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with the central opening of the needle guide component. The plunger is driven toward the cartridge stopper to expel the liquid drug
from the cartridge through the needle. An end of the needle can be positioned within the fluid path pocket when the plunger is pushed
against the cartridge stopper, ensuring that only a small volume of the liquid drug remains in the cartridge when delivery of the liquid
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CARTRIDGE HOLD-UP VOLUME REDUCTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/448,222, filed January 19, 2017, U.S. Provisional Application No. 62/453,065, filed
February 1, 2017, and U.S. Provisional Application No. 62/549,488, filed August 24, 2017,

each of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments generally relate to medication delivery. More particularly,

embodiments relate to reducing hold-up volume for drug delivery systems.

BACKGROUND

[0003] An on-body delivery system (OBDS) is often used to deliver drug dosages to a user.
Many OBDSs use cartridges to hold a liquid drug that is expelled from the cartridge when a
portion of the liquid drug is desired to be delivered to the user. Many conventional OBDSs and
associated cartridges are not capable of delivering all of the stored liquid drug to the user.
Specifically, relatively significant amounts of the liquid drug can remain inside of the pre-filled

cartridge when the OBDS completes full delivery. The undelivered amount of the liquid drug is
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wasted and for expensive drugs can increase costs to various parties, including the user.

Accordingly, there is a need for an OBDS, drug delivery system and/or device, and/or cartridge

having reduced amounts of a liquid drug remaining after delivery to reduce waste and reduce

costs to various parties, including the user.

[0004]

[0005]

1A
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[0007]

[0008]

[0009]
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[0011]

[0012]

[0013]

[0014]

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a first view of a conventional drug delivery system.

FIG. 1B illustrates a second view of the conventional drug delivery system of FIG.

FIG. 2 illustrates a first view of a first exemplary drug delivery system.

FIG. 3 illustrates a second view of the first exemplary drug delivery system.

FIG. 4 illustrates a second exemplary drug delivery system.

FIG. 5 illustrates a first view of a third exemplary drug delivery system.

FIG. 6 illustrates a second view of the third exemplary drug delivery system.

FIG. 7 illustrates a first view of a fourth exemplary drug delivery system.

FIG. 8 illustrates a second view of the fourth exemplary drug delivery system.

FIG. 9 illustrates a third view of the fourth exemplary drug delivery system.

FIG. 10 illustrates a fourth view of the fourth exemplary drug delivery system.
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DETAILED DESCRIPTION

[0015] This disclosure presents various systems, components, and methods related to a
drug delivery system and/or device. Each of the systems, components, and methods disclosed
herein provides one or more advantages over conventional systems, components, and

methods.

[0016] Various embodiments provide drug delivery systems with reduced hold-up volumes.
The drug delivery systems include a cartridge configured to hold a liquid drug. A cartridge
stopper is positioned in a first portion of the cartridge having a first diameter and forms a first
seal for the liquid drug. A needle guide component is positioned within the cartridge stopper. A
needle is positioned within a central opening of the needle guide. A plunger is positioned in a
second portion of the cartridge having a second diameter, with the second diameter larger than
the first diameter. The plunger forms a second seal for the liquid drug. The plunger includes a
fluid path pocket facing and aligned with the central opening of the needle guide component.
The needle pierces the cartridge stopper to be coupled to the liquid drug. The plunger is driven
toward the cartridge stopper to expel the liquid drug from the cartridge through the needle. An
end of the needle can be positioned within the fluid path pocket when the plunger is pushed
against the cartridge stopper, ensuring that only a small volume of the liquid drug remains in the
cartridge (e.g., within a portion of the fluid path pocket) when delivery of the liquid drug is
completed. As a result, a reduced amount of the liquid drug remains within the cartridge when

delivery is complete.

[0017] FIG. 1A illustrates a conventional drug delivery system 100. The drug delivery

system 100 includes a drug container or cartridge 102. The cartridge 102 can hold or store a



WO 2018/136699 PCT/US2018/014351

—4-
liquid drug 104. A plunger 106 can be positioned within the cartridge 102. A needle 108 can be

positioned within the cartridge 102 and coupled to the liquid drug 104,

[0018] To expel the liquid drug 104 from the cartridge 102, the plunger 106 can be moved in
a direction 110 toward the needle 108. In doing so, the plunger 106 can force a portion of the
liquid drug 104 through the needle 108 and out of the cartridge 102. As the plunger 106 moves

closer to the needle 108, more of the liquid drug 104 can be expelled from the cartridge 102.

[0019] FIG. 1B illustrates a subsequent stage of operation of the drug delivery system 100
relative to the depiction of the drug delivery system 100 in FIG. 1A. As shown in FIG. 1B, the
plunger 106 is positioned adjacent to a neck of the cartridge 102 and cannot be advanced any
further in the direction 110. As a result, a portion of the liquid drug 104 remains in the cartridge
102 as shown in FIG. 1B. That is, the liquid drug 104 remaining in the cartridge 102 cannot be
expelled from the cartridge 102 by the plunger 106. The amount of space occupied by this
portion of the liquid drug 104 that remains effectively trapped in the cartridge 102 (or the amount
or volume of the remaining liquid drug 104 itself) can be considered to be a hold-up volume (or
portion thereof) of the cartridge 102 and/or the drug delivery system 100. As will be appreciated
by one of ordinary skill in the art, in additional to the amount of space in the cartridge 102, the
entire fluid path (e.g., the needle) can also be considered to contribute to hold-up and/or to

contribute to the hold-up volume of the system.

[0020] Hold-up volume can represent the amount of space that can be occupied by a liquid
drug that cannot be expelled and can include the volume of liquid drug that cannot be expelled.
As shown in FIGs. 1A and 1B, the arrangement and shapes of the components of the drug

delivery system 100 contribute to the size and shape of the resulting hold-up volume. Since the
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hold-up volume retains a portion of the liquid drug 104 that cannot be expelled, reduction and
minimization of the hold-up volume is desirable. In general, the hold-up volume represents a
wasted or unused portion of the liquid drug 104. For very expensive drugs, the wasted amount
of the liquid drug 104 can be very costly, which can be passed along to the user, insurance

company, or other purchaser of the drug delivery system 100.

