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Abstract

A drug delivery device for administering a low dose of a medicament includes a housing and a drug
reservoir disposed in the housing. A needle is connected to the drug reservoir. A pressure applying member
is movably connected to the housing and is movable between first and second positions. The pressure
applying member does not apply pressure to the drug reservoir in the first position and applies pressure to

the drug reservoir in the second position to dispense medicament stored in the drug reservoir.

Date Recgue/Date Received 2020-06-01



LOW DOSE PREFILLED DRUG DELIVERY DEVICE AND METHOD

Field of the Invention

[0002] The present invention relates to a pre-filled drug delivery device. More
particularly, the present invention generally relates to a pre-filled drug delivery device
that can facilitate an intradermal or subcutaneous injection. Still more particularly,
the present invention provides a pre-filled insulin delivery device for delivering only a
small insulin dose intended to replace the first-phase insulin response of a normal

human pancreas.

Background of the Invention

[0003] The release of insulin by a normal human pancreas in response to clevated
glucose levels is known to consist of two phases. The first phase consists of a rapid
increase in plasma insulin levels, reaching a maximum within a few minutes of the
hyperglycemic stimulus. Plasma insulin levels decrease sharply after the first phase
of insulin secretion, and a second, more gradual peak in plasma insulin levels (the
second phase) is observed several hours later. A reduction in the first phase of insulin
secretion by the pancreas is the earliest detectable abnormality in patients destined to
develop type 2 diabetes. J.E. Gerich, Diabetes, Vol. 51, Supplement 1, February
2002, S117-S121.
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Accordingly, a need exists for a drug delivery device that supplies the missing first
phase of insulin to a pattent with diminished first-phase insulin release.

[0004] Insulin appears to be more readily absorbed when injected intradermally
because of the high degree of vascularity in the intradermal layer. Such quick
absorption of injected insulin by the body is beneficial when compensating for
diminished first-phase insulin release at mealtime. Accordingly, a need also exists for
a drug delivery device that supplies a replacement for first-phase insulin
intradermally.

[0005] No existing drug delivery device provides only a first-phase insulin dose.
Accordingly, a user must set the dose prior to making the injection, which could lead
to dose inaccuracies. Accordingly, a need also exists for a drug delivery device that
supplies only first-phase insulin without the need to set a dose.

[0006] Existing single-use prefilled disposable drug delivery devices, such as that
disclosed in U.S. Patent No. 4,955,871 to Thomas, issued September 11, 1990, are not
able to generate the high pressures associated with intradermal injections. A user can |
generate an injection pressure of approximately 20 — 30 psi with existing single-use
disposable prefilled drug delivery devices. However, intradermal injections require
an injection pressure of at least 200 psi. Therefore, a need exists for a pre-filled drug
delivery device that generates an injection pressure sufficient for an intradermal

injection.

Summary of the Invention

[0007] In accordance with an aspect of the present invention, a drug delivery
device supplies a small dose of rapidly absorbed insulin to a patient to compensate for
reduced first-phase insulin release. Preferably, the drug delivery device supplies the
first-phase replacement insulin dose intradermally.

[0008] The drug delivery device includes a drug reservoir, a hub assembly, which
includes a needle, connected to the drug reservoir, and a mechanical device to apply
pressure to the drug reservoir during the injection sufficient to overcome the back

pressure associated with an intradermal injection. The drug reservoir preferably has a
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maximum capacity between 1 and 15 units (10 and 150 microliters), inclusive, of
insulin, thereby providing a small, fast-acting dose of insulin to simulate first-phase
insulin response when administered immediately prior to a meal. This first-phase
insulin response is responsible for attenuation of glucose production in the liver and
may have other advantages, including but not limited to improved glycemic control
and substantially avoiding hyperinsulinemia.
[0009] More generally, the foregoing objectives are attained by a drug delivery
device that administers a low dose of a medicament and includes a housing and a drug
reservoir disposed in the housing. A needle is connected to the drug reservoir. A
pressure applying member is movably connected to the housing and movable between
first and second positions. The pressure applying member does not apply pressure to
the drug reservoir in the first position and applies pressure to the drug reservoir in the
second position to dispense medicament stored in the drug reservoir.
[0010] The foregoing objectives are also attained by a drug delivery device that
administer a low dose of a medicament and includes a rigid member and first and
second flexible portions connected to the rigid member. A drug reservoir containing a
medicament is disposed in the first flexible portion. A needle is connected to the drug
reservoir. A first pressure is applied to the second flexible portion to create a vacuum
before contacting the second flexible portion with a patient’s skin. A second pressure
is applied to the first flexible portion to dispense the medicament after contacting the
second flexible portion with the patient’s skin and releasing the first pressure on the
second flexible portion.
[0011] The foregoing objectives are also attained by a method of administering a
low insulin dose. An injection site is penetrated with a needle of a pre-filled drug
delivery device. Pressure is applied to the pre-filled drug delivery device to
administer a first-phase insulin dose to simulate a first-phase insulin response of a
pancreas.
[0012] Objects, advantages, and salient features of the invention will become
apparent from the following detailed description, which, taken in conjunction with the

