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SYSTEMS, DEVICES AND METHODS FOR DISPENSING ORAL
TRANSMUCOSAL DOSAGE FORMS

Cross-Reference to Related Applications

[1001] This application claims priority to and the benefit of U.S. provisional application
Ser. No. 62/096,124, filed on Dec. 23, 2014, entitled “Devices and Methods for Dispensing
Oral Transmucosal Dosage Forms,” the disclosure of which is incorporated herein by

reference in its entirety.

Background

[1002] Devices, systems and methods described herein relate generally to drug
dispensing devices and delivery mechanisms for administration of small-volume drug dosage

forms.

[1003] Opioid drugs for Patient Controlled Analgesia (PCA) require special handling to
ensure safe use by patients and to avoid misuse, diversion and abuse by patients, health care
providers or other unauthorized subjects. Some known systems are configured to deliver
small-volume drug dosage forms that release the opioid sufentanil for absorption through the
oral mucosa. Such known delivery systems include a cartridge, which can hold many such
small volume drug dosage forms; a dispenser that mates with the cartridge and enables proper
placement of the dosage form adjacent the oral mucosa; and an electronic controller that
enables dispensing of the dosage form from the cartridge in a prescribed manner. After the
cartridge has been mated with the dispenser, inserted into the controller, and the system has
been configured by a medical practitioner, it can be used to deliver a dosage form under the

tongue of the patient.

[1004] To ensure patient safety in such known systems, it is important that the delivery
system repeatably and reliably dispense one and only one dosage form during each dosage
period. In an effort to mitigate the risk of misuse, diversion and/or abuse by patients, some
known systems include a controller that imposes a locked-out state for a predetermined time
period before another dosage form can be administered by the system. Other known systems
include a cartridge that includes an initial “shipping” tablet that can be detected to notify the
controller that a new cartridge has been loaded. In such systems, the controller can be

initialized when the shipping tablet is detected. Moreover, some known systems track the
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delivery of each dosage form based on input received from a variety of sensors (e.g., optical

Sensors).

[1005] Some known devices, however, can be susceptible to improper and/or inaccurate
delivery that can render safety control mechanisms less effective. In particular, some known
drug dosage forms are formulated to be just a few millimeters in diameter and less than a
millimeter in thickness. The small size of the dosage form can limit the precision with which
delivery and/or detection of the delivery is performed. Moreover, sensor errors can result in
an inadvertent lock-out or failure to maintain the device in a locked out state. Such sensor
errors can be the result of calibration drift (over time as the system is repeatedly used), part-
to-part variation (e.g., of the moving components in the delivery system) or the like. For
example, some known systems determine the position of a delivery pushrod within a
dispenser and detect the passage of a tablet through the track. Based upon data from the
sensor, the controller software can calibrate the system, determine the position of the
pushrod, and ascertain whether a single drug dosage form was released from the dispensing
tip. If, however, the sensor reading deviates from an expected range of values, the software
triggers a system error and the controller goes into a lock-out mode, which prevents further

dosing until a health care professional intervenes.

[1006] It is also possible that the moving parts (e.g., a delivery pushrod) of a delivery
system can operate in a discontinuous and/or inconsistent manner, causing a compromised
delivery. Such inconsistent delivery can result from, for example, “binding” of a delivery
member within the device (e.g., due to wear of the parts, manufacturing tolerances, impact of
the environment and the like). As a result, dosage forms can be unevenly pushed through the
delivery path, which can result in sensor errors, damage to the dosage form and/or improper

delivery.

[1007] In some known dispensing devices, moving parts can change shape and properties
due to fatigue, wear or plastic deformation from repeated use. Such part “drift” can reduce
part-to-part clearance and cause the delivery member to bind, move erratically or seize within

the passageway, thus causing an error state in the delivery device.

[1008] Thus, a need exists for improved methods and devices for delivering small-
volume drug dosage forms. In particular, a need exists for a device and system that can be

used for accurate and repeatable controlled delivery of a small dosage form (e.g., such as an
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opioid for treatment of pain), while reducing the potential for misuse, diversion or abuse by
patients, health care providers or other unauthorized subjects, and which generates minimal,

if any, lock-outs due to errors or malfunctions.

Summary

[1009] In some embodiments, a drug delivery apparatus includes a pushrod configured to
contact and move a dosage form through a passageway to deliver the dosage form. The
pushrod is configured to consistently and repeatably move through the passageway within the
dispenser without disruptions in its motion. In this manner, the instantaneous location of the
pushrod and the solid drug dosage form within the pathway over multiple cycles is
repeatable, and can be sensed with the desired accuracy. This arrangement reduces the
number of detected or sensed fault conditions. Additionally, in some embodiments, the
pushrod is configured such that its motion is repeatable over the lifetime of the dispensing
device. Similarly stated, the pushrod is configured to remain substantially free of “kinks,”
non-uniform wear patterns and/or non-linearities over time, as any of these may prevent

smooth motion of the pushrod in the passageway.

