2320, for example a force of less than about 6N,
less than about 5 N, less than about 4N, less than about 3 N, or less than about 2 N, mclusive
of all ranges thercbetween. The force can be sufficient to expel the medicament from the
medicament containment chamber 2310 when the backpressure, existing or applicd at an
outlet of the puncturing member, is below a certain threshold. A described before herein,
different layers of the eye can have different densities, for example, the sclera is much denser
then the SCS. Thercfore, a puncturing member inserted into the sclera will expericnce a

much higher backpressurc than a puncturing member near or within the SCS. The biasing
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member 2146 can be configured to exert a force, which is only sufficient to overcome the
backpressure cxperienced in the target layer, for example, the SCS, but is not sufficient to
overcomce the backpressure of any other laver, for example, the sclera.  In this manner, the
biasing momber 2146 urges the actuator 2320 to expel the medicamoent only into the target
layer, for example, the SCS. The backpressure experienced by the actaator can vary based on
the medicament used, the size of the puncturing member, the target ocular tissue layer, and/or
thickoess of the target layer. If the force delivered by the biasing member 2146 is too bigh,
injection can oceur m the incorrect target layer, for example, the sclera. Conversely, if the
biasing force is too small, injection might not occur even when the outlet of the puncturing
member is within or unear the target layer, for cxample, the SCS. To overcome this, the
biasing member 2146 can be tailored based on the medicament used, the needie size, the size
of the medicament containment chamber 2310, the actuator 230, and/or target laver. In some
embodiments, the actuator 2320 and the medicament containment chamber 2310 can be
collectively configured such that the foree exerted by the biasing member 2146 produces an
mjection pressurc within the internal volume 2316 of the medicament containment chamber
231} of between about 100 kPa and about 500 kPa. For example, the system 2000 can be
configured such that the samc injection pressure is produced within the medicament
containment chamber 2310, regardless of the size {e.g., diameter or otherwise cross-section)
of the medicament contamment chamber 2310 and/or the actuator 2320, the material of the
actuator 2320 or the medicament containment chamber 2310, the volume of the medicament,
the viscosity of the medicament, andior the size of the puncture member.  In some
embodiments, the pressure produced in the medicament containment chamber 2310 can be

aboul 100 kPa, 110 kPa, 120 kPa. 130 kPa, 140 kPa. 150 kPa, 160 kPa, 170 kPa, 180 kPa, 190

kPa, 400 kPa, 420 kPa, 440 kPa, 460 kPa, or about 480 kPa, mclusive of alf ranges and values

therebetwees.

{1178} Furthermore, 10 some embodiments, the injector assembly 2100 can also be used
to inform the user when the puncturing member is within or near the target layer. For
cxample, the housing 2110 can be transparent such that the oser can see the actuator 2320
and/or the medicament containment chamber 2310, The user can msert the puncturing
member into the eye and engage the actuating member 2120 soch that the latch 2134
disengages the engagement portion 2322 of the actuator 2320, If the puncturing member is

within or near the target layer, for example, the SCS, the biasing member 2146 overcomes the
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backpressure exerled by the target layer and displaces the actuator 2320 to move the injection
distance and initiate injection of the medicament tfo the target layer. The user can visibly
observe the actaator 2320 and/or the plug 232¢ displacing within the housing 2110 and can
be informed that the puncturing member is within or otherwise near the target layer, for
example, the SCS. It the puncturing member is in a layer other than the target layer, for
example, the sclera, the biasing member 2146 will not overcome the backpressure of the
other layer and the actuator 2320 will not displace proximally relative to the medicament
containment chamber 2310, This can mform the user that the puncturing member s not
within or near the target layer. The user can then manipulate the punctaring member to reach
within or wvear the target layer and intate injection of the medicament.  In some
embodiments, any other communication mechanism, for example, audible alarm, LED light,
a message, a display, a tactile alert, or any other communication mechanism can be used to
mform the user about the location of the puncuuring member.  ln some cmbodiments, the
biasing member 2146 can be configured to cxert a force sufficient to cxpel substantially all of
the medicament into the target layer, tor cxample, the SCS. ln some embodiments, the
biasing member 2146 can be configured o exert a force sufficient to initiate injection but not
cnough to expel all of the medicament into the target laver. In such cmbodiments, the
mjection distance can be a first injection distance. Once the injection is nitiated, the user can
then move the mjection assembly 2100 and thereby the acteator 2320 a second mjection
distance proximally refative to the medicament containment chamber 2310, In this manner,

the remaining medicament can be delivered to the target layer of the eve.

{1171} FIG. 17 shows a schematic flow diagramm of a method 200 of delivering a
medicament to a target layer of a target tissue (or at a predetormined distance within the
target tissue} using a medical injector that includes an injection assembly. The method 200
mncludes inserting a distal tip of a ncedle of a medical injector {c.g., the system 1§}, 1640,
2000, or any other system described herein) a first distance info a target tissuc, at 202. The
necdle can include any suitable needle, for example, the needle 140 or any other needle
described herein.  The medical mjector includes a medicament container (e.g., the
medicament container 130, 1310, 2314, or any other medicament container described hercin)
and an injection assembly (c.g., the injection assembly 111, 2100, or any other mjection
assembly described herein. The medicament container i in fluid communication with the
necdle. The injection assembly includes an actuation rod {c.g., the actuation rod 120, the

actuator 2320, or any other actuator described herein) and an cnergy storage member {c.g.,
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the encrgy storage member 146, 2146, or any other energy storage member described herein).
The energy storage member is configured to produce a force on a proximal end portion of the
£ 4 g { Y P

actuation rod.

{1172} The method 200 further includes releasing the actuwation rod of the injection
assembly allowing a distal end portion of the actuation rod to move within the medicament
container in response to the force, at 204, Fur example, a proximal end pottion of the
actuation rod can be secured or otherwise engaged by a release member, for example, a pawl
{c.g., the paw! 2130) or any other relcase member described herein, The release member can,
for example, be moved from a first position in which the actuation rod is secured to a second
position in which the actuation rod 1s released. As described herein, 1n certain situations the
force will be msutficient to overcome the viscous forces, tissue backpressure, frictional losses
or the like within the fluid delivery path detined by the medicament container, the needle and
the target tissue when the needle at the first distance within the tissue. Thus, the actuation

rod may not move, or may move less than a threshold “injection distance.”

{1173} Accordingly, the distal tip of the needle included in the medical injector can be
mserted, after the releasing, a second distance greater than the first distance into the target
tissuc (e.2.. the ocular tissue of an cye) if the distal end portion of the acruation rod moves
less than a threshold injection distance within the medicament container in response to the
force, at 206. The injection distance can be a distance that the distal end portion of the
actuation rod moves within the medicament container after the releasing. In some
cmbodiments, the njection distance is less than about 1 cm.  In this manner, the fack of
movement and/or the hmited movement of the actuation rod in operation 204 provides an
mdication to the user 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
mjection distance within the medicament container, the user is awarc that the needle tip is

a suitable region of the target tissue.

{1174} In some embodiments, the distal end portion of the actuation rod can move a first
mjection distance within the medicament container in response to the force, for example, to
deliver a portion of the medicament {0 the target tissue, for example, the SCS. In such
embodiments, the method 200 can further include moving the injection assembly relative to
the medicament container to move the distal end portion of the actuation rod a second

imnjection distance greater than the first injection distance within the medicament container
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208. For example, the force can move the actuation rod the first injection distance once the
distal tip of the needle is disposed within or near a desired region of the target tissue. This
can indicate to a uscr that the distal tip of the necdle s disposed within or near a desired
region of the target tissue. The actuation rod can then be moved proximally relative to the
medicament container such that the actuation rod moves the second injection distance within
the medicament container. In some embodiments, the distal end portion of the actuation rod
can be moved the second injection distance manually by a user, for example, by moving the
housing proximally to the medicament container. In other embaodiments, the medical injector
can inchide an automated delivery mechanisim {c.g., a mechanical actuator, a pump, or any
other suitable automated delivery mechanism) configured to move the actuation rod the

sccond injection distance and deliver substantially all of the medicament to the target tissue.

{1175} In some embodiments, the target tissue can be an cve. o such embodiments, the
inserting of the distal tip of the needle of the medical injector the second distance into the eye
inchudes inserting at least a portion of the distal tip into a suprachoroidal space of the eve. In
some embodiments, inserting the distal tip of necdle of the medical injector the second
distance includes contacting a surface of the eye with a hub coupled to the needle. The hub
can include the hub 7270, 8270, 9270 or any other hub described heremn in further detail

below.

{1176} FIG. 1% shows a schematic flow diagram of a method 300 for delivering a
medicament to a target layer of a target fissue or a predetermined distance within the target
tissue using a medical injector that includes an injection assembly. The method 300 inclades
inserting a distal tip of a needle of a medical injector (e.g., the medical njector 100, 1000,
2000 or any other medical injector described herein, into a medicament contained within a
medicament vial 302, The medicament vial can be any suitable commercially available
medicament vial, bottle, container, or any other vessel housing a medicament.  The
medicament can include any switable medicanment (e.g., VEGF, a VEGE inhibior, a
combination thercof, or any other medicament described herein) formulated to be defivered to
a target tissue (e.g., the SCS of the eye). The medical injector inclades a medicament
container and an njection assemibly, and is in fluidic communication with the needle. The
mjection assembly includes an actuation rod, and energy storage member, a release member
and an actuation member. In some cmbodiments, the injection assembly and the components

of the injection assembly described herein can be substantially simifar to the components of
J o
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the jection assembly 111, 2100, or any other injection assembly described herein. The
cnergy storage member {e.g., a spring, a compressed gas container, or a centainer containing
a propellant) is configured to produce a foree on a proximal end portion of the actuation 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 actuation rod with respect
to a housing within which the actuation rod, the injection assembly, and/or at fcast a portion
of the medicament container is disposed. Said another way, the securing of the proximal end
portion of the actuation rod by the release member prevents a distal end portion of the
actuation rod from moving relative to the bousing.  Furthermote, any movement of the
housing relative 1o the medicament contaioer also urges the distal end portion of the actuation

rod to move within the medicament container.

{1377 Next, the method includes moving the distal end portion of the actuation rod
distally relative to the medicament container to draw a volume of the medicament within the
medicament container, at 304. Then, the medicament container is moved proximally refative
{0 the actuation rod {0 expel a volume of the medicament from the distal tip of the needle and
leave a dose volume of the medicament remaining in the medicament container, at 306. Said
another way, any excess medicament drawn into the medicament container can be expelled
from the medicament container by moving the medicament container proximally relative fo

the actuation rod.

{1178] The distal tip of the needle is then inserted a first distance indo a target tissue, for
cxample, an ocular tissuc, at 308. The actiation member s activated (c.g., by a user) to
disengage the release member form the actuation rod, thereby releasing the proximal end
poriion of the actueation rod. This allows the distal end portion of the actuation rod to move a
first injection distance within the medicament container in response to the torce produced by
the cnergy storage member, at 310. Ag deseribed 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 tissue. Conversely, when the needle {ip is not disposed within a desired region
of the target tissue, the force produced by the cnergy storage member is insufficient to move

the actuation rod by the first injection distance.

{1179} The method 300 then includes determirning if the actuation rod has moved a
threshold injection distance, at 312, for example, the first igection distance. For example, a

user can visually observe it the distal end portion of the actuwation rod moved within the
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medicament comntainetr or not (e.g., through a transparent housing of the medical injector). If
the actuation rod did not move, the distal tip of the necdle of the medical injector is inserted,
atier the releasing, a second distance greater than the first distance into the target tissuc, at
314. In this manner, the user can reposition the needle tip {e.g.. by inserting further, or

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

{1184} For example, the first distance can correspond 10 a sclera of the eye, which has a
backpressure that, in conjunction with the frictional losses, viscous loses and the like via the
fluid flow path, cannot be overcome by the force of the energy storage member. Thus, the
actuation member does move the fitst injection distance to deliver at fcast a portion of the
medicament into the sclera. The distal tip of the needle is then moved the second distance
which can correspond to a target region of the target tissue, for example, the SCS. The
method then retums to operation 312 to determine if the actuation rod has moved the first
injection distance. If the actuation rod has moved the first mjection distance, this confirms
that the distal tip of the ncedle is disposed in the desired target region. For cxample, the
target region can be SCS, which has a lower backpressure than that produced by the sclera.
The force cxerted by the cnergy storage member can be configured to overcome this
backpressure such that the distal end portion of the actuation rod can be moved the first
mjection distance and deliver at least a portion of the medicament into the target tissue via the
distal tip of the needle. Tn some embodiments, the force can be between about 2 N to about 6
N. Finally, the distal end portion of the actoation rod is moved a second injection distance
vntil substantially all of the medicament is expelled from the medicament container into the
target tissuc {c.g., the SCS) at 316, via the distal tip of the needle. For cxample, the user can
manually move the distal end portion of the actuation rod, or use any suitablic actuation
mechanism included o the medical injector to move the distal end portion of the actuator the

second injection distance.

{1181} In some embodiments, a medical injector can include a needle assembly
configured to adjust the length of a needle, for example. to adjust a distance the ncedle
penetrates into a target tissue, for example, an ocular fissue. FIGS. 19 and 20 are schematic
Hlustration of a medical injector 400 in a {irst configuration and a sccond configuration,
according to an embodiment. The medical tnjector 400 includes a housing 410, an actuator
rod 420, a medicament container 430, a ncedle 440, and an adjustment member 423,

Optienally, the medical injector 400 can also mclude a hub 470 coupled to the housing 410,
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The housing 4190 s configured to receive a portion of the medicament container 43¢0. The
housing 410 can include any suitable housing, for example. the housing 3210, or any other

housing described herein with respect to a necdic assembly.

{1182} The needle 440 can be any suitable puncture member configured to puncture a
target tissue. For cxample, the needle 440 can be a nucroneedle configured to puncture
ocular tissue. In some embodiments, the needle 449 can be a 32-gasge micrencedle or a 34-
gauge micreneedle. In some embodiments, such a micreneedle can be substantially similar to
or the same as the microncedles described in the ‘009 PCT application incorporated by
reference above. ln somc embodiments, the shape and/or size of the necdlc 440 can
correspond, at least partially, with at least a portion of a target tissue. For example, in some
embodiments, the length of the needie 444 can correspond with a thickness of a portion of
ocular tissue such that when the needie 444 is inserted into the ocular tissuc, at least a portion
of the needle 440 is disposed within the sclera or suprachoroidal space of the eye. as
described in further detail hercin. The needie 440 defines a lumen 441 that extends through a
proximal cnd portion 443 and a distal end portion 442 of the needle 440. The distal end
portion 442 of the needle 440 can include a bevel or a sharpened tip configured to puncture a
target tissue. At least a portion of the proximal end portion of the needle 440 can be disposed

in a passageway defined by the hob 470, as described herein.

{1183} The medicament container 430 of the medical injector 400 has a proximal end
portion 432 and a distal end portion 434, The medicament container 430 defines an juner
volume 436 that can store, house, and/or otherwise contain a substance (e.g., a medicament, a
prophylactic agent, a therapeatic agent, andi/or a diagnostic agent). For example, in some
embodiments, a carfridge or the like containing a drug formulation can be disposed within the
moer voelume 436 of the medicament container 430,  To other embodiments, a drug
formulation can be disposed directly within the mner volume 436 {e.g., without a cartridge or
other intermediate reservoir). In some embodiments, the inner volume 436 can contain a
drag fornmifation with a volume of about 0.5 mE or less. In other embodiments, the inner
volume 436 can contain a drug formulation with a volume of about $.1 ml. In still other
embodiments, the inner volume 436 can contain a drog formulation with a velume greater the
about .S mL. In some embodiments, the medicament container 430 can be substantially
similar to the medicament container 1310, 2310, 3310, or any other medicament container

described hereun.
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{1184} The proximal end portion 432 of the medicament container 430 is substantially
open to reccive the actuation 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.. a proximal position} and a second position (e.g., a distal position). Said
another way, the distal end portion 424 of the actuation rod 420 can move an injection
distance within the inner volume 426, A scaling member such as, for example, a plug can be
coupled to the distal end portion 424 of the actuation rod 420. The sealing member can be
configured to form a friction it with one or more surfaces of the medicament container 430
that define the mnmer volume 436. In this manner, the seal member and the medicament
container 430 can form a fluidic seal that substantially isolates a portion of the inner volume
436 that s distal to the seal member from a portion of the inner volume 436 that is proximal
to the seal member. Said anocther way, the medicament container 430 and the actuation rod

420 form at lcast a portion of a syringe.

{1185} In some embodiments, the distal end portion 434 of the medicament container 430
is physically and fluidically coupled 1o the hub 470, For example, in some embodiments, the
hub 470 and the distal end portion 434 of the medicament container 438 can form a press fit,
a snap fit, a threaded coupling, and/or the Hke. In other cmbodiments, the hub 470 can be
monolithically formed with the medicament container 430. The hub 470 can define a
passageway contigured to receive the needle 440 thercthrough such that the distal end portion
442 of the needle extends past a distal end surface of the hub 470 by a distance, for example,
a first distance d; (sec e.g.. FIG. 19) that can change, for example, to a sccond distance d»
{sce ¢.g., FIG. 20) or any other distance, when the needle is moved through a plurality of
discrete mcrements along the longitudinal axis of the housing 410, as described herein. in
some embodiments, the fuib 470 can also be configured to limit movement of the adjustment

member 422 within the housing 4 1{.

{1186} A proximal end portion of the adjustment member 423 1s configured to be coupled
to the medicament container 430.  The coupling can be performed using any suitable
coupling mechanism, for example, a Luer lock, threads, snap-fit, friction-fit, or any other
suitable coupling mechanism. A distal end portion of the adjustmment member 423 is coupled
to the necdle 440, for example, to the proximal end portion 443 of the needle 440. In some
embodiments, the adjustment member 423 can define a lumen configured to place the

medicament contamer 430 1o fhind conununication with the ncedle 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 coupled to the medicament container 43{). The adjosiment
member 420 is contigured to {ransition between a first configuration (FIG. 19) and a second
configuration (FIG. 20) to adjust the distance that the distal end portion 442 of the needle 440
extends past the distal end surface of the hub 470. For example, the adjustment member 423
can be movably disposed within the housing 410G such that when the adjostment member 423
is rotated relative to the housing 410, the needle 440 is moved through a plurality of discrete
increments along a longitedinal axis of the housing 418, In this manner, the adjustiment
member 423 can adjust the effective fength of the needle 440 in the plurality of discrete
increments.  Said another way, the adjustment member 423 can allow digital adjustment of
the length of the needle 440, While not shown, n some cmbodiments, the adjustment
member 423 and/or the housing 410 can include a plurality of detents. The detents can be
configured such that cach increment from the plurality of discrete increments is associated
with a corresponding detent from the plurality of detents defined by at least onc of the
adjustment member 423 and/or the housing 410. For example, the housing 410 can include a
protrusion configured to be removably disposed within ecach detent from the plurality of
detents when the adjustment member 423 is rotated relative to the housing 410 to move the
needlie 440 through the plurality of discrete increments.  As another example, in some
embodiments, a bearing can be coupled within the housing 410 and configured to be

removably disposed within cach detent from the plurality of detents when the adjustment

discrete increments.  In such embodiments, a bias member can also be disposed in the
housing 410 and configured to maintain the bearing within a detent from the plorality of
detents. In some embodiments, the medical injector 400 can also include a lock member, for
example, a lock, a lateh, a tab, a rod, or any other suitable lock member 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 to the housing 410, In some
embodiments, at least a portion of the adjustment member 423 can include an indication
portion, for example, a portion including a pluorality of markings. The markings can be
configured to indicate a distance that the needle 440 extends beyond the housing 410 (e.g.,
extends bevond the distal end surface of the hub 470). In such embodiments, the housing 410
can detmie a window such that the indication portion is visible through the window. For

example, a user can view the indication portion through the window 1o determine the distance
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that the needie 440 extends bevond the housing 410 and estimate an insertion depth of the

distal end 442 of the ncedle 440 mto a target tissue.

{1187} As shown in FIG, 19, in the first configuration of the adjusiment member 423, the
distal end portion 442 of the needle 440 can be spaced apart from a distal ond surface of the
hub 470 by a first distance d;. The adjustment member 423 can then be moved 1nto a second
configuration by moving (c.g., rotating, translating or rotating and translating) the adjostment
member 423 within the housing 410. This urges the needle 440 to move in a discrete
increment such that distal cad portion 442 of the needle 440 extends a second distance dp,
larger than d;, bevond the distal end surface of the hub 470, as shown in FIG. 20, In this
manner, a length of the needle 440 extending beyond the distal edge surface of the hub 470

can be adjusted.

{1188} In use, an operator {c.g., a doctor, technician, nurse, physician, ophthalmologist,
ctc.y can manipulate the delivery device 400 to insert the needle 440 o, for example, an
ocular tissue. In this manner, the distal end portion 442 of the needle 440 can be advanced
within the target tissuae to pierce the sclera and place the hub 470 in contact with an outer
surface of the sclera. Moreover, with the adjustment member 422 in the first configuration,
the first distance d; between the distal end surface of the hub 470 and the distal end portion
442 of the ncedle 440 can substantially correspond to the thickness of the sclera.  In this
maaner, a distal tip of the needle 440 can be disposed within the sclera {c.g., the sclera 20 of

the eye 10 i FIG. 1.

{1189} The adjustment member 423 can be transitioned from the first configuration to the
second configuration by moving, franslating 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., rotating) the medicament container 430 relative to the housing
410. This can increase the distance between the distal end surface of the hub 470 and the
distal end portion 423 of the needle 440 from the first distance d, to the second distance d (as
deseribed above). In this manner, when the adjustment member 422 is in the second
configuration, the distal tip of the necdle 440 can be moved further proximally relative to the
ocular tissue to place the lumen 441 of the needle 440 in fluid comamunication with the
suprachorotdal space {(c.g., the suprachoroidal space 36 of the eye 10 in FIG. 1). With the
lumen 441 of the needle 440 in fluid communication with the saprachoroidal space, the

actuation rod 420 can be moved relative to the medicament container 430 from its first
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position to its second position. With the distal end portion 424 of the actuation rod 420
forming a substantially fhadic seal (i.e.. a substantially hermetic seal) with an inner surface of
the medicament container 430, the movement of the actuation rod 420 to its sccond position
cxpels the drug formulation {contained within the inner volume of the medicament container
430) through the lumen 441 of the needle 440. Thus, the medical injector 400 can deliver the
drug formulation to the SCS of the eve and the drug formulation can flow within the

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

{1198] By adjusting the distance between the distal edge surface of the hub 47( and the
distal end portion 442 of the necdic 440 in discrete mcrements using the adjustment member
423, the distal end portion 442 of the needle 440 can be placed within the SCS with more
accuracy and precision than would otherwise be achieved with a fixed distance therebetween.
For example, in some instances, the adjustment member 423 can be arranged such that the
first distance d; between the distal end surface of the hub 470 and the distal end portion 442
of the needle 440 is less than the thickness of the sclera. Thus, the adjustment member 423
can be moved to the second configuration to increase the distance between the distal edge
surface of the hub 470 and the distal end portion 442 of the needle 440 {e.g., to the second
distance ;) that 1s greater than the thickness of the sclera, thereby placing the distal end
portion 442 of the needic 440 in contact with the SCS. Moreover, the second distance d» can
be less than a combined thickness of the sclera and the SCS such that when the adjustment
memtber 423 is moved to the second configuration, the distal end portion 442 of the needle

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

{1191} The arrangement of the adjustment member 423, the needle 440, and the hub 470
allows for control of the effective length of the needle 440, Accordingly, the medical injector
400 can be used for procedures involving different portions of a target tissue {c.g., the eyc)
having different thicknesses. Moreover, control over the effective length of the needle 440,
as described heremn. allows the medical injector 400 to be used on a variety of patients having
a range of anatomical differences {c.g., the device can be used in adelt applications and

pediatric applications).

{1192} The transition of the adjustment member 423 (and any of the necdle assemblies
described hercin) between the first configuration and the sccond configuration can be
performed at any suitable time before and/or during a procedure. For example, in some

crbodiments, the adjustment member 423 can be transitioned to the second configuration to
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set and/or adjust the effective length of the needle 440 before insertion of the needle 440 to
the target tissue. The desired cffective length of the necdle 440 1n such embodiments can be
based on the known thickness of the sclera based on pre-operation measurcments or the like.
In other embodiments, however, the adjustment member 422 can be transitioned to the
second configuration after the ncedle 440 has been inserted into the target tissue. In this
manner, the adjustment member 422 can provide the operator with a mechanism for adjusting
the cffective length of the needle 440 in discrete increments during the procedure (¢.g., based

on tactile feedback, optical feedback or the like).