annexed drawings, discloses exemplary embodiments of the invention.
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Brief Description of the Drawings

[0013] The above benefits and other advantages of the various embodiments of
the present invention will be more apparent from the following detailed description of
exemplary embodiments of the present invention and from the accompanying drawing
figures, in which: .
[0014] FIG. 1 is an elevational view in cross-section of a pre-filled drug delivery
reservoir in a drug delivery device for administering a low dose of a medicament;
[0015] FIG. 2 is a top plan view of the drug delivery device of FIG. 1;

[0016] FIG. 3 is an elevational view in cross-section of a syringe having a pre-
filled drug delivery reservoir for administering a low dose of a medicament;

[0017] FIG. 4 is an elevational view of a pre-filled drug delivery reservoir in a
side-hinged drug delivery device for administering a low dose of a medicament;
[0018] FIG. 5 is an elevational view in cross-section of a pre-filled drug delivery
reservoir in a drug delivery device for administering a low dose of a medicament in
which the needle axis is substantially parallel to an axis in which force is applied to a
piston; .

[0019] FIG. 6is a top view of the drug delivery device of FIG. §;

[0020] FIG. 7 is an clevational view of a pre-filled drug delivery reservoir in a
side-hinged drug delivery device for administering a low dose of a medicament in
which force is applied to the reservoir in a direction substantially parallel to the needle
axis;

[0021] FIG. 8 is an elevational view in partial cross-section of a pre-filled drug
delivery reservoir in a drug delivery device for administering a low dose of a
medicament having a scissor-actuated injection mechanism;

[0022] FIG. 9 is a perspective view of a housing of a drug delivery device for
administering a low dose of a medicament;

[0023] FIG. 10 is a top plan view of a medicament assembly having a plurality of

pre-filled drug delivery reservoirs;
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[0024] FIG. 11 is an elevational view in partial cross-section of the housing of
FIG. 9 in which a medicament assembly of FIG. 10 is inserted;

[0025] FIG. 12 is a perspective view of a housing assembly of a drug delivery
device for administering a low dose of a medicament;

[0026] FIG. 13 is an elevational view in partial cross-section of the housing of
FIG. 12 in which a medicament assembly of FIG. 10 is inserted;

[0027] FIG. 14 is a perspective view of a cover of the housing assembly of FIG.
12;
[0028] FIG. 15 is a perspective view of a base of the housing assembly of FIG.
12;
[0029] FIG. 16 is an enlarged elevational view of the hub assembly connected to
the housing assembly of FIG. 12;

[0030] FIG. 17 is an elevational view in cross-section of a drug delivery device
according to another exemplary embodiment of the present invention; _
[0031] FIG. 18 is an enlarged top plan view of a linkage assembly of the drug
delivery device of FIG. 17;

[0032] FIGS. 19 — 22 are perspective views of a drug delivery device according to
another exemplary embodiment of the present invention;

[0033] FIG. 23 is perspective view of a drug delivery device according to another
exemplary embodiment of the present invention;

[0034] FIG. 24 is an illustration of a manufacturing process for the drug delivery
device of FIG. 23; and

[0035] FIGS. 25 — 28 are elevational views in partial cross-section of a drug
delivery device according to another exemplary embodiment of the present invention.

[0036] Throughout the drawings, like reference numbers will be understood to

refer to like parts, components and structures.