[0021] Since a portion of the stored liquid drug 104 may be trapped inside of the drug
delivery system 100 (or at least not delivered to the user), then the amount of liquid drug 104
used to fill the cartridge 102 may be greater than the amount of liquid drug 104 that corresponds
to the dose of the user. As explained above, this “over-filling” of the liquid drug 104 for the user
can add costs to the drug delivery system 100. In addition to this problem, air can be introduced
into the drug delivery system 100 during typical filling processes associated with a pre-filled
device such as the cartridge 102 and/or the drug delivery system 100. The introduced air is
typically addressed in a number of ways. For example, the air may be purged out, which can add
complexity and cost to the drug delivery system and/or burden on the user. Alternatively, the air

can be delivered to the user. Lastly, the air can be trapped within the drug delivery device 100.

[0022] Since a body-worn device (e.g., an OBDS) is multi-oriented, depending on where and
how it is attached to the user’s body, air will move within the container that stores a liquid drug
(e.g., within the cartridge 102 holding the liquid drug 104). In some instances, when air is
trapped within the body-worn device and the outlet of the body-worn device is facing down,
gravity may cause the heavier liquid drug out of the device prior to the air. In other instances,
when air is trapped within the body-worn device and the outlet of the body-worn device is facing

up, the air may be delivered first and a portion of the liquid drug may trapped within the device
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as part of the hold-up volume. Because of these various orientations of the body-worn device
and their impact on whether air or liquid drug will be delivered to the patient, embodiments as

described herein improve dose accuracy by reducing hold-up volume.

[0023] Dose accuracy can be affected when the ratio of hold-up volume to fill volume
exceeds approximately 3-5%, with the dose accuracy being further negatively affected as this
ration increases. For example, if a dose within 5% of 1 mL of a drug is desired using a device
having a hold-up volume of 0.2 mL, then the desired dose accuracy is not possible. Accordingly,
in addition to reducing wastes, it is desired to reduce hold-up volumes to achieve desired dosing

accuracies and/or to achieve industry standard dose accuracy requirements.

[0024] FIG. 2 illustrates a first exemplary drug delivery system 200 for providing a reduced
hold-up volume. The drug delivery system 200 can efficiently expel the liquid drug it contains
while reducing amounts of the liquid drug retained by the drug delivery system 200 after use.
The reduced hold-up volume provided by the drug delivery system 200 can improve dosing
accuracy. FIG. 2 can represent a cross-sectional view of the drug delivery system 200. In
various embodiments, the drug delivery system 200 can provide a ratio of hold-up volume to fill

volume that is less 5% or less than 3%.

[0025] As shown in FIG. 2, the drug delivery system includes a drug container or cartridge
202. In various embodiments, the cartridge 202 can be an International Organization for
Standardization (ISO) standard cartridge 202. In various embodiments, the cartridge 202 can be
a custom design or customized cartridge 202. The cartridge 202 can comprise any suitable
material such as, for example, metal, plastic, or glass, or any combination thereof. The cartridge

202 can include a main body component 204, a neck component 206, and a top component 208.
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[0026] The cartridge 202 can generally be cylindrically-shaped with a diameter of the main
body component 204 being substantially constant and larger than a diameter of the top
component 208. The neck component 206 can have a variable diameter that transitions from a
diameter corresponding to the diameter of the main body component 204 to the diameter of the
top component 208. The variable diameter portion of the neck component 206 can be considered
a transitional portion of the cartridge 202 where the wider main body component 204 transitions

to the narrower top component 208.

[0027] The top component 208 can be sealed by a septum 210 and a crimp 212. The septum
210 can be positioned adjacent to and/or over the top component 208 (e.g., over an opening in
the top component 208). The crimp 212 can be positioned around the septum 210 and the top
component 208 to tightly fit the septum 210 against the top component 208. The septum 210 can
comprise any suitable material such as, for example, metal or plastic, or any combination thereof.
The crimp 212 can comprise any suitable material such as, for example, metal or plastic, or any
combination thereof. The septum 210 and the crimp 212 can form at least one seal of the

cartridge 202.

[0028] A second seal of the cartridge 202 can be formed by a plunger 214. The plunger 214
can comprise any suitable material such as, for example, plastic or rubber. The plunger 214 can
be positioned within the main body component 204. The plunger 214 can be positioned into the

main body component 204 through an opening 216 of the cartridge 202.

[0029] A drug 218 can be stored or held in the cartridge 202. The drug 218 can be a liquid

drug. The drug 218 can be any therapeutic agent and/or medicine. The drug 218 can be stored
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within the main body component 204. The plunger 214 can be positioned to retain or seal the

liquid drug 218 within the cartridge 202.

[0030] As further shown in FIG. 2, the drug delivery system 200 can also include a cartridge
stopper 220. The cartridge stopper 220 can be positioned within any portion of the main body
component 204 and/or the neck component 206. In various embodiments, the cartridge stopper
220 can be positioned within a portion of the neck component 206 and an adjacent portion of the
main body component 204. The cartridge stopper 220 can include a first side 222 that is
substantially flat or planar. The first side 222 can be coupled to the liquid drug 218 and can be
facing the plunger 214. The first side 222 can include a fluid path pocket 224. The fluid path
pocket 224 can comprise a hole or opening within the cartridge stopper 220, extending from the
first side 222 into the cartridge stopper 220. The fluid path pocket 224 can be positioned at an
approximate center of the cartridge stopper 220 (e.g., aligned with a center of the first side 222

and/or aligned with a central axis of the cartridge stopper 220).

[0031] A second side 226 of the cartridge stopper 220 can be shaped to fit within the
transition region of the neck component 206. The second side 226 can face the top component
208 of the cartridge 202. In various embodiments, the second side 226 can be shaped to taper
from a relatively wider diameter (e.g., a diameter of the main body component 204) to a
relatively narrower diameter (e.g., a diameter of the narrowest portion of the neck component
206). The cartridge stopper 220 can also form a seal for the liquid drug 218 as shown in FIG. 2.
The cartridge stopper 220 can be generally cylindrical-shaped and can be formed of any suitable

material such as, for example, a plastic or rubber.
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[0032] As shown in FIG. 2, an outer portion of the cartridge stopper 220 can include sealing
features (e.g., sealing glands). In various embodiments, the cartridge stopper 220 can include
any number of such sealing features that can be varied based on application. As further shown in
FIG. 2, the liquid drug 218 is retained within the cartridge 202 by seals provided by the cartridge

stopper 220 and the plunger 214.