[1010] In some embodiments, an apparatus includes a housing and a pushrod. The housing
defines a delivery passage and an exit port in fluid communication with the delivery passage.
At least a portion of the pushrod is movably disposed in the delivery passage. A distal end
portion of the pushrod is configured to move a drug dosage form through the delivery
passage to convey the drug dosage form through the exit port when the distal end portion of
the pushrod is moved from a first position to a second position. A surface of at least one of
the pushrod or the housing defining the delivery passage is nonplanar, curved and/or

contoured.

Brief Description of the Drawings

[1011] FIGS. 1A-1B are schematic illustrations of portions of a dosage delivery device

according to an embodiment, in a first configuration and a second configuration, respectively.

[1012] FIG. 1C is a cross-sectional view of a portion of the dosage delivery device shown

in FIGS. 1A-1B taken along the line 1C-1C in FIG. 1B.
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[1013] FIG. 1D is a cross-sectional view of a portion of a dosage delivery device

according to an embodiment.

[1014] FIG. 2 is a top view of a portion of a pushrod of a dosage delivery device

according to an embodiment.

[1015] FIG. 3 is a top view of a portion of a pushrod of a dosage delivery device

according to an embodiment.

[1016] FIG. 4 is an exploded perspective view of a portion of a dosage delivery device

according to an embodiment.

[1017] FIG. 5A is a perspective view of a surface geometry of a portion of a dosage

delivery device according to an embodiment.

[1018] FIGS. 5B-5D are top views of surface geometries of a portion of a dosage delivery

device according to an embodiments.

[1019] FIG. 6A is a perspective view of a surface geometry of a portion of a dosage

delivery device according to an embodiment.

[1020] FIG. 6B is a cross-sectional view of a portion of the dosage delivery device shown

in FIG. 6A taken along the line 6B-6B in FIG. 6A.

[1021] FIG. 7A is a perspective view of a surface geometry of a portion of a dosage

delivery device according to an embodiment.

[1022] FIG. 7B is a cross-sectional view of a portion of the dosage delivery device shown

in FIG. 7A taken along the line 7B-7B in FIG. 7A.

[1023] FIG. 8 is a top view of a surface geometry of a portion of a dosage delivery device

according to an embodiment.

[1024] FIG. 9 is a top view of a surface geometry of a portion of a dosage delivery device

according to an embodiment.

[1025] FIG. 10A is a perspective view of a surface geometry of a portion of a dosage

delivery device according to an embodiment.
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[1026] FIG 10B is a cross-sectional view of a portion of the dosage delivery device
shown in FIG. 10A taken along the line 10B-10B in FIG. 10A.

[1027] FIG. 11 is a schematic illustration of portions of a dosage delivery device

according to an embodiment.

[1028] FIGS. 12A-12E are cross-sectional views of portions of either a surface area of a
pushrod of a dosage delivery device or a surface area defining a hub volume of the dosage

delivery device, showing surface geometries according to various embodiments.

[1029] FIGS. 13A and 13B are schematic illustrations of a pushrod, in a first
configuration (free or undeformed state) and a second configuration (wrapped or deformed

state), respectively, according to an embodiment.

Detailed Description

[1030] Drug delivery devices for administration of solid dosage forms are described
herein. In some embodiments, an apparatus includes a housing and a pushrod. The housing
defines a delivery passage and an exit port in fluid communication with the delivery passage.
At least a portion of the pushrod is movably disposed in the delivery passage. A distal end
portion of the pushrod is configured to move a drug dosage form through the delivery
passage to convey the drug dosage form through the exit port when the distal end portion of
the pushrod is moved from a first position to a second position. A surface of at least one of
the pushrod or the housing defining the delivery passage is nonplanar, curved and/or

contoured.

[1031] In some embodiments, an apparatus includes a housing and a pushrod. The
housing defines a delivery passage and an exit port in fluid communication with the delivery
passage. At least a portion of the pushrod is movably disposed in the delivery passage. In
particular, a distal end portion of the pushrod is configured to move a drug dosage form
through the delivery passage to convey the drug dosage form through the exit port when the
distal end portion of the pushrod is moved from a first position to a second position. A
surface of the pushrod and/or a surface of the housing that defines the delivery passage is
contoured such that the friction between the surface of the pushrod and the surface of the

housing is reduced.
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[1032] In some embodiments, an apparatus includes a housing and a pushrod. The
housing defines a curved delivery passage and an exit port in fluid communication with the
delivery passage. At least a portion of the pushrod is flexible and movably disposed in the
delivery passage to convey a drug dosage form through the exit port when the distal end
portion of the pushrod is moved from a first position to a second position. The housing and
the pushrod are configured such that a distal end surface of the pushrod maintains contact
with the drug dosage form when the pushrod is moved from the first position to the second

position.