Detailed Description of the Exemplary Embodiments

[0037] A low dose, pre-filled drug delivery device in accordance with exemplary

embodiments of the present invention includes a drug reservoir containing a
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medicament, a hub assembly that includes a needle, and a mechanical device

(pressure applying member) to apply pressure to the drug reservoir such that the

medicament can be injected. Preferably, the medicament is insulin and thé drug

delivery device is used to inject insulin immediately prior to a meal to simulate first-

phase insulin response. Immediately prior to a meal is defined to be no more than 5

minutes before the meal. By providing a small drug reservoir and the mechanical

device, the drug delivery device is adapted to deliver a small, high pressure dose of
the medicament. The reduced number of components of the drug delivery device

reduces the cost and complexity of the drug delivery device. The small dose size also

reduces the importance of dose accuracy, as well as reducing the frequency with

which a user must monitor his or her glucose level. The drug delivery device can be

designed for either subcutaneous or intradermal delivery of the medicament.

Preferably, the medicament is injected intradermally to obtain a faster response in the
body. Injecting intradermally increases the bioavailability of the injected medicament

relative to subcutaneous or oral administration of the medicament.

[0038] To prevent an accidental needle stick, a drug delivery device can be

provided with a needle safety feature, such as a shield. The drug delivery device

according to exemplary embodiments of the present invention can be used for

subcutaneous and intradermal injections. To control the injection length of the

needle, the drug delivery device can include an injection length limiting device,

thereby ensuring an intradermal injection. The preferred injection length for an

intradermal needle is between approximately 0.5 — 3 mm, inclusive, and preferably

between approximately between 1.5 — 2 mm, inclusive.

[0039] As shown in FIGS. 1 — 28, various mechanical devices (pressure applying

members) can be used to develop the high pressure required for an intradermal

injection. Some of the mechanical devices include, but are not limited to, a pair of
gears or rollers that compress the drug delivery reservoir in a space between the gears

or rollers, a second pressurized chamber within the device that supplies the pressure

required for injection or priming, a piezoelectric film that deflects under electrical

voltage, and a pre-tensioned spring as part of a mechanical force multiplier.
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Alternatively, a chemical reaction, such as a binary gas generator, low order
explosive, or osmotic pressure gradient can be used to develop the required high
pressure for an intradermal injection. In the case where the drug being administered
is insulin, the drug delivery reservoir of each of the disclosed embodiments preferably
has a maximum capacity of between 1 and 15 units, inclusive, of U-100 insulin (10 to
150 microliters) to provide a first-phase replacement insulin dose.

[0040] As shown in FIGS. 1 and 2, the drug delivery device 100 includes a drug
reservoir 101 disposed in a plastic housing assembly 111. The housing assembly
includes an upper housing 113 and a lower housing 115. The drug reservoir 101 is
disposed on aApiston 117 disposed in the lower housing 115. A corresponding piston
119 is disposed in the upper housing 113. A hub assembly 131, including a hub 133
and a needle 135, is connected to the housing assembly 111. As shown in FIG. 2, the
hub assembly 131 is connected to the housing assembly 111 such that the needle 135
is in fluid communication with the drug reservoir 101 when a seal 141 in the drug
reservolr is ruptured. The seal 141 is preferably a thin layer of plastic. Preséing
downwardly on the upper housing 113 exerts a high pressure on the drug reservoir
101, thereby rupturing the seal 141 in the drug reservoir 101 and administering the
medicament stored in the drug reservoir to the patient with high pressure through the
needle 135.

[0041] As shown in FIG. 3, the drug delivery device 200 is a syringe-type drug
delivery device. A plunger 201 is movably disposed within a channel 203 of a
housing assembly 205. A drug reservoir 211 containing a medicament is disposed
within the channel 203. A hub assembly 221, including a hub 223 and a double-
ended needle 225, is connected to the housing assembly 205. The hub assembly 221
is connected to the housing assembly such that the needle 225 is in fluid
communication with the drug reservoir 211 when the drug reservoir is ruptured.
Finger grips 207 extend outwardly from the housing assembly 205, thereby allowing a
user to generate a high pressure on the drug reservoir 211 during an injection.

Pushing downwardly on the plunger 201 breaks the drug reservoir 211, thereby
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administering the medicament stored in the drug reservoir to the patient with high
pressure through the needle 225.

[0042] As shown in FIG. 4, the drug delivery device 300 includes a housing
assembly 301 having a first housing 303 connected to a second housing 305 by a
hinge 307. Preferably, the hinge 307 is a living hinge. A piston 309 is disposed in the
first housing 303 for engaging a drug reservoir 311 disposed in the second housing
305. A hub assembly 321, including a hub 323 and a needle 325, is connected to the
housing assembly 301. The hub assembly 321 is connected to the housing assembly
301 such that the needle 325 is in fluid communication with the drug reservoir 311
when the drug reservoir is ruptured. Closing the first housing 303 on the second
housing 305 generates a mechanical advantage through the hinge 307 to compress and
rupture the drug reservoir 311 and administer the medicament through the needle 325.
Preferably, the piston 309 is a small diameter cylinder. The hinge 307 allows the
lever arm (first housing 303) to increase pressure along with the small diameter of the
piston 309 to create the high pressure required for an intradermal injection. A
longimdiﬁal axis of the needle 325 is substantially perpendicular to a direction in
which force is applied on the drug reservoir 311 by a user during an injection.