[0033] The drug delivery system 200 can further include a needle insertion guide 228. The
needle insertion guide 228 can be generally cylindrically-shaped and can be positioned within
the top component 208 and the neck component 206. The needle insertion component 228 can
comprise any suitable material such as, for example, metal, stainless steel, plastic, or a polymer,

or any combination thereof.

[0034] The needle insertion guide 228 can include an opening or hole 230. The opening 230
can extend along an entire length of the needle insertion guide 228. The opening 230 can
provide an area for a needle 232 to be guided through the top component 208 and the neck
component 206. To reach the liquid drug 218, the needle 232 can be inserted through the crimp
212 and the septum 210 and into the opening 230 of the needle insertion guide 228. The needle
232 can then be inserted further into the cartridge 202 by subsequently piercing the cartridge
stopper 220. Lastly, an end of the needle 232 can be inserted so as to be positioned within the

fluid path pocket 224.

[0035] When the needle 232 is inserted with an end positioned within the fluid path pocket
224, the plunger 214 can be used to expel the liquid drug 218 from the cartridge 202. For
example, the plunger 214 can be moved in a direction 234 toward the cartridge stopper 222. In

doing so, the liquid drug 218 can be forced out of the cartridge 202 through the needle 232. The
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plunger 214 can be advanced in the direction 234 until the plunger 214 is adjacent to the first
side 222 of the cartridge stopper 220. By maintaining the end of the needle 232 within the fluid
path pocket 224, the plunger 214 can be pressed up against the first side 222 without damaging

the needle 232 or disturbing the positioning of the needle 232.

[0036] As shown in FIG. 2, the fluid path pocket 224 can be positioned with a center of the
cartridge stopper 220. In various embodiments, the fluid path pocket 224 can be aligned with the
opening 230 of the needle insertion guide 228. This opening 230 guides the needle 232 such that
as the needle 232 is inserted further into the cartridge 202, the needle 232 will reach the fluid

path pocket 224.

[0037] FIG. 2 can represent a stage of operation of the drug delivery system 200 prior to
expelling the liquid drug 218 from the cartridge 202 (e.g., prior to activation of the drug delivery
system 200). As shown in FIG. 2, the needle 232 has pierced the septum 210 and is partially
inserted into the needle insertion guide 228 but has not yet reached or pierced the cartridge
stopper 220. In a subsequent stage of operation, after the end of the needle 232 is inserted into
the fluid path pocket 224, the plunger 214 can be advanced in the direction 234 to expel the

liquid drug 218 from the cartridge 202.

[0038] In various embodiments, the main body component 204 of the cartridge 202 can have
a first diameter that is substantially constant across an entire length of the main body component
204. Further, the top component 208 and the neck component 206 of the cartridge 202 can have
a smaller, second diameter. The neck component 206 can further include a region that
transitions from the smaller or narrower region or portion of the cartridge 202 of the second

diameter to the larger or wider region or portion of the cartridge 202 of the first diameter. In
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various embodiments, the top component 208 and the neck component 206 can together be
considered to be a necked area or the neck component 206 of the cartridge 202 — which

transitions from the larger, first diameter to the smaller, second diameter.

[0039] FIG. 3 illustrates the drug delivery system 200 after expelling the liquid drug 218
from the cartridge 202. FIG. 3 can also represent a cross-sectional view of the drug delivery
system 200. As shown in FIG. 3, the needle 232 is inserted through the needle insertion guide
228 and the cartridge stopper 220 such that the end of the needle 232 is maintained within the
fluid path pocket 224. The needle 232 can have a shape (e.g., a bend) and length that ensures the
end of the needle 232 is precisely positioned within the fluid path pocket 224 as shown. The
plunger 214 is positioned against the first side 222 of the cartridge stopper 220 and does not
contact the needle 232 or disturb the positioning of the needle 232. A hold-up volume 302 is
shown in FIG. 3 as highlighting an approximate amount of the liquid drug 218 that remains
inside the cartridge 202 (e.g., after no further liquid drug 218 can be expelled by the plunger
214). Comparing the hold-up volume 302 to the hold-up volume shown in FIG. 1B reveals that
the drug delivery system 200 significantly reduces the amount of the liquid drug 218 that

remains inside of the cartridge 202, while also improving dose delivery accuracy.

[0040] As shown in FIG. 3, with the addition of the cartridge stopper 220, a portion of the
neck component 206 is blocked off, thereby reducing the resulting hold-up volume 302 as
discussed above. Positioning the cartridge stopper 220 within the necked area of the cartridge
202 can provide a significant reduction in hold-up volume and increase in dose delivery
accuracy. The positioning of the cartridge stopper 220 can also increase positional stability and

provide space savings. Due to the reduced hold-up volume 302 provided by the drug delivery
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system 200, the drug delivery system 200 can deliver any air volume without affecting dose
tolerance (e.g., if any air is trapped within the cartridge 202 and expelled by the plunger 214).
This provides operational flexibility since the position of the plunger 214 does not need to be
precisely controlled nor does any trapped air within the cartridge 202 need to be reduced to
ensure accurate dosing of the liquid drug 218. Further, the smaller hold-up volume 302 reduces
and minimizes any wasted or unused liquid drug 218 left within the cartridge 202. As previously
mentioned, reducing the amount of wasted liquid drug 218 may reduce the cost of the drug

delivery system 200 for a user.

[0041] The drug delivery system 200 can be sterilized prior to use and being provided to a
user in a variety of manners. In various embodiments, the drug delivery system 200 can be
sterilized with the needle 232 inserted between the septum 210 and the cartridge stopper 220
(e.g., as depicted in FIG. 2). Sterilization in this manner can provide a seal on the needle 232
and can maintain sterility thereafter. In various embodiments, the drug delivery system 200 can
be sterilized with the needle 232 partially inserted in the cartridge stopper 220. Sterilization in
this manner can also provide a seal on the needle 232 that can maintain sterility. In various
embodiments, the drug delivery system 200 can be sterilized with the needle 232 completely

removed from the cartridge 202 (i.e., separate from the cartridge assembly).