{1193} The medical 1njector 400 is shown m FIGS. 19-20 by way of example to provide
context to the proceeding discussion. In this manner and for simplicity, only portions of &
medical injector according to specific embodiments are shown. 1t should be understood that
any of thc embodiments described herein can be disposed in a simifar arrangement as
described above with reference to FIGS. 19-20. Moreover, while the debivery device 400 is
shown and described with reference to FIGS. 19-20 as having a particular arrangement, the

cmbodiments described hercin can be used with any suitable delivery mechanism or device.

{1194} In some embodiments, a system for injecting a medicament into ocular tissuc can
include a needle assembly configured to pertorm any of the functions described herein. In
other cmbodiments, a needle assembly can be configured to adjust the length and/or insertion
depth of the ncedle. Referring now to FIGS. 21-33 a system 3000 can include at least a
housing 3110, a medicament containment chamber 3310, an actuator 3320, and a needle
asscubly 3200, The necdle assembly 3200 can be configured to adjust a length of a
punctaring member 3240 (also referred to as a delivery member and/or a needle) included in
the necdle assembly 3200, as described herein. The system 3{00 can be configured to deliver

a medicament to a layer or region ot an cyc of paticnt, for cxample, to the SCS of the eye.

{1195} The housing 3110 can include any of the housings described herein and is
configured to receive at least a portion of the medicament containment chamber 3310, in
some embodiments, the housing 3110 can be substantially similar to the housing 1110
described with respect to the system 1000. In such embodiments, the housing 3110 can be
configured for manual manipulation of the actuator 3320 to inject the medicament. 1o some
embodiments, an injector asscmbly can be disposed in the bousing 3110. The mjector
assembly can be substantially similar to the imector assembly 2100 or any other injector

asscmbly described herein, and is therctore not described in further detail herein.
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{1196} The medicament containment chamber 3310 defines an mnternal vohume 3316
configured to housc a medicament (¢.g., a VEGF, a VEGF inhibitor, triameinolone acetonide,
any other medicament described herein, or a combination thereof).  The medicament
containment chamber 3310 includes an engagement portion disposed inside the internal
volume defined by the housing 3110, The medicament containment chamber 3310 also
inclades a delivery portion disposed outside the internal volume defined by the housing 3110
and coupled to the needle assembly 3200. The medicament containment chamber 3310 can
be substantially similar 1o the medicament contaimment chamber 1310, 2310 or any other
medicament containment chamber described herein, and 1s thercfore not described in further

detail herein.

{1197} The acteator 3320 includes an engagement portion and a plenger portion. The
plunger portion is slidably disposed inside the intomal volume 3316 defined by the
medicament containment chamber 3310 and is configured to draw the medicament into or
cxpel the medicament from the internal volaeme 3316 defined by the medicament containment
chamber 3310, The actuator 3320 can be substantially similar to the actuator 1320, 2320 or

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

{1198} As shown in FIG. 22, the ncedle asscmbly 3200 includes a housing 3210, a

32

bearing {or ltock bally 3220, an adjustent member 3230, a puncturing member 3240, a lead
screw 3242, a bushing 3250, a locking pin 3260, and a hub 3270. The ncedle assembly 3200
is contigured to enable lincar translation of the puncturing member 3240 1 fixed and/or
> o
discrete increments to alfow a user to msert the puncturing member to a desived depth within
£

the eye, for example, insertion to the depth of the SCS.

{1199} The housing 3210 (FIGS. 23A-C, FIGS. 32 and 33) includes a proximal portion
3211 and a distal portion 3212. The housing 3210 can be substantially cylindrical in shape
and tapers towards the distal portion 3212, The housing 3210 defines an internal 3213
volume within which the bearing 3220, the adjustment member 3230, at least a portion of the
punctaring member 3240, the lead screw 3242, the bushing 3250, and at least a portion of the
locking pin 3260 can be disposed. The internal volume 3213 defines a substantially circular
cross-section to allow one or more components, for example, the adjustment member 3230
and/or the lead screw 3242 to rotate about a longitudinal axis Ay of the system 3000 withun
the internal volome 3213. A delivery portion of the medicament containment chamber 3310

can also be disposed in the internal volume 3213, The distal portion 3212 of the housing
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3210 is configured to receive a proximal end 3272 of the hab 3270 (see FIGS. 31A-31C) or
any other hub described herein. Coupling features can be included in the distal portion 3212
10 removably or fixedly couple the proximal end 3272 of the hub 3270, Suitable coupling
features can include, for example, a friction fit mechanism, threads, a Luer assembly,
adhesive, lock, latch, groove, indents, detents, a snap-fit mechamism, or any other soitable
coupling mechanism. A multiplicity of ridges 3214 are disposed on an outer surface of the
housing 3210, The ridges 3214 can be contigured to allow the user to 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 321{. The window 3216 is configured to align with
an intcrmediate portion 3233 of the adjustment member 3230, such that the user can sce a sct
of markings 3236 defined on an outer surface of the termediate 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 inscrtion depth of the puncturing
mcmber 3240 {(c.g., a distance that a distal tip of the puncturing member 3240 traverses into
the ocular fissue). A cavity 3218 is defined 10 the housing 3210, The cavity 3218 is
configured {o receive the bearing 3220, a biasing member 3221 and a plog 3222, as described
in further detail herein. A sct of through holes 3219 are defined in the sidewall of the
housing 3210. The locking pin 3260 1s inserted through the through holes 3219, such that the
locking 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 vohuime 3213.

{126¢] The bearing (or lock bally 3220 is disposed in the cavity 3218 of the housing 3210,
The bearing can be any suitable bearing, for cxample, a metallic, plastic, or wooden bearing,
a contoured cylindrical member, or any other suitable bearing. A first end of the biasing
member 3221 15 coupled and/or engaged with to the bearing 3220, and a second end of the
biasing member 3221 is coupled to the plug 3222, The biasing member 3221 can include a
spring. for cxample, helical, compression, extension, spring washers, Belleville washers,
tapered, any other type of spring, or any other suitable biasing member. At feast a portion of
the plug 3222 (FIGS. 24A-B) is disposed withmn the cavity such that the plug 3222 secures
the biasing member 3221 and the bearing 3220 inside the cavity 3218. The plug 3 can
melude a dome shaped surface with rounded edges. 1o some embodiments, the plug 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 321% using a suitable coupling mechanism

such as, for example, friction-fit, threads, grooves, indents, detfents, any other suitable
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coupling mechanism or combination thereof. The plug 3222 can be configured 10 exert a
force on and/or maintain a position of the biasing member 3221 such that the biasing member
3221 exerts a force against the bearing 3220, The bearing (or lock ball) 3220 is configured to
cngage at least onc of a sct of detents 3235 disposed on a distal portion 3234 of the
adjustment member 3230. The biasing member 3221 biases the bearing 3220 inward relative
to the detents 3235 such that the bearing 3220 prevents the adjustment member 3230 from
rotating freely relative to the housing 3210 about the longitudinal axis A; of the system 3604,
In this manner, the bearing 3220 allows a digital length adjustmient of a length of the
puncturing member 3240, as described in further detail herein.  Similarly stated, the
engagement of the bearing 3220 in the detents 3235 allows the rotational position of the
adjustment member 3230 (and thas the effective length of the puncturing member 3240) to be

adjusted in discrete increments.

{1261} The adjustment member 3230 (FIGS. 25, FIGS. 26A-B, FIG. 33) includes a
proximal portion 3232, an intermediate portion 3233, and a distal portion 3234, The
proximal portion 3232 is configured to couple to a delivery portion of the medicament
containment chamber 3310, The proximal portion 3232 can include coupling features, for
example, Luer lock connectors, threads, grooves, notches, indents, snap-fit, friction-fit, lock,
latch, any other suitable coupling features or combination thereof. In this mananer, the distal
end portion of the medicament containment chamber 3310 can be coupled to the adjustment
memtber 3230, In some embodiments, the delivery portion of the medicament containment
chamber 3310 can be fixedly coupled to the proximal portion 3232, for example, by an
adhesive.  In other embodiments, the delivery portion of the medicament containment
chamber 3310 can be removably coupled to the proximal portion 3232, for cxample, to allow
the user to replace the medicament containment chamber 3310 to reusce the needle assembly
3200. In some embodiments, a locking feature (not shown), for exampie, a lock, a latch, or a
friction fit, can be included in the proximal portion 3232. The locking feature can be
configured to prevent uncoupling of the delivery portion of the medicament containment
chamber 3310 from the proximal postion 3232 of the adjustment member 3230 due to a
rotation of the medicament containment chamber 3310 {e.g., because of a rotation of the
housing 3310 by the wser). For example, a user can rotate the housing 3310 about the
longitudinal axis Ay, of the system 3000 urging the medicament containment chamber 3310
and thereby, the adjustment member 3230 to also rotate about the longitudinal axis Ay, In

this manner, the adpustment member 3230 can be configured to vary the length of the
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puncturing member 3240 protruding through the distal end of the 3274 of the hub 3270, as

described o further detail herein.

{1282} The intermediate portion 3233 of the adjustment member 3230 includes markings
3236 corresponding to the length of the puncturing member 3240 protruding through distal
end 3274 the hub 3270, The intermediate portion 3233 is aligned with the window 3216
inchuded in the housing 3210 such that the user can sec the markings 3236 through the
window 3216 and determine the protruding length of the puncturing member 3240. This can,
for example, indicate the insertion depth of the puncturing member 3240 into the eye. in
some embodiments, the markings 3236 can indicate a length in the range of about 850
microns, 950 nicrons, 1050 microns, 1150 mucrons, or about 1250 microns.  In such
embodiments, the length interval can be about 100 microns. The intermediate portion 3233
also includes a fluidic channel 3238 detined therethrough. The fluidic cannel 3238 can be in
fhidic communication with the internal volome 3316 of the medicament containment

chamber 3310.

{1283} The distal portion 3234 is fixedly coupled to a proximal portion 3244 of the lead
screw 3242, For example, the proximal portion 3244 of the cad screw 3242 can be welded,
bonded, adhered, bolted, riveted, or fixedly mounted using any other coupling mechanism to
the distal portion 3234 of the adjustment member 3230, In this manner, a rotation of the
adjustment member 3230 can also rotate the lead scroew 3242 about the longitudinal axis Ay
of the system 3004, The sct of detents 3235 are defined on the outer surface of the distal
pottion 3234 and are configured to be engaged by the bearing 3220, as described herein.
Although the lead screw 3242 and the adjestment member 3230 are shown and described as
being scparate components that are joined together, in other embodiments, the lead scrow

3242 and the adjustment member 3230 can be monolithically formed.

{1264} The lead screw 3242 (FIGS. 22, 2§, 27A-B, 33) includes the proximal portion
3244 and a distal portion 3246. The proximal portion 3244 is fixedly coupled to distal
portion 3234 of the adjustment member 3230, as described herein. The distal portion 3246 is
coupled to a proximal end of the puncturing member 3240 coupled thercto. The puncturing

-
/

member 3240 can be a needle {c.g., a 27 gauge, a 30 gauge, or even smaller needle), or any
T

other puncturing member desceribed herein. The puncturing member 3240 defines a lumen
3241 {FIG. 33) configured 1o fhadically communicate the medicament 1o a target tissue of the

eye, for example, the SCS. The puncturing member 3240 is fixedly coupled to the lead screw
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3242 by any suitable mechanism. In this manner, a rotation of the adjustiment member 3230
and lead screw 3242 about the longitudinal axis Ap, which causes a linear transiation of the
icad screw 3242 along the longitudinal axis Ay, also urges the puncturing member 3240 to
rotate about ot translate along the longitudinal axis Ar, respectively. The lead screw 3242
defines a lumen 3247 therethrough. The lumen 3247 is in fleidic communication with the
fluidic channcl 3238 of the adjustment member 3230 and the lumen 3241 of the puncturing
member 324{. Thus, the fluidic channel 3238 of the adjustment member 3230, and the lumen
3247 of the lead screw 3242 provide a fluidic path for the medicament to be commuicated

ctween the internal volume 3316 of the medicament containment chamber 3310 and the
fumen 3241 of the puncturing member 3240, for example, delivered to a target layer {¢.g., the

SCS) of the eve.

{1295} At least a portion of the outer surface of the lead scrow 3242, for example, the
distal portion 3246, includes threads 3248. The threads 3248 are configured to mate with
mating threads 3254 incleded in the bushing 3230, The bushing 3250 (FIGS. 22, 28A-C,
FIG. 33) 1s fixedly disposed inside the internal volurae 3213 defined by the bousing 3210,
The bushing 3250 defines a lamen 3252 configured to receive the distal portion 3246 of the
lcad screw 3242 such that the threads 3248 of the lead serew 3242 are mated with the mating
threads 3254 disposed along the sarface of the lumen 3232 of the bushing 3250. Because the
bushing 3250 is fixedly disposed in the housing 3210, a rotation of the adjustment member
3230 and the lead screw 3242 relative to the housing 3210 about the longitudinal axis Ap
urges the fcad screw 3242 (0 move linearly relative to the housing 3210 along the
longitudinal axis Ay of the system 3000. Each full rotation of the lcad screw 3242 can
correspond to a predetermined translation distance of the lecad screw 3242 and thercby, the
punctoring member 3240, along the fongitudinal axis Ay of the system 3000. In this manner,
the adjustment member 3230 can be rotated {e.g., by rotating the housing 311{)) to rotate the
lead screw 3230 and therchy, advance or retract a predetermined length of the puncturing

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

{1206} The locking pin 3260 (FIG. 29 is coupled to a tab 3262, As shown in FIGS, 30A-
C, the tab 3262 includes a cavity 3264 configured to receive at least a portion of the locking
pin 3260. In some embodiments, the tab 3262 can be removably coupled to the locking pin
3260, for example via, threads, grooves, notches, mndents, detents, friction fit, or coupled

using any other suitable coupling mechamism. In some embodiments, the tab 3262 can be
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fixedly coupled to the locking pin 3260, for example, via adhesives. At lcast a portion of the
tab 3262 can be substantially flat.  Although the locking pin 3260 is shown as being
substantially cylindrical, in other embodiments, the locking pin can define a circular, oval,
square, rectangular, polygonal, or any other suitable cross section. The locking pin 3260 is
configured to be inserted through and/or within the through holes 3219 of the housing 3210,
such that at least a portion of the locking pin 3260 is disposed in the internal volume 3213

defined by the housing 3210,

~

{1287} The locking pin 3260 is configured t¢ be moved trom a first configuration (or
position) and a second configuration (or position). In the first configuration, the locking pin
3260 1s 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 adjustment member 3230, In
the first configuration, the locking pin 3260 is configured to prevent a rotation of the
adjastinent member 3230 relative to the housing 3210, and thercby, the lead screw 3242
Thus, when the locking pin 3260 is in the first configuration, movement of the puncturing
member 3240 along the longitudinal axis Az of the system 3000 distally relative to the
medicament containment chamber 33180, for cxample, because of the rotation of the
adjustment member 3268, is limited. In a second configuration, the aser can pull the tab
3262 and thercby the locking pin 3260 out of the through holes 3219 and the internal volume
3213. Thus, in the second configuration the adjustment member 3230 can be free to rotate
relative to the housing 3210, and thus move hnearly along the longitudinal axis Ap, for
example, to advance a length of the puncturing member 3240 from a distal end 3274 of the
hub 3270. Said another way, the locking pin 3260 can sorve as a safety mechanism to
prevent accidental activation of the needle 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 proximal portion 3272 and a distal portion 3274, The
proximal portion 3272 is configured to be coupled 1o the distal portion 3214 of the housing
3216 {or any other housing detined hercin) using any suitable coupling mechanism, for
cxample, friction-fit, threads, snap-tit, notches, grooves, indents, detents, any other suitable
coupling mechanism or combination thercof. The hub 3270 defines a lumen 3276
therethrough. At lcast a portion of the puncturing member 3240 {or any other puncturing
member described herein) can be disposed in the lumen 3276, and can be configured to

advance through the lumen 3276 out of the distal end 3274, The distal end 3274 of the hub
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3270 s substantally flat, and is configured to contact an outer surtace of the conjunctiva of
the eve. Although the hub 3270 is shown and described as having a flat distal end {or
“contact”) surface, in some cmbodiments, a distal portion of a hub can define substantially

convex or curved surface, as described 1o further detail berein.

{1249} In operation, the needle assembly 3200 is configured to allow a user to adjust a
length of the punctiwing member 3240 emerging from the distal end of the hub 3270, FIG.
32 shows a perspective view of the needle assembly 3200 and FIG. 33 shows a cross-section
of the needle assembly 3200 taken along the line 33-33. While shown as including the hub
3270, any other hub can be coupled to the distal end 3212 of the housing 3210, for example,
the hab 7270, 8270, 9270, or any other heb described herein. The proximal portion 3232 of
the adjustment member 3230 can be coupled to the delivery portion 3314 of the medicament
containment chamber 3310, In a first configuration, a first fength of the puncturing member
3240 can be protruding from the distal end S274 of the hab 5270, {or example, about 850
microns. This information can be commuonicated fo the user via the markings 3236 visible to
the user through the window 3216, At least a portion of the bearing 3220 is disposed in a
first indent 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 biasing
member 3221, and prevents any inadvertent rotation of the adjustment member 3270, thus
maintaining the posttion of adjustment member 3230, In the first configuration, the
puncturing member 3240 can protrude a known distance from the distal end 3274 of the hub,

for example a length of about 850 microns.

{1218} To enable actuation of the needle assembly 3200, the user can remove the locking
pin 3260 by pulling on the tab 3262 to remove the locking pin 3260 from the housing 321
The user then disposes the distal end 3274 of the hub 3270 against the outer surface of the
conjunictiva of the eve, which results jo the inifial length of the puncturing member 3240
being mserted mte the eye. Similarly stated, the user can apply a distal force on the system
3000 such that a distal end of the puncturing member 3240 pierces the conjunctiva and is
disposed n an ocular tissue layer below the conjunctiva, for example, the sclera. The user
can then determine, using any suitable technique, if a distal end of the puncturing member
3240 is within or otherwise near a target layer, for example, the SCS of the eye. In some
embodiments, the user can determine that the distal end of the puncturing member 3240 is not

i a target layer of the eye, for example, the SCS. For example, in some embodiments, a

N
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relative thickness of the ocular tissue layers can be known to the user via prior visualization
techniques.  In other cmbodiments the system 3000 can include an injection assembly, for
cxample, the injection 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 is not in the target layer, as described before herein. More particularly,
becausc the imjection assembly provides an “injection assist” force within a predetermined
range, when the ond of the puncturing member 3240 has not reached the SCS, actuation of
the mjection assembly will not result in movement of the pluog within the medicament
containment chamber. Thus, the user will receive feedback that the puencturing member 3240

is not in the target region {i.e., by not secing any movement of the plug).

{1211} To move the needle assembly 3200 to a sccond contfiguration, the user can apply a
first torque to rotate or otherwise twist the medicament containment chamber 3310 such that
the adjustment member 3230 rotates relative 1o the housing 3210 about the longitudinal axis
Ay, The first torque can urge the bearing 3220 to slide out of the first indent 3238 such that
the adjustment member 3230 is free to rotate by application of a second torgue substantially
smaller than the first torque. The rotation of the adjustment member 3230 wrges the lead
screw 3242 to also rotate in the bushing 3250. Since the bushing 3250 is fixedly disposed in
the internal velome 3213 of the housing 3210, the lead screw 3242 translates linearly along
the longitudinal axis Ar. This urges the puncturing member 3240 to alse translatc and
advance deeper into the ocular tissue layers. The adjustinent member 3230 can be rotated
until the bearing 3220 approaches a second indent 3235 of the sct of the indents 3235, At
lcast a portion of the bearing 3220 moves into the second indent 3235 and thus prevenis
further rotation of the adjustment member 3230 by the second torque. Each jndent 3235 can
correspond to 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 a
protrusion length of the puncturing member 3240 of about 950 microns. A third indent 3235

can correspond to a protrusion length of the puncturing member 3240 of about 1050 microns,
andd so on. Thus, 1n some embodiments, each indent 3235 can correspond to a difference in
protrusion length of the puncturing member 3240 of about 100 microns. Since, in the second
configuration, the bearing 3220 i< disposed 1o the second indent 3235, the adjustment
member 3230 can no longer be rotated by application of the second torque. The user can now
apply a third torque, greater than the second forque (c.g., substantially equal to the first

torque) to further rotate the adjustment member 3230, thercby increasing the protrusion
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length or otherwise insertion depth of the puncturing member 3240. In this masner, the
ncedle assembly 3200 can serve as a digttal length adjostment mechanism to allow the user to
adjust a protrusion length or otherwise nsertion depth of the puncturing member 3240 in
discrete increments, reliably and repeatably.  Forthermore, the different torgues requived for
rotation of the adjustment member 3240 at different positions of the bearing 3220 relative 1o
the indents 3235, also provide a tactile feedback to the user in adjusting the protruding length

or otherwise inscrtion depth of the puncturing member 3240

{1212 In some cmbodiments, a device includes an adjustment member configured to
move relative to a hub and/or a puncture member. Moreover, although being described above
as transittonable between a first configuration and a seccond configuration, in some
embodiments, an adjustment member can be {ransitionable between any number of
configurations and/or positions. For example, FIGS. 34-36 are schematic illustrations of a
portion of a delivery device according to an embodiment. As shown in FIG. 34, 3 hab 4270
is coupled o a punciure member 4240 and an adjostment member 4230. The hub 4270 has a
proximal end portion 4271 and a distal cod portion 4272, The proximal cod portion 4271 can
be physically and fluidically coupled to a 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 imjector described hercin).  Although not shown in FIGS 34-36, the proximal end
poriion 4271 of the bub 4270 can be coupled to a housing of a delivery device using any
suitable coupling method such as, for example, a press fit, a snap {it, a threaded coupling, a
Luer connection, a mechanical fastener, an adhesive, and/or the like. In other embodiments,
the hub 4270 can be monolithically formed with a housing of a delivery device. For example,
the hub 4270 can be included 10 and/or form distal end portion of a housing {e.g., the medical
containment chamber 1310, 2310, 3310, or any other medical containment chamber described
herein}. Thus, an inner volume of the hub 4270 can be placed in fluid communication with a
drug formulation contained within a fluid reservoir {c.g., a medicament container or the lke

not shown in FIGS. 34-36).

{1213} As shown in FIG. 34, the distal end portion 4272 of the hub 4270 includes a
substantially elongate portion that includes a set of annular walls 4274, As described in
further detail herein, the annular walls 4274 have an cuter surface 4275 that inchudes and/or

forms a set of threads 4277 that are configured to engage a portion of the adjustment member

4230, The annular walls 4274 define a lumen 4276 that extends through the distal end

hYY
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portion 4272 of the hub 4270. The lumen 4276 is configired to receive a portion of the
puncture member 4240 to physically and fluidically couple the punctire member 4240 to the

hub 4270.

{1214} The puncture member 4240 (also referred to herein as “micronecdle™ can be
configured to punctare and/or penetrate a portion of the eye to deliver a drog formulation to,
for example, the suprachoreidal space. In some embodiments, the puncture member 4240
can be a 32-gavge microncedle or a 34-gauge microneedle. The microneedie 4240 has a
proximal cnd porfion 4242 and a distal end portion 4244, and defines a lumen 4241, As
shown in FIG. 34, the proximal end portion 4242 is disposed within the lumen 4276 of the
hub 4278, For example, in some embodiments, the hub 427 can be over-molded about the
proximal end portion 4242 of the ponctore member 4240. In other embodiments, the hub
4270 and the puncture member 4240 can be monolithically formed {e.g., the punctusrc
member 4240 can be a microcatheier or the like that is unitarily formed with the bub 4270).
Therefore, with the hub 4270 physically and floidically coupled to a housing or fluid
reservolr {as described above), the lumen 4241 of the puncture member 4240 can be placed in

fluid conmmunication with a drug formulation contained therein.
S

{1215} As described above, the tlumen 4241 of the puncturc member 4240 cxtends
through the proximal end portion 4242 and the distal end portion 4244, In this manner, the
humen 4241 can be placed in fluid commumication with a volume substantially oudside the
microncedie 4240.  The distal end portion 4244 can be any suitable shape, size, or
configuration. For example, 1 somc embodiments, the distal end portion 4244 can form a
bevel or the like. In some embodiments, the distal end portion 4244 can be substantially
similar to or the same as those described in the ‘009 PCT application incorporated by
reference above. In this manner, the distal end portion 4244 of the puncturc member 4240
can be configured to pierce an ocular tissuc while minimizing deformation of the tissuc at the

msertion site.