[0043] As shown in FIGS. 5 and 6, a drug delivery device 400 has a needle axis
401 that is substantially parallel to the direction in which force 403 is applied by the
user during an injection. A housing assembly 411 includes an upper housing 413 and
a lower housing 415. The upper housing 413 has a piston 417 disposed on a lower
surface thereof and is movable through the lower housing 415. Preferably, the piston
417 has a small diameter. A drug reservoir 421 is disposed in the lower housing 415.
A hub assembly 431, including a hub 433 and a needle 435, is connected to the
housing assembly 411. The hub assembly 431 is connected to the housing assembly
411 such that the needle 435 is in fluid communication with the drug reservoir 421
when the drug reservoir is compressed. The user pushes downwardly on the upper
housing 413, thereby moving the upper housing through the lower housing 415 such
that the piston 417 compresses the drug reservoir 421 and ruptures the seal, thereby

administering the medicament through the needle 435. A high pressure is generated
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that is sufficient for an intradermal injection. The drug delivery device 400 may
include locking' tabs to confirm the upper housing 413 is fully depressed and the entire
dose of the drug reservoir 421 is delivered.

[0044] As shown in FIG. 7, a drug delivery device 500 is similar to the drug
delivery device 400 of FIGS. 5 and 6, but the high pressure is generated by a hinge
507. The drug delivery device 500 has a needle axis 502 that is. substantially parallel
to the direction in which force is applied by the user on the drug reservoir 511 during
an injection. A housing assembly 501 includes an upper housing 503 and a lower
housing 505. The upper housing 503 has a piston 508 disposed on a lower surface
thereof and is connected by a hinge 507 to be movable with respect to the lower
housing 505. Preferably, the piston 508 has a small diameter. A drug reservoir 511 is
disposed in the lower housing 505. A hub assembly 521, including a hub 523 and a
needle 525, is connected to the housing assembly 501. The hub assembly 521 is
connected to the housing assembly 501 such that the needle 525 is in fluid
communication with the drug reservoir 511. The user rotates the upper housing 503
about the hinge 507, thereby moving the upper housing toward the lower housing 505
such that the piston 508 compresses the drug reservoir 511 and generates a high
pressure sufficient for an intradermal injection. The drug delivery device 500 may
include a locking tab 509 to confirm the upper housing 503 is fully depressed and the
entire dose of the drug reservoir 511 is delivered. Additionally, the locking tab 509
prevents the upper housing 503 from being opened and the drug delivery device 500
from being reused.

[0045] A drug delivery device 600, as shown in FIG. 8, includes a scissor- _
actuated injection mechanism 601 to administer medicament stored in the drug
reservoir 611. The scissor-actuated injection mechanism includes a first leg 603 and a
second leg 605 movably connected by a pin 631. The drug reservoir 611 is disposed
between ends of the first and second legs 603 and 605 within a housing assembly 621.
A safety shield 623 is connected to the housing assembly 621. A spring 625 is
disposed between the safety shield 623 and the housing assembly 621. A hub 629 is