[1033] In some embodiments, an apparatus includes a housing and a pushrod. The
housing defines a delivery passage and an exit port in fluid communication with the delivery
passage. The housing also defines a hub volume within which a hub is rotatably disposed. A
distal end portion of the pushrod is movably disposed in the delivery passage to convey a
drug dosage form through the exit port when the distal end portion of the pushrod is moved
from a first position to a second position. A proximal end portion of the pushrod is coupled
to the hub such that rotation of the hub and the proximal end portion of the pushrod causes
the distal end portion of the pushrod to move between the first position and the second
position. At least one of a surface of the housing defining the hub volume or a surface of the

proximal end portion of the pushrod is nonplanar.

[1034] In some embodiments, an apparatus includes a pushrod having a distal end portion
configured to be movably disposed within a delivery passage of a drug delivery device to
convey a drug dosage form through the delivery passage when the distal end portion of the
pushrod is moved from a first position to a second position. A proximal end portion of the
pushrod is configured to be coupled to a hub such that rotation of the hub and the proximal
end portion of the pushrod causes the distal end portion of the pushrod to move between the
first position and the second position. The proximal end portion of the pushrod forms an

angle less than 180 degrees when in a relaxed configuration

[SPE L 2

[1035] As used in this specification and the appended claims, the singular forms “a,” “an

and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, the term “a member™ is intended to mean a single member or a combination of
members, “a material” is intended to mean one or more materials, or a combination thereof.

Furthermore, the words “a” or “an” and the phrase “one or more” may be used

interchangeably.
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[1036] As used herein, the words “proximal™ and “distal” refer to the direction closer to
and away from, respectively, an operator of the medical device. Thus, for example, the end
of the dosage delivery device contacting, or otherwise nearest, the patient’s body (e.g. within
the mouth) would be the distal end of the dosage delivery device, while the end opposite the

distal end would be the proximal end of the dosage delivery device.

[1037] As used herein, the terms “about” and/or “approximately” when used in
conjunction with numerical values and/or ranges generally refer to those numerical values
and/or ranges near to a recited numerical value and/or range. For example, in some instances,
“about 40 [units]” can mean within £+ 25% of 40 (e.g., from 30 to 50). In some instances, the
terms “about” and “approximately” can mean within £ 10% of the recited value. In other
instances, the terms “about™ and “approximately” can mean within £ 9%, + 8%, = 7%, + 6%,
+ 5%, £ 4%, + 3%, £ 2%, = 1%, less than = 1%, or any other value or range of values therein

or therebelow. The terms “about” and “approximately” may be used interchangeably.

[1038] In a similar manner, term “substantially” when used in connection with, for
example, a geometric relationship, a numerical value, and/or a range is intended to convey
that the geometric relationship (or the structures described thereby), the number, and/or the
range so defined is nominally the recited geometric relationship, number, and/or range. For
example, two structures described herein as being “substantially parallel” is intended to
convey that, although a parallel geometric relationship is desirable, some non-parallelism can
occur in a “substantially parallel” arrangement. By way of another example, a structure
defining a volume that is “substantially 0.50 mulliliters (mL)” is intended to convey that,
while the recited volume is desirable, some tolerances can occur when the volume is
“substantially” the recited volume (e.g., 0.50 mL). Such tolerances can result from
manufacturing tolerances, measurement tolerances, and/or other practical considerations
(such as, for example, minute imperfections, age of a structure so defined, a pressure or a
force exerted within a system, and/or the like). As described above, a suitable tolerance can
be, for example, of £1%, + 2%, £3%, £4%, + 5%, + 6%, £ 7%, £ 8%, = 9%, = 10%, or more
of the stated geometric construction, numerical value, and/or range. Furthermore, although a
numerical value modified by the term “substantially” can allow for and/or otherwise
encompass a tolerance of the stated numerical value, it is not intended to exclude the exact

numerical value stated.
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[1039] While numerical ranges are provided for certain quantities, it is to be understood
that these ranges can include all subranges therein. Thus, the range “from 50 to 80 includes
all possible ranges therein (e.g., 51-79, 52-78, 53-77, 54-76, 55-75, 70-79, etc.).
Furthermore, all values within a given range may be an endpoint for the range encompassed

thereby (e.g., the range 50-80 includes the ranges with endpoints such as 55-80, 50-75, etc.).

[1040] The dosage delivery devices (also referred to herein as “delivery devices” or
“dispensing devices” or “drug products™) described herein can be used, for example, for
administering a small volume drug dosage form to a subject. More specifically, the dosage
delivery devices described herein can be used for oral (e.g. sublingual) administration of a
bioadhesive small volume sufentanil-containing drug dosage form. Such dosage forms can
be any of the dosage forms shown and described in U.S. Patent No. 8,753,308, entitled
“Methods for Administering Small Volume Oral Transmucosal Dosage Forms Using a
Dispensing Device” (“the ‘308 patent™), the disclosure of which is incorporated herein by
reference in its entirety. Moreover, the delivery devices shown herein can include any of the
structure and/or features of any of the delivery devices shown in the ‘308 patent, such as, for
example, a flexible pushrod, a cartridge configured to be removably coupled to the delivery
device, optical detection of the location of the pushrod, a radiofrequency identification

(“RFID”) system or the like.