{1216} As shown, the microneedle 4240 exiends from the distal end portion 4272 of the
hub 4270 i the distal direction. In this manner, the microneedie 4240 can have a shaft length
H between a distal edge 4245 of the puncture member 424{) and a distal surtace of the hub
4270. The shaft length H can be any suitable length. For example, in some embodiments,
the shaft length H can substantially correspond to at least a portion of the eye. In some

cibodiments, the shaft length H can be such that when the microneedle 4240 is inserted into
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the eye, the distal end portion 4244 of the microncedie 4240 is disposed within the
suprachoroidal space without puncturing the choroid. By way of example, the shaft length H
of the micronecdle 4240 can be about 1000 pum or less, about 800 wm or less, about 850 pm
or less, about SO0 wm or less, about 750 um or less, about 700 um or less, about 650 um or
less, or about 600 pm or less. In some embodiments, the shaft length H of the microneedie
4240 can be about 750 wm.  In other embodiments, the shaft length of the microneedie 4240

can be about 800 pm, or about 850 pm, or about 900 w, or about 950 um, or about 1 mi.

{1217} The adjustment member 423{ can be any suitable shape, size, or configuration and
can be movably disposed about a portion of the hub 4270 and the puncture member 4240.
The adjostment member 4220 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 tner surface 4235 includes and/or forms a set of threads 4237 that can matingly cngage
the threads 4277 of the hub 4270 (described above). In this manner, the distal end portion
4272 of the huob 4270 can be movably disposed within a portion of the opening 4236, For
cxample, with the distal cnd portion 4272 of the hub 4270 disposed within the portion of the
opening 4236, the adjustment member 42230 can be rotated refative to the hub 4270 to
advance the threads 4237 of the adjustinent member 4230 along a length of the threads 4277
of the hub 4270. Thus, the adjestment member 4230 can be moved between a first position
relative to the hub 4270 {c.g., a distal position, sce e.g., FIGS. 34 and 35) and a sccond
position relative to the hab 4270 (e.g.. a proximal position, see ¢.g., FIG. 36). Moreover, the
adjustment member 4230 can be moved to any number of different positions relative to the

hub 4270.

{1218} The arrangement of the hub 4270, the adjustment member 4230 and the punctuzre
member 4240 1s such that a portion of the puncture member 4240 is disposed within the
opening 4236 detined by the adjustment member 4230 while the distal end potrtion 4244 of
the puncture member 4240 extends beyond a distal surface 4234 of the adjustiment member
4230. For example, as shown in FIG. 34, the distal end portion 4244 of the puncture member
4240 can extend a distance D) (also referred to as an effective length of the puncture member
310) from the distal surface 4234 of the adjustiment member 4230, Similarly stated, the distal
edge 4245 of the puncturc member 4240 is spaced apart from the distal surface of the
adjustment member 4230 by the distance . Thus, when the adjustment member 4230 is

moved a given distance relative 1o the hub 4270, the effective fength of the puncture member
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4240 (i.e., the distance D)) is changed by a corresponding distance. By way of exanple,
while the adjustment member 4230 is in the first position relative to the bub 4270 (e.g.. the
distal position}, the distance D can be, for cxample, 350 pm and when the adjusiment
member 4230 15 moved to the second position relative to the hub 4270 (e.g., the proximal
position), the distance Dy can be increased to, for example, 650 wn. In other embodiments,
the distance D: can be increased to. for example, 300 wm. S50 um, 600 ron, 700 um, 750 pum,

RO0 pum, 850 pm, 900 w, 950 um, or any suitable fraction thercof.

{1219} As shown in FIGS. 35 and 36, in use, a user {¢.g., a doctor, technician, nurse,
physician, ophthalmologist, cte.) can manipulate a delivery device (not shown) to insert the
puncture member 4240 into, for example, a portion of the eye 10. In this manner, the distal
end portion 4244 of the puncturc member 4240 can be advanced through a portion of the
sclera 20 until the distal surface 4234 of the adjustment member 4230 1s placed in contact
with an outer surface of the sclera 20, With the adjustment member 4230 in the first
configuration, the distance D; {e.g., the first distance} between the distal surface 4234 of the
adjustment member 4230 and the distal edge 4245 of the puncturc 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 member 4230 s in the first
configuration, the distance D (FIG. 34) between the adjusiment member 4230 and the distal
edge 4245 can be about 450 um.  in other embodiments, the distance D) when the adjustient
member 4230 is in the first configuration can be about 350 yun, 400 um, 500 um, S50 pm,
600 wm. 650 um, 700 pwm, 750 pm, or any fraction thercbetween. In still other embodiments,
the distance Dy when the adjustment member 4230 is in the first configuration can be less
than 350 wm. In this manner, the distal edge 4245 of the puncture member 4240 can be
disposed within the sclera 20, as shown in FIG. 35. While shown in FIG. 35 as being
disposcd 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.

{1228} The adjustment member 423{ can be moved from its first position relative to the
hub 4270 to its second position relative to the hub 4270 to 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 (FI1G. 35) to a second distance, as shown i FIG. 36, For example, in
some cmbodiments, a user can manipulate a grip portion {¢.g., a textured tinish and/or a sct of

handles, nibs, detents, grooves, etc.) of the adjustment member 4230 to rotate the adjustment
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member 4230 refative to the hub 4270, as ndicated by the arrow AA in FIG. 36, In this
manner, the threads 4237 of the adjustment member 4230 are advanced along a length of the
threads 4277 of the hub 4270, Thus, the hub 4270 is moved in a distal direction relative to
the adjustment member 4230 such that the adjustment member 4230 is placed its sccond
position relative to the hub 4270, as indicated by the arrow BB in FIG. 36. The movement of
the adjustment member 4230 can be performed at any suitable time, i.c., either before or

while the puncture member 4240 is disposed within the sclera 20.

{1221} Expanding further, by rotating the adjustment member 4230 relative to the hub
4270 (as indicated by the arrow AA), the adjustment member 4230 1s placed 1 its second
position relative to the hub 4270. Thas, with the adjustment member 4230 in the second
position, the distance Ty (FIG. 34} is incrcased between the distal surface 4234 of the
adjustment member 4230 and the distal edge 4245 of the puncture member 4240 (c.g., to the
sccond distance). In some embodiments, the distance D) can be increased to about 600 pm.
In other embodiments, the distance D3 can be increased to about 650 um, 700 um, 750 pm,
800 pm, 850 pm, 900 pm, 950 wu, 10006 pm, or any fraction thercbetween. In still other
embodiments, the distance D) can be increased to less that 600 pm (e.g., such as, for

example, In use on pediatric cyes).

{1222} As shown in FIG. 36, the distal movement of the hub 4270 can allow the distal
cnd portion 4244 of the puncturc member 4240 (e.g.. in a distal direction) to be moved
distally relative to the sclera 20 to place the huwmen 4241 of the punchire member 4240 in
fluid conununication with the suprachoroidal space 36. With the fumen 4241 of the puncture
member 4240 m fluid communication with the suprachoroidal space 36, a drug formulation
(contained within a fluid reservolr that is i fluid communication with the lumen 4241, for
example, as described above with reference to the medical injector 400 of FIGS. 19-20) can
be expelled through the humen 4241 of the puncture member 4240 and into the
suprachoroidal space 36 of the eye 10, In this manner, the drug formelation can flow within
the suprachoroidal space 36 1o be delivered to, for example, the posterior region of the cye
(e.g., the posterior region 14 of the eye 10 in FIG. 1), Moreover, with the adjustment
member 4230 in the second configuration, the distance between the distal surface 4234 of the
adjustment member 4230 and the distal edge 4245 of the puncture member 4240 {c.g., the

distance D), in F1G. 34) can be less than a combined thickness of the sclera 20 and the
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suprachoroidal space 36 sach that the distal end portion 4244 of the puncture member 4240

does not picree the choroid 2€.

{1223} In some embodiments, the relative position of the distal edge 4245 of the puncture
member 4240 within the cve can be localized (e.g., determined, realized, cte.) via any suitabic
method. For example, in some instances, the amount of force exerted to advance the distal
cdge 4245 of the puncture member 4240 through the sclera 20 can be greater than an amount
of force cxerted to advance the distal edge 4245 through the suprachoroidal space 36. Thus,
reduction in the amount of force that is exerted 1o advance the distal end portion 4244 of the
puncture member 4240 can indicate to a user the relative position of the distal edge 4245 of
the puncture member 4240 in the eye. [In some instances, imagining technigues {e.g.,
fluorascopy. X-ray Computed Tomography (CT) scans, or the like) can be used to provide an
mdication of the relative position of the distal edge 4245 with respect to the anatomy of the

target tissue.

{1224} Although not shown 1 FIGS. 34-36, in some embodiments, the hub 4270 and/or
the adjustment member 4230 can provide an indicator associated with the distance Iy
between the adjustment member 4230 and the distal edge 42435 of the puncture member 4244,
In some embodiments, the indicator can be a visual indicator such as a measuring scale or the
Like. For example, m some embodiments, the puncture member 4240 can include mdicia
{c.g., lines, markings. tic marks, ctc.) that represents a gradation of a lengih of the puncture
member 4240 assoctated with the distance ) between the distal surface 4234 of the
adjustment member 4230 and the distal edge 4245 of the puncture member 4240, In some
embodiments, the markings can represent distances of 100 suicrons or fess. In this manner, &
user can view the indicia to determine, for cxample, a change in the distance D) that would
otherwise be indeterminate. fn other embodiments, the adjustment member 4230 and/or the
hub 4270 can produce a audible or haptic indicator such as, for exanple, a “clicking” sound

or the like.

{1225} Although the adjustment member 4230 1s described above with reference to FIGS.
34-36 as rotating about the hub 4270 to change the distance {e.g., the distance D in FIG. 34}
between the distal surface 4234 of the adjustment member 4230 and the distal cdge 4245 of
the puncture member 4240, jn other embodiments, an adjustment member can be transitioned
relative to a hub in any suitable manner. For example, in some embodiments, an outer

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

member sequentially engage the protrusions of the hub.

{1226} FI1G. 37 is a schematic illustration of a portion of a delivery device according to an
embodiment.  As shown, a hub 5270 is coupled to a puncture member 5240 and an
adjostiment member S230. The hab S270 has a proximal end portion 5271 and a distal end
portion 5272, The proximal end portion $271 can be physically and fluidically coupled to a
fluid reservoir such as, for example, the medicament container 430 of the medical injector
400 deseribed above with reference to FIGS. 19-20, or any other medicament container
deseribed herein. Akthough not shown in FIG. 37, the proximal end portion S271 of the hub
5270 can be coupled to a housing {e.2.. a medicament container} of a delivery device using
any suitable coupling method such as, for example, a press fit, a snap fit, a threaded coupling,
a Luer connection, a mechanical fastener, an adhesive, and/or the like. In other
cmbodiments, the b 5270 can be moenolithically formed with a housing of a delivery
device. For example, the hub 5270 can be included 1 and/or form a distal end portion of a
housing (e.g., distal end portion 434 of the medicament container 430).  Thus, an imner
volume of the hub 5270 can be placed in fluid communication with a drag formulation
contained within a fluid reservoir {e.g., a medicament container), as described above with
reference to the hub 4270 of FIGS. 34-36. As shown in FIG. 37, the distal end portion 5272
of the hub 5270 can be a substantially elongate portion that includes and/or is formed from a
sct of annular walls 5274, As deseribed in further detail herein, the annular walls 5274 define
a lumen 5276 that extends through the distal end portion 5272 of the hub 5270. The lumen
5276 s configured to receive a portion of the puncture member 5240 to physically and

fleidically couple the puncture member 5240 to the hub 5270.

{1227} The puncture member 5240 {(also referred to herein as “microncedie™) can be

configured to puncture and/or penetrate a portion of the eye to deliver a drag fornndation 1o,
for example, the suprachorcidal space. The microncedle 5240 has a proximal end portion
5242 and a distal end portion 5244, and defines a humen 5241, As shown in FIG. 37, the
proximal end portion 5242 is disposed within the fumen 5276 of the hab 5270, For example,
in some embodiments, the bub 5270 can be over-molded about the proximal end portion 5242
of the puncture member 5240, In other embodiments, the hub 5270 and the puncture member

5240 can be monolithically formed {c¢.g., the puncture member 5240 can be a microcatheter

e
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or the like that is umtarily formed with the hub 5270). Therefore, with the hub S270
physically and fluidically coupled to a housing or fluid reservoir {as described above), the
lumen 5241 of the puncture member 5240 can be placed in fluid conununication with a drug

fornwulation contained thercin.

{1228} As shown, the microneedle 5240 extends from the distal end portion 5272 of the
hub $270 in the distal direction. In this manner, the nucroneedle $240 can have a shaft length
H between a distal edge 5245 of the puncture member 5240 and a distal surface of the hub
5270. In this manner, the puncturc member 5240 can be substantially similar to or the same
as the puncture member 4240 described above with reference to FIGS. 34-46. Thus, portions

of the puncture member $240 are not deseribed in further detail herein.

{1229} The adjustment member S230 can be any suitable shape, size, or configuration and
is transitionable between a first configeration and a second configuration. The adjostment
member 5230 is coupled to the distal end portion 5272 of the hub 5270, For example, in
some embodiments, the adjustment member S230 can be coupled to the hub 5270 via a press
fit, a snap fit, a threaded coupling, mechanical fastener, an adhesive, and/or the like. In other
embodiments, the adjustment member $23{ can be disposed about a portion of the puncture
member 3240 such that a portion of the adjustment member 5230 is in contact with the distal
end portion 5272 of the hub $270 {c.g.. adjacent to yet not coupled to the hub 5270). Tn this
manner, the hub 5270 and the puncture member 5240 can be reusable (after sterilization) and
can be temporarily coupled to a disposable adjusiment member 5230, In some cmbodiments,

he adjustoent member 5230 and the hub S270 can be monolithically formed. In some
embodiments, the adjustment member S230 can be over-molded about the distal end portion
5272 of the hub 3270. For example, in some embodiments, the hub 5270 can be formed from
a relatively rigid material such as a metal or hard plastic and can act as a substratc about
which the adjustent member 5230 is nwolded (e.g., from a relatively soft material such as an
clastomeric material, thermoplastic, rubber, silicone, or the hke). As shown in FIG. 37, when
the adjustment member 523{} is i the first configuration, the adjustment member 5230 has a
thickness T, In some embodiments, the thickness T of the adjustment member 460 can be,
for example, about 25 pm. SO pm, 100 o, 400 pm, or any swutable fraction therebetween. In
other embodiments, the adjustment member S23{ can have a thickness T, that is greater than
400 ym. To other embodiments, the overall thickness T, of the adjustment member 5230 can

be less than about 25 pm.
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{1234} The adjustment member 5230 is removably disposcd about a portion of the
puncture member S240. Morc specifically, the puncture member 5240 can extend in the
distal direction from the hub 5270 such that a portion of the puncture member 5240 extends
through the adjustment member 5230, For example, as shown in FIG. 37, the distal end
portion 5244 of the puncture member $240 can extend a distance (i.e., I or D3) from a distal
surface 5234 of the adjusiment member S230. Similarly stated, the distal edge 5245 of the
puncturc member 5240 is spaced apart from the distal surface 5234 of the adjustment member

5230 by the distance D, (also referred to as an effective length of the puncture member 5240).
As described above, the adjustment member 5240 can be transitioned between a first
configuration and a sccond configuration. Morc specifically, the first configuration can be
associated with the first thickness T of the adjustment member 5230 and the second
configuration can be associated with a second thickness T.. Thus, when the adjustment
member 3230 is moved from the tirst configuration to the second configuration {c.g., from
the first thickness T to the second thickness T2), the effective length of the puncture member
5240 between the distal edge 5245 of the puncture member 5240 and the distal surface 5234
of the adjustment member 5230 is increased by a corresponding distance {e.g., increased from
the first distance 1; to a second distance D1). Similarly stated, the nominal change in the
thickness from the first thickness Ty to the thickness T) substantially corresponds with {or is
the same as) the nominal change in distance from the first distance D, to the second distance
D;. By way of example, while the adjustment member 5230 is in the first configuration, the
first thickness T; can be, for example, 250 pm and the first distance 2 can be, for example,
about 450 ym. When the adjustiment member 5230 is moved to the second configuration, the
second thickness Ty of the adjustment member 5230 can be, for example, 100 pm and the

sccond distance Ds can be, for example, about 600 pm.

{1231} In vsc, a user {e.g., a doctor, technician, nurse, physician, ophthalmologist, ¢tc.)
can manipulate a delivery device (not shown) to insert the puncturc member 5240 into, for
exaniple, a portion of the eye {e.g., the eye 10 shown n FIG. 1). 1o this manuer, the distal
cnd portion 5244 of the puncture member 5240 can be advanced through a portion of the
sclera until the distal surface S234 of the adjustment member $230 is placed in contact with
an outer surface of the sclera. With the adjustment member 5230 in the first configuration,
the distance D, {e.g., the first distance} between the distal surface 5234 of the adjustment
member 5230 and the distal edge $245 of the puncturc member S240 can substantially

depend on and/or can be associated with the thickness of the sclera. For example, in some
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embodiments, when the adjustment member 5230 is in the first configeration, the distance Ds
between the distal surface 5234 of the adjustment member 5230 and the distal edge 5245 can
be about 550 pm. In other embodiments, the distance 32 when the adjustiuent member 5230
1s in the first configuration can be about 350 pm, 400 pun, 450 gm, 500 wm, 600 gm, 650 pun,
700 wm, 750 um, 300 pm, 850 wn, 200 um, 954 pm, 1000 pun, or any fraction therebetween.
In still other cmbodiments, the distance D» when the adjustment member 5230 is in the first
configuration can be less than about 350 pm.  In this manner, a distal edge 5245 of the
puncture member 5240 can be disposed within the sclera {e.g., the sclera 20 of the eve 10 in

FIG. 1),

{1232} The adjustment member 5230 can be moved from s first configuration {0 its
second configuration to increase the distance between the distal surface 5234 of the
adjustment member 5230 and the distal edge 5245 of the puncturc member 5240 from the
first distance D, to the second distance D5, For example, in some nstances, 3 user can exert a
force {cither directly or indirecily) on the hub S270 to advance the puncture member $240
rclative to the cye. With the distal surface 5234 of the adjustment member S230 in contact
with an outer surface of the sclera, the force exerted on the hub 5270 can be operable in
compressing the adjustment member S230 from the first thickness T; to the second thickness
T,. Thus, the adjustment member S23{ is placed in the second configuration and the distance
between the distal surface 5234 of the adjustment member 5230 is increased from the first
distance [ to the second distance Da. For example, 1 some instances, the second distance
D; can be about 600 um. In other embodiments, the second distance D can be about 650
g, 700 pm, 750 pm, 800 wm, 850 wm, 900 pwm, 950 wmw, 1000 um, or any fraction
therebetween.  In still other embodiments, the second distance [3: can be mncreased to less

than about 600 pm (e.g., such as, for example, in use on pediatric eyes).

{1233 Ag described above with reference to FIG. 36, the movement of the adjustment
member 5238 to the second configuration can be such that forther movement of the puncture
member S248 {e.g., in a distal direction) relative to the sclera places the lumen 5241 of the
puncture member 5240 in floid comoumication with the suprachoroidal space {e.g., the
suprachoroidal space 36 of the eye 10 in FIG. 1), Similarly stated, the increase in distance
from the first distance D; to the second distance Di can be sufficienily large to extend the
distal edge 5245 of the puncturc member 5240 through the sclera such that the humen 5241 is

placed in fluid communication with the suprachoroidal space. With the lumen 5241 of the
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puncture member 5240 in flaid commnonication with the suprachoroidal space, a drug
formulation (contained within a fluid reservoir as described above with reference 1o FIG. 36)
can be cxpelled through the lumen 5241 of the puncture momber 5240 and into the
suprachoroidal space of the eye. In this manner, the drug formulation can flow within the
suprachoroidal space to be delivered 1o, for example, the posterior region of the eve (e.g., the
posterior region 14 of the eyve 10 in FIG. 1. Morcover, with the adjustment member 5230 in
the sccond configuration, the distance between the distal surface 5234 of the adjustment
member 5230 and the distal edge 5245 of the puncture member 5230 (c.g., the second
distance D1) can be less than a combined thickness of the sclera and the suprachoreidal space
such that the distal cnd portion 5244 of the puncture member 5240 docs not picree the

choroid.

{1234} In addition to adjusting and/or coutrolling the effective length of the puncture
member 5240 1o enhance the likelihood that the tamen S241 15 placed in fhad communication
with the desired region of the target tissuc {c.g., the seprachoroidal space of the cye), in some
cmbodiments, the adjustiuent member 5230 {(and any of the adjustment members shown and
described herein) can form a substantially fluid-tight scal and/or a substantially hquid-tight
seal with the outer swrface of the target tissue (e.g.. the conjunctiva of the eve). In this
manncr, leakage of the injected medicament along the needle track during the injection cvent
can be reduced anddor climinated. Expaunding further, in some cmbodiments, the anatomy of
the target tissuc and/or the arrangement of the delivery device can be such that, i ase. a
portion of the opening of the lumen 5241 may be placed in fluid communication with the
suprachoreidal space 36 of the eye, while another portion of the opening of the lumen 5241
may be positioned within the sclera 20. Thus, when the drug formulation is conveved into
the eye via the puncture member S240, a portion of the drug formulation may be prone to
migrating away from the desired region (c.g., the suprachoroidal space 36} and out of the eye
via the necdie track. By forming a substantially fluid-tight seal and/or a substantially liquid-
tight scal, the adjustment member 5230 can produce an area of high resistance to flow, thus

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

{1235} Although the adjustment member S230 is described above as being constracted
from a relatively soft material, which can be well suited to forming a fluid-tight seal, in some
embodiments, the adjustment member 5230 can be constructed from multiple materials. For

exanple, 10 some ecmbodiments, the distal end surface 5234 of the adjustiment member S230
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can be constructed from and/or can include a fayer or portion constructed from a material
formulated to form a substantially fluid-tight scal with the outer surface of the target tissue

{e.g., the conjunctiva).

{1236} Although not shown in FIG. 37, in some embodiments, the adjustment member
5230 and/or the puncture member 5240 can include a locking feature that can be configured
to at least temporarily retain the adjustment member S230 in the second configuration. For
example, in some embodiments, the puncture member 5240 and/or hub 527{ can include one
or morc detents, grooves, profrusions, ctc. that can matingly cngage a portion of the
adjustment member $230 to retain the adjustment member $230 in the second configuration.
More specifically, in some embodiments. the adjustment member 5230 can include a set of
protrusions (not shown) that extend from the adjustment member toward the puncture
member 5240, In such cmbodiments, the adjustment member 5230 can be moved to the
second configuration to decrease the thickness of the adjustment member (as described
above). In this manner, the protrusions can move along a surface of the puncture member
5240 while the adjustrent member 5230 is being moved to the second configuration. Once
the adjustment member 5230 is in the second configuration, the protrusions can matingly
engage a set of detents that can at least temporarily retain the protrusions therein. Thus, the
adjustment member 5230 can be at least temporarily locked in the second configuration. In
other embodiments, the adjustment member 5230 and the puncture member 5240 do not
include a locking feature and a user can exert a substantially constant force to retain the

adjostment member S23{ in the second configuration.

{1237} In some embodiments, the puncture member 5240 and/or the adjustinent member
5230 can include a visual indicator that is associated with the distance between the distal
surface 5234 of the adjustment member 5230 and the distal edge 5245 of the puncture
member 5240, For example, in some cmbodiments, the puncture member 5240 can include a
measurement indicator. In such embodiments, & user determine the distance between the
distal surface 5234 of the adjustment member 5230 and the distal edge S245 of the puncture

member 5240 by visually inspecting the measurement indicator.

{1238} FIG. 3% is a schematic illusiration of a portion of a delivery device according to an
embodiment.  As shown, a hub 6270 is coupled to a puncture member 6240 and an
adjostiment member 6230. The heb 6270 has a proximal end portion 6271 and a distal end

portion 6272, The proximal end portion 6271 can be physically and fluidically coupled to a
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fhuid reservoir such as, for example, the medicament container 430 of the medical injector
400 deseribed above with retercnee to FIGS. 19-20.  Although not shown in FIG. 38, the
proximal end portion 6271 of the hub 6270 can be coupled to a housing (¢.g., a medicament
container) of a delivery device using any suitable coupling method such as, for exanple, a
press fit, a snap fit, a threaded cogpling, a Luer connection, a mechanical fastener, an
adhesive, and/or the like. Tn other embodiments, the heb 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 fhuid communication with a drug
formulation contained within a fluid reservoir {c.g., a housing), as deseribed above with
reference to the hub 6270 of FIGS. 34-36. As shown in FIG, 38, the distal end portion 6272
of the hub 6270 can be a substantially elongate portion that includes and/or 1s formed from a
set of annular walls 6274, The annular walls 6274 define a lumen 6276 that extends through
the distal end potrtion 6272 of the hub 6270. The lumen 6276 is contigured to receive a
portion of the puncture member 6270 to physically and flaidically couple the puncture

member 6270 to the hub 6270.