connected to the drug reservoir 611 such that the needle 627 is in fluid
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communication with the drug reservoir 611 when the seal of the drug reservoir is
ruptured. The drug delivery device 600 is placed at an injection site and the housing
1s pushed downwardly to overcome the spring 625, thereby exposing the needle 627
through an opening 633 in the safety shield such that the needle 627 can be inserted in
a patient’s skin. Shoulders 624 of the safety shield 623 limit the insertion depth of the
needle 627. The scissor-actuated injection mechanism 601 is then squeezed, thereby
closing the ends of the legs 603 and 605 and compressing the drug reservoir 611 and
| rupturing its seal, thereby administering the medicament through the needle 627 with
high pressure.
[0046] A drug delivery device or drug dispensing kit 701 is shown in FIG. 9. The
housing assembly 703 has a first housing 705 connected by hinges 707 to a second
housing 709. Preferably, the housing assembly 703"is a hinged clamshell. An
actuator 711 is integrally formed with the housing assembly 703. An opening 708 is
formed in the housing assembly 703 through which the needle protrudes for an
injection. Pressing the actuator 711 applies pressure to the drug reservoir disposed
within the housing assembly 703 to compress the drug reservoir and rupture a seal in
the fluid path, thereby administering the medicament to the user through the needle.
[0047] A dose or medicament wheel 721, as shown in FIGS. 10 and 11, may be
disposed within the drug dispensing kit 701 of FIG. 9. The wheel 721 includes a
plurality of drug reservoirs 723, each of which includes a hub 725 through which a
needle 727 is connected in fluid communication with the drug reservoir 723 when the
drug reservoir seal is ruptured. Preferably, the hub 725 includes a spring 726
disposed between a surface 731 of the dose wheel 721 and the drug reservoir 723. A
safety shield 729 engages an outer surface 733 of the dose wheel 721, thereby
preventing movement of the needle 727. When the safety shield 729 is removed, the
spring expands to inject the needle 727 at an injection site. The dashed line 730
indicates the position to which the needle 727 is moved through an opening 735 in the
drug dispensing kit 701 when the safety shield 729 is removed. The actuator 711 is
then depressed, which causes the drug reservoir to be compressed and its seal

ruptured, thereby administering the medicament through the needle 727 at a high

10
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pressure. The safety shield 729 is then reconnected to the hub 725, thereby causing
the needle 727 to retract, The dose wheel 721 is then rotated for the next injection.
After all the drug reservoirs 723 have been emptied, the dose wheel 721 is properly
disposed of and a new dose wheel 721 is disposed in the drug dispensing kit 701.
When the medicament being administered is insulin, each of the drug reservoirs 723
preferably has a maximum capacity of between 1 and 15 units, inclusive, of U-100
insulin (approximately 10 to 150 microliters) to provide a first-phase replacement
insulin dose. _ :

[0048] A drug delivery device 800, as shown in FIGS. 12 — 16, includes a housing
assembly 801 having a cover 803 and a base 805. An opening 806 in the base 805 is
a.dapted to receive the hub assembly 811. The hub assembly 811 includes a hub 813
to which a drug reservoir 815 and a needle 817 are connected. The drug reservoir 815
is disposed within the hub 813, which preferably has a luer lock for connecting to the
‘base 805. A safety shield 819 is connected to the hub 813 to cover the patient end of
the needle 817 and prevent accidental needle sticks. The needle 817 preferably has a
depth below the lower surface 807 of the base 805 of approximately 1.5 mm, which is
preferable for an intradermal injection.

[0049] The cover 803 is rotatably connected to the base 805 with a spring 809.
The cover 803 is rotated with respect to the base 805 until the cam release 821
latches. This rotation pre-charges the device 800 and stores energy in the spring 809.
A cam 831 1s formed in the cover 803, as shown in FIGS. 13 and 14. When an
injection is to be madé, the safety shield 819 is removed and the exposed needle 817
is inserted in a patient at a desired injection site. The cam release 821 is disengaged
causing the cover 803 to rotate such that the increasing slope of the cam 831 engages
a movable member 833 that is moved downwardly by the cam, thereby compressing
the drug reservoir 815 and rupturing a seal in the fluid path. The medicament is then
administered through the needle 817. The safety shield 819 is reconnected to the hub
813 and the hub assembly 811 is removed for disposal. A new hub assembly 811 can
then be connected to the base 805 for performing another injection. Accordingly, the