[1041] FIGS. 1A-1C are schematic illustrations of a portion of a dosage delivery device
100 according to an embodiment in a first configuration (FIG. 1A) and a second
configuration (FIG. 1B), respectively. The dosage delivery device 100 is configured to
deliver a dosage form 10 (also referred to herein as “drug dosage form™) to a subject, as
described herein, when the device is moved from its first configuration to its second
configuration. The dosage delivery device 100 includes a housing 110 and a pushrod 130.
The housing 110 defines a delivery passage 116 and an exit port 121 in fluid communication
with the delivery passage 116. The pushrod 130 has a distal end portion 132 movably
disposed in the delivery passage 116. Upon actuation of the dosage delivery device 100, the
pushrod 130 is moved within the delivery passage 116 such that the distal end portion 132 of
the pushrod contacts the dosage form 10 disposed within the delivery passage. The dosage
form 10 can be moved into the delivery passage in any suitable manner. For example, the
dosage form 10 can be conveyed from a cartridge coupled to the device 100 into the delivery

passage 116, as described in more detail herein, such as with respect to FIGS. 4 and 11. The



WO 2016/106329 PCT/US2015/067404

distal end portion 132 of the pushrod 130 is configured to move the dosage form 10 through
the delivery passage 116 when the pushrod is moved in a first direction within the delivery
passage, also upon actuation of the dosage delivery device 100, as shown by the arrow AA in
FIG. 1B. Said another way, the distal end portion 132 of the pushrod 130 is configured to
move in the first direction from a first position with respect to the delivery passage (see, e.g.,
FIG. 1A) to a second position with respect to the delivery passage. In this manner,
movement of the pushrod 130 in the first direction can convey the dosage form 10 through
the exit port 121 such that the dosage form 10 is expelled or delivered from the delivery
passage 116. In some embodiments, the distal end portion 132 of the pushrod 130 is disposed
within the delivery passage 116 when the pushrod is in its first position. In some
embodiments, the distal end portion 132 of the pushrod 130 is disposed within the delivery
passage 116 when the pushrod is in its second position, as shown in FIG. 1B. In some
embodiments, the distal end portion 132 of the pushrod 130 is at least partially extended from
the delivery passage 116, through the exit port 121, when the pushrod is in its second position

(not shown).

[1042] The exit port 121 of the housing 110 can be at least partially surrounded by a
shroud (not shown), seal (not shown) or other structure to guide delivery of the drug dosage
form 10 when the dosage form 10 is expelled or otherwise delivered from the delivery
passage 116 through the exit port and/or to limit the ingress of moisture into the delivery
passage 116. Suitable shrouds, seals, and other mechanisms to guide delivery of the dosage
form 10 and/or limit the ingress of moisture into the delivery passage are shown and

described in the ‘308 patent.

[1043] At least a portion of the pushrod 130 is configured to contact, or engage, at least a
portion of the housing 110 defining the delivery passage 116 (e.g., a wall of the delivery
passage) when the pushrod is moved within the delivery passage, such as from its first
position to its second position. It should be noted that the pushrod 130 is shown in FIGS. 1A-
1C as being spaced apart from the housing 110 for purposes of clarity of illustration. In some
embodiments, at least a portion of the pushrod 130 is configured to slidingly contact the
portion of the housing defining the delivery passage 116 when the pushrod is moved therein.
For example, the pushrod can include a first or “upper” surface 133, at least a portion of
which slidingly contacts a first surface 113, or surface portion, of the housing 110 defining

the delivery passage 116, a second or “lower” surface 135, at least a portion of which
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slidingly contacts a second surface 115, or surface portion, of the housing 110 defining the
delivery passage 116, or both such first and second surfaces. In some embodiments, the push
rod 130 can include one or more side surfaces extended between the first and second surfaces
133, 135. At least a portion of one or more of the side surfaces can slidingly contact one or
more surfaces of the housing 110 defining the delivery passage 116, such as a portion of one
or more surfaces extending between the first surface 113 of the housing and the second

surface 115 of the housing, when the pushrod 130 is moved therein.

[1044] Movement of the pushrod 130 is controlled by a drive system (not shown in these
figures) of the dosage delivery device 100. The drive system can include, for example, a
motor configured to produce a driving force that causes the pushrod to move within the
delivery passage 116. The drive system is configured, upon actuation of an actuator of the
device 100, to move the pushrod 130 through the delivery passage 116, for example, at a
speed sufficient to produce a force sufficient to move the dosage form 10 through the
delivery passage 116 towards and through the exit port 121 of the dosage delivery device
100. The speed at which the pushrod 130 engages or otherwise contacts the dosage form 10
produces a force on the dosage form 10 sufficient to ensure the distal end surface 139 of the
pushrod 130 maintains contact with the dosage form 10 as the dosage form 10 is moved

through the delivery passage 116.