{1239} The puncture member 6240 {(also referred {o hercin as “micreneedie”) can be
configured to puncture and/or penetrate a portion of the eye to deliver a drug formulation to,
for example, the suprachoroidal space. The micronecdle 6240 has a proximal end portion
6242 and a distal end portion 6244, and defines a lumen 6241, As described above, the
proximal end portion 6242 is disposed within the humen 6276 of the hub 6270. For example,
in some embodiments, the hub 6270 can be over-molded about the proximal end portion 6242
of the puncture member 6240. In other embodiments, the hub 6270 and the puncture member
6240 can be monohithically formed {e.g.. the puncture member 6240 can be a microcatheter
or the like that is unitarily formed with the hub 627(). Therefore, when the hub 6270 1s
physically and fluidically coupled to a housing or fluid reservoir (as described above), the
lumen 6241 of the puncture member 6240 can be placed 1o fiuid communication with a drug

formulation contained therein.

{1240} As shown, the microncedle 6240 extends from the distal end portion 6272 of the
hub 6270 in the distal direction. The microneedle 6240 has a shatt length H between a distal
edge 62435 of the puncture member 6240 and a distal surtace of the hub 6270, 1n this manner,

the puncture member 6240 can be substantially similar to or the same as the puncture
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member 6240 described above with reference to FIGS. 34-36. Thus, portions of the puncture

member 6240 are not described 1n further detatl herein.

{1241} The adjustment member 6230 can be any suitable shape, size, or configuration and
can be disposed about a portion of the hub 6270 and/or the punchire member 6240. For
exaniple, although some of the adjustment members are described herein as being monolithie,
in other embodiments, such as here, an adjustment member can be constructed from multiple
different components that arc joined together. In particular, the adjustment member 6230
includes a basc 623% and a sct 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
cant be removably coupled to the hub 6270 {e.g., via a press fit, a snap fit, a threaded
coupling, mechanical fastener, and/or the hike). In this manner, the bub 6270 can be reusable
(after sterilization) and can be temporarily coupled to a disposable adjustment member 6230,
In other embodiments, the basc 6238 can be fixedly coupled to the hub 6270 (e.g.. via an

adhesive, ultrascenic welding, and/or the like).

{1242} The set of layers 6239 is comprised of relatively thin strips that are sequentially
stacked on one ancther. More specifically, a first layer 6239 is removably coupled to the
base 6238 and cach subsequent layer 6239 is stacked on top of the preceding layer. In some
embodiments, the layers 6239 can be relatively thin strips of a self-adhering flexible material
such as sheets of polyethylene, polyvinyvlidene chioride. polypropylene, polyacrylate, or the
fike. In other embodiments, the layers 6239 can be at least teraporarily retained to each other
and/ot to the hub via an adbesive. In such embodiments, the layers 6239 can be retained by
onc or more adhesive material having varying adhesive strengths. For example, in some
embodiments, the adhesive strength between adjacent layers 6239 can increase from a first
adbesive strength between the distal-most layer and its adjacent laver and a sccond adbesive
strength between the proximal-most layer and its adjacent layer. In some embodiments, each
layer can be adhered to an adjacent layer by a wmque adhesive. In other embodiments, each
layer can be adhered to an adjacent laver by the same adbesive with, for example, varying
adhesive strengths. In yet other embodiments, the layers can be retained via a combination of
an adhesive and one or more self-adhesive material. In this manner, one or more layers 6239
can be removed from the set of layers 6239 to transition the adjustment member 6230 from

the first configuration to the second configuration. Morcover, by varying the propertics of
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the adhesive, the wser can more easily remove the desired layer(s) without madvertently

removing additional layers.

{1243} As shown in FIG. 38, cach layer 6239 has a thickness Tr. In some embodiments,
the thickness Ty, of cach layer 6239 can be, for example, about § pum, 10 oy, 20 py, 30 pm,
40 um, S0 pm, 100 wm, or any suitable fraction therebetween. In other cmbodiments, a layer
1239 can have a thickness T, that is greater than {30 pm. Althoogh each layer 6239 is shown
and described as having substantially the same thickness Ty, i other embodiments, the layers
6239 can have varying thickness. As shown in FIG. 38, the set of layers 6239 can have an
overall thickness T, that 15 the sum of the thicknesses Ty of each stacked layer 6239, For
example, 1n some embodiments, the overall thickness Ta of the set of lavers 6239 can be
about S0 pm, 10 po, 150 om, 200 wm, 250 pm, 300 om, 400 pum, SGO pm, 1008 wm, or any
suitable fraction therebetween. In other embodiments, the overall thickness Ta of the set of
layers 6239 can be less than aboot SO pm.  In still other embodiments, the overall thickness
Ta of the set of layers 6239 can be greater than about 1000 pm.  Although thrce removable
layers 6239 are shown in FIG. 38, in other embodiments, an adjustment member can jnclude
any suitable number of removable lavers (e.g., two lavers, four layers, five layers, six layers,

seven layers, eight layers, nine layers {en layers, or more).

{1244} As described above, the adjustiment member 6230 is disposed about a portion of
the hub 6270 and the puncture member 6270, More specifically, the puncture member 6240
can extend in the distal direction from the hub 6240 such that a portion of the punciure
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
puncturc member 6240 can extend a distance Dy from the outermost layer 6239 of the
adjustment member 6230 (also referred to as an effective length of the puncturc member
6240). Similarly stated, the distal edge 6245 of the puncture member 6240 is spaced apart
from a distal surface of the adjustment member 6230 {(e.g., the cutermost layer 6239} by the
distance . Thus, when a layer 6239 is removed from the set of layers 6239 of the
adjustment member 6230, the cffective length of the punctore member 6240 (e.g., the
distance D) is increased by a distance that substanually corresponds to the thickness Ty, of
the layer 6239 that was removed. By way of example, while the adjustment member 6238 is
m the first configuration {c.g., where all the layers included in the sct of layers 6239 arc

stacked), the distance 14 can be, for example, about 550 um and when the adjustment
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member 6230 1s moved to the second configuration {e.g., when one or more layers are
removed from the set of layers 62393, the distance Dy can be increased to, for example, about
650 um. In other cmbodiments, the effective fength of the puncture member 6240 can be
mereased to 600 um, 700 um, 750 um, 800 pm, 850 pm, 900 um, 950 pm, 1000 pm, or any

suitable fraction therebetween.

{1248} In use, a user {e.g., a doctor, technician, nurse, physician, ephthalmoloegist, etc.)
can manipulate a delivery device (not shown) to insert the puncture member 6240 into, for
example, a portion of the eve {e.g., the eve 10 shown in FIG. 1), 1n this manner, the distal
end portion 6244 of the puncture member 6240 can be advanced through a portion of the
sclera until an outermost layer of the set of layers 6239 included in the adjustment member
6230 is placed in contact with an outer surface of the sclera. With the adjustment member
6230 in the first configuration, the distance Ds (e.g., a first distance) between the outermost
layer 6239 of the adjustment member 6230 and the distal edge 6245 of the puncture member
6240 can substantially depend on and/or can be assoctated with the thickness of the sclera.
For example, in some embodiments, when the adjustroent member 6230 is in the first
configuration, the distance D4 between the outermost layer 6239 of the adjustment member
6230 and the distal edge 6245 can be about 450 pm. In other embodiments, the distance Dy
when the adjustment member 6234 is in the first configuration can be about 350 pm, 400 um,
500 pm, S50 um, 600 p, 650 pum, 700 wm, 750 wm, or any fraction therebetween. In still
other embodiments, the distance Ds when the adjustment member 6230 is in the first
configuration can be less than about 350 pm. In yet other embodiments, the distance Ds
when the adjustment member 6230 is in the first configuration can be greater than 75( pm.
fn this manner, a distal edge 6245 of the puncture member 6240 can be disposed within the

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

{1246} The adjustment member 6230 can be moved from its first configuration to its
second configuration {o increase the distance D. between the outermost layer 6239 of the
adjostment member 6230 and the distal edge 6245 of the puncture member 6240 from the
first distance to a second distance.  For cxample, in some embodiments, a user can
manipulate an engagement portion 6280 of one or more layers to remove (e.g., peel, tear,
shear, break away, eic.) the one or more lavers from the stack of lavers 6239 (i.c., the set of
lfayers). In this manuer, the overall thickness T, of the set of layers 6239 is reduced by the

combined thicknesses Tp of cach layer that 1s removed. Expanding further, by removing the
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one ¢r more layers, the overall thickness Ta of the set of layers 6239 is reduced, thereby
placing the adjustiment member in the second configuration. Thus, with the adjustment
member 6230 in the second configuration, the distance D 1s increased between the current
outermost layer (e.g., the outermost layer after removing the one or more layers) and the
distal edge 6245 of the punctuwre member 6240 (e.g., to a second distance}). In some
embodiments, the distance Dy can be increased to about 600 wm. In other embodiments, the
distance 14 can be increased to about 630 pmy, 700 um, 750 pm, 800 wm, 850 wm, 900 pm,
50 wm, 1000 pm, or any fraction therebetween. In still other embodiments, the distance D
can be increased to less than about 600 pm {e.g., such as, for example, in use on pediatric
cyes). By way of example, in some cmbodiments, the adjustment member 6230 can include a
sct of 10 layers 6239 with cach layer having a thickness of about 50 um. In such
embodiments, the distance Ds between the outermost layer 6239 and the distal edge 6245 can
be, for example, about 450 pun. In some instances, three layers can be removed from the set

of 10 lavers 6239 to increase the distance D4 to about 600 um.

{1247} In addition to adjusting and/or controlling the cffective length of the puncture
member 6240 (c.g., by manipulating a layer from the stack of lavers 6239) to enhance the
likelihood that the tumen 6241 is placed in fluid communication with the desired region of
the target tissue (c.g., the suprachoroidal space of the eye). in some embodiments, the
adjustment member 6230 (and any of the adjusiment members shown and described herein)
can form a substantially floid-tight seal and/or a substantially Liquud-tight seal with the outer
surface of the target tissue (e.g.. the conjunciiva of the eye). In this manner, leakage of the
injected medicament along the needle track during the injection event can be reduced and/or
climnated. Expanding further, in some cmbodiments, the anatomy of the target tissue and/or
the arrangement of the delivery device can be such that, in use, & portion of the opening of the
lumen 6241 may be placed in fluid communication with the suprachoroidal space 36 of the
eye, while another portion of the opening of the lumen 6241 may be positioned within the
sclera 20, Thus, when the drug formulation is conveyed into the eve via the puncture
memtber 62440, a portion of the drog formulation may be prone to migrating away from the
desired region (e.g., the suprachoroidal space 36} and out of the eye via the needle track. By
forning a substantially fluid-tight scal and/or a substantially liquid-tight scal, the adjustment
member 6230 can produece an areca of high resistance to flow, thus minmmizing and/or

eliminating the flow migration and/or leakage.
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{1248} 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
cmbodiments, the adjustient member 6230 can be construcied from multiple materials. For
cxample, in some embodiments, the adjustment member 6230 can include a set of fayers
6239 with a first layer constructed from and/or including a portion constructed from a first
material, and a second layer constructed from and/or including a portion constructed from a
second material different from the tivst material. Further to this example, at least a portion of
the first material and/or at least a portion of the second material can be constructed from
and/or can include a layer or portion constructed from a maferial formulated to form a

substantially tluid-tight seal with the outer surface of the target tissue (e.g., the conjunctiva).

{1249} Although not shown in FIG. 38, in some cmbodiments, the layers 6239 can
provide and/or include an indicator associated with the distance 134 between the outermost
layer 6269 and the distal edge 6245 of the punctare member 6230, In some embodiments, the
indicator can be indicia such as, for example, a value associated with the distance Dy {e.g.,
500 pm}. In other embodiments, the layers 6239 can be color coded with each fayer having a
different color and each color being associated with an ctfective length of the puncture

member 62440,

{1254} Although not shown in FIG. 38, in some embodiments, at least a portion of the
layers 6239 can be disposed, at least temporarify, within a howusing or the like. For example,
in some embodiments, the layers 6239 can be coupled to 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 housing can be movably disposed about the
base and can define a window through which the engagement portion 6280 of the layers 6239
can extend. Thus, a user can manipulate the cngagement portion 6280 of a layer 6239 to

emove the layer 6239 from the adjustment 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 outermaost
layer 6239, thereby allowing a shatt length of the puncturc member 6240 between the distal
edge 6245 and a distal surface of the housing to be increased. In some embodiments, the

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

{1251} As deseribed above with reference to FIG. 36, the increase in the distance Dy can

-

be such that forther movement of the puncture member 6240 (e.g.. in a distal direction)
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relative to the sclera places the lumen 6241 of the puncture member 6240 in fluid
communication with the suprachoroidal space {(¢.g.. the suprachoroidal space 36 of the eve 10
in FIG. 1), Similarly stated, the increase in the distance Dy can be sufficicntly large to extend
the distal edge 6245 of the puncture member 6240 through the sclera such that the lumen
6241 1s placed in fleid communication with the suprachoroidal space. Expanding further, by
removing the one or more layers from the set of layers 6239 of the adjustment member 623(),
the distance between the outermost layer 6239 of the adjustment member 6230 and the distal
edge 6245 of the puncture member 6240 {e.g., the distance Dy) is increased and the user can
maove the hub 6270 (e.g., cither directly or indirectly)} place the current outermost layer in

contact with the outer surface of the sclera.

{1252} With the Jomen 6241 of the punctere member 62440 in fluid communication with
the suprachoroidal space, a drug formulfation {contained within a thuid reservoir as described
above with reference to FIG. 36) can be expelled through the lumen 6241 of the puncture
member 6240 and into the suprachoroidal space of the eye. In this manner, the drug
formulation can flow within the suprachorotdal space to be delivered to, for example, the
posterior region of the eve (c.g., the posterior region 14 of the eve 10 m FIG. 1). Moreover,
with the adjustment member 6230 in 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

6244 of the puncture member 6240 does not picrce the choroid.

{12583} As described herein, a system, for example, the system 1000, 2000, 3000, or any
other system deseribed hercin, can include a hub, for example, the hub 3270, 4270, 5270, or
any other hub described heren. The hub can be configared to form a substantially fluid-tight
zone arpund the insertion site of a puncturing member (e.g., the puncturing member 324{ or
any other puncturing member described herein) into the eve.  For cxanple, in some
embodiments, a system can include a hub or contact surface configured to contact a surface
of a target tissue to produce the desired effects during medicament debivery (e.g., maintaining

a position of the conjunctiva, forming a seal or the like).

{1254} FIG. 39 shows an apparatus 7000 that imcludes a medical injector 7310, an
actuation rod 7320, a needle 7240, and a hub 7270, and optionally a needle adjustment
mechamism 7230. The system 7000 can be configured to deliver a medicament to a target

layer of an eye of patient, for example, 1o the SCS of the eye.
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{1258} The medical injector 7310 defines an internal volume 7316 configured {0 house a
medicament L (e.g., a VEGF, a VEGF inhibitor, triamcinolone acetonide, any other
medicament described herein or a combination thercof). The medical injector 7310 includes
an engagement portion 7312 and a delivery portion 7314 coupled to the needle adjustment
mechanism 7230, The medical injecior 7310 can be substantially similar to the medicament
containment chamber 13106, 2310, 3310, or any other medicament containment chamber

described bherein, and is therefore not described in further detai] hercin.

{1256} The actuation rod 7320 jocludes an engagement portion 7322 and a plunger
portion 7324, The plunger portion 7324 15 slidably disposed inside the internal volume 7316
defined by the medical injector 7310. The engagement portion 7322 is configured {0 be
engaged by the user and urge the plunger portion 7324 to slide within the internal volume
7316 defined by the medical injector 7310. For example, the user can apply a force in the
direction shown by the arrow F; on the engagement portion 7322 ¢ move the planger pottion
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, As shown, at least a portion of
the actuation rod 7320 can be disposed around and concentric with the medical injector 7310,
The phunger portion 7324 is configured to draw in the medicament L inte or expel the
medicament L from the internal vofume 7316 defined by the medical injector 7310, In some
embodiments, any other actuation rod can be included i the apparatus 7000, for example the

actuator 1320, 2320, 3320 or any other actuator described heren.

{12587} The needle 7240 defines the lumen 7241 and i contigured to pierce the eye and
debiver the medicament L into a target tissue of the eye. The needle 7240 can be substantially
similar to any of the puncturing members described berein, and is therefore not described in
further detail herein, In some embodiments, the needle 7240 can be a microneedle movably
disposed within a passageway 7276 of the hub 7270, as described herein. The necedle
adjastient mechamsm 7230 can be coupled to the delivery portion 7314 of the medical
imjector 731{} and a proximal end of the needie 724{}. In some embodiments, the peedle
adjustment mechanism 7230 is configured to move the necdle 7240 within the passageway

o

7276 such that a distal end portion of the needle 7240 extends {rom the distal end surface
7275 of the hub 7270 by a predetermined amount. For example, the needle adjustment
mechanisma 7230 canurge the needle 7240 to translate lincarly along the longitudinal axis Ay

and thereby adjust a length of the needle 7240 protruding through a distal end 7274 of the
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hub 6270. The necedle adjustment mechamism 7230 can be substantially similar to the
adjustment member 422, 3200, 4230, $230, 6230, or any other adjustment mechanism or

adjustment member described herein.

{1258} The bub 7270 is configured to be coupled to the medical injector 7230, The bub
7276 ncludes a proximal end 7272 and a distal end 7274, The proximal end 7272 15 coupled
to a distal end portion of the needle adjustment mechanism 7230, In some embodiments, the
proximal end 7272 can be coupled to a housing {not shown) which can be included in the
system 7000. The hub 7270 defines the passageway 7276 contigured to reccive at least a
pottion of the necdie 7240 thercthrough. In this manner, the needle 7240 is configured to
pass through the lomen 7276 and into the eye. The distal end surface 7275 of the hub 7270 s
configured to contact a target tissac {¢.g., the conjunctiva of the eye) when the medicament L
(or any other substance disposed within the medical injector 7230 is conveved through the
needle 7240 wnto the target tissue. In some embodiments, the distal end sorface 7275 of the
hub 7270 s configwred to deform the target surface {(e.g., the conjunctiva of the eve} 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 henuspherical shape
such that at least a portion of distal end surface 7275 defines a sealing portion 7277. The
sealing portion 7277 can be contigored to define a substantially fluid-tight seal with the target
surface when the distal end surface 7275 is in contact with the target surface. For example,
the distal end surface 7275 can deform the target surface such that the sealing portion 7277 1s
contiguous with the target swrface and forms the substantially fluid-tight seal. In some
cmbodiments, the scaling portion 7277 can be symunctric about a center Ap of the apparatus
7000 and hence the passageway. This can, for example, facilitate perpendicular approach of
the needle 7240 nto the target tissue {e.g., ocular tissue). Thus, the size of the insertion zone
can be minimized reducing damage. Furthermore, the needic 7240 can use the shortest path
to reach a target region of the target tissue (e.g., the SCS of the eyc). While shown as being a
cross-section, the hub 7270 can be substantially cylindrical, for example, have a circular
cross-section and such that the convex shape of the distal end surface 7275 resembles, for
cxample, a hemisphere. o such embodiments, the scaling portion 7277 can circumferentially
surround the needle 7240 to form a hemispherical substantially fhud-tight seal with the target

-1
!

surface. In some embodiments, only a small portion of the sealing portion 7277 surrounding

the needic 7240 needs to contact and form the substantially fluid-tight seal with the target

surface. For cxample, in some embodiments, only a small band of the scaling portion 7277
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surrounding the needle 7240 can contact and form the substantially fhuid-tight seal with the

target surface.

{1259} In some embodiments, the target tissue is an cye and the target suwrface is a
conjunctiva of the eyve. For example, FIGS. 40A-C shows a portion of an eye which includes
a conjunctiva C, the sclera S, the suprachoroidal space SCS {which can be the target laver),
and a retina R. As shown in FIG. 40A, in a first configuration, the distal end 7274 of the hub
7270 is in contact with a conjunctiva C of an eye and a distal end of the needle 7240 is
disposed in a sclera S of the eve. Further to this example, the curved shape of the distal end
surface 7275 of the hub 7270 can allow for a destred distribution of force(s) to be applied to a
portion of the eye, for example, the comjunctiva C. In some embodiments, the curved distal
end surface 7275 of the hub 7270 can create a taut spherical injection site. For example, the
hub 7274 can deform the conjunctiva C in a radial direction from the center point (i.c., away
from where the needle 7240 penetrates) when the system 7000 moves from the first
configuration to a second configuration {e.g.. the second configuration shown in FIG. 40B).
In this manner, the conjunctiva C can be moved into and/or held in a preferable position
during the injection. In some instances, this can reduce the puncturing forces to penetrate the
surface of the eye. In some embodiments, the “streiching” of the conjunciiva C can minimize
and/or eliminate any “bunching” of the conjunctiva C that may otherwise occur, and istead
can produce a surface fayer {(e.g.. conjunctiva) having a substantially constant thickuess. In
some instances, the hub 7270 can, at least temporarily, adhere to a portion of the conjunctiva
C. In this manner, the hub 7276 can cause movement of and/or stabilize at least a portion of
the conjunctiva C such that at least the portion of the conjunctiva C is in a preferable position

during the injection.

{1260} In some embodiments, the inserting of the needle 7240 into the target tissue (i.¢.,
the conjunctiva and the sclera) can be performed such that a conterline of the delivery
passageway and a surface line tangent to the target surface define an angle of entry of
between about 75 degrees and about 105 degrees. For example, as shown in FIG. 40D, a
centerline Cp of the lumen 7241 of the needle 7240 can define an insertion angle 0 with a
surface line tangent ST formed relative to the surface of the conjunctiva C. The insertion
angle 8 can be in the range of between about 75 degrees and about 105 degrees, inclusive of
all ranges therebetween. For example, in some embodiments, the insertion angle 6 can be

about 90 degrees. Said another way, the needle 7240 can be inserted nto the target tissue

K

o
f



WO 2014/179698 PCT/US2014/036590

(i.e., the comjunctiva C, and the sclera S) such that the centerline €y defined by the lumen
7241 of the necdic 7240 is substantially perpendicular or otherwise normal to the surface of
the target tissue. 1o this manner, the size of the inscrtion zone can be reduced thereby
minimizing injury and inflammation, which can be causcd by any lateral travel of the needle
7240 within the {arget tissue. Furthermore, normal insertion can also provide the shortest
path for the distal tip of the needle 7240 to rcach the target tissue {c.g., the SCS) thercby,

reducing the time required to reach the target fissue (¢.2., the SCS).

{1261} Referring back to FIGS. 40A-C, to initiate delivery of the medicament L the user
can apply a force > on the system 7000, for example, on the engagement portion 7322 of the
actuation rod 7320. The force Fy can urge the plunger portion 7324 to slide within the
internal volome 7316 of the medical injector 7310 proximally refative to the medical injecior
7310 and urge the system inte a sceond configuration.  While not shown, in some
embodiments, the system 7000 can include an injection assembly, for example, the injection
asscmbly 100, 214} or any other injection assembly described herein configured to exert the
force on the actuation rod 7320. Tn the scecond configuration, the hub 7270 is pressed against
the comjunctiva 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 S. Furthermore, at least a portion of the sealing portion 7277 defined
by the distal end surface 7275 is contiguous with the deformed surface of the conjunctiva C
such that the sealing poriien 7277 defines a substantially flaid-tight seal with the conjunctiva
C around the insertion site.  In somc embodiments, the sealing portion 7277 can be
substantially symmetrical about the centerline Gy of the needle 7240 (e.g., as shown in FIG.
40D). In some embodiments, only a civcular band of the sealing portion 7277 can contact and
form a substantially fluid-tight seal with the conjunctiva € surrcunding the needle 724¢.
However, in the second configuration, the distal end of the needle 7248 can still be proximal
relative to but not within the suprachoroidal space SCS, which can be the target layer for

delivery of the medicament L.

{1262} In some embodiments, the hub 7270 can be a rigid member that has a stiffness
substantially greater than the stiffness of the conjunctiva C {e.g., & siiffness substantially
similar to a stiffness of stainless steel). In such embodiments, application of the force F; only
deforms the conjunctiva C, without causing any substantial deformation of the hub 7270. o

some embodiments, the hub 7270 can have a stiffness that s intermediate to the stiffness of
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the conjunctiva C and the sclera S, In such embodiments, application of the force F; canurge
the hub 7270 to 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
thano the stiffness of the sclera S, further application of the force Fo will urge the distal end
surface 7275 of the hub 7270 to deform without any substantial deformation of the sclera S.
In this manner, the hub 7270 can prevent application of an cxcessive force from causing

damage to or otherwise deformation and/or picrcing of the internal layers of the cye.