drug delivery device 800 is ready for use with a new hub assembly 811.
11
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[0050] A drug delivery device 900 is shown in FIGS. 17 and 18. The drug
delivery device 900 may be disposed in a housing assembly 901 substantially similar
to the housing assembly 801 of FIG. 12. The drug delivery device 900 has a plunger
911 as the actuating mechanism or pressure applying member. The plunger 911
extends through an opening 903 in the cover 905 for access by the user. Two
telescoping links 913 and 915 are fixed, such as by pins 931 and 933, to the cover
903.
[0051] To pre-charge the drug delivery device 900, the user holds the base 907
- and retracts- the plunger 911, thereby locking the plunger in the charged position.
Each of the links 913 and 915 has a spring 917 and 919 to lock the plunger 911 in the
charged position. A hub assembly 921 includes a hub 923, a drug reservoir 925, a
needle 927 and a safety shield 929 disposed in a recess 909 in the base 907. The drug
reservoir 925 is received within the hub 923. The needle 927 is secured to the hub
with a non-patient end disposed to be in fluid communication with the drug reservoir
925 when a seal within the drug reservoir is ruptured. The patient end of the needle
927 is disposed externally and preferably at a depth suitable for an intradermal
injection. The drug delivery device 900 is placed at the injection site, the safety
shield 929 is removed, and the needle 927 is inserted in the patient’s skin. Pressure is
applied to the plunger 911, which overcomes the locking springs 917 and 919, thereby
causing the plunger 911 to move downwardly. The downward movement of the
plunger 911 compresses the drug reservoir 925 and ruptures a séal thereof, thereby
administering the medicament through the needle 927 at a high pressure. The safety
shield 929 is reconnected to the hub 923 and the hub assembly 921 is removed for
disposal. A new hub assembly 921 can then be connected to the base 907 for
performing another injection. Accordingly, the drug delivery device 900 is ready for
use with a new hub assembly 921.
[0052] As shown in FIGS. 19 — 22, a drug delivery device 1000 is used for
subcutaneous injections. A safety shield 1001 covers the needle, which has a length
adapted for subcutaneous injections. A housing assembly 1011 includes an upper

housing 1013 and a lower housing 1015. A drug reservoir is disposed in the cavity

12
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1017 in the lower housing 1015. A needle connected to the lower housing 1015 by a
hub 1021 is in fluid communication with the drug reservoir when a seal of the drug
reservoir is ruptured. The upper housing 1013 is closed onto the lower housing,
thereby compressing the drug reservoir and rupturing a seal in the fluid path.
Medicament stored in the drug reservoir is forced out through the needle at a high
pressure. _

[0053] A drug delivery device 1100, as shown in FIGS. 23 and 24, is made from
laminated sheets. A first laminate roll 1101 forms the bottom of the drug delivery
device 1100 and a second laminate roll 1102 forms the top of the drug delivery
device. A recess is formed in both the bottom and top laminate rolls, as shown in
FIG. 24, by thermoforming. A notch 1104 and 1105 is formed in both the bottom and
top laminate rolls to form separate levers 1106 and 1107 for each drug delivery
device. The first and second laminate rolls 1101 and 1102 are merged together such
that the recesses are aligned to form a drug reservoir 1121. The laminates are then
bonded together to form the drug delivery device 1100. A hub assembly 1131 can
then be connected to an injection channel 1123 such that the needle is in fluid
communication with the drug reservoir 1121 when the drug reservoir seal is ruptured.
The upper and lower levers 1106 and 1107 are folded away from one another. The
drug delivery device 1100 can then be separated from the bonded laminate sheet in
any suitable manner. A filling channel 1103 is formed in the drug delivery device
1100 so that medicament can fill the drug reservoir 1121. After the reservoir is filled
with the medicament, the filling channel 1103 is sealed. The safety shield 1125 is
removed to expose the needle. The upper and lower levers 1106 and 1107 are
squeezed together to compress the drug reservoir 1121 and rupture its seal, thereby
expelling the medicament with a high pressure.

[0054] A drug delivery device 1200 in FIGS. 25 — 28 has a first substantially ball-
shaped portion 1201 and a second substantially bell-shaped portion 1202. A drug
reservoir 1203 is formed in the first portion 1201 to receive a medicament. The
second portion 1202 has a projection 1204 extending through a cavity 1205 thereof.
A channel 1206 extends from the drug reservoir 1203 and through the entirety of the

13
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projection 1204. A needle 1207 is fixed to an open end of the channel 1206. The first
and second portions 1201 and 1202 are formed of a soft, elastic material. A rigid wall
1211, such as a disk, separates the first and second portions. Preferably, an end 1221
of the second portion 1202 extends below an end 1223 of the projection 1204.

[00O55] When an injection is to be made, the user squeezes the second portion
1202 of the drug delivery device 1200, as shown in FIG. 26, prior to placing the
device on the skin 1221. The device 1200 is then placed on the skin 1221 and the
second portion 1202 is released such that the elasticity thereof reestablishes the
original bell-shape 6f the device, thereby creating a vacuum in the cavity 1205, as
shown in FIG. 27. The vﬁcuum sucks the skin 1221 at the injection site upwardly into
the cavity 1205, thereby piercing the skin with the needle 1207. The medicarﬁent is
then administered to the patient by squeezing the first portion 1201, which expels the
medicament through the channel 1206 and needie 1207 and into the injection site, as
shown in FIG. 28. The drug delivery device 1200 is then removed from the injection
site and properly disposed of.