[1045] Such constant contact between the distal end surface 139 of the pushrod 130 and
the dosage form 10 after the pushrod 130 initially contacts the dosage form within the
delivery passage 116 helps to ensure that the dosage form is moved through the delivery
passage 116 and delivered or expelled from the exit port 121 of the device 100 in a desirable
manner. Said another way, the contact between the distal end surface 139 of the pushrod 130
and the dosage form 10 prevents the dosage form from being “flicked” or otherwise moved
away from the distal end surface 139 of the pushrod 130 upon initial contact therebetween or
as the pushrod 130 moves the dosage form 10 through the delivery passage 116 after such

mitial contact therebetween.

[1046] In turn, the drive force produced by the drive system is intended to provide for a
predictable trajectory of movement of the dosage form 10 upon being expelled from the
dosage delivery device 100, thus helping to ensure the dosage form is directed to a desired
location of the subject’s anatomy. Additionally, this helps to ensure the dosage form 10

remains intact during delivery from the dosage delivery device 100, as improper contact

10
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between the dosage form 10 and the pushrod 130 may cause the dosage form to crack, break,
or shatter during a delivery event, which could impair proper delivery of the dosage form 10
from the device 100 and/or proper placement of the dosage form 10 with respect to the
subject’s anatomy. For example, a cracked, broken, or shattered dosage form may not follow
the same trajectory of motion as an intact dosage form upon being expelled from the exit port

121, and thus may not be delivered to a target location of the subject.

[1047] The force applied to the pushrod 130 by the drive system is configured to
overcome frictional force resisting movement of the pushrod 130 through the delivery
passage 116, like those that may result from the sliding contact between one or more surfaces
of the pushrod 130 and one or more surfaces of the portion of the housing 110 defining the
delivery passage 116. The pushrod 130 and the housing 110 are collectively configured to
reduce the occurrence of and/or magnitude of frictional contact therebetween such that the
driving force will produce a predetermined rate of movement of the distal end surface 139 of
the pushrod 130. In some embodiments, for example, the pushrod 130 and the housing 110
are collectively configured to reduce the occurrence of and/or magnitude of frictional contact
therebetween such that the driving force will produce a non-negative acceleration of the distal
end surface 139 of the pushrod 130 for at least a portion, but not necessarily an entirety, of
the length of the delivery passage 116. In other words, the dosage delivery device 100 can be
configured such that the distal end surface 139 of the pushrod 130 is moved within the
delivery passage 116 such that the speed of movement of the distal end surface does not
decrease and subsequently increase as the pushrod 130 moves the dosage form 10 through the
portion of the delivery passage 116. In some embodiments, the pushrod 130 and the housing
110 are collectively configured to reduce the occurrence of and/or magnitude of frictional
contact therebetween such that the driving force will produce a constant velocity of
movement of the distal end surface 139 of the pushrod 130 for at least a portion, but not

necessarily an entirety, of the length of the delivery passage.

[1048] Said another way, in some embodiments, the pushrod 130 and the housing 110 are
collectively configured such that, in the presence of such sliding contact between one or more
surfaces (e.g., first surface 133) of the pushrod and one or more surfaces (e.g., surface 113) of
the housing defining the delivery passage upon actuation of the dosage delivery device 100, a
substantially consistent and/or uniform movement of the pushrod 130 within the delivery

passage 116 is produced. More specifically, in some embodiments, the pushrod 130 and the

11
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housing 110 are collectively configured such that contact of the one or more surfaces of the
pushrod and one or more surfaces of the housing during movement of the pushrod within the
delivery passage facilitates the substantially consistent and/or uniform movement of the
pushrod therein. In this manner, the pushrod 130 and the housing 110 can be collectively
configured such that, upon actuation of the dosage delivery device 100, the distal end portion
132 of the pushrod 130 moves within at least a portion of the delivery passage 116 with a

substantially constant velocity or acceleration.

[1049] In some embodiments, at least one surface of the pushrod 130 is configured to
facilitate such movement of the pushrod within the delivery passage 116. For example, at
least one surface of the pushrod 130 can be configured such that less than an entirety of the
area of at least one surface of the pushrod 130 (or portion thereof) is in sliding contact with
the portion of the housing 110 defining the delivery passage 116, such as the first surface 133
of the housing, for at least one location of the delivery passage. In some embodiments, as
shown in FIG. 1C, the first surface 133 of the pushrod 130 is nonplanar, or at least includes a
nonplanar portion. More particularly, the surface 133 of the pushrod 130 can be nonplanar
when taken along a cross-section normal to a longitudinal axis L of the pushrod 130, as
shown in FIG. 1A. Even more specifically, the first surface 133 of the pushrod 130 can be
curved, or convex, as shown in FIG. 1C. In other embodiments, however, the first surface
133 of the pushrod 130 can have a different nonplanar shape, as described herein. As also
shown in FIG. 1C, the second surface 135 of the pushrod 130, opposite the first surface, is
planar (or has a greater planar surface area than the first surface 133 of the pushrod 130),
although in other embodiments, the second surface can have a different (e.g., nonplanar)

shape, contour or profile.