{1263} In a third configuration shown in FIG. 40C, the user can then maintain the force
Fy and ncrease the length of the needle 7240 protruding into the cye, for example, using the
needle adjustment mechanism 7230, The length of the needle 7240 can be increased until a
distal tip or outlet of the needle 7240 is within or otherwise near the suprachoroidal space
SCS. The force Fa can further depress the distal end surface 7275 of the hub 7270 into the
conjunctiva C. This can urge substantially all of the sealing portion 7277 of the distal end

-
/q

surface 7275 to be contiguous with the conjunciiva C forther strengthening the substantially

fluid-tight scal. In this manuer, leakage of the injected medicament L. along the needle 7240
track during the injection cvent can be reduced and/or eliminated.  Expanding further, n
some embodiments, the anatomy of the target tissae and/or the arrangement of the system
7000 can be such that, in usc. a portion of the opening of the lumen 7241 of the needle 7240
may be placed in fluid communication with the suprachoroidal space SCS of the eye, while
another portion of the opening of the tumen 7241 may be positioned within the sclera S.
Thus, when the medicament L is conveyed into the eve via the needle 7240, a portion of the
medicament L. may be prone to migrating away ftrom the desired region, ie., the
suprachoroidal space SCS and out of the eye via the needle 7240 track. By forming a
substantiafly fluid-tight scal and/or a substantially hquid-tight seal, the hub 7270 can produce
an arca of high resistance to flow. thus minimizing and/or eliminating the flow migration

and/or lcakage.

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

suprachoroidal space SCS cxerted upon the needle opeming, but not the backpressure of the

)
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sclera S, In such embodunents, the user can insert the neadle 7240 into the sclera S as shown
m FIG. 40A and activatc the injection asscmbly. The injection asscmbly can pressurize the

medicament L but the backpressure of the sclera S can prevent the medicament L from

chvery into the sclera 8. As shown in FIG. 408, the user can continue the insertion of the
needle 7240, for example, by maintaining or increasing a magnitude of the force Fo. This can
urge the b 7240 to deform the conjunctiva C and initiate the formation of the thud tight
seal around the insertion site, as described herein. The force ¥y can be maintaived until a
distal end of the needle 7240 is within or near the suprachoroidal space SCS. The force
cxerted by the injection assembly on the medicament L can now overcome the backpressure
of the suprachoreidal space SCS thereby, initiating communication of the medicament L into
ot near the suprachoroidal space SCS as shown jn FIG. 40C. In this manner, the mjection
assemtbly can assist the user in determining the location of the distal end of the needle 7240
such that the medicament L is delivercd substantially only to the target layer (i.e., the
suprachoroidal space SCS). Furthermore, over excursion of the puncturing member 7240

bevound the suprachoroidal space SCS (i.¢., to the retina R) can be prevented.

el ]

{1268} In some embodiments, the needle adjustment mechanism 7230 can be used to
ensure delivery to the target layer. In such embodiments, the user can insert the needle 7240
into the sclera S as shown in FIG. 40A and activate the injection assembly to pressurize the
medicament L as described herein. While maintaining the force Fa, the user can use the
needle adjustment mechanism 7230 to advance the needle 7240 in predeternined increments
{c.g., about 100 pm increments) into the sclera S, for example, as deseribed herein with
reference to the needle assembly 422, 3200, or any other necdle assembly describe hercin, In
this manner, the needle adjustment mechanism 7230 can be used to advance the needle 7240
through the sclera 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  backpressurc  of the suprachoroidal space SCS  thercby, initiating
communication of the medicament L. into or near the suprachoroidal space SCS as shown 1
FIG. 48C. Thus, by allowing the user 1o advance the needle 7240 m known discrete
mcrements, the pecedle adjustment mechanism 7230 can assist the user in preventing over
excursion of the needle 7240 beyond the suprachoroidal space SCS (i.¢., nto the retina R). In
this manser, the injection assembly can assist the user in determining the location of the distal

-

end of the necdic 7240 sech that communication of the medicament into a fayer of the eve

other than the target fayer (i.e.. the suprachoroidal space SCS) can be prevented.

K
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Furthermore, the needle adjustment mechanism 7230 can assist the user i precisely
controlling the excursion length of the needic 7240, thereby climinating the use of cxcessive
foree and/or preventing over excursion of the needle 7240 bevond the target laver (ie.. the

suprachoroidal space SCS).

{12686} In some embodiments, the hub 7270 or any of the hubs deseribed herein can be
constructed from a relatively soft material, which can be well-suited to formng a fluid-tight
seal. For example. in some embodiments, the system 7000, or any other system described
herein can be uscd to deliver a medicament through the skin of a user {e.g., for intravenous or
mtramuscular delivery of the medicament). 1o such embodiments, the hub 7270 or any other
hub described herein can have a stiffness fess than the stratun corneurn that {orms the top
layer of the skin. The distal cnd surface 7275 of the huob 7270 or any other hub described
herein can deform about the stratum corneum as a foree is applied on the system 7000. In
this manuer, the sealing portion 7277 detfined by the distal end sarface 7275 of the hub 7270
can form a fluid tight seal around the stratum corneum thereby preventing leakage of the
medicament, an interstitial thad, and/or blood from the injection site.  In vet other
embodiments, the hub 7270 can be constracted from multiple materials.  For example, in
some embodiments, the distal end surface 7275 of the hub 7270 can be construcied from
and/or can include a layer or portion constructed from a material formulated to form a
substantially fluid-tight seal with the cuter surface of the target tissue (c.g., the conjunctiva

).

{1267} FIG. 41A and 418 show a finite clement analysis (FEA) model of the distal
portion 7274 of the hub 7270 compressed against the conjunctiva C of the eye. In this model,
a force of IN is exerted on the hub 7270, At this force, the conjunctiva C is compressed by

s}

about 2 mm, which is substantially cqual to the toral thickness of the conjunctiva C.

7

Furthermore, the conjunctiva C conforms arcund 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 substantially fluid-tight seal arcund the injection site of the necdle 7240. The hub
7270 was modeled as a rigid and inflexible member. However, the hub 7270 or any other
hub described herein can have any suitable stiffness based on the material used to form the
hub. In some cmbodiments, the hub 7270 or any other hub described herein can have a
stiffness substantially similar to the stiffncss of rubber, silicone. polymers, plastics {e.g.,

polyethylene, polypropylene, polycarbonate, pelytetrafiuoroethviene, lhigh  dessity
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polvethvlene, etc.), metals {¢.g., aluminum, stainless sicel, metal alloys, etc.}, or any other

material described herein.

{1268} FIGS. 42A-C shows a hub 8270, according to an embodiment. The heb &270
mcludes a proximal end portion 8272 and a distal end portion 8274, The proximal cund
portion 8272 can configured to be coupled to a distal end of a housing (c.g., a distal end 3212
of the housing 3210 of the needle assembly 3200, or any other housing described herein)
using any suitable coupling mechanism, for example, friction-fif, threads, snap-tit, notches,
grooves, indents, detents, any other suitable coupling mechanism or combination thercof.
The hub 8270 defines a passageway 8276 thercthrough. At least a portion of a necdle (e.g.,
the puncturing member 3244, the needle 7240, or any other puncturing member described
herein} can be disposed within the passageway 8276, and can be configered to advance
through the passageway 8276 out of the distal end 8274, The distal end 8274 of the bub 8270
includes a contact surface that is curved, and for example, defines a convex or hemispherical
shape. The contact surface of the distal portion 8274 is configured te (ie., has a size and/or
shape configured 1o} contact an outer surface of a conjunctive of the eyve and define a scaling
portion that forms a substantially thud-tight seal around the insertion zone of the puncturing
member 8240 into a target tissue, for example, the eye. Thus, the hub 8270 can prevent
leakage of the medicament, and/or bodily fluid from the insertion site, as described in with

o 1o Tl

respect to the hub 7270 included in the apparatus 7000,

{1269 In some embodiments, a bub can be substantially hollow and/or can define an
enfarged lumen therethrough.,  Referring now to FIGS. 43A-C, a hub 9270 includes a
proximal end portion 9272, a distal end portion 9274, and defines an internal volume 9275,
The proximal end portion 6272 can be configured to be coupled to a distal end of a housing
(c.g.. the distal end 3214 of the bousing 3214 included in the needle assembly 3200, or any
other housing ncladed i a needle assembly deseribed berein). For example, a portion of a
distal end of a housing (e.g., the housing 321} can be configured to slide into the internal
volume 9275, At feast a portion of a needle (e.g.. the puncturing member 3240, the needle
7240, or any other puncturing member described heremn) can be disposed 10 the internal
volume 6275, In some embodiments, at least a portion of a needle assembly, for example, the
lead screw 3242 included in the needle assembly 32000 or any cther component or any other
needle assembly, can also be disposed in the internal velume 9275, The distal end 9274 bas a

contact surface that is curved, for example, defines a convex or a bemispherical shape, such
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that the contact surface defines a sealing portion which can form a substantially fluid-tight
seal around the insertion zonc of the punctoring member {e.g., the punctaring member 3240,
or the needle 7240), as described with respect to the hub 8270. The distal cnd 9274 defines
an opening 9276 configured to enable at least portion of the puncturing member {c.g.. the

suncturing member 3240) to pass therethrough and into the ocular tissue of the eye.
g 8 3

{1274} In some embodiments, a hub can inclade one or more engagement structures that
cooperatively function to surround the punctare 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 a portion of the target tissue when placed mto contact with the target
tissue.  In such embodiments, the adjustment member can minimize “bunching” of the
surface tissue (e.g.. the conjunctiva). For example, FIGS. 44A and 44B are schematic
illustrations ot a portion ot a delivery device 10000 in a first configuration and a second
configuration, respectively, according 1o an embodiment. The delivery device 10000
inchides a hub 10270, a puncturc member 10240 {also referred to herein as a delivery
member or a needle) and an engagement assembly 10280, The engagement assembly 10280
meludes a first elongate member 10281 and a second elongate member 10285, The elongate
members 10281, 1028S can be any suitable structure configured to engage the target tissue
and deform {as described herein).  For example, in some cmbodiments, the first elongate
member 10281 and/or the sccond clongate member 10285 can be a thin structure {c.g., fecler
gauge, wire, elc.). In some embodiments, the first elongate member 18281 and/or the second
clongate member F028S can be any suvitable structure configured to grip, hold, and/or deform
a portion of the farget tissue {c.g., the conjunctiva). Although not shown, additional elongaie
members {or “sleds™) can be coupled to the hub 10270, For example, 10 some embodiments,
the hab 10270 can inclade three elongate members attached thereto.  In other embodiments,
for example, the hab 10270 can include more than three elongate members (e.g.. four, five, or

more clongate members) attached thercto.

{1271} As shown, a proximal cnd portion 10286 of the first elongate member 10281 is
coupled to the hub 10270, The first elongate member 10281 has a countact portion 10284
(e.g., the portion where the first elongate member 108281 can contact a portion of the eye 10
shown in FIG. 1, doring use}. The first elongate member 10281 has a distal end portion
10283, At least a portion ot the first clongate member 10281 can have a curved shape. The

curved shape, for example, can be such that the contact portion 10284 is configured to
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contact a portion of the eye (e.g., the conjunctiva) along a line tangent to a portion of the {irst
clongatc member 10281, Further to this example, the curved shape of the portion of the first
clongate member 10281 can allow for a desired distribution of force(s) to be applied to &
portion of the eyve during use. For example, in this manner the contact portion 10284 does
not contact the surface of the eye at a single point, but rather along a surface that is less likely

to punctere the cye.

{1272} A proximal cnd portion 10286 of a second clongate member 10285 is coupled to
the hub 10270. The second elongate member 10285 has a contact portion 10288 {e.g., where
the second elongate member 10285 contacts a portion of the eye 10 shown i FIG. 1). The
second elongate member 10285 has a distal end portion 10257, At least a portion of the
second elongate member 10285 can have a curved shape. The curved shape, for example,
can be such that the contact portion 10288 is configured to contact a portion of the eve {¢.g.,
the conjunctiva) along a line tangent to a portion of the second elongate member (285,
Further to this cxample, the curved shape of the portion of the second clongate member
10285 can allow for a desired distribution of force(s) to be applied to a portion of the eye, as

discussed above with respect to the first elongate member 10281,

{1273} When the delivery device 10000 is in a first contiguration, as shown in FIG. 444,
the distal cnd portion 10283 of the first elongate member 10281 and the distal end portion
10287 of the sccond elongate member 10285 are separated by a distance Al. Similarly, in
the first configuration, the contact portion 10284 of the fust elongate member 10281 and the
contact portion 10288 of the second elongate member 10285 are separated by a distance B1.
Moreover, when the delivery device 10000 is in the first configuration, the distal tip of the
puncturc member 10240 is spaced apart from the contact portion 10284 and/or the contact
portion 10288 by a distance C1 taken along a center linc of the puncture member 10240, as
shown i FIG. 44A. In some embodiments, the distal tip of the puncture member 10240 is
spaced apart from a line defined by the contact portion 10284 and the contact portion 10285

by a distance C1 taken along a center line of the punctore member 10244,

{1274} In vse, a uscer (e.g., a doctor, technician, nurse, physician, ophthalmologist, etc.)
can manipufate a delivery device 10000 to insert the puncture member 10240 iuto, for
exanple, a portion of the cye (e.g., the eve 10 shown in F1G. 1), In this manner, the user can
apply a distal force to move the delivery device 10000 from the first configuration to a

sccond configuration. Similarly stated, when the puncture member 1{240 is inseried into the

o0
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cye, 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 shown in FIG. 448, the distal end portion 10283 of the fust
clongate member {0281 and the distal end portion 10287 of the second eclongate member
10285 can be separated by a distance A2, A2 being greater than Al. In the second
configuration, as shown in FIG. 44B, the contact portion 10284 of the {irst elongaic member
10281 and the contact portion 10288 of the second clongate member 10285 can be separated
by a distance B2, B2 being greater than Bi. Morcover, when the delivery device 10000 is in
the sccond configuration, 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 C2 taken along a
center line of the puncture member 10240, as shown in FIG. 448, C2 being greater than C1.
In some embodiments, the distal tip of the punctore member 10240 is spaced apart from a
{ine defined by the contact portion 10284 and the contact portion 10288 by a distance C2
taken along a center line of the puncturc member 106240, C2 being greater than C1 when the

defivery device 10000 is m the second configuration.

{1275} In some embodiments, when the delivery device 10000 is moved from the first
configuration to the second configuration, the contact portion 10284 of the first clongate
member 10281 and the contact portion 10288 of the sccond clongate member 10285 can
cause a portion of the eve to move, or instcad, prevent a portion of the eye from moving.
Similarly stated, in some embodiments, the deformation of the first elongate member 10281
and/or the sccond elongate member 10285 can move {or alternatively maintain a position of)
a portion of the target tissue. For example, is some uses, at least one of the contact portion
13284 or the contact portion 10288 can contact the conjunctiva of the eye. In this manner, at
lcast onc of the contact portions 10284, 10288 can stabilize, hold steady, grip, stretch, or
mechanically fix a portion of the eye {¢.g., the conjunctiva} when the device is moved from

the first configuration to the second configuration.

{1276} In some cmbodiments, the contact portions 10284, 102&8 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 {i.e.. away
from where the puncture member 10280 penctrates) when the defivery device 10000 moves
from the first configuration to the second configuration. In this manner, the conjunctiva can

be held i a preferable position during the injection.  In some jnstances, this can reduce the

)
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puncturing force to penetrate the surface of the eye. In some embodiments, the “stretching”
of the conjunctiva can minimize and/or climinate any “bunching™ of the conjunctiva that may
otherwise occur, and instead can produce a surface laver (c.g., conjunciliva) having a
substantially constant thickness. In some instances, the contact portions 10284, 10288 can, at
{east temporarily, adhere to a portion of the surface layer (e.g., comunctiva). In this manner,
the contact portions 10284, 10288 can cause movement of and/or stabilize at least a portion
of the surface layer such that at {cast the portion of the surtace layer is in a preferable position

during the injection.

{1277 fn some embodiments, the clongate member 10281 and/or the elongate member
10285 can be attached to the hub 10270 in any suitable manner, as shown in FIGS. 44A and
44B. In yet other cmbodiments, the elongate member 1{2&1 and/or the clongatc member
10285 can be coupled fo an elongate member holder or intertace (not shown). The clongate
member holder can be coupled to the hub 10270. In some embodiments, 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 sleds can contain a plurality of different materials. For
example, the contact portion 10284 of the first elongate member 10281 may contain a
material not contained on a different portion of the first elongate member 10281, 1n some
cmbodiments, tor example, additional materials {e.2., a coating) can be applicd t0 any portion
of the clongate members 10281, 10285, Further to this exanmple, the additional material can
be contigured to increase or decrease friction between the elongate members 1021, 10288
and a surface layer {e.g.. conjunctiva), In some embodiments, a phuality of additional
materials can be applied to the clongaic members 1{12&1, 10285. Each additional material
(e.g., coating) from the plurality of additional materials, for example, can jnclude relatively

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

{1279} In somc embodiments, the elongate members 1028, 10285 can provide an
mdicator associated with at least one of the distance Al, A2, B, B2, Ci, and/or C2. In some
embodiments, the indicator can be a visual indicator such as a measuring scale, graduated
marking or the like. For example, in some embodiments, the first clongate member 10281
can include indicia (e.g., lnes, markings, tic marks, etc.). 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 sccond configuration. In yet another embodiment, the
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markings can represent a portion of the eye where the distal tip of the puncture member
10240 is located. For example, the markings can indicate whether the distal tip of the
puncture 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 puncture member 10240 (e.g., sclera, choroid, suprachoroidal space, retina, etc.), and
can further indicate a location within the termed location {(e.g., a location within the choroid).
In this manner, the markings can indicate, tor cxample, the location of the distal tip of the
punicture member 10240 relative to the sclera and/or the choroid when the distal tip is located

within the suprachoroidal space.

{1280} Akhough shown as including multiple, deformable elongatc members, in other
embodiments an engagement assembly and/or an adjustment assembly, for example, included
or coupled to a hub, can include a single deformable member. For exanmple, FIGS. 45A and
458 are schematic illustrations of a portion of a debivery device 11000, according to an
cmbodiment. Specifically, FIG. 45A illustrates a portion of a delivery device 11000 in a first
configuration and a second configuration (e.g., Ulustrated with dashed lines), and FIG. 458
ilustrates a bottom view of the portion of the delivery device 11000, The delivery device
11000 includes a hub 11270, a punctore member 11240 (also referred to herein as a delivery
member or a necdle) and an engagement member 1128{. The engagement member 11280

can be any suitable structure configured to cngage the target tissue.

{1281} As shown, a proximal portion 11282 of the engagement member 11280 is coupled
to the delivery device 11000, The engagement member 11280 is coupled to the delivery
device 11000 via the hub 11270, In yet other embodiments, the engagement member 11280
cant be coupled to an engagement member holder (not shown). The engagement member
holder can then be coupled to the hub 11270, The engagement member 11280 has a contact

portion 11284,

{1282} When the delivery device 11000 1s 1n a first configuration, as shown, in FIG. 454,
a portion of the contact portion 1284 of the engagement member 1280 is spaced apart from
the distal tip of the puncturc member 11240 by a distance Al taken along a center line of the
puncturc member 11240, o some cmbodiments, the distal tip of the puncturc member 11240
is spaced apart from a line defined by the contact portion 11282 of the cngagement member
{1280 by a distance Al taken along a center hine of the puncture member 11240, In use, a

user (c.g., a doctor, technician, murse, physician, ophthalmologist, etc.} can manipulate a
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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 in FIG. 1}, In this manncr, the user can apply a distal force
o move the defivery device 11000 from the first configuration to a sccond configuration.
Sinularly stated, when the puncture member 11240 is inserted into the eve, the engagement
member 11280 can move from the first configuration to the second configuration, as
illustrated by the dashed line in FIG. 45A. When the delivery device 11000 is in the second
configuration, as shown in FIG. 444, a portion of the contact portion 11284 of the
engagement member 11280 and the distal tip of the puncture member 11240 are separated by
a distance AZ (sec the distance indicated from the dashed fines), A2 being greater than Al.
In some cmbodiments, when the delivery device 11000 is in the second configuration, the
distal tip of the puncture member 11240 is spaced apart from a line defined by the contact

portion 11284 of the engag

fed

ement member 11230 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 cyve to move, or instead, prevent a portion of the eve from moving. Similarly stated, in
some embodiments, the deformation of the engagement member 11280 can move (or
alternatively maintain a position of} a portion of the target tissuc. For example. in some uses,
the countact portion 11282 of the engagement member 11280 can stabilize, hold steady, grip,
stretch, or mechanically fix a portion of the eye (e.g., the comjunctiva) when the delivery

device F1000 is moved from the first configuration into the sccond configuration.

{1284} Although the engagement member 11280 is shown and described above as
inclading a contact portion 11284 that is curved in a convex manner (i.¢., curved outwardly,
or in a manner that rescrbles an outer surface of a sphere), in other emboediments, a hub
and/or an engagement member can include a contact portion that is curved in a concave

manner (3.¢., curved inwardly, or in a manner that resembles an inner surface of a sphere).

{1285} In some embodiments, the engagement member 11280 can deform at a vanable
rate.  For example, the engagement member 11280 can provide variable resistance when a
user manipulates the delivery device 11000, In some embodiments, the engagement member
11280 can provide a hard stop (i.c., a user would be substantially prevented from further
inserting the puncture member {1240 into a portion of the eye). In yet other embodiments,

the engagement member 11280 can be configured to provide variable resistance based on its
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level of deformity. Tn this manner, the engagement member 11280 can be configured to
provide a first fevel of resistance when the puncturc member 11240 is in a first portion of the
cye and a sccond level of resistance when the puncture member 11240 is in a second portion
of the eye, the first level of resistance being different than the second level of resistance. in
some embodiments, for example, the first portion of the eye can be the sclera and the second

portion of the cye can be the suprachoroidal space.

{1286} In somc embodiments, the engagement member 11000 can provide an indicator
associated with at fcast one of the distance Al or A2 (i.c., the depth of penetration of the
puncture member 11240). In some embodiments, the ndicator can be a visual indicator such
as a measuring scale, graduated marking or the like. For example, in some embodiments, the
engagement member 11280 can include indicia (e.g., lines, markings, tic marks, etc.). In
some embodiments, the markings can represent a change in focation of the distal tip of the
puncture member 11240 from the first configuration to the second configuration. In yet other
embodiments, the markings can represent a portion of the eve where the distal tip of the
puncture member 11240 is located. For cxample, the markings can indicate whether the
distal tip of the puncture member 11240 is located 1 the sclera, choroid, suprachoroidal
space, or retina of the eye. For another example, the markings can indicate by the anatomical

term the location of the distal tip of the puncture member 11240 {c.g., sclera, choroid,

Ee.
suprachoroidal space, retina, ctc.) and can further indicate a location within the termed
location {e.g., a location within the choroid). In this manner, the markings can indicate, for
cxample, the location of the distal tip of the puncture member [1240 relative to the sclera

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

{1287} Although the engagement assembly 0000 is shown and described above as
including two or more clongate members having contact portions that are curved in a convex
mamer (1.c., curved outwardly, or in a manner that resembles an outer surface of & sphere),
other embodiments, @ hub, an engagement assembly and/or adjustment member can include a
centact portion or surface that 18 curved in a concave manner (i.c., curved inwardly, or in a
manner that resembles an inner surface of a sphere). Sinmilarly stated, 1n some embodiments,
a debvery device can include a hub, an engagement assembly and/or adjustment member
having a surface that is configured to engage. fit and/or conform to the surface of the target
tissuc (e.g., the eyc). As one example, FIGS. 46-47 are perspective views of a portion of a

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 mn conjunction with any of the
delivery devices shown and described herein.  The engagement momber 12240 includes a
proximal cnd portion 12281 and a distal cod portion 12282 and defines a lumen or

passageway therebetween.

{1288} The proximal end portion 12281 of the cngagement 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 FIGS. 45-46), or any other hub described herein, For cxample, in some embodiments, the
engagement member 12280 can be threadedly coupled to a hub to control an cffective length
of & punctore member (also referred to as a delivery member or needle) as described above.
In this manner, the engagement member 12280 can perform the function of a necdic

adjustment mechanism.

{1289} As shown in FIGS. 46 and 47, the distal end pottion 12282 of the engagement
member 12280 includes three contact members 12283, Fach of the contact members 12283
has a sorface that includes an verse-dimpled or “beaded” traction patiern 12284, The
contact members 12283 are configured to contact a surface of the target fissue (e.g., the
conjunctiva of the cye) during use to facilitatc insertion of a puncture member (not shown)
and/or injection of a drug formulation 1nto the target tissue. The distal end portion 12282 of
the engagement member 12280 and/or the contact members 12283 can be any suitable
structure configured to engage the target tissue (as described herein). For example, in some
cmbodiments, the distal end portion 12282 of the engagement member 12280 and/or the
contact members 12283 can be any suitable structure configured 1o grip, hold, and/or deform
a portion of the target tissue (e.g., the compunctiva of the cye). As shown, at least a portion of
the distal cnd portion 12282 and/or the contact members 12283 have a curved shape. The
curved shape, for example, can be such that the contact members 12283 are contigured to
contact a portion of the eye {e.g., the comunctiva) along a line tangent {0 a portion of the
contact members 12283, Forther to this example, the curved shape of the portion of the
contact members 12283 can allow for a desired distribution of force(s) to be applicd to a

portion of the eye.