[0056] The drug delivery device according to exemplary embodiments of the
present invention may include a self-priming feature. The drug reservoir may be
made of a material with elastic properties such that the reservoir may be slightly
overfilled with the medicament. Upon activation (connection of the hub assembly to
the drug reservoir), the pressure inside the reservoir dispenses a small amount of the
medicament through the needle, thereby priming the drug delivery device.

[0057] The drug delivery device may be capable of administering multiple doses
in a cartridge-like device contained inside a pen or other suitable packaging. Such a
drug delivery device could have multiple doses encapsulated within a single
disposable plastic wheel, as shown in FIG. 10, or in a rotary cartridge or turret
configuration. Alternatively, the drug delivery device may have one reusable needle
and three or more drug reservoirs (one for each meal) encapsulated within a laminated
film.

[0OS8] Additionally, the drug delivery device may have a longer needle suitable

for subcutaneous injections, as shown in FIGS. 19 - 22.

14
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[0059] Furthermore, the drug delivery device may be adapted to be used with an
insulin pump or a drug infusion set with two needles (one for subcutaneous infusion
and one for intradermal injection). The intradermal needle is used to replicate the
first-phase insulin produced by a healthy pancreas, and the subcutaneous needle is
used for basal dosing and for the normal mealtime bolus doses of insulin.

[0060] Still furthermore, the drug delivery device may be a disposable pen-like
device that delivers multiple first-phase replacement insulin doses of a fixed size.
[0061] As noted above, a seal 141 (FIGS. 1 and 2) can be disposed in the drug
reservoir. Alternatively, a semi-rigid foam is disposed inside a needle cap to act as a
sterile barrier.

[0062] It is within the scope of the present invention to utilize existing types of
single-use disposable syringes, such as that disclosed in the aforementioned U.S.
Patent No. 4,955,871 to Thomas, to provide first-phase replacement insulin doses by
prefilling them with a limited quantity of insulin in the range of approximately 1 to 15
units of U-100 insulin (10 to 150 microliters) and administering the first-phasc
replacement insulin doses subcutaneously or intradermally, with or without force
multiplication. Any suitable type of insulin or insulin analog may be used, such as
fast-acting insulin.

[0063] The foregoing embodiments and advantages are merely exemplary and are
not to be construed as limiting the scope of the present invention. The description of
exemplary embodiments of the present invention is intended to be illustrative, and not
to limit the scope of the present invention. Various modifications, alternatives and
variations will be apparent to those of ordinary skill in the art, and are intended to fall
within the scope of the invention as defined in the appended claims and their

equivalents.
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What is claimed is:

1. A drug delivery device for administering a medicament, comprising:

a flexible first portion having a reservoir containing a medicament, said flexible first
portion being compressible to dispense said medicament;

a needle having a proximal end communicating with said reservoir and a distal end for
delivery of said medicament by applying a pressure to said first portion and said reservoir; and

a flexible second portion surrounding said needle, a channel extending between said
reservoir and said second portion, said needle fixed in said channel, said second portion having a
distal end configured for contacting a surface of a skin of a patient, said flexible second portion
configured for producing a reduced pressure within said second portion and pulling the surface of

the skin into contact with the distal end of said needle.

2. The drug delivery device according to claim 1, wherein

said reservoir is configured for delivering a volume of about 1 to 15 units to the patient.

3. The drug delivery device according to claim 1, wherein

said medicament is insulin.

4. The drug delivery device according to claim 1, wherein
said flexible second portion comprises a projection having said channel communicating
with said reservoir, and where said needle is coupled to said projection and said needle is in

communication with said channel.

5. The drug delivery device according to claim 4, wherein
said flexible second portion has a substantially bell-shape and comprises a resilient side

wall and where said distal end of said second portion is defined by said side wall.

6. The drug delivery device according to claim 5, wherein
a distal end of said resilient side wall is configured for contacting the surface of the skin

of the patient, and where a force applied inwardly against said resilient side wall deflects said side
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wall inwardly toward said needle, and where said resilient side wall expands outward by releasing
said force to pull the skin of the patient into contact with said needle, whereby said needle pierces

the skin.

7. The drug delivery device according to claim 6, wherein
said resilient side wall has a length greater than a length of said projection, whereby said

distal end of said resilient side wall is spaced outwardly from a distal end of said projection.

8. The drug delivery device according to claim 4, wherein
said delivery device further comprises a top wall having a first side and a second side, and
where said first portion extends from said first side, and said flexible second portion extends from

said second side, and said channel extends through said top wall.