[1050] The nonplanar surface 133 of the pushrod 130 is shown in FIG. 1C as being the
“upper” surface, but in other embodiments, any surface, or combination of surfaces, of the
pushrod 130 that is in sliding contact with the portion of the housing 110 that defines the
delivery passage 116 can be nonplanar, contoured or otherwise shaped. This arrangement
reduces or minimizes the surface area of the first surface 133, and thus the surface area of the
pushrod 130 as a whole, that is in contact with the housing 110 during movement of the
pushrod 130 within the delivery passage 116. In this manner, the amount of contact area, and
thus friction, between the pushrod 130 and the housing 110 during delivery of the dosage

form 10 can be reduced (as compared to the contact, or friction, that would otherwise result

12
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from movement within the delivery passage of a pushrod with a greater surface area
contacting the housing, which may occur for a pushrod having a square or rectangular cross-

section, or planar surface).

[1051] The reduced contact surface area collectively between the pushrod 130 and the
portion of the housing 110 defining the delivery passage 116 helps to produce the
substantially consistent, repeatable movement of the pushrod 130 within the delivery passage
116. Said another way, the reduced contact surface area collectively between the pushrod
130 and the portion of the housing 110 defining the delivery passage 116 is configured to
prevent the occurrence of and/or reduce the magnitude of an occurrence of frictional contact
therebetween, thereby also preventing an unintentional deceleration of at least a portion the
pushrod (e.g., as may be caused by the pushrod “catching” on a surface of the housing) and
subsequent acceleration of the portion of the pushrod at a rate greater than that the rate of
acceleration provided by the driving force of the drive system in the absence of such
frictional contact (e.g., as may occur as a result of the pent up force when the drive force
overcomes the pushrod being “caught” on the surface of the housing and the pushrod is

released or the frictional contact is overcome).

[1052] In turn, this provides for a consistent, repeatable engagement or contact of the
pushrod 130 with the dosage form 10 within the delivery passage 116 upon actuation of the
device 100 and/or a substantially consistent, repeatable speed of movement or acceleration of
the distal end portion 132 of the pushrod 130 within (and thus also a substantially consistent,
repeatable speed of movement or acceleration of the dosage form 10 through) the delivery
passage and delivery of the dosage form 10 through the exit port 121 of the dosage delivery
device 100. More specifically, the reduced contact surface area collectively defined by the
pushrod 130 and the portion of the housing 110 defining the delivery passage 116 facilitates,
in some embodiments, a consistent speed or velocity of movement and/or a consistent
acceleration of the distal end portion 132 of the pushrod 130 through the delivery passage
116 during a single actuation. Said another way, in some embodiments, the distal end portion
132 of the pushrod 130 moves through a first location of the delivery passage 116 at a first
rate of speed and through a second location of the delivery passage, distal to the first location,
at the first rate of speed during a single actuation of the dosage delivery device 100. In some
embodiments, the distal end portion 132 of the pushrod 130 moves at a first acceleration

through a first location of the delivery passage 116 and at the first acceleration through a

13



WO 2016/106329 PCT/US2015/067404

second location of the delivery passage, distal to the first location, during a single actuation

of the dosage delivery device 100.

[1053] Also in this manner, the housing 110 and the pushrod 130 are collectively
configured such that a distal end surface 139 of the pushrod maintains contact with the drug
dosage form 10 when the pushrod is moved from the first position to the second position.
Further, the reduced contact surface area collectively defined by the pushrod 130 and the
portion of the housing 110 defining the delivery passage 116 facilitates a consistent speed or
velocity of movement or a consistent, non-negative rate of acceleration of the distal end
portion 132 of the pushrod 130 through the delivery passage 116 during actuation of the
dosage delivery device 100 at a first period of time and during actuation of the dosage

delivery device at a second period of time after the first period of time.

[1054] Although the dosage delivery device 100 is shown and described as including a
pushrod 130 having a surface configured to facilitate the substantially consistent and/or
uniform movement of the pushrod within the delivery passage 116 of the housing 110, in
some embodiments, at least one surface of a housing of a dosage delivery device defines a
delivery passage configured to facilitate such consistent and/or uniform movement of the
pushrod within the delivery passage. For example, at least one surface of the housing
defining the delivery passage 116 can be configured such that less than an entirety of the
surface (or surface portion) of the housing 110 defining the delivery passage is in sliding
contact with the pushrod 130. For example, although FIGS. 1A-1C show the pushrod 130 as
having a nonplanar and/or contoured surface 133, in other embodiments, the portion the
housing 110 that defines the delivery passage 116 can include a nonplanar and/or contoured
surface. In such embodiments, the pushrod can have (but does not necessarily have) one or

more planar and/or flat contact surfaces, as described herein.