[0042] FIG. 4 illustrates a second exemplary drug delivery system 400. The drug delivery

system 400 is substantially similar to the drug delivery system 200 in design and operation and
represents an alternative design to the drug delivery system 200. The drug delivery system 400
can provide substantially the same benefits as the drug delivery system 200 as described above.

FIG. 4 can represent a cross-sectional view of the drug delivery system 400. In various
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embodiments, the drug delivery system 400 can provide a ratio of hold-up volume to fill volume

that is less 5% or less than 3%.

[0043] As shown in FIG. 4, the drug delivery system 400 can include a cartridge stopper 402
having a fluid path pocket 404 on a first side and a second side having an extended portion 406.
The extended portion 406 can extend further into the neck component 206 of the cartridge 202.
As also shown in FIG. 4, a needle insertion guide 408 of the drug delivery system 400 can be
substantially arranged and positioned within the top component 208 of the cartridge 202. This
alternative design and arrangement of the cartridge stopper 402 and the needle insertion guide
408 (e.g., in comparison to the cartridge stopper 220 and the needle insertion guide 228,
respectively) can provide increased sealing capabilities and additional stability for the needle
232. In general, for any of the drug delivery systems described herein that provide reduced hold-
up volume, the cartridge stopper (e.g., the cartridge stopper 220 or 402) and the needle insertion
guide (e.g., the needle insertion guide 228 and 408) can be of any size and shape and can occupy

any portions of the main body 204, the neck component 206, and/or the top component 208.

[0044] FIG. 5 illustrates a third exemplary drug delivery system 500 for providing a reduced
hold-up volume. As a result, the drug delivery system 500 provides efficient delivery of a stored
liquid drug. FIG. 5 can represent a cross-sectional view of the drug delivery system 500. In

various embodiments, the drug delivery system 500 can provide a ratio of hold-up volume to fill

volume that is less 5% or less than 3%.

[0045] As shown in FIG. 5, the drug delivery system 500 can include many of the
components depicted and described in relation to the drug delivery system 200 and can further

include a cartridge stopper 502, a plunger 504, a needle insertion guide 506, an optional
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secondary needle seal 508, and a needle 510. The cartridge stopper 502 can be positioned within
a portion of the main body component 204 and the neck component 206. The cartridge stopper
502 can have a first side 512 that is substantially planar or flat that can be coupled to the liquid
drug 218. The cartridge stopper 502 can provide a first seal for the liquid drug 218 for
containment within the cartridge 202. The cartridge stopper 502 can be generally cylindrical-

shaped and can be formed of any suitable material such as, for example, a plastic or rubber.

[0046] The plunger 504 can be positioned within the main body component 204. The
plunger 504 can include a fluid path pocket 514. The fluid path pocket 514 can comprise a hole
or opening that extends partially into the plunger 504 from a first side or surface 516 of the
plunger 504. The fluid path pocket 514 can be round or cylindrical in shape and can be centered
about the plunger 504 (e.g., about a central axis of the plunger 504). The plunger 504 can form a
second seal for the liquid drug 218 for containment within the cartridge 202. The plunger 504
can be generally cylindrical-shaped and can be formed of any suitable material such as, for

example, a plastic or rubber.

[0047] The needle insertion guide 506 can be positioned into the plunger 504 from a second
side or surface 518 of the plunger 504. In this way, the plunger 504 can provide stability for the
needle insertion guide 506. The needle insertion guide 506 can include an opening or hole 520
that extends through the needle insertion guide 506. The opening 520 can be aligned with the
fluid path pocket 514 and can provide a guide for stabilizing and orienting the needle 510.
Specifically, the needle insertion guide 506 can ensure that an end of the needle 510 can be

positioned within the fluid path pocket 514 when the needle 510 is moved further in the direction
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234. The needle insertion guide 506 can comprise any suitable material such as, for example,

metal, stainless steel, plastic, or a polymer, or any combination thereof.

[0048] The optional secondary needle seal 508 can be positioned in the main body
component 204 between the plunger 504 and needle insertion guide 506 and an end of the
cartridge 202. The optional secondary needle seal 508 can comprise any suitable materials such
as, for example, rubber, plastic, or a polymer, or any combination thereof. The optional

secondary needle seal 508 can provide a seal for the needle 510 for sterilization.

[0049] FIG. 5 can represent the drug delivery system 500 prior to activation or initiation of
expelling the stored liquid drug 218. When activated, the end of the needle 510 can be
positioned in the fluid path pocket 514 by having the needle 510 move in the direction 234. The
needle 510 can pierce and traverse a portion of the plunger 504 between the needle insertion

guide 506 and the fluid path pocket 514 in order to reach the fluid path pocket 514.

[0050] Once the end of the needle 510 is positioned within the fluid path pocket 514, the
plunger 504 (and the needle insertion guide 506 and the needle 506) can be moved in the
direction 234. As the plunger 504 is moved towards the cartridge stopper 502, the liquid drug
218 can be expelled out of the cartridge 202 through the needle 510. The drug delivery system
500 enables the liquid drug 218 to be expelled out of an opposite end of the cartridge 202 as
compared to the end of the cartridge 202 from which the liquid drug 218 is expelled by the drug

delivery system 200.

[0051] As described above, the fluid path pocket 514 can be positioned within a center of the
plunger 504. The fluid path pocket 514 can have any cross-sectional shape such as, for example,

circular or rectangular. The fluid path pocket 514 can have a depth 522 — that is, the fluid path
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pocket 514 can extend a distance 522 into the plunger 504 from the first surface 516 of the

plunger 504.

[0052] The needle insertion guide 506 can include a base component 524 and an extension
component 526. The base component 524 can extend into the plunger 504 by a first distance 528
and the extension component 526 can extend into the plunger 504 by an additional second
distance 530 beyond the first distance 528. The base component 524 can be substantially flush

with the second surface 518 of the plunger 506.