{1294] In some embodiments, the contact members 12283 can create a taught spherical
injection site. For example, the contact members 12283 can deform in a radial divection from

the center point (i.e., away from where the puncture member penctrates) when the delivery
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device (not shown) moves from a first configeration to a second configuration.  In this
manner, the conjunctiva can be moved into and/or held in a preferable position during the
injection. In some nstances, this can reduce the puncturing forces to penetrate the surface of
the eye. To some cmbodiments, the “stretching” of the conjunctiva can minimize and/or
climimate any “banching” of the comjanctiva that may otherwise occur, and insicad can
produce a surface layer {c.g., conjunctiva) having a substantially constant thickness. In somc
wmstances, the countact members 12283 can, at least temporarily, adhere to a portion of the
surface layer {e.g.. the conjunctiva). In this manner, the contact members (2283 can cause
movement of and/or stabilize at least a portion of the surface layer such that at least the

portion of the surtace layer is in a preferable position during the injection.

{1291} In some embodiments, the engagement member 12280 (and any of the
engagement and/or  adjustment members shown and described  hercin} can form a
substantially fluid-tight seal and/or a sobstannally liquud-tight seal with the outer sarface of
the target tissue (¢.g., the conjunctiva of the eye). In this manner, leakage of the injected
medicament along the needle frack during the injection cvent can be reduced and/or
climinated. Expanding further, in some cmbodiments, the anatomy of the target tissue and/or
the arrangement of the dehivery device can be such that, in use, a portion of the opening of the
needle {not shown) may be placed in fluid communication with the suprachoroidal space
(e.g., suprachoroidal space 36 in FIG. 1) of the eye, while another portion of the opening of
the needie may be positioned within the sclera 20 {e.g., sclera 20 in FEG.1). Thus, when the
drug formulation is conveyed into the eye via the needle (not shown), a portion of the drug
formulation may be pronc to migrating away trom the desired region (e.g.. the suprachoroidal
space 36 in FIG. 1) and out of the cye via the needle track. By forming a substantially fluid-
tight seal and/or a substantially liguid-tight seal, the engagement member 12280 (c.g.. the
surface of the contact members 122%83) can produce an arca of high resistance to flow, thus

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

{1292} In some cmbodiments, the engagement member 12280 can be constructed trom a
refatively soft material, which can be well-suited to forming a fluid-tight scal. In yet other
2kl

embodiments, the engagement member {2280 can be constructed from multiple materials.

For cxample, in some embodiments, the contact members 12283 of the engagement member

matcrial formulated to form a substantially fluid-tight seal with the outer surface of the target
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tissue (e.g.. the conjunctiva). Although the contact members 12283 are shown and described
above as inchuding a beaded surface, in other embodiments, the contact members 883 can
include any suitable surface featurcs.  For cxample, as shown i FIG. 48, in some
cmbodiments, an engagement member 13280 can jnclude a serics of contact members 13283
having a smooth surface. As another example, as shown i FIG. 49, in some embodiments,
an engagement member 14280 can include a series of contact members 14283 having a
ridged and/or stepped surface. In other embodiments, for example, an engagement member

can include a contact member having a ribbed sorface (e.g.. similar to that shown in FIG. 52).

{1293} fn other embodiments, an engagement member and/or contact members can
mclude any combination of sueitable surface features. Tn this manncr, {or example. an
engagement member can inchude a first contact member with a smooth surface and a second
contact member with a ribbed surface. As another example, a contact member can include a

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

{1294} Although shown as including three contact members, in other embodiments, an
engagement member, hub and/or adjustment member can include any number of contact
members.  For example, FIGS. 30-5S are illustrations of delivery devices according o
varicus embodiments. fn particular, F1G. 50 1s a perspective view of an engagement member
15280 according to some embodiments. FIG. 51 is a perspective view of an engagement
member 16280 according to some embodiments. As shown, tor example in FIGS. 50 and 51,
in some cmbodiments, the cngagement member 15280, 16280 can include contact members
15283, 16283 that arc curved in a spherical manner. Further to this cxample, in some
embodiments, the contact member 15283 can include a dimpled surface (e.g.. FIG. SO). In
yet other embodiments, for example, the contact member 16283 can inclode a smooth surface
(e.g., FIG. 51). FIG. 52 is a perspective view of an engagement member 17280 according {0
some embodiments,  FIG. 53 is a perspective view of an engagement member 18280
according to some embodiments.  As shown, for example in FIGS. S2 and 53, in some
cmbodiments, the engagement member 17280, 18280 can include contact members 17283,
18283 that are curved in a planar mamer. Further to this example, in some embodiments, the
contact member 172823 can imclude a ribbed surface (e.g., FIG. 523, In vet other
embodiments, for example, the contact member 18283 can include a smooth surface {e.g.,
FIG 53). FIG. 54 shows a perspective view of the engagement member 18280 inuse with a

delivery device 18000 to engage an cye and/or deliver a medicament thereto, according to an
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embodiment. The delivery device can be similar to the delivery device 100, 400, 1000, 2000,
3000, 7000, or any other delivery device or medical mjector described hercin, FIG. 55 shows
a cross-scctional view of the perspective view shown in FIG. 54, The delivery device 18000
mcludes a3 hub 18270, a puncture member 18240 (also referred to herein as a delivery

member or a needle) and an engagement member 18280,

{1295} In use, a user (e.g., a doctor, technician, nurse, physician, ophthalmologist, etc.)
can manipulate the delivery device 18000 to insert the puncture member 182440 into, for
cxample, a portion of the eve {e.g., the eye 10 shown in FIG. 1), In this manner, the user can
apply a distal force such that puncture member 18240 is advanced distally relative to and/or
through the engagement member 18280 {e.g., as shown by arrow Fl along longitedinal axis
AA in FIG. 55). In this manncr, a portion of the puncture member 11080 can be advanced

through a portion of the eye.

{1296} In somc embodiments, a system for ocular injection can include any of the hubs
described herein andior a drug extraction device configured to matingly cngage with a
houosing and/or a medicament delivery container. For example, referring now to FIGS S6-71,
in seme embodiments, a system 19000 can include housing 19110, an actuator 19320, an
actuating member 19140, 2 medicament containment chamber 19310, a hub 19270, a necdic
19240, and a cap 19280, The system 19000 can be configured to deliver a substance, for

cxample, a medicament to a target tissue, for cxample, the SCS of an eye.

{1297} The housing 19110 (FI1G. 57) includes a first portion 19110a, and a second portion
19110b (collectively “191107) that can be coupled together to define an infernal region for
housing at least a portion of the medicament containment chamber 19310 and the actualor
19320, The housing 19110 ncludes a gripping portion 19112 to allow a user to grip the
housing 19110 between his tndex and middle finger. The housing 19110 also inclades ridges
19114 to allow easy gripping of the housing 19110 by the user. For cxample, the user can
grip the gripping portion 19112 with one hand and grip the ridges 19114 with the fingers of a
sccond hand during injection, for example, delivery of a medicament into a target tissue {e.g.,
ccular tissuc). In this manner, the user any sideways movement of the system 19000 during
medicament delivery can be reduced. A set of windows 19116 are defined in a sidewall of
the housing 19110, The sct of windows 19116 can be contigured to alfow the user to view
the intertor volume of the medicament containment chamber 19310, for example, to view a

level of 3 medicament remaining in the medicament containment chamber 19310, The
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housing 19110 also include a set of slots 19118, each slot configared to slidably receive a nib
19323 included in an engagement portion 19322 of the actuator 19320, such that the set of
slots arc configured to kecp the actuator 19320 aligned as the actuator 19320 is displaced

within the housing 19110 and the medicament containment chamber 19310.

{1298} As shown in FIGS. 57 and $8, the actuator 19320 includes an engagement portion
19322 and a plunger portion 19324, The engagement portion 19322 mcludes a set of ribs
19323 slidably disposed in the set of slots 19118 of the housing 19110, as described betore.
A portion of the engagement portion 19322 is disposed in a cavity 19146 defined by the
actuating member 19140 (sce, e.g., FIG. 62).  The plunger portion 19324 includes a
protrusion 19327 disposed on a distal end of the actuator 19328, The protrusion 19327 can
be configured to be disposed in a recess 19335 detined by a plug 19328 with close tolerance
(e.g.. triction fit), as described herein. The plug 19328 (FIGS. 59-60) is disposed in the
internal volume 19316 defined by the medicament containment chamber 19310, The plug
19328 includes a proximal end 19332 coupled to the plenger portion 19324 of the actuator
19320 and a distal end 19334 in fluid communication with a medicament or any other liquid
disposed in the internal volunmce 19316 defined by the medicament containment chamber
19310. The plug 19328 can be made of a rigid but soft material, for example, rubber, and
inclades the recess 19335 configured to receive the protrusion 19327 of the actuator 19320
with close tolerance (e.g., friction fit). The plug 19328 includes a first sidewall 19336a and a
second sidewall 19336b (colectively referred to as the “sidewalls 19336) in contact with a
sidewall of the internal volume 19316 of the medicament containment chamber 19310, The
sidewalls 19336 form a substantially fluid-tight seal with the sidewalls of the jnner volume
19316 defined by the medicament containment chamber 19310, In this manner, the plug
19328 can prevent leakage of the hquid medicament from the internal vohune 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.

{1299} The acteation member 15140 (FIGS. 61-62) includes a depression 15142, shaped
to conform to a thumb of a user, for example, to allow easy displacement of the actuating
member 19140 by the wser. The actuating member 19140 also includes ridges 19144
configured to allow easy gripping of the actuating member 19140, for example, when loading
a medicament into the medicament containment chamber 19310, The actuation member

19140 also ncludes a cavity 19146, configured to shdably receive a portion of the
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engagement portion 19322 of the actuator 19320 with close tolerance (e.g., friction fit). In
some embodiments, the actuating member 19140 can be configured to be engaged by the user
to manuvally move the plunger portion 19324 of the actuator 19320 within the internal volume
19316 of the medicament containment chamber 19310, In some embodiments, the actuating
member 19140 can be included 1n an injection assembly, for example, the injection assembly
100, 2100, or any other injection assembly described herein, that can be included in the
system 19600,  The actuating member 19140 can be configured to activate the injection
assembly, for example. to release and/or move the actuator 19320 such that the plonger
portion 19324 moves within the internal volume 19316 and expels at least a portion of the

medicament through the needle 19240 (e.g., into the SCS of the eye).

{1300} As shown in FIGS. 63-65, the medicament containmeni chamber 19310 defines an
mternal volume 19316, configured to house a medicament. The medicament containment
chamber 19310 includes a delivery portion 19324, A first set of threads 19318a and a second
set of threads 19318b (FIG. 63} are formed on an outer wall of the delivery portion 19314
Said another way, the outer wall of the delivery portion 19314 jnclades double-start threads.
The threads 19318 are configured to allow coupling of the medicament containment chamber
19310 to a coupling portion 19272 of the hub 19270. In some embodiments, any other hub,
an injection site marker, for example, the injection site marker 2028( deseribed below, 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 a first cavity
19315 configured to receive an engagement portion 19273 (¢.g.. a nozzle) of the hub 19270,
such that a fluidic channel 19317 included in the delivery portion 19314 is w flud
communication with a first fluidic channel 19277 included 1n the engagement portion 19273
of the hub 19270, The medicament containment chamber 19310 also includes a second
cavity 19313, The engagement portion 19322 of the actuator 19320 is disposed within the
seccond cavity 19313 and is configured to be slidably displaced within the second cavily

19313,

{1381} As shown i FIGS. 66-67, the hub 19270 includes an engagement portion 19273,

a coupling portion 19272, and a delivery portion 19274, An mner sidewall of the

engagement portion 19273 and an outer sidewall of the coupling portion 19272 detine a
recess 19275 configured to reccive the delivery portion 19314 of the medicament

containment chamber 19310, The mmer sidewall of the coupling portion 19272 wmchudes
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threads 19278, configured to engage the threads 19318a and/or 19318b of the medicament
containment chamber 1931{), thercby coupling the bub 19270 to the medicament containment
chamber 19310, An outer sidewall of the coupling portion 19272 includes a sct of ridges
19276, The ridges 19276 can facilitatc a user to grip the hub 19270, for example, for
coupling or uncoupling the hub 19270 from the medicament containment chamber 19230,
The engagement portion 19273, defines a fluidic channel 19277 configured to cngage the
tluidic channel 19317 of the medicament containment chamber 1913{ and establish flaidic
communication between the medicament containment chamber 19130 and the hub 19270,
The delivery portion 19274, defines a sceond fluidic channel 19279 configured to removably
reecive the needle 19240, for example, a microneedle (c.g., any suitablc microncedle
described herein). The needle 19240 is configured to be disposed within a target tissue, for
example. ocular tissue and defines a humen 19241 such that the needle 19240 1s configured to
establish tluidic communication between the medicament containment chamber 19310 and
the pottion of the user’s body (c.g., the eye). In somce cmbodiments, the needle 19244 can be
fixedly disposed in the sccond fhudic chanuel 19279, 1o some embodiments, the needie
19240 can be monolithically formed with the hub 19270 such that the second flaidic channel

19279 and the lumen of the needle 19241 are continuously and/or scamiessly formed.

{1362} As shown in FIGS. 68 and 69, the cap 19280 includes a coupling portion 19282
that includes a first cavity 19283 configured to slidably reecive the coupling portion 19272 of
the hub 19270, A sct of grooves 19285 is formed on an mner sidewall of the coupling
portion 19282 configurcd to mate with the sct of ridges 19276 of the hub 19270 with close
tolerance {e.g., friction fit). The cap 19280 also includes an engagement portion 19284 that
defines a second cavity 19284 configured to receive the delivery portion 19274 of the hub
19270. At least a portion of an outer sidewall of the engagement portion 19284 is
substantially flat, for example, to allow a user to grip the cap 19280 with casc {c.g., to couplc
or uncouple the hub 19270 from the medicament containment chamber 1150}, The cap
19280 can thus cnable safe coupling/uncoupling of hub 19270 to the medicament
containment chamber 19310 and/or prevent accidental piercing of a portion of a user’s body

by the necdle 19240 during handling of the system 19000.

{1363} Referring now to FIGS. 70-71, FIG. 70 shows the system 19000 in a first
configuration, such that the actuator 19320 and the actuating member 19140 arc in a first

position and the internal volume 19316 of the medicament containment chamber 19310 is at
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least partially filled with the medicament. A user can now engage the actuating member
19140 by applying a force in the direction shown by the arrow F on the acteating member
19140, for example, using a thumb of the user. This urges the actuator 19320, which is
coupled to the actuating member 19140, to displace along a longitadinal axis AA of the
system {9000 and urge the system 19000 into the second configuration as shown in FIG. 71,
In the second configuration, the actuator 19320 is displaced from the first position to a sccond
position within the internal volume 19316 of the medicament containment chamber 19310,
This displacement causes the plug 19328, which is 1 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
fluidic channel 19277 of the hub 19270, and further through the lumen 19241 of the needle

19240 into the target tissue {¢.g., the eye).

{1364} In some embodiments, a system for ocular injection can include an injection
marker for marking an injection sitc on a target tissue, for example, ocular tissue. FIG. 72-73
show perspective views of an injection site marker 20280 according to an cmbodiment. As
shown, a proximal end 20282 of the mjection site marker 20280 can be coupled to a delivery
device, for example, coupled to the coupling portion 19272 of the hub 19270 mchuded 10 the
system 19000, The injection sitc marker 20280 has a distal end 20284, which includes a set
of protrusions 20286 disposed on a distal eod surface of the distal end 20284, In some
cmbodiments, the proximal end 20252 of the injection sitc marker 20280 can be used in
conjunction with and/or coupled to any of the hubs, engagement members and/or adjoestment
members described herein.  For example, in some embodiments, the injection site marker
20280 can be threadedly coupled to a hub of a delivery device {¢.g., hub 19270 of dehivery
device 19000). In other embodiments, for example, the injection site marker 20280 can be

coupled by way of friction (¢.g., interference fit, press fit, friction fit, etc.)

{1365} In some embodiments, the protrusions 20286 of the distal end 20234 of the
mjection site marker 2028{ can be configured to contact a portion of the eye (c.g., the eve 10
shown in FIG. 1). In some embodiments, for example, the protrusions 20286 of the mjection
site marker 20280 can be configured leave a marking on a portion of the eye. The marking,
for example, can indicate an injection site. For example, the markings can appear as paralle]
indentations on the conjunctiva of the eye indicating to the user that the mjection is to be

performed in the region between the parallel markings. Further to this example, in some
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embodiments, the mjection site marker 20280 can be removably coupled to a delivery device
{c.g., the delivery device 190003 In such embodiments, 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 includes a needle, for example, the necdle 19240 coupled
therets, can then be coupled to the delivery device which can be used to deliver the
medicament to the injection sitc marked by the injection site marker 20280, In some
embodiments, an injection site marker can define a passageway to allow a necdle to pass
therethrough. In such embodiments, the injection site marker can remain coupled to the

delivery device during delivery of the medicament to the target tissue.

{13886} In some embodiments, a system for delivering medicaments can include an
extraction device for extracting medicamenis or any other fluid from a contaiver, for
example, a vial. Referring now to FIG. 74-80, a system 21000 includes a bousing 21110, an
actuator {not shown), an actuating member 21140, a medicament containment chamber
21310, and an extraction member 21280, The system 21000, that includes the extraction
member 21280, can be used to extract a liquid medicament from a medicament container
21264, The housing 21110, the actuator, the medicament containment chamber 21310, and
actuating member 21140 of the system 21000 can be substantially similar m structure and
function to the components of the system 19000 described carlicr, and are therefore not

described in further detail herein.

{1387} FIG. 74 shows the extraction member 21280 uncoupled from the medicament
containment chamber 21310 while FIG. 75 shows the extraction member 21280 coupled to
the medicament containment chamber 21310, As shown n FIG. 76, the extraction member
21280 mchides a coupling portion 21281, an engagement portion 21284 and an extraction
poriion 21288, Threads 21282 are formed on an inner side wall of the coupling portion that
arc configured to mate with the threads of 21318a and 21318b of the medicament
containment chamber 21310 and to couple the extraction member 21250 t¢ the medicament
containment chamber 21310, A set of ridges 21283 are formed on an outer sidewall of the
coupling portion 21281, The ridges 21283 can, for cxample, serve as grips to facilitate a user
to couple/uncouple the extraction member 21250 1o the medicament containment chamber
21250, The ioner sidewall of the coopling portion 21281 and an outer sidewall of the
engagement portion 21284 define a cavity 21285, configured 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
fhuidic channel 21286 configured to establish fluid communication between the extraction
member 21280 and the medicament contaimment chamber 212350, for example, to aliow
communication of fluid from the extraction member 21280 {e.g., liquid medicament extracted

from a medicament vial} {o the medicament containment chamber 21250.

{1368} The extraction portion 21288 1s configured to be releasably coupled to a container
a container 21294 that contains a medicament, and establish fluid communication between
the container 21294 and the medicament containment chamber 21310 via the extraction
member 21280, The extraction portion 21288 includes a set of arms 21289, EHach 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, Each of the set of arms 21289 also include a
ledge 21290 configured to secure the cap of the container, for exanmple container 21294 when
the container is coupled o the extraction member 21280, as shown in FIG. 75, The
extraction portion 21288 also inchedes a puncturing member 21291 that defines a fhuidic
channel 21292, The puncturing member 21291 is configured to puncture a seal of a
container, for example, container 21294, and establish fhed communication between the
container and the medicament containment chamber 21310, via the exiraction member

212R0. as described herein.

{1369} F1G. 77

172

hows a perspective view of the system 21000 in a first configuration,
such that the container 21294 is uncoupled from the extraction member 2128(. The container
21294 includes a cap 21296 that has a seal 21297, for example, a septum {(c.g., a rubber
septumn}, and defines an internal volume for housing a hquid medicament. FIG. 78 shows a
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 shown by the
arrow F2 (FIG. 78) along a longitudinal axis BB of the system 21000 to urge the extraction
member 21250 towards the container 21294, Optionally, a force can also be applied to the
container 21294 {o orge the container 21294 towards the extraction member 212%C. This
urges the system 21000 into the second configuration (FIGS. 79-8(0) such that extraction
member 21280 1s releasably coupled to the cap 1296 of the container 21294, As shown in the
sectioned view of FIG. &0, in the second configuration a surface of the ledge 2129¢ included
in the cach of the sct of arms 21289 of the extraction member 21280, arc contacting a small

portion of a bottom surface of the cap 21296 of the container 21294, In this manner, the
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container 21294 15 releasably secured 1o the extraction member 21280, Furthermore, the
ponciuring member 21291 punctures the seal 21297 of the cap 21296 included in the
container 21294 to establish fluid cobununication between the container 21294 and the
medicament containment chamber 21310 via the extraction member 21280. Medicament can
now be extracted from the container 21294 by a user by engaging the actuating member
21240, as described herein with reference to system 19000 {(FIGS. 70-71). To uncouple the
container 21294 from the extraction member 21280, the user can simple pull the container
21294 away from the extraction member m a direction opposing the direction indicated by

arrow F2 (FIG. 78).

{1318} In some embodiments, a system for injection of a medicament into an ocular
tissue, for example, the SCS can inclade a mechanism for insertion of the puncturing member
as well as delivering the medicament.  Reforring now to FIGS. 81-83, a system 22000
includes a housing 221110, a needle assembly 22200 that includes a punctaring member 22240
and a hub 22270, and a medicament confainment chamber 22310, At least a portion of an
actuator (not shown) can be disposed in the medicament containment chamber 22310, The
actuator is configured to communicate a medicament disposed in an intermal volume of the
medicament containment chamber 22310 into an ocular tissue, for example, the SCS of an

eye.

{1311} The housing 22110 has an ergonomic shape and includes ridges 22114 to allow a
uscr to easily grip the housing 22110, The housing 22110 can define an intcrnal 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 injector asscmbly described herein can be disposed in the

Ay of the system 22000, between a first configuration shown in FIG. 8§81 and a 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 containment chamber 22310, In
some cmbodiments, the housing 22110 can also be configured to insert the puncturing

member 22240 into the ocular tissue.

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

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

volume of the medicament disposed in the internal volumc and use the markings 22315 to

determinge the quantity of the romaining medicament. In some cmmbodiments, the medicament
S

containment chamber 22310 can be substantially sinular to the medicament containment

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

{1313} The needle assembly 22200 inclades a housing 22210 that can define an internal
volume configured {0 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 a user to easily grip the housing 22210 (c.g., for rotating the housing
22210). The needle assembly 22200 can be configured to adjust a length of the puncturing
member 22240 protruding from a distal end 22274 of the hub 22270, For example. a user can
rotatc the needle assembly 22200 about the longitudinal axis Ap to adjust a length of the
puncturing member 22240 protruding from a distal end 22272 of the hub 22270. In some
cmbodiments, the needle assembly 22200 can include an adjustment member, a lead screw,
bushing, bearing, locking pin, markings, or any other componceunts as described with respect

to the needle assembly 3200 described herein.

{1314} The puncturing member 22240 is configured to be inscrted into the cye and o
defiver a medicament into the cye. The puncturing member 22240 can be substantially
similar to the puncturing member 3240 or any other puncturing member described herein. At
icast a portion of the puncturing member 22240 is disposed in the hub 22270, For cxamplc, a
proximal end portion of the puncturing member 22240 can be disposcd in a passagceway
defined by the hub 22270. The hub 22270 includes & proximal end 22272 and a distal end
22274. The distal end 22274 can be curved, for example. define 3 convex or hemispherical
shape. A distal end surface of the distal cnd 22274 can detine a scaling portion configured to
contact an outer surface of the cve, for example, the conjunctiva, and form a substantially
fluid-tight seal arcund an tnsertion site of the puncturing member 22240, as described with
respect to the hub 7270, The proximal end 22272 of the hub 22270 can be removably or
fixedly coupled to a distal portion of the housing 22210, For example, the proximal end
22272 can include a friction {it, snap {it, threads, grooves, notches, indents, detents, or any
other suitable coupling mechanism to couple the hub 22270 to the housing 2221{0. In some
embodiments, the hub 3270, 7270, 827(, 9270, or any other hub described herein can be

coupled to the housing 22219,
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{1315} In a first configuration shown in FIG. 81, the housing 22210 can be disposed
distally relative to the necdic assembly 2220( and the medicament containment chamber
22310, The medicament can be disposed in the internal volume of the medicament
containment chamber 22310, 1n the second configuration, shown in FIG. 83, a user can
dispose the hub 22270 of the system 22000 on an outer {ayer of the eye (c.g., the conjunctiva
C). The user can then exert a force on the heusing 22110 in the direction shown by the arrow
¥+ to move the housing 22110 proximally relative fo the necdic assembly 22200, This can
cause the puncturing member 22240 to be 1nserted into the ocular tissue, for example, a sclera
of the eye, and the medicament to be expelled from the internal volume of the medicament
containment chamber 22310, The user can use the needle assembly 22200 to adjust an
msertion depth of the puncturing member 22240 to cnsure that the medicament is

communicaied to the target ocular tissue {e.g., the SCS).