[1055] For example, referring to FIG. 1D, in some embodiments, a drug delivery device
180 includes a housing 182 defining a delivery passage 186 and a pushrod 190 movably
disposed within the delivery passage 186. A portion of the housing 182 defining the delivery
passage 186 can include a first surface 183 that is nonplanar (e.g., convex or curved, as
shown in FIG. 1D) and a second surface 185 that is planar. The pushrod 190 is substantially
planar on its first, or upper, surface 193 and its second, or lower, surface 195. In other
embodiments, however, the second surface 185 of the housing 182 can be nonplanar and/or

contoured instead of, or in addition to, the first surface 183 being nonplanar and/or contoured.
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Other suitable surface geometries, contours, and/or textures for one or more surfaces of the

portion of the housing defining the delivery passage are described herein.

[1056] In some embodiments, a pushrod can include a surface contour and/or profile that
varies spatially along a longitudinal axis of the pushrod. This arrangement can be used, for
example, in a delivery device in which the delivery passage is curved, or includes one or
more curved portions. In such embodiments, at least a first portion of the pushrod that will
traverse a bend or curve of the delivery passage can have a first contact area, whereas at least

a second portion of the pushrod can have a second, different, contact area.

[1057] For example, FIG. 2 shows a top view of a pushrod 230 that can be used in any of
the devices or embodiments shown and/or described herein, or in the ‘308 patent. The
pushrod 230 includes a distal end surface 239 that contacts a drug dosage form 20. The distal
end surface 239 can be contoured and/or shaped to receive and/or matingly engage the drug
dosage form 20. For example, as shown in FIG. 2, the distal end surface 239 of the pushrod
230 can define a semi-circle shaped recess, or otherwise concave end, configured to matingly
engage a curved outer surface of the dosage form 20 when the pushrod 230 is moved in a first
direction, as shown by arrow BB, from a first position to a second position. For example, in
some embodiments, the distal end surface 239 is configured to engage the dosage form when

the pushrod 230 is at a third position between the first position and the second position.

[1058] A top surface 233 of the pushrod 230 includes a first contact surface 237 and a
second contact surface 238. The first contact surface 237 can be nonplanar, contoured or
otherwise include protrusions or any suitable surface geometry described herein, as
represented by the hatched pattern. The second contact surface 238 can be nonplanar,
contoured or otherwise include protrusions or any suitable surface geometry described herein,
as represented by the hatched pattern. The physical characteristics (e.g., size, length, width,
shape, type of contour, depth of contour, height of protrusion, or the like) of the first contact
surface 237 can be different from the physical characteristics of the second contact surface
238. Similarly stated, the characteristics of the top surface 233 of the pushrod can vary at
different locations of the pushrod spaced apart along the longitudinal axis thereof. Although
the first contact surface 237 and second contact surface 238 are shown and described as being
included on the top surface 233 of the pushrod 230, in some embodiments, the first contact

surface can be on a first surface or side of the pushrod (e.g., the top surface) and the second
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contact surface can be on a second surface or side of the pushrod different from the first

surface (e.g., a bottom surface).

[1059] Although the overall width of the pushrod 230 is shown as being substantially
constant along a length of the pushrod coaxial with its longitudinal axis, in other
embodiments, the width can vary along the longitudinal axis. Said another way, a pushrod of
a dosage delivery device according to an embodiment (see, e.g., FIG. 3) can include a
pushrod 290 having a first width at a first location 292 of the pushrod and a second width at a
second location 294 of the pushrod different from (e.g., less than or narrower than) the width
at the first location. Further, the first location can be proximal to or distal to the second
location. Said another way, the first location 292 of the pushrod 290 can be a first distance
from a distal end surface (not shown in FIG. 3) of the pushrod, and the second location 294 of
the pushrod 290 can be a second distance from the distal end surface of the pushrod different
(e.g., lesser or greater than) the first distance. In this manner, the cross-section moment of
inertia (e.g., the moment of inertia as calculated for a rectangular cross-sectional area) can be
varied along the longitudinal axis of the pushrod 290. In this manner, the pushrod 290 can be
configured to have certain portions (e.g., a narrower portion of the pushrod) that are more

flexible than other portions (e.g., a wider portion of the pushrod).