[0053] In various embodiments, the needle insertion guide 506 can be arranged and/or
shaped in different manners. For example, the needle insertion guide 506 can be positioned
adjacent to the second surface 518 of the plunger 502 rather than being inserted into a portion of
the plunger 504. In such embodiments, the needle insertion guide 506 may be substantially

cylindrical having a substantially uniform thickness.

[0054] FIG. 6 illustrates the drug delivery system 500 after expelling the liquid drug 218
from the cartridge 202. FIG. 6 can also represent a cross-sectional view of the drug delivery
system 500. As shown in FIG. 6, the needle 510 is inserted through the needle insertion guide
506 and the plunger 504 such that the end of the needle 510 is maintained within the fluid path
pocket 514. The plunger 504 is positioned against the first side 512 of the cartridge stopper 502
without the cartridge stopper 502 contacting the needle 510 or disturbing the positioning of the
needle 510. A hold-up volume 602 is shown in FIG. 6 as highlighting an approximate amount of
the liquid drug 218 that remains inside of the cartridge 202. Comparing the hold-up volume 602

to the hold-up volume shown in FIG. 1B reveals that the drug delivery system 500 significantly
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reduces the amount of the liquid drug 218 that remains inside of the cartridge 202, while also

improving dose delivery accuracy.

[0055] The drug delivery system 500 can be sterilized prior to use and being provided to a
user in a variety of manners. In various embodiments, the drug delivery system 500 can be
sterilized with the needle 510 positioned within the needle insertion guide 506 but not coupled to
the liquid drug 218. In such embodiments, the optional secondary needle seal 508 can be used to
maintain sterility of the needle 510 from the end positioned in the needle insertion guide 506 to
the portion of the needle 510 adjacent the optional secondary needle seal 508. In various
embodiments, the drug delivery system 500 can be sterilized with the needle 510 partially
inserted into the plunger 504 (e.g., with the end of the needle 510 positioned in the plunger 504
prior to reaching the fluid path pocket 514). In various embodiments, the drug delivery system
500 can be sterilized with the needle 510 inserted into the fluid path pocket 514 and coupled to
the liquid drug 518. In such embodiments, a needle seal at the opposite end of the needle can be

used to seal the needle path.

[0056] The drug delivery system 500, by incorporating rear piercing of the plunger 504, can
reduce the overall size of the drug delivery system 500 by obviating the need for delivery
mechanisms positioned near a front end of the cartridge 202 (e.g., near the top component 208).
In various embodiments, the drug delivery system 500, as depicted in FIGs. 5 and 6, can

provided without the septum 210 and the crimp 212.

[0057] FIG. 7 illustrates a fourth exemplary drug delivery system 700. The drug delivery
system 700 can include certain features that are substantially similar to the drug delivery system

200 as shown. The drug delivery system 700 can operate in a similar manner to the drug
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delivery system 200 while representing an alternative design to the drug delivery system 200.
The drug delivery system 700 can provide substantially the same benefits as the drug delivery
system 200 as described above. FIG. 7 can represent a cross-sectional view of the drug delivery
system 700. In various embodiments, the drug delivery system 700 can provide a ratio of hold-

up volume to fill volume that is less 5% or less than 3%.

[0058] As shown in FIG. 7, the drug delivery system 700 includes a cartridge stopper 702.
The cartridge stopper 702 can be formed from any suitable material such as, for example, plastic
or rubber. The cartridge stopper 702 can be positioned with a portion of the neck component 206
and/or the top component 208. In various embodiments, the cartridge stopper 702 can be
positioned so as not to extend beyond the position of the neck component 206 having a
substantially constant diameter (i.e., to not be positioned within the transition region of the neck
component 206). The cartridge stopper 702 can be cylindrically-shaped to tightly fit within the
diameter of the neck component 208 (e.g., the smallest diameter of the cartridge 202). In various
embodiments, the cartridge stopper 702 can be positioned within the neck component 208 using
an interference fit or press fit. The cartridge stopper 702 can help seal the liquid drug 218 within
the cartridge 202 such that, for example, the liquid drug 218 does not contact the septum 210.

As shown in FIG. 7, the arrangement and positioning of the cartridge stopper 702 allows a

portion of the liquid drug to extend into the neck component 206 of the cartridge 202.

[0059] The drug delivery system 700 can further include a needle insertion guide component
704. The needle insertion guide component 704 can be positioned within the cartridge stopper
702. In various embodiments, the cartridge stopper 702 can have an opening (e.g., a partially

hollow center portion or cavity) that allows the needle insertion guide component 704 to be
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positioned into the cartridge stopper 702 to be tightly sealed and retained therein. The needle
insertion guide component 704 can be formed of any suitable material such as, for example,
metal, stainless steel, rubber, plastic, or a polymer, or any combination thereof. The needle
insertion guide component 704 can be cylindrically-shaped and can be positioned entirely within

the cartridge stopper 702.

[0060] A needle 706 can be positioned with the needle insertion guide component 704. The
needle insertion guide component 704 can include an opening or hole 708 that extends the length
of the needle insertion guide component 704. The needle 706 can be positioned within the
opening 708. The opening 708 can provide a guide for the needle 706. The opening 708 can
have a first conical portion (positioned closer to the top component 208) and a cylindrical portion
(positioned closer to the main body component 204) as shown in FIG. 7. The opening 708 can
be positioned along a center of the needle insertion guide component 704 (e.g., along a central

axis of the needle insertion guide component 704).

[0061] The drug delivery system 700 can further include a plunger 720. The plunger 720 can
be formed of any suitable material such as, for example, plastic or rubber. The plunger 720 can
form another seal for the liquid drug 218. The liquid drug 218 can be accessed by the needle
706. Specifically, the needle 706 can be moved to pierce the cartridge stopper 702 to access the
liquid drug 218. After piercing the cartridge stopper 702 to access the liquid drug 218, an end of
the needle 706 can be positioned within the neck component 206 in fluid communication with

the liquid drug 218.