9. The drug delivery device according to claim 8, wherein
said first portion has a substantially ball shape and is compressible for delivering said

medicament through said needle by manually compressing said first portion.

10. The drug delivery device according to claim 9, wherein

said projection extends from said second side of said top wall.

11.  The drug delivery device according to claim 10, wherein

said top wall comprises an internal disk to strengthen said top wall.

12.  The drug delivery device according to claim 11, wherein

said top wall is rigid.
13.  The drug delivery device according to claim 12, wherein
said flexible second portion is made of a resilient material where a force applied to said

second body compresses said second portion, and where releasing said force returns said second

portion to an original shape to pull the patient’s skin into contact with said needle.
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14. A drug delivery device for administering a medicament, comprising:

a rigid top wall,;

a first body having a flexible first portion connected to said rigid top wall;

a drug reservoir containing a medicament disposed in said first body and said flexible first
portion, said flexible first portion being compressible to dispense said medicament;

a second body having a flexible second portion connected to said rigid top wall; and

a needle communicating with said drug reservoir,

wherein said flexible second portion of said second body is configured so that when a first
pressure is applied to said flexible second portion when said second flexible portion is in contact
with a patient’s skin, and said first pressure is released to pull the skin into contact with said needle,
and a second pressure is applied to said flexible first portion to dispense said medicament into the

patient through said needle.

15.  The drug delivery device according to claim 14, wherein
said drug delivery device comprises a projection extending from said top wall and is
disposed within said second body and said flexible second portion, and where said projection

receives said needle.

16.  The drug delivery device according to claim 15, wherein

said second body and flexible second portion have a length greater than a length of said

projection.
17. A drug delivery device for administering a medicament, comprising:
a top wall;

a first portion having a flexible portion connected to a first side of said top wall;

a reservoir containing a medicament disposed in said first portion and said flexible portion;

a second portion having a flexible wall connected to said top wall; and

a needle communicating with said drug reservoir and extending from said top wall and
oriented within said flexible wall of said second portion,

wherein said flexible wall is sufficiently flexible where a force applied to said flexible wall

and then released, returns said flexible wall to an original shape to pull a skin of a patient into
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contact with said needle to pierce the skin, and said first portion is sufficiently flexible and
compressible where a force applied to said flexible portion administers the medicament through

said needle to the patient.

18.  The drug delivery device according to claim 17, wherein said flexible portion of
said first portion is sufficiently flexible where a pressure applied to said flexible portion

administers the medicament through said needle.

19. The drug delivery device according to claim 17, further comprising a projection
extending from said top wall toward an open end of said second portion and disposed within said

second portion and flexible wall.

20.  The drug delivery device according to claim 19, wherein said projection comprises
a channel extending between said reservoir and a distal end of said projection, and where said

needle is received in said channel.

21.  The drug delivery device according to claim 20, wherein

said second portion and flexible wall have a length greater than a length of said projection.

22. A drug delivery device for administering a medicament, comprising:

a rigid wall having a channel extending between a first side and second side;

a first flexible portion connected to said first side of said rigid wall;

a drug reservoir containing a medicament disposed in said first flexible portion, said first
flexible portion being compressible to dispense said medicament from said drug reservoir;

a second flexible portion connected to said second side of said rigid wall; and

a needle connected to said channel and said drug reservoir and extending into a cavity of
said second flexible portion,

wherein when a first pressure applied to said second flexible portion while contacting said
second flexible portion with a patient’s skin compresses said second flexible portion, and when

the first pressure is released pulls the patient’s skin into the cavity to pierce the skin with the needle,

19

Date regue / Date received 2021-12-14



and when a second pressure is applied to said first flexible portion, said medicament is dispensed

through said needle.

23.  The drug delivery device according to claim 22, wherein
said drug delivery device comprises a projection extending from said second side of said

rigid wall and is disposed within said second flexible portion and receives said needle.

24.  The drug delivery device according to claim 23, wherein

said second flexible portion has a length greater than a length of said projection.

25.  The drug delivery device according to claim 23, wherein

said second flexible portion has a substantially bell shape and is compressible by said first
pressure, and where releasing the first pressure returns the second flexible portion to the bell shape
and to create a vacuum in a cavity of said second portion, and where said first flexible portion and

second flexible portion are formed from a soft elastic material.

26.  The drug delivery device according to claim 23, wherein said rigid wall is a disk.
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