{1316} In some embodiments, a needle adjustment mechanism can inclode adjusting the
imsertion depth of a needle into a target tissue, for cxample, ocular tissue, by varving the force
on an actuation rod included in a medical njector. For exanple, FIGS. 84A and 84B show a
pottion of a medical njector 23000, that includes an actuation rod 23320 and a ncedle
disposed 1n a target tissue in 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 condainer included in the medical imjector.  The medical injector can be
substantially similar to the medicament container 130, 1310, 2310, 3310, or any other
medicament container described hercin.  The needle 23240 can be any suitable punciure
member, for example, a microncedie {c.g., a 27 gauge needle, a 30 gauge needle, or cven
smaller). The medical injector 23000 also includes a needle adjustment mechanism that can
be used to adjust the distance a distal tip of the needle 23240 travels into the target tissue, for
example., ocular tissuc based on the magnitude of force applicd on an proximal portion, for
example, an engagement portion of the actuation rod 23320, By way of cxample, in some
embodiments, the needle adjustment assembly can include any suitable mechanism
configured to increase the distance that the distal tip of the needle 23240 travels into the
target tissuc bascd on the forece applied on the actuation rod 23320. The {orce applied on the
actuation rod 23320 can continue to jncrease the distance travelled by the distal tip of the
needle 23240 without delivering the medicament from the distal tip of the needle 23240, unti]
the distal tip of the needic 23240 is disposed within a target region {c.g., the SCS} of the

target tissue. The force can then, for example, overcome the backpressurc of the target region
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of the target tissue such that the distal tip of the needle 23240 does not travel any further into
the target tissue and the medicament is delivered to the target region. The needle adjustment
mechanism can include any suitable components such as, for cxample, a biasing member
(e.g., a spring or a hydraulic biasing member), one or more valves, and, ot a force scusing
mechanism.  In some embodiments, the force applied on the actuation rod 23320 can be
adjusted manually, for example, via haptic feedback to a user engaging the actuation rod
23320, ln some cimbodiments, an automated force adjustment mechanism, for example,
included in the needle adjustment mechanism or an injection assembly {e.g., the injection
asserbly 100, 2160, or any other injection assembly described herein) can be used to adjust

the force and therchy, control the insertion depth of the distal tip of the needle 23240,

{1317} For example, the distal tip of the needle 23240 can be inserted into an ocular
tissuc and configured to deliver a medicament to the SCS of the ocular tissue. 1n the first
configuration shown in FIG. 84A, a first force Iy 1s applied on the acteation rod 23320, The
first force Fy {e.g., fess than about 2IN} can be sufficient to overcome the backpressure of the
conjunctiva (not shown) and get inserted into the sclera S, but insufficient to urge the distal
tip of the needle 23240 to travel across the thickness of the sclera S and be disposed in the
SCS. The user can then apply a second foree Fy greater than the first force F; and sufficient
to avercome a backpressure and/or density ot the sclera S such that the distal tip of the needle
23240 travels through the sclera S and is disposed within or near the SCS.  In some
embodiments, the second F can be between about 2 N and about 6 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 ¥, such that once the distal tip of the needle 23240 rcaches the SCS, the force Fr can
overcome the backpressure of the SCS and thereby, deliver the medicament to the SCS. In
some embodiments, the transition from the first force Fy to the second force Ty can be
gradual. For example, the force applied on the actuator can be increased slowly from the
torce ¥, until the force has a sufficient magoitude (e.g., substantially equal to the second
force Fy) to urge the distal tip of the needle 23240 to travel through the sclera S and be

dispoesed o the SCS.

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

medicament container, a needle, and an injection assembly, m a first and a second
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configuration respectively, according {0 an embodiment. The injection assembly inchides an
actuation member 24120 and an actuation rod 24320, The injection assembly can include
other components such as, for cxample, an cnergy storage member {e.g.. a spring, a
compressed gas cylinder, or a propellant container), a release member (e.g., a lock, latch, a
pawl), a guide rod, or any other components described with respect to the injection assembly
100, 2100, or any other injection assembly described herein.  In some cmbodiments, the
actuation member 24120 can be configured to cugage and/or sccurc a proximal end portion of
the actuation rod 24320. In some embodiments, the actuation member 24120 can be
configured to engage a release member that is configured to cngage or otherwise sccure a
proximal cud portion of the actuation rod 24120. The actuation member 24120 can be
cngaged by a user such that the actuation member 24128 relcases the actuation rod 24320 or
urges the release member to release the actuation rod 24320. This can enable a distal end
portion of the actuation rod 24320 to move within the medicament container, as shown in

FI1G. 858.

{1319} For cxample, as shown in FIG. 84A-B, the actuation member 24120 includes a
lever like member that can be disposed on a sidewall of a housing coupled to the medicament
container. In the first configuration shown in FIG. 84A, the actuation member can be ain a
first position in which a distal end of the actuation member 24120 is distally disposed from
the medicament container. Tu the first configuration, a proximal cnd portion of the actuation
memtber 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 cnergy storage member or a biasing member can be coupled to
the proximal end portion of the actuation rod 24320. In 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
dircction shown by the arrow A, This can urge the actuation member to relcase the proximal
end portion of the actuation rod 24320, In some embodiments, the cngaging of the actuation
memtber 24120 can cngage a release member engaging or otherwise secoring the proximal
cnd portion of the actuation rod 232{ such that the release member releases the proximal end
portion of the actiation rod 24320, The encrgy storage member or biasing member coupled
to the proximal end portion 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 target tissue via the necdle.
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{1328} In some embodiments, a medical imector can inchude a needle adjustment
mechanism that includes a wheel. For example, FIG. 86 shows a medical injector 25000 that
can Include a medicament container, & needle assembly 25200, and a needle 25240, The
needie adjustment mechanism 25200 includes a wheel 25230, The wheel 25230 is pivotally
mounted in a housing of the medical injector 25000. The wheel 25230 can include a plurakity
of protrusions defined thereon, which can be engaged by a user to move or otherwise rotate
the wheel 25230, The wheel 25230 can be configured to be rotated in discrete angular
displacements, such that cach discrete angular displacement corresponds to a discrete
adjostment of the length of a portion of the needle 25240 cmerging from a distal end of a
housing, ot a hub coupled to the housing. In some cmbodiments, cach discrete angular
displacement can correspond to a length adjustment of about 100 microns of the needie
25240. In this manuer, the wheel 25230 can allow for digital adjustment of the length of the
needle 25240. For example, a user can insert a distal tip of the needle a first distance (c.g.
corresponding to the depth of the sclera) of a target tissue (e.g., ocular tissug). The user can
then cugage the wheel 25230 by rotating the wheel 25230 about its pivot mount in discrete
increments as described herein. This can adjust the length of the needle 25240 such that a
distal tip of the needle 25240 travels a sccound distance into the target tissue (e.g..
corresponding to the depth of the SCS) such that the distal tip of the needle 25240 is 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 example, an injection assembly (e.¢., the injection
assembly 100, 2100, or any other injection assembly deseribed herein) inchided in the
medical injector 25000 can be configured to initiate delivery of the medicament into the
target region (e.g., the SCS), thereby informing the user that the distal tip of the needle 25240
1s disposed in the target region.  In some embodiments, the wheel 25230 can also be
configured to move a distal end of an actuation rod disposed within the medicament

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

{1324} In some embodiments, a medical njector can include a pressure assist assembly
configured to exert a pressure on a proximal end portion of an actuation rod and assist,
facilitate and/or affect the delivery of a medicament from a medicament container.  For
example. FIG. 87 shows a portion of a medical injector 26000 that includes a housing 26110,
a pressure assist assembly that inchudes an actuation member 26120, and a medicament

container 26310 coupled to the housing 26110, A needle is also coupled to the medicament
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container 26310 and in fluidic communication with a medicament disposed within the
medicament container 26310, As shown, in some embodiments, the actuation member 26120
can be a bufton disposed within a sidewall of the housing 26110. The pressure assist
asscobly can also include other components such as, for example, one or more encrgy
storage members {e.g., a spring, a compressed gas container, or a propellant container). The
energy storage member can be coupled to a proximal end portion of an actuation rod included
m the medical injector 26000. A distal end portion of the actuation rod can be disposed
within the medicament container 2631( and configured to move within the medicament
container 2631¢. In some embodiments, the pressure assist assembly can also include a
rclcase member configured to engage or otherwise sccure the proximal end portion of the
actuation rod in a first configuration 1 which the medicament container 8 filled with a
volume of the medicament. In such embodiments, the actuation member 26120 can be
configured to engage the release member and urge the release member to release the proximal
end portion of the actuation 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
to release the proximal end portion of the actuation rod. The energy storage member can now
cxert a foree on the proximal cnd portion of the actuation rod contigured to move a distal end
portion of the actuation rod within the medicament container 26310, This applies a pressure
on the medicament disposed within the medicament container 26310 and dispels the

medicament through a distal end of the needle.

{1322} In some embodiments, a medical injector can include a needle adjusiment
mechanism that includes a leaf spring. For example, FIG. 88 shows a portion of a medical
mjector 27000 that includes a medicament container 27310, a leaf spring 27230, and a necedle
27240 m a first position (solid Hues) and a second configuration {dotted hnes). The leaf
spring 27230 can be coupled 10 the medicament container 27310 or a hub coupled to the
medicament container 27310, and configured to move from a first position o a sccond
position in response to a torce applied in a direction shown by the arrow F. The movement of
the leaf spring 27230 is configwred to allow a distal tip of the needle 27240 (o be disposed
within a target region. More force can be required to move the leaf spring 27230 more and
move the distal tip of the ncedle deeper into the target tissue {e.g., an ocular tissuc). For
example, as 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. Furthermore, a

imbus 27242 defined on a distal end of the neadle 27240 can be disposed a first distance 1,
limbus 27242 defined listal end of th He 27244 be d d a first dist i
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into the eye as measured form a distal end of the leafl spring 27230 such that the limbus
27242 is disposed in the selera S of the eye. A force F can be applied to move or otherwise
compress the leaf spring 27230 and move the limbus 27242 deeper into the cye. For
example, a magnitade of the force F can be increased unti] the leaf spring 27230 moves to
the second configuration. This alse urges the distal end of the needle 27240 to move deeper
into the eye, until in the second configuration, the limbus 27242 is disposed a second distance
Lo into the eye as measured from the distal cnd of the lcaf spring 27230, The second distance
L, can correspond to a depth of the suprachoroidal space within the eye, such that the limbus
27242 is disposcd within or near the suprachoroidal space SCS (e.g., the target region) in the
sccond configuration. In this manncr, the leaf spring 27230 can be used to adjust a length of
the necdle 27240 thereby, facilitating delivery of a medicament to the target region of a target
tissue. In some embodiments, the movement of the leaf spring 27230 from the first position
to the sccond position can be configured to move the necdic a predetermined distance

corresponding to the depth of a target region of a target tissuc {e.g., the SCS).

{1323} In some embodiments, a necdle adjustment mechanism can inciude an adjustment
member movable between a first position and a second position to adjust a distance a distal
tip of a needle travels within a target tissue. For example, FIGS. 89A and 89B show a
portion of a medical injector 28000 that includes a medicament container 24310, a hub
28270, an adjustioent member 28230 and a necdle 28240 in a first configuration and a second
configuration, respectively. The medicament container 28310 can be substantially similar to
the medicament container 130, 1310, 2310, 331{), or any other mecdicament container
described hercin. The proximal end portion of the hub 28270 can be coupled to the
medicament container 28310 and a distal end portion of the hub 28270 can be coupled to a
proximal end of the needle 28240 such that a medicament contained within the medicament
container 2831{(} is in fluid communication with the needle 28240, The hub 28270 can be
substantially similar to the hub 7270, 8270, 9270, or any other bub described hercin. The
adjustment member 28230 can be slidably disposed about the ncedle 28240 and be
configured {0 be movable between a first position A and a second position B, As shown, the
adjostment member 28230 defines a curved surface, which can be configured to conform the
curved surface of a target tissue, for example, an cye. The movement of the adjustment
member 28230 can be used to adjust a distance that a distal tip of the needle 28240 can be

inserted into the target tissue, for example, ocular tissue.

110



WO 2014/179698 PCT/US2014/036590

{1324} For example, in the first configuration shown in FIG. 89A, the adjustent
member 28230 can be disposed at the first position A and a distal tip of the needle 2¥240 can
be inserted a first distance into a target tissue {(e.g., within the sclera of an cye). Furthermore,
the curved surface of the adjustment member 28230 can be in contact with and conformal to
an outer surface of the target tissue {e.g., the comunctiva of the eve). A force can be applied
on the medical injector 28000, for example, on a proximal end portion of the medicament
container 28310, or a proximal end portion of an actuation rod included in the medical
ijector 28000. This can urge the adjustment member 28230 {o slide and move about the
ncedle 28240 proximally relative to the medicament container 28310, The foree can be
maintaincd vntil the adjustment member 28230 moves to position B, This increases the
distance the distal tip of the needle 28240 travels within the target tissue (e.g., ocular tissue),
for example, until the distal tip of the needle 28240 is disposed within or near a target region
(e.g., the SCS) of the target tissue. In this manner, the medicament disposed within the
medicament container 28310 can be delivered to the target region (e.g., the SCS) of the targe

tISSUeE,

{1325} fo some embodiments, a needle adjustment assembly can include an adjustment
member configared to adjust the length of a needle n discrete merements. For example,
FIGS. 90A-C show a medical injector 29000 that includes a medicament container 29310, a
necdle adjustment assembly 29200, and a wveedle 29240 fluidically coupled 1o the
medicament container 29310, in a first, sccond, and third configuration, according to an
cmbodiment.  The medicament container 26310 can be substantially similar to the
medicament container 130, 1310, 2310, 3310, or any other medicament container described
herein.  The needle 29240 can include any suitable puncture member, for example, a
microncedle, or any other needle described herein. The needle adjustinent mechamism 29200
mcluades an adjustment member 29230 configured to be engaged by a user to adjust a length
of the needle 29240, for cxample, ¢ a control a distance a distal tip of the needle 29240
travels into a target tissue. By way of cxample, the adjustment member 29230 can be
configured to move in discrete increments, for example, ierements of 100 microns such that
the length of the needle 29240 can be digitally adjusted. For cxample, as shown in the first
configuration of FIG. 90A, the needle can have a first fength L. {e.g., about 750 nucrons)
measured from a distal tip of the needle to a distal end of the medicament container 29310, or
a hub {e.g., any of the hubs deseribed hercin} coupled to the distal end of the medicament

container 29310, The length 1) can be sutficient to inscrt the distal tip of the needle 29240 in
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a target tissue such that the distal tip is disposed short of a target region (e.g.. the SCS) of the
target tissue (c.g., ocular tissue). The adjustment member 29230 can be cngaged, for
example, depressed into the medicament chamber by a first increment by applying a force F
on the adjustment member 29230, This can increase the length of the needle 29240 to a
sccond fength L, (c.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 hercin) coupled o the distal end of the medicament container
29310, The second length L, can be sufficient to insert the distal tip of the needle 29240
deeper into the target tissue but stifl insufficient to dispose the distal tip of the needle 29240
into the target tissuc. The adjustment member 29230 can be engaged a sccond time applying
the force I agaim on the adjustment momber 29230, This can further increasce the length of
the needle 29240 to a third length L (e.2., about 950 microns) measured from the distal tip of
the needle 29240 to the distal end of the medicament container 29310, as shown in FIG. 90C,
The third length Ls can be sufficient to insert the distal tip of the needle 29240 decper into the
target tissuc such that the distal tip of the needle 29240 1s disposed within the target region
{e.g., the SCS) of the target tissae. Thas, delivery of the medicament contamned within the
medicament container 29310 can be initiated to the target region {c.g., the SCS) of the target

tissue, for example, via an injection asscmbly inchided in the medical injector 29000,

{1326} In somc cmbodiments, a medical injector can include a ncedle adjustment
mechanism configured to allow adjustment of a length of a needle included m the medical
mjector in a small set of gualitative increments. For cxample, FIG. 91 shows a medical
injector 30000 that includes a needie adjustient mechanism including an adjustient member
30230, and a needle 30240 thadically coupled to a medicament container. The adjustment
member 30230 is slidably disposed within a sidewall of a housing of the medical injectior
30000. The adjustment member 30230 can be configured to be moved between threc discicte
positions corresponding to a short fength, an intcrmediate (mid) length, and a long length of
the needle emerging from a distal cnd of the medical jector 30000, The needle adjustment
mechanism can include other components such as, for example, notches, grooves, indents,
detents, a lock ball, a biasing member, or any other component configured to allow the

adjustment member 30230 to be moved in the discrete increments as described herein.

{1327} In some embodiments, a medical injector can include a bub configured to allow

adjustment of a length of a necdle 1nserted into a target tissuc. For cxanple, FIGS. 92A and
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82 B show a portion of a medical injector 31000 that inclades a housing 31110, a hab 31270,
and a needle 31240, according to an cmbodiment. The ncedle 31240 is fixedly coupled to a
distal end of the housing 31110, for exanple, fluidically coupled with a medicament
container disposed within the housing 31110, The hub 31270 is coupled to a distal end
portion of the housing 31110 such that the distal end portion can move within a passageway
defined by the hub 31270, Furthermore, the distal end portion of the hub 31270 can define a
curved surface configured to conform to a curved surtace of a target tissuc, for example, an
eve. The housing 31110 includes a first ridge 311 14a and a second ridge 311 14b configured
io be matingly disposed within a groove 31272 defined on an inner surface of the hub 31270.
While shown as including two ridges, the housing 31110 can include any number of ridges
disposed thereon for example, 3, 4, 5, or cven 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 out of the groove
31272 mto the chaouel defined by the bub 31270 by application of a force on the housing
31110, In this manner, cither the first groove 31114a or the second groove 31114b can be

mated with the groove 31272 to adjust the length of the needle 31240.

{1328} For example, as shown in FIG. 92B, in a first configuration the hub 31270 can be
disposed on a conjunctiva of an cye, such that the curved surface of the distal end portion of
the hub 31270 conformally contacts the curved conjunctiva. In the first configuration, the
first ridge 31114a can be disposed in the groove 31272 such that a distal tip of the needle
31240 is not inserted into the cye. A force can be exerted on the housing 31110 to displace
the housing 31110 within the channcl defined by the hub 31270 while maintaining the curved
surface of the hub 31270 in contact with the conjunctiva. This can urge the medical injector
31000 into a second configuration in which the second ndge 31114k 1s disposed within the
groove 31272, The moving of the housing 31110 can also uvrge the needle 31240 to move
within the channel defined by the hub 31270 until a distal tip of the needle 31240 picrees the
eye. The distal tip of the necdle 31240 can continuc travelhing into the eve tissue untii the
second ridge 31114b 1s disposed in the groove 31272, In some embodiments, the distal tip of
the needlc 31240 can be disposed within a target region, for example, the SCS in the second
configuration. In some embodimcents, the distal tip of the necdle 31240 can be disposed near
but not within the target region, for example, the SCS of the eve. In such embodiments, the
user can increase the force on the housing 31110 to insert the distal tip of the needle 31240

further into the eye, for cxample, by a flexing of the sidewalls ot the hub, such that the distal
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ip of the needle 31240 can be disposed within the target region (e.g., the SCS) of the target
f { getregion (e.g g

Hssue.

{1329} In some embodiments, a medical injector can include a hub contigured to contact
an cuter surface of the target tissue and flex or bend to allow a needle included in the medical
mjector to be inserted into the target tissue. For exanmple, FIG. 93A shows a perspective view
of a portion of a medical injector 32000, The medical injector includes a hub 32270, a
medicament container 32310 and ncedle 32240 that can be fluidically coupled to a
medicament container included in the medical injector 32000, The hub 33270 is coupled to a
distal end portion of the medicament container 32310, The hub 32270 has a hemispherical or
a semi-hemispherical shape and defines a region therewithin, The hub 32270 is configured {0
be disposed on the distal end portion of the bousing 32110 such that the peedle 32240 is
disposed within the region defined by the hub 32270. A distal end surface of the hub 32240
is configured to contact an outer surface of a target tissue, for example, the conjunctiva of an
cye. Furthermore, the hub 32270 can be formed from a flexibic material, for example,
rubber, plastic, polymers, silicone, or any flexible material described herein or a combination
thereof. The hub 32270 is configured to flex or bend, for example, by application of a force
on the medicament container 32110, The bending or otherwise flexing can reduce the
distance between a distal tip of the needle 32240 and the target tissue, such that the distal tip

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

{1338} For cxample, FIGS. 938 and 93C show the medical injector 32000 in a first
configuration and a second configuration, respectively. In the first configuration, the distal
end surface of the hub 32270 is disposed on a target tissue, for example, the conjunctiva of
the cye such that a distal tip of the needle 32240 is distal from the outer surface of the target
tissuc. Said another way, in the fust configuration no force is excrted on the hub 32270 such
that the hub 32270 is not beut, and the needle 32240 is not mserted into the target tissue. 1o
the second configuration, a force can be applied on the medicament container 32310, or any
other portion of the medical injector 32000 such that the hub 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 until the distal tip of the needle pierces target

tissuc and 1s disposed within a target tissue (c.g., the SCS) of the target tissue {e.g.. an eye).

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

in a medical injector can be configured to sense light to determine the depth of insertion of
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the puncture member. For example, FIGS. 94A and 94B show a portion of a puncture
member 32240 that can be incleded in a medical injector, for example, the medical injector
100, 1000, 2000, or any other medical injector deseribed herein, in a first configuration and a
sccond configuration, respectively, according to an embodiment.  The puncturc member

o

32240 can be configured to commumicate light from the {arget tissue to a hight sensor, for
example, a photodiode included in the medical injector. The puncture member 32240 can be
formed from any suitable optically fransparent material, for example, an optical fiber. A
distal end of the optical fiber can be beveled or otherwise formed info a sharp tip to pierce a
target tissue. Furthermore, the distal tip can be optically transparent such that the punceure
member can communicate light from the target tissuc to the light sensor. The presence,
absence, or otherwise amount of light communicated by the puncture member 32240 to the
sensor can be used to determine the mnsertion depth and thereby, the region of the target tissue

in which the distal cnd of the puncture member 32244 is disposed.

{1332} For example, in the first contiguration shown in FIG. 94A, the distal end of the
puncture member 32240 can be disposed in the sclera S of an eye. The sclera S is opaque so
no hight is communicated from the puncture member 32240 to the light sensor. In the second
configuration, the distal tip of the puncture member 32240 is inserted deeper into the ocular
tissuc unti] at least a portion of the distal tip is disposed within the suprachoroidal space SCS
which can be the target region for delivering a medicament, Since the suprachoroidal space
SCS is transparent, light entering the eye and impinging on the retina 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 injector thus confirming
that the distal tip of the puncture member 322490 is indeed disposed in the target region of the
eye. In some embodiments, the medical injector that includes the punctare member 32240
can alert a user that the distal tip of the puncture member 32240 is disposed within the
suprachoroidal space SCS using an audible alert {e.g., a beep, an alarm, etc.), a haptic alert
(¢.g., vibrations, or minor electric current), or a visibie alert (¢.g., a light such ag, for example,
an LED light, or a visual message). Thus, a user can initiate delivery of the medicament
through the puncture member 32240 only when the distal tip of the puncturc member 3224{

1s within the suprachoroidal space SCS.

{1333} In some embodiments, a kit that includes a medical injector for delivering a

medicament to a target region of a target tissue can include all or parts of the concepts
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described herein.  For example, 1 some embodiments, a kit can include a medical injector
{c.g., the medical injector 10, 1000, 2000, 3000, 210G{, or any other medical injector
described herein), a transfer assembly that can include, for example, 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 herein), a needle adjustment mechanism {e.g.,
the needle assembly 3200, or any other needle assembly described hercin), a container or vial
of a substance, for example a mecdicament or any other substance described berein,
replacement needles and/or hubs, one or more speculums, swabs, wipes, anti-biotic
ointments, eyc drops, or any other device or apparatus configured to facilitate delivery of the

medicamcent to the target tissue, for exampic, the eye.