[0062] As shown, the plunger 720 can have a first side or surface 712 and a second side or

surface 714. The first side 712 can be substantially planar or flat and can face the opening 216 of
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the cartridge 202. The second side 714 can have a surface 716 that extends at an angle from a
side of the plunger 720. The side of the plunger 720 can include one or more seal features and
can be substantially cylindrical in shape. The surface 716 can extend from the side of the
plunger 720 at an angle to a fluid path pocket area or component 718. The second surface 714 of
the plunger 720 can be shaped to approximately match a shape of the neck component 206 — in

particular, a transition region of the neck component 206.

[0063] The fluid path pocket 718 can be a hole or opening that extends into the plunger 720
(e.g., partially into the plunger 720 from the second side 714) by a distance or depth 710. The
fluid path pocket 718 can have any shape such as, for example, circular or square. The fluid path
pocket 718 can have a decreasing diameter moving in a direction from the second side 714 to the
first side 712. The fluid path pocket 718 can be positioned about a center of the plunger 720

(e.g., along a central axis of the plunger 720).

[0064] The fluid path pocket 718 can be aligned with the opening 708 of the needle insertion
guide component 704. In this way, when the needle 706 pierces through the cartridge stopper
702 and is coupled to the liquid drug 218, an end of the needle 706 will align with the fluid path
pocket 718. This enables the plunger 720 to be pushed into the transition area of the neck
component 206 without damaging the needle 706 or its position, as the end of the needle 706 is
secured within the fluid path pocket 718 and does not contact the plunger 720. Precise
positioning of the end of the needle 706 can be controlled by a number of manners including, for
example, a shape of the needle 706 — for example, by including a bend or turn in the needle 706

to limit how far the needle 706 can extend into the cartridge 202.
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[0065] To expel the liquid drug 218 from the cartridge 202, the plunger 720 can be advanced
in the direction 234 toward the cartridge stopper 702. As the plunger 720 is advanced, the liquid

drug 218 can be forced out of the cartridge 202 through the needle 706.

[0066] As shown in FIG. 7, the cartridge stopper 702 blocks off a portion of the neck
component 206. The size, arrangement, and positioning of the cartridge stopper 702, along with
the shape of the plunger 720, can provide reduced hold-up volume and an increase in dose
delivery accuracy. Further, the cartridge 202 can be filled using standard fill and finishing
processes with standardized equipment and can be filled with the liquid drug from the opening
216 (e.g., before installing the plunger 720). Compared to the drug delivery system 200, the
drug delivery system 700 can be made shorter in length while holding and delivering the same
amount of liquid drug 218. As a result, an on-body delivery system (e.g., an insulin pump)

holding the drug delivery system 700 can be made shorter in length.

[0067] In various embodiments, the cartridge stopper 702 can be considered as including a
central opening or cavity for accepting the needle guide component 704. The needle guide
component 704 can be tightly pressed or fitted into the cavity of the cartridge stopper 702, so that
the cartridge stopper 702 is tightly positioned around the needle guide component 704 and

against the cartridge 202 to form a seal for the liquid drug 218.

[0068] The cartridge stopper 702 can be considered to be disposed or positioned within a
first region or portion of the cartridge 202. This first region or portion of the cartridge 202 can
have a first diameter. In contrast, the plunger 720 can be considered to be positioned within a
second region or portion of the cartridge 202. This second region or portion of the cartridge 202

can have a second diameter, with the second diameter being larger than the first diameter. The
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cartridge 202 can further include a region or portion where the cartridge 202 transitions from the
first diameter to the second diameter. As shown in FIG. 7, the plunger 720 can be shaped to
approximately match the boundaries of this transition region. Further, the diameter of the
cartridge stopper 702 can approximately match the first diameter of the cartridge 202 and the

diameter of the plunger 720 can approximately match the second diameter of the cartridge 202.

[0069] In various embodiments, as further described herein, the opening 708 of the needle
guide component 704 can be aligned with the fluid path pocket 718. In various embodiments,
the opening 708 can be aligned with a center of the fluid path pocket 718. In various
embodiments, the opening 718 and the fluid path pocket 718 can be aligned and/or centered

about a same central axis of either component and/or the cartridge 202.

[0070] FIG. 8 illustrates a close-up view of a portion of the drug delivery system 700. As
shown in FIG. 8, the needle 706 can be stored in the position show — that is, the needle 706 can
be positioned within the needle insertion guide component 704 without piercing the cartridge
stopper 702 so as to access the liquid drug 218. When the drug delivery system 700 is activated,
a needle insertion mechanism (not shown in FIG. 8) can advance the needle 706 into the neck

component 206 to be coupled with the liquid drug 218.

[0071] A sterile zone 802 represents a sterile area of the drug delivery system 700. The
needle 706, as shown, can be stored prior to activation of the drug delivery system 700 within the
sterile zone 802. The drug delivery system 700 can be sterilized after the needle 706 is inserted
into the position as shown in FIG. 8. The sterile zone 802 can remain sealed and sterile prior to

use.
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[0072] As further shown in FIG. 8, the opening 708 of the needle insertion guide component
704 can include a first conical portion 804 (positioned closer to the top component 208) and a
second cylindrical portion 806 (positioned closer to the main body component 204). The needle
insertion guide component 704 can be fully positioned within an inner portion (e.g., opening) of

the cartridge stopper 702.

[0073] The cartridge stopper 702 can include a first portion 808 (positioned adjacent to the
septum 210) and a second portion 810 (positioned adjacent to the liquid drug 218). During
storage and/or prior to activation of the drug delivery system 700, the needle 706 can be
positioned as shown in FIG. 8 — for example, positioned through the first portion 808 and
adjacent to the second portion 810 (but not yet having pierced the second portion 810). The
needle 706 can be advanced toward the second portion 810 and can pierce the second portion
810 when the drug delivery system 700 is activated, thereby coupling the needle 706 to the liquid
drug 218. The needle insertion guide component 704 can provide accurate guiding of needle 706

through the cartridge stopper 702.

[0074] FIG. 9 illustrates the drug delivery system 700 after activation. Specifically, FIG. 9
illustrates the drug delivery system 700 after the needle 706 has been advanced toward the liquid
drug 218. FIG. 9 also illustrates a close-up view of a portion of the drug delivery system 700.
As the needle 706 is advanced, the end of the needle 706 pierces and extends through the second
portion 810 of the cartridge stopper 702. The end of the needle 706 extends just beyond the
cartridge stopper 702 and is coupled to the liquid drug 218. The needle insertion guide
component 704 provides accurate alignment of the needle 706 through the cartridge stopper 706

(e.g., to maintain alignment of the needle 706 with the central axis of the cartridge stopper 706).
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[0075] Once the needle 706 is advanced into the cartridge 202 as shown in FIG. 9, the
plunger 720 (as shown in FIG. 7) can be advanced in the direction 234 to expel the liquid drug
218 out of the cartridge 202 through the needle 706. In various embodiments, the thickness of
the second portion 810 of the cartridge stopper 702 can maintain sterility and non-permeability
prior to being pierced by the needle 706. For example, the second portion 810 of the cartridge
stopper 706 can have a thickness of at least 1.5 mm to maintain closure integrity of the container

202.

[0076] FIG. 10 illustrates the drug delivery system 700 after substantially all of the liquid
drug 218 has been expelled from the cartridge 202. FIG. 10 also illustrates a close-up view of a
portion of the drug delivery system 700. As shown, the end of the needle 706 is positioned
within the fluid path pocket 718. The needle insertion guide component 704 ensures the end of
the needle 706 is aligned with the fluid path pocket 718. The plunger 720 is positioned against
the cartridge stopper 702. The plunger 720 is also pressed against the neck component 206 such
that the surface 716 is pressed against the transitional portion of the neck component 206 — with
a portion of the surface 716 surrounding the fluid path pocket 718 adjacent to or pressed against

the cartridge stopper 702 as shown.

[0077] A hold-up volume 1002 is shown in FIG. 10 as highlighting an approximate amount
of the liquid drug 218 that remains inside of the cartridge 202. Comparing the hold-up volume
1002 to the hold-up volume of FIG. 1B reveals that the drug delivery system 700 significantly
reduces the amount of the liquid drug 218 that remains inside of the cartridge 202, while also
improving dose delivery accuracy. The positioning of the needle 706, in terms of concentricity

(e.g., with respect to the cartridge 202) and depth (e.g., with respect to the neck component 206)
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can be controlled to leave a relatively small hold-up volume 1002. As further shown, the needle
706 1s positioned such that at the end of the plunger stroke (e.g., when the plunger 720 is
positioned as far against the neck component 206 as possible), the needle 706 remains in the

fluid path pocket 718.

[0078] The drug delivery system 700 provides further advantages in that the drug delivery
system 700 provides a reduced amount of surface area from the cartridge stopper 702 and the
plunger 720 that may contact the liquid drug 218 (e.g., in comparison to the other drug delivery
systems described herein that have larger combined surface areas in contact with the liquid drug
218 due to the increased surface area of the cartridge stoppers used therein). In various
embodiments, the cartridge stopper 702 and the plunger 720 can be formed from an elastomer.
Leachable and extractable levels of a drug can result when a liquid drug is in contact with an
elastomer, which can adversely affect the drug and/or adversely affect drug stability.
Accordingly, the reduced surface area of the cartridge stopper 702 and the plunger 720 (e.g.,
combined or in total) provided by the drug delivery system 700 can improve stability of the

liquid drug 218.

[0079] Any of the individual drug delivery systems described herein (e.g., drug delivery
systems 200, 400, 500, and 700) and/or any features thereof can be combined with any other

drug delivery system and/or feature thereof.

[0080] The following examples pertain to additional further embodiments:

[0081] Example 1 is a drug delivery system comprising a cartridge configured to hold a
liquid drug, a cartridge stopper positioned in a first portion of the cartridge having a first

diameter, a needle guide component positioned within the cartridge stopper, a needle
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positioned within a central opening of the needle guide, and a plunger positioned in a second
portion of the cartridge having a second diameter, the second diameter larger than the first
diameter, the plunger having a fluid path pocket facing and aligned with the central opening
of the needle guide component.
[0082] Example 2 is an extension of example 1 or any other example disclosed herein,
wherein the cartridge is an International Organization for Standardization (ISO) cartridge.
[0083] Example 3 is an extension of example 1 or any other example disclosed herein,
wherein the cartridge stopper is formed from plastic or rubber
[0084] Example 4 is an extension of example 1 or any other example disclosed herein,
wherein the cartridge stopper is cylindrically-shaped.
[0085] Example 5 is an extension of example 4 or any other example disclosed herein,
wherein the cartridge stopper has a diameter approximately matching the first diameter, the
cartridge stopper configured to form a seal for the liquid drug.
[0086] Example 6 is an extension of example 5 or any other example disclosed herein,
wherein the cartridge stopper includes a central cavity configured to retain the needle guide
component.
[0087] Example 7 is an extension of example 6 or any other example disclosed herein,
wherein the needle guide component is formed from metal, plastic, or rubber.
[0088] Example 8 is an extension of example 7 or any other example disclosed herein,
wherein the needle guide component is configured to be fitted within the central cavity of the

cartridge stopper.
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[0089] Example 9 is an extension of example 8 or any other example disclosed herein,
wherein the central opening of the needle guide component includes a conical portion and a
cylindrical portion.
[0090] Example 10 is an extension of example 9 or any other example disclosed herein,
wherein the cylindrical portion is positioned closer to the plunger.
[0091] Example 11 is an extension of example 10 or any other example disclosed herein,
wherein the central opening of the needle guide component is aligned with a central axis of
the needle guide component.
[0092] Example 12 is an extension of example 11 or any other example disclosed herein,
wherein the central opening of the needle guide component is aligned with a center of the
fluid path pocket.
[0093] Example 13 is an extension of example 1 or any other example disclosed herein,
wherein the plunger includes a first surface facing an opening of the cartridge and a second
surface facing the cartridge stopper, the second surface containing the fluid path pocket, the
plunger forming a seal for the liquid drug.
[0094] Example 14 is an extension of example 13 or any other example disclosed herein,
wherein the first surface is substantially planar.
[0095] Example 15 is an extension of example 13 or any other example disclosed herein,
wherein the plunger has a diameter approximately matching the second diameter.
[0096] Example 16 is an extension of example 13 or any other example disclosed herein,

wherein the fluid path pocket is cylindrically-shaped.