{1334} For example, FIG. 95 shows a speculum 33400 that can be included in a kit that
inciudes a medical injector 33000, according to an embodiment. The medical injector 33000
can be substantially similar to the medical injector 100, 1000, 2000, 3000, 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 eyc and open the eye lids of a patient. In this manner,
the specalum 33400 can facilitate access to the surface of the eve such that the medical
mmjector can be used to deliver a medicament to a target tissue of the eye, for example, the
SCS. The speculum 33400 can include an crgonomic bandle, which can be comfortably
gripped by a user during use. The speculum 33400 also includes a cavity 33410 configured
1o veceive at least a portion of the medical injector 33000, In use, a user can disposed the
speculum 33400 on the conjunctiva of the cye such that the eyclids are forced open.
Furthermore, the cavity 3341C can be located on a target portion of the eye. The user can
dispose a distal end portion of the medical injector 33000 into the cavity 33410 and deliver
the medicament to a target region (e.g., the SCS) of the eye. In some embodiments, the
cavity 33410 can be oricated such that a center hine of a delivery passageway of the medical
injector 33000 and a surface linc tangent of o the target surface of the cye {c.g., the
conjunctiva, the sclera, and/or the suprachoroidal space SCS) defines an angle of entry of
between about 75 degrees and about 105 degrees, for example, about 90 degrees. Moreover,
the cavity 33410 can be configured to prevent fateral movement of the medical injector such
that the conterline of the needle remains substantially normal to the target surface during

dehivery of the medicament.
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{1335} In some embodiments, a speculum can inchide markings to enable measurement
of a size, radius, diamcter or otherwise cross-section of an eve. For example, FIG. 96 shows
a specutum 34400 that can be included in a kit that includes a medical mjector {c.g., the
medical injector 100, 10040, 2000, 3000, or any other medical injector described herein. The
speculum 34400 includes two arms. A distal end portion of the ecach of the arms is
configured to disposed on the firsi and the sccond eyelid. The distal end portions can be
moved apart to open the cyelids and allow access to the surface of the eye. The distal
portions alse include a plurality of markings or indicia. The markings can be vsed to measure
a size of the eve, for cxample, a size, radius, diamecter, or otherwise, cross scciion of the eye.
Information on the size of the eye can be used to determine, for cxample, the thickness of
mdividual layers, for example, the sclera and the SCS. In this manner, a user can predict how
far a needle has to be penetrated into the eye such that a distal tip of the needle is disposed in

a target region {e.g., the SCS} of the eye.

{1336} In some cmbodiments, a speculim can include mounting features {o mount a
medical injecior.  Referring now to FIG. 97, a specufum 35400 includes a set of arms
configured to open the eyelids of a patient and provide access to the eve. The speculum
35400 inclodes a mount 35410 configured to receive mounting member 35114 included in a
medical injector 35000. The medical imjector 33000 can be substantially similar to the
mecdical injector 100, 1000, 2000, 3000, or any other medicament container described herein.
The mouniing member 35410 can include any suitable mounting features, for example, a
magnet, threads, snap-fit mechanism, friction-fit mechanism, or any other sutiable mounting
mechanism configured to mount the medical injecior 35000 via the mounting member 35114,
fn some embodiments, the mount 35114 can include a magnet. In such embodiments, the
mounting member 35114 can be formed from a magnetic material, for example, a ferrous
material, such that mounting member 35114 can be coupled to the mount 35410 via magnetic
coupling. 1n use, the speculum 35400 can be disposed on an cye of a patient. Each arm of
the speculum 35400 can be used to open an eyelid of the patient to allow access to the eye.
The medical injectior 35000 can be mounted on the mount 35410 via the mounting feature
35114, for cxample, via maguetic coupling. Mounting the medical injector 35000 can
prevent inadvertent movements of the medical injector 34000 during medicament mjection
thereby minimizing the nisk of injury {o the eve. Furthermore, the specubum 35400 can

reduce the risk of an crror by the vser by positioning the medical injector 3500{ for the user
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so that the user can focus on delivering the medicament to a target region of the eye nstead

of correctly positioning the medical injector 35004} on the cye.

{1337} In some embodiments, a speculom can mclede a single piece speculum.  For
example, FIGS, 98A shows a smgle picce speculum 36400 contigured to be disposed on a
surface of an eyc and open the cyelids of the patient. The speculam 36400 defines a cavity
36410 configured to recetve at least a portion of a medical injector, for example, the medical
njector 33000 or any other medical mjector described hercm. For example, as shown in FIG.
08B, the speculum 36400 can be disposed on the eve such that the cavity 36410 is disposed
over a target Jocation of the eye. At least a portion of the medical jnjector 33000 is then
disposed n the cavity 36410 thereby positioning the medical injector 33000 over the target

location of the eye for delivering the medicament to a target region within the target location.

{1338} FIG. 99 shows a schematic flow diagram of a method 300 for delivering a
medicament fo a target tissue using a medical injector that includes a hub having a convex
distal end surface {c.g., the hub 7270, 8270, or the hub 9720), coupled thereto. The medical
mjector can include any of the medical injectors described herein. The method incledes
mserting a distal end portion of a necdie of a medical injector into a target tissue to define a
delivery passageway within the target tissue 502, The needle can include any suitable
puncture member, for example, a nucroneedle {e.g., a 27 gauge needle, a 30 gauge needle, or
cven smaller), or any other puncture member described herein. In some embodiments, the
target tissuc can be ocular tissuc including the conjunctiva, the sclera, and the suprachoroidal
space. In some embodiments, the nserting is performed such that 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 about 1035 degrees, for example, about 90 degrees. lun some
embodiments, the inserting can be performed such that the centerline of the needle is
substantially normal to the target surface. This can, for example, minimize tissuc damage
and provide the shortest path {or a distal tip of the needle to reach a target region of the target
tissue (2.g., the SCS). Next, the convex distal end surface of the hub is placed in contact with
a target surface of the target tissuc to fludically isolate the debvery passageway 504, In
some embodiments, the placing can include deforming the target surface. For example, the
distal end surface of the hub can include a sealing portion configured to contact and detine a
substantially fluid-tight seal with the target surface, for example, the conjunctiva of the eye

(e.g., as detined with respect to the sealing portion 7277 wecluded in the hub 7270). 1o such
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cmbodiments, the sealing portion can be substantially symmetrical around a centerline of the
needle. In some embodiments, the scaling 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 tissue to form the substantially fluid-tight seal. For example, a circular band of the
sealing portion can contact the target surface and form the substantially fluid tight scal

surrounding the centerhine of the needle.

{1339} The method 500 further includes conveving, after the placing. a substance into the
target tissue via the necdle 506.  In some embodiments, the substance can include a
medicament such as, for example, a VEGF, a VEGF mbibitor, or a combination thercot. The
substance can be disposed within an internal velume of a medicament container included in
the medical injector. An actuation rod can be included in the medical injector, which can be
configured o be engaged by a user fo tluidically communicate the substance from the
medicament container to the target tissue via the needle. The medicament container and the
actuation rod can be substantially similar to the medicament container and/or the actuation
rod included in the system 100, 1004, 2000, 3000, or any other system or apparatus described
herein. 1o some embodiments, the target tissue can be an eve, and the target surface can be a
conjunctiva of the eye. In such embodiments, the delivery passageway can extend through a
sclera of the eve such that the conveying includes conveying the substance into at least one of

a suprachorotdal space ot a lower portion of the sclera.

{1348} In some cmmbodiments, the method 500 can further include adjusting, before the
conveying, a length of the needle extending from the distal end surface of the hub. For
example. the medical injector can include a needle assembly, for example. the needic
assembly 3200 or any other needle assembly described herein. The needie assembly can be
used to adjust the length of the needle extending from the distal end surface of the hub until a
distal tip of the needle is disposed within a target region, for example, the SCS of the eye.
The substance, for example, as medicament as described herein, can then be conveyed to the

target region of the eye.

{1341} The embodiments described herein can be formed or constructed of one or more
biocompatible materials.  Examples of suitable biocompatible materials include metals,
glasses, ceramics, or polymers. Examples of suitable metals include pharmaceutical grade
stainless steel, gold, ttanium, nickel, won, platinum, tin, chromiim, copper, and alloys

thereof. The polymer may be biodegradable or non-biodegradable. Examples of suitable
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biodegradable polymers inclede polylactides, polyglyeolides, polylactide-co-glveolides
{(PLGA}. polyanhydrides, polvorthoesters, polyetheresters, polvcaprolactones,
polycsteramides, poly(butyric acid), poly{valcric acid), polyurcthanes and copolymers and
blends thereof.  Examples of non-biodegradable polymers include nylons, polyesters,
polycarbonates, polyacrylates, polymers of ethylene-vinyl acetates and other acyl substituted
cellulose acetates, non-degradable polyurcthanes, polystyrenes, polyvinyl chloride, polyvinyl
fluoride, poly{vinyl imidazole), chlorosulphonate polyoeleting, polyethylenc oxtde, blends and

copolymers thereof,

{1342} The microneedics deseribed herein can be fabricated by 4 variety of methods. For
example, in some embodiments, the hollow microncedle is fabricated using a laser or similar
optical energy source. In one cxample, 2 microcannula may be cut using a laser to represent
the desired micronecdle length. The laser may also be usc to shape single or multiple tip
openings. Single or multiple cuts may be performed on & single microncanmila to shape the
desired microneedle structure. In one example, the microcannula may be made of metal such
as stainless steel and cut using a laser with a wavelength in the intrared region of the light
spectrum (0.7-300 pm). Further refinement may be performed using mctal clectropolishing
techniques famliar to those in the field. In another embodiment, the microneedle length and
optional bevel is formed by a physical grinding process, which for example may include
grinding a metal cannula against a moving abrasive surface. The fabrication process may
further include precision grinding, micro-bead jet blasting and ultrasonic cleaning to form the

shape of the desired precise tip of the microneedle.

{1343} A wide range of ocular diseases and disorders may be treated by the methods and
devices described herein.  Non-limiting examples of ocular diseases include uvveitis,
glaucoma, diabetic macular edema or retinopatby, macular degeneration, retinoblastoma, and
genetic discases. The methods described herein are particularly useful for the local delivery
of drugs that need to be administered to the posterior region of the eye, for example the
retinochoroidal tissue, macula, and optic nerve in the posterior segment of the eye. In one
cmbodiment, the delivery methods and devices described herein may be used 1o gene-based
therapy applications. For example, the methods may adminster a fluid drug formulation into
the suprachoroidal space to deliver select DNA, RNA, or oligonucleotides to targeted ocular

tISSUCS.
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{1344} The microneedies can be used to target delivery to specific fissues or regions
within the cye or in neighboring tissue.  In various cmbodiments, the methods may be
designed for drug delivery specifically to the sclera, the choroid, the Bruch’s membrane, the
retinal pigment epithelium, the subretinal space, the tetina, the macula, the optic disk, the
optic nerve, the ciliary body, the trabecular meshwork, the agueous humor, the vitreous

hwmor, and other ocular tissue or neighboring tissue in need of treatment.

{1345} A wide range of drugs may be formulated for delivery to ocular tissues using the
present systems and devices described herein. Morcover, any of the delivery devices and/or
methods described herein can involve, include and/or contain any of the drugs describex
herein. For example, in some embodiments, the medicament containment chamber 1310,
2310, 3310, or any other medicament containment chamber can contain any of the dmgs
and/or formulations described herein.  As used hetein, the term “drug” refers to any
prophylactic, therapeutic, or diagnostic agent {e.g., a contrast agent). The drug may be
sclected from suitable proteins, peptides and fragments thereof, which can be naturally
occurring, synthesized or rccombinantly produced.  Representative examples of types of
drugs for delivery to ocular tissucs include antibodics, anti-viral agents, chemotherapeutic
agents (e.g., topoisomerase inhibitors), analgesics, anesthetics, aptamers, antilnstamines, anti-
mflammatory agents, and anti-ncoplastic agents. In onc cmbodiment, the drug is

triameinelone or triamcinolone acetonide.

{1346} The term “antibody™ s intended to refer broadly to any immuvologic binding
agent such as 1gG, TgM, IgA, fgD and [gh. An antibody can be monoclonal or polyelonal,
and 1 one embodiment, s a humanized antibody. The termn “antibody™ is also used to refer
to any antibody-like moleculc that has an antigen binding region, and inchides antibody
fragments such as Fab’, Fab, F(ab’),, single domain antibodics (DABs), Fv, scFv (single
chain fv), and engincering multivalent antibody fragments such as dibodies, tribodies and
multibodies. The techniques for preparing and wsing varicus antibody-based constructs and
fragments are well known in the art (sce, ¢.g., Antibodies: A Laboratory Manual, Cold Spring

Harbor Laboratory, 1988; incorporated herein by reference).

{1347} Non-limiting cxamples of specific drugs and classes of drugs include B-
adrenoceptor antagonists {e.g., carteolol, cetamolol, betaxolol, levobunolol, metipranolol,

timolol), miotics (e.g., pilocarpine, carbachol, physostigmine), sympathomimetics (e.g.,

adrenaline, dipivefrine), carbonic anhydrase inhibitors {c.g., acetazolamide, dorzolamide),
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topoisomerase inkubitors {e.g., topotecan, irinotecan, campiothecin, lamellarin D, etoposide,
teniposide,  doxorubicin,  mitoxantrone,  amsacrine), prostaglanding,  anti-microbial
compounds, including  anti-bacterials  and  anti-fungals  {c.g.. chloramphenicol,
chiottetracycline, ciprofloxacin, framyeetin, fusidic acid, gentamicm, neomyein, norfloxacin,
offoxacin, polymyxin, propamidine, tetracycline, tobramycin, quinolines). anti-viral
compounds {e.g., acyclovir, cidefovir, idoxuridine, inferferons), aldose reductase inhibitors,
anti-imflammatory and/or anti-allergy compounds (c.g., steroidal compounds such as
betamethasone, clobetasone, dexamethasone, fluorometholone, hydrocortisone, predmsolone
and non-steroidal compounds such as antazoline, bromfenac, diclofenac, indomethacin,
lodoxamide, saprofen, sodium  cromoglyeate), artificial tear/dry  cve therapies, local
ancsthetics {c.g., amethocaine, lignocaine, oxbuprocaine, proxymetacaine), cyclosporine,
diclofenac, urogastrone and growth factors such as epidermal growth factor, mydriatics and
cycloplegics, mitomycin C, and collagenase inhibitors and treatments of age-related macular

degencration such as pegagtanib sodium, ranibizumab, aflibercept and bevacizumab.

{1348} In ong cmbodiment, the drug is an integrin antagonist, a sclectin antagonist, an
adhesion molecule antagonist (e.g., intercellular adhesion molecule (ICAM)-1, ICAM-2,
ICAM-3, platelet endothelial adhesion molecule (PCAM), vascular cell adhesion molecule
(VCAM}), a leukoeyte adhesion-inducing cytokine or growth factor antagonist (c.g., tumor
necrosis factor-o (TNF-g), interleukin-1§ (1L-1J3), monocyte chemotatic protein-1 (MCP-1),
or a vascular endothebal growth factor (VEGF)). In some embodiments, a vascular
endothelial growth factor (VEGF) inhibitor is administered with one of the microncedles
described bercin.  in some cmbodiments, two drugs are delivercd by the methods described
herein. The compounds may be administered 1n one formulation, or administered serially, in
two separaie formulations. For example, both a VEGF mhibitor and VEGF are provided. In
some ecmbodiments, the VEGF inhibitor is an antibody, for example a humanized monoclonal
antibody.  Tn further cmbediments, the VEGF antibody is bevacizumab.  In another
embodiment, the VEGF inhibitor is ranibizumab, aflibercept ot pegaptanib.  In still other
embodiments, the devices and methods described herein can be used to deliver one or more
of the following VEGF antagonists: ALS326, 2C3 antibody, AT{(01 aniibody. HYBEV,
bevacizumab  {(Avastin), ANG3070, APX003 antibody, APX004 antibody. ponatinib
(AP24524), BDM-E. VGX100 antibody (VGX100 CIRCADIAN), VGX200 {c-fos induced
growth factor monoclonal antibody). VGX300, COSMIX, DLXS(3/160%8 antibody,
ENMD2076, Sutent (sunitinib malate), INDUSRISC, R84 antibody, KDO19, NM3, allogenic
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mesenchymal precursor cells combined with an anti-VEGF agent or antibody, MGCD26S,
MG516, VEGF-Receptor kinase inhibitors, MP0260, NTS03, anti-DLL4/VEGF bispecific
antibody, PANS9ORO6, Palomid 529, BDORD! antibody, XV615, lucitanib (AL3810, E3%10),
AMG706 {motesanib  diphosphate), AAV2-sFLTOL, soluble Fltl receptor, Cediranib
(Recentim), AV-951 (Tivozamb, KRN-951), Stivarga (regorafenib), Volasertib {(BI6727),
CEP11981, KH903, Lenvatinib {E7080), tcrameprocol (EM1421), ranibizumab (Lucentis),
Votrient  (pazopanib  hvdrochloride),  PFO0337210, PRS050,  SPOI {curcumin),
Carboxyamidotriazole orotate, hydroxyehloroquine, hnifanib (ABT869, RG3635), Iluvien
{fluocinolene acetenide), ALGI0G1, AGNIS(998, DARPin MP0112, AMG3R6, ponatinib
{AP24534), AVAILQI, Vargatef (nintedanib), BMSG690514, KH902, golvatinib (E7050),
Afinitor {everohmus), Dovitinib lactate {TKI258, CHIR258), ORAIGT, ORA1(2, Axitinib
(Inlyta, AGO13736), Phudepsin (Aplidin), Lenvatinib mesylate, PTC299, aflibercept
(Zakirap, Eylea), pegaptanib sodiom {Macogen, LI90GS), Visudyne {verieporfin),
buciliamine (Rimatil, Lamin, Brimani, Lami, Boomiq), R3 antibody, ATO01/184 antibody,
troponin (BLSG5397), EG3306, vatalanib (PTK787), Bmab100, GSK2136773, Anti-VEGFR
Alterase, Avila, CEP70SS, CLTO09, ESBA903, HuMax-VEGF antibody, GW654652,
HMPLO1O, GEM220, HYBO76, INJ17029259, TAKSY3, XtendVEGF antibody, Nova2 1012,
Nova2t0l3, CP564959, Smart Anti-VEGFE antibody, AGO28262, AGI3958, CVX241,
SU4813, PRSO5S, PGSOL, PGS45, PTITOL, TGI00948, 1CS283, XLo47, enrastaurin
hydrochloride  {LY317615), BC194, quinolings, COTAMIMO6.1, COTH{4M06.2,
MabtonVEGF, SIR-Spheres coupled to amii-VEGFE or VEGF-R  antibody, Apaiinib
(YNO9ORD), and AL3RIS. In addition, delivery of a VEGF inhibitor or VEGF antagonist
using the micronecdic devices and methods disclosed hercin 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 to the suprachoroidal space of
the cye using the devices and methods disclosed herein is used to treat, prevent and/or
ameliorate a disease or disorder sclected from leukemia, relapsed/refractory leukenua, acute
lymphoblastic leukemia, Acute myelogenous leukemia, relapsed or refraciory acute myeloid
leukemia, atopic dermatitis, recurrent or metastatic carcinoma of the urothelivm, advanced
urothelial carcinoma, blood discrders, myelofibrosis, brain tumor, glioblastoma, glioma,
meningioma, cancer, carcinomatous  meningitis  (neoplastic  meningitis),  choroidal
neovascularization (CNV), subfoveal choroidal neovascuolarization, chronic lymphocytic

lcukena, chronic myelogenous leukcomia, refractory chronic myclogenous fcukemia, colon
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cancer, colorectal cancer, degenerative nerve diseases, Neurodegenerative discases, diabetic
macular edema, visual Impairment due to diabetic macular edema, diabetic retinopathy, dry
cye syndrome {(inflamamation and corneal tissue damage of dry Eye), endometrial cancer, cye
diseascs, ocular diseascs, ocular neovascularization, eyve cancer, Neurotibromatosis Type 11,
head and neck cancer, hematological malignancies, Kapost’s Sarcoma, Hepatocellular
Carcinoma, Lung cancer, macular degeneration, age related macular degeneration, exudative
age-related macular degeneration, peovascular {wet) age-related macular degeneration
{AMD)), subfoveal Neovascular Age-Related macular degeneration, macular edema, macuolar
cdema asscciated with Branch Retinal Vein Geclusion, macular edema following retinal vein
occlusion, macular edema with Retinal Vein Occlusion (RVO), multiple myeloma, relapsed
or refractory multiple mycloma, multiple sclerosis, myopia, pathological myopia,
neuroendocrine tumor, carcineid tumor, neurocndocrine tumor, non-Hodgkin’s Lymphoma,
Diffuse Large B-Cell Eymphoma, Non-Small-Cell Lung cancer, Non-Squamous Non-Smali-
Cell Lung cancer, Non-small-cell-lung Adenocarcinoma, Sguamous Non-Small-Cell Lung
cancer, corneal graft rejection, osteoarthritis, recurrent symptomatic malignant ascites,
peripheral T-cell lymphoma, androgen Independent Psoriasis. pulmonary Fibrosis, Idiopathic
Pulmonary Fibrosis, respiratory discases, rotinal detachment, retinal disorders, retinitis
pigmentosa, retinal vein occlusion, branch retinal vein occlusion, central retinal vein
peclusion, rheumatoid arthritis, sarcoma, alveolar soft part sarcoma, soft tissue sarcoma,
scleroderma/systemic sclerosis, solid timors, refractory germ cefl fumors, thyroid cancer,

differentiated or medullar thyroid cancer, and West Syndrome (Infantile Spasm).

{1358] In certain embodiments, the drug delivered to the suprachoroidal space using the
devices and methods disclosed herein is rapamycin (Sirolimus, Rapamune).  In one
embodiment, the devices (c.g., mucroneedle devices) and methods disclosed herein are used
in conjunction with rapamycin to treat, prevent and/‘or ameliorate a wide range of discases or
disorders including, but not Himited to: abdominal neoplasms, acquired immunodeficiency
syndrome, acute coronary syndrome, acute lvmphoblastic leukenmia, acute myelocytic
leukemia, acute non-tvmphoblastic leukemia, adenocarcinoma, adenoma,
adenomyoepithclioma, adnexal diseases, anaplastic astrcevioma, anaplastic large celf
lymphoma, anaplastic  plasmacytoma, anemia, angina  pectoris, angioimmunoblastic
lymphadenopathy  with dysproteinemia, angiomyolipoma, arterial occlusive  diseases,
arteriesclerosis, astrocytoma, atherosclerosis, autoimmune diseases, B-cell lymphomas, blood

coagulation disorders, blood protein disorders, bone cancer, bone mamrow discases, brain
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diseascs, brain neoplasms, breast beoplasms, bronchial neoplasms, carcinoid syndrome,
carcinoid Tumor, carcinoma, sguamous cclf carcinoma, central nervous system discascs,
central nervous systema neoplasms, choroid diseases, choroid plexus neoplasms, choroidal
neovascularization, choroiditis, chronic lymphocytic leukemia, chronic myeloid leakemia,
chronic myelomonoeytic leakemia, chronic myeloproliferative disorders, chronic neuirophilic
leukemia, clear cell renal cell carcinoma, colonic discases, colenic ncoplasms, coloreetal
neoplasms, coronary artery discase, coronary disease, coronary Occlusion, coronary
restenosis, coropary stenosts, coronary thrombosis, cutancous T-cell lymphoma, diabetes
mellitus, digestive system ncoplasms, dry cye syndromes, ear discascs, edema, endocrine
gland ncoplasms, endocrine system discases, endometrial neoplasms, Endometrial stromal
tumors, Ewing’s sarcoma, exanthema, cye ueoplasms, fibrosis, follicular lymphoma,
gastrointestinal diseases, gastrointestinal neoplasms, genital neoplasms, glioblastoma, glioma,
ghiosarcoma, graft vs host discase, hematologic discases, hematologic neoplasms,
hemosrhagic  disorders, hemostatic  disorders, Hodgkin  disecase, Hodgkin lymphoma,
homologous wasting disease, imuumoblastic lymphadenopathy, mmmunologic deficiency
syndromes, immunoproliferative disorders, infarction, mflammation, iutestinal diseases,
intestinal neoplasis, ischemia, kidoey cancer, kidney discases, kidney neoplasms, leukemia,
B-Cell, leukemia, lymphotd, liver cancer, liver discases, lung discases, lymphatic discases,
lymphoblastic lymphoma, lymphoma, macular degencration, macelar edema, melanoma,
mouth ncoplasms, wmmdtiple myeloma, myelodysplastic  syndromes, myclofibrosis,
myveloproliferative  disorders,  peurocctodermal  tuwmors,  ncurcendocrine  tumors,
neurocpithelioma, neurofibroma, renal cancer, respiratory tract diseases, retinal degeneration,
retinal discases, retinal <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>