WO 2018/136699 PCT/US2018/014351

- 28 —
[0097] Example 17 is an extension of example 13 or any other example disclosed herein,
wherein the fluid path pocket has a depth that extends into the plunger from the second
surface.
[0098] Example 18 is an extension of example 17 or any other example disclosed herein,
wherein the fluid path pocket comprises a decreasing diameter along the depth of the fluid
path pocket.
[0099] Example 19 is an extension of example 17 or any other example disclosed herein,
wherein the second surface is angled from a side of the plunger toward the fluid path pocket.
[00100] Example 20 is an extension of example 19 or any other example disclosed herein,
wherein the second surface is shaped to approximately match a transition region of the
cartridge, the transition region of the cartridge having a variable diameter that transitions from
the first diameter to the second diameter.
[00101] Example 21 is an extension of example 13 or any other example disclosed herein,
wherein the needle is configured to pierce the cartridge stopper to be coupled to the liquid
drug.
[00102] Example 22 is an extension of example 21 or any other example disclosed herein,
wherein the plunger is configured to be driven toward the cartridge stopper to expel the liquid
drug out of the cartridge through the needle.
[00103] Example 23 is an extension of example 22 or any other example disclosed herein,
wherein an end of the needle is configured to be positioned within the fluid path pocket of the

plunger when the plunger expels substantially all of the liquid drug from the cartridge.
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[00104] Example 24 is an extension of example 22 or any other example disclosed herein,
wherein an end of the needle is configured to be positioned within the fluid path pocket of the
plunger when the second surface of the plunger is pressed against the cartridge stopper.
[00105] Example 25 is an extension of example 24 or any other example disclosed herein,
wherein the end of the needle is not in contact with the plunger.
[00106] Example 26 is an extension of example 1 or any other example disclosed herein,

wherein the needle guide component is formed from a metal.

[00107] Certain embodiments of the present invention were described above. It is, however,
expressly noted that the present invention is not limited to those embodiments, but rather the
intention is that additions and modifications to what was expressly described herein are also
included within the scope of the invention. Moreover, it is to be understood that the features of
the various embodiments described herein were not mutually exclusive and can exist in various
combinations and permutations, even if such combinations or permutations were not made
express herein, without departing from the spirit and scope of the invention. In fact, variations,
modifications, and other implementations of what was described herein will occur to those of
ordinary skill in the art without departing from the spirit and the scope of the invention. As such,

the invention is not to be defined only by the preceding illustrative description.
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CLAIMS

1. A drug delivery system, comprising:
a cartridge configured to hold a liquid drug;
a cartridge stopper positioned in a first portion of the cartridge having a first diameter;
a needle guide component positioned within the cartridge stopper;
a needle positioned within a central opening of the needle guide; and

a plunger positioned in a second portion of the cartridge having a second diameter, the
second diameter larger than the first diameter, the plunger having a fluid path pocket facing and

aligned with the central opening of the needle guide component.

2. The drug delivery system of claim 1, wherein the needle guide component is formed from
a metal.

3. The drug delivery system of claim 1, wherein the cartridge stopper is formed from plastic
or rubber.

4. The drug delivery system of claim 1, wherein the cartridge stopper is cylindrically-
shaped.

5. The drug delivery system of claim 4, wherein the cartridge stopper has a diameter

approximately matching the first diameter, the cartridge stopper configured to form a seal for the

liquid drug.

6. The drug delivery system of claim 5, wherein the cartridge stopper includes a central

cavity configured to retain the needle guide component.
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7. The drug delivery system of claim 6, wherein the needle guide component is formed from
metal, plastic, or rubber.

8. The drug delivery system of claim 7, wherein the needle guide component is configured

to be fitted within the central cavity of the cartridge stopper.

0. The drug delivery system of claim 8, wherein the central opening of the needle guide

component includes a conical portion and a cylindrical portion.

10.  The drug delivery system of claim 9, wherein the cylindrical portion is positioned closer

to the plunger.

11.  The drug delivery system of claim 10, wherein the central opening of the needle guide

component is aligned with a central axis of the needle guide component.

12.  The drug delivery system of claim 11, wherein the central opening of the needle guide

component is aligned with a center of the fluid path pocket.

13.  The drug delivery system of claim 1, wherein the plunger includes a first surface facing
an opening of the cartridge and a second surface facing the cartridge stopper, the second surface

containing the fluid path pocket, the plunger forming a seal for the liquid drug.

14.  The drug delivery system of claim 13, wherein the first surface is substantially planar.

15. The drug delivery system of claim 13, wherein the plunger has a diameter approximately

matching the second diameter.

16.  The drug delivery system of claim 13, wherein the fluid path pocket is cylindrically-
shaped.
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17.  The drug delivery system of claim 13, wherein the fluid path pocket has a depth that

extends into the plunger from the second surface.

18.  The drug delivery system of claim 17, wherein the fluid path pocket comprises a
decreasing diameter along the depth of the fluid path pocket.

19.  The drug delivery system of claim 17, wherein the second surface is angled from a side

of the plunger toward the fluid path pocket.

20. The drug delivery system of 19, wherein the second surface is shaped to approximately
match a transition region of the cartridge, the transition region of the cartridge having a variable

diameter that transitions from the first diameter to the second diameter.

21.  The drug delivery system of claim 13, wherein the needle is configured to pierce the

cartridge stopper to be coupled to the liquid drug.

22, The drug delivery system of claim 21, wherein the plunger is configured to be driven

toward the cartridge stopper to expel the liquid drug out of the cartridge through the needle.

23.  The drug delivery system of claim 22, wherein an end of the needle is configured to be
positioned within the fluid path pocket of the plunger when the plunger expels substantially all of
the liquid drug from the cartridge.

24.  The drug delivery system of claim 22, wherein an end of the needle is configured to be
positioned within the fluid path pocket of the plunger when the second surface of the plunger is
pressed against the cartridge stopper.
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25.  The drug delivery system of claim 24, wherein the end of the needle is not in contact with

the plunger.
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