[1060] FIG. 4 is an exploded view of a portion of a dispensing device 300 according to an
embodiment. The dispensing (or delivery) device 300 includes a housing 310, an actuator
hub 355 and a pushrod 330. The housing 310 includes a proboscis portion 320, a cartridge
receiving portion 324, and an actuator (or hub) portion 350. The proboscis portion 320
defines at least a portion of a delivery passage 316 and an exit port 321 at a distal end of the
delivery passage 316. The delivery passage 316 has a length greater than its width, and is
curvilinear. More specifically, the delivery passage 316 includes at least one bend or curve
along the length of the delivery passage. The delivery passage 316 is configured to receive at

least a portion of the pushrod 330, as described herein.

[1061] The cartridge receiving portion 324 defines a cartridge volume 326 within which a
cartridge (not shown) can be removably coupled to the dispensing device 300. Any suitable
cartridge can be coupled to the dispensing device 300 via the cartridge receiving portion 324
and the cartridge can contain a series of drug dosage forms (and/or a “shipping tablet), as
described in the *308 patent. The cartridge can include a key or other locking feature

configured to mate with at least one locking tab 325 of the housing 310. For example, the
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locking tab 325 can be inwardly biased towards the cartridge volume 326 defined by the
cartridge receiving portion such that the locking tab 325 engages or mates with a portion of a

cartridge received in the cartridge volume 326.

[1062] The actuator (or hub) portion 350 defines a hub volume 352 within which the hub
355 is rotatably mounted. The actuator portion 350 includes an inner surface 353 that defines
the hub volume 352. In some embodiments, a portion of the pushrod 330 (i.e., a first surface
333) contacts at least a portion of the inner surface 353 of the actuator portion 350 when the
dispensing device 300 is actuated. The hub portion 350 also defines a pushrod pathway 318,
which is a pathway or opening within which a distal end portion 332 of the pushrod 330 can
move within the hub portion 350 during dispensation of a dosage form. In some
embodiments, the pushrod pathway 318 is at least partially disposed about the hub volume
352.

[1063] The pushrod pathway 318 can be in fluid communication with at least one of the
delivery passage 316 of the proboscis or an opening in the cartridge containing the dosage
forms. In particular, upon actuation of the device 300, the distal end portion 332 of the
pushrod 330 is moved in a first direction within the pushrod pathway 318 and into the
cartridge volume 326. In the cartridge volume 326, the distal end portion 332 can engage a
dosage form from the cartridge received in the cartridge receiving portion 324. In some
embodiments, upon actuation of the device 300, the distal end portion 332 of the pushrod 330
is moved within the pushrod pathway 318, into the cartridge volume 326 and through an
opening defined by the cartridge where the distal end portion 332 of the pushrod 330 engages
or contacts the dosage form. The distal end portion 332 of the pushrod 330 then continues to
move in the first direction into and within the delivery passage 316 of the proboscis portion
320 to convey the dosage form through the proboscis portion 320 of the housing and through
the exit port 321. Although the distal end portion 332 of the pushrod 330 is described herein
as being moved through an opening of the cartridge coupled to the device 300 upon actuation
of the device to engage a dosage form, in some embodiments, the distal end portion 332 of
the pushrod 330 moves adjacent to or over an opening of the cartridge to engage a dosage

form.

[1064] The pushrod 330 includes a proximal end portion 331 and the distal end portion
332. At least a portion of the pushrod 330, such as a portion between the proximal end
portion 331 and the distal end portion 332, is flexible. In this manner, the pushrod 330 is
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configured to move through one or more nonlinear passages defined by the device 300, such
as the delivery passage 316. As described herein, the proximal end portion 331 of the
pushrod 330 is coupled to the hub 355. As also described herein, the distal end portion 332
of the pushrod 330 is configured to move within the delivery passage 316 to dispense a drug
dosage form from the device 300. In some embodiments, the pushrod 330 defines one or
more openings 335, or windows, therethrough that interact with an optical detection system
(not shown) of the device 300. Said another way, in some embodiments, the pushrod 330
defines at least a first portion 335 that is transparent to the optical detection system, such as to
a sensor of the optical detection system, and at least a second portion that is opaque to the
optical detection system (or sensor thereof). Suitable optical detection systems are described
in the ‘308 patent. In this manner, the position of the pushrod 330 within the delivery
passage 316 can be detected. Also in this manner, the device 300 can be calibrated based on
the detection of the position of the pushrod 330 and/or other input received from the optical

detection system.

[1065] The pushrod 330 includes the first surface 333 and a second surface 334, opposite
the first surface. The first surface 333 can be, for example, a top surface of the pushrod 330
when the pushrod is in an undeformed configuration, described in more detail herein, or an
outer surface of the pushrod at least a portion of which faces away from the hub (e.g.,
towards the inner surface 353 of the actuator portion 350) when the pushrod is in a deformed
configuration and coupled to the hub 355, as described in more detail herein. The second
surface of the pushrod 330 can be, for example, a bottom surface of the pushrod when the
pushrod is in the undeformed configuration, or an inner surface of the pushrod at least a
portion of which faces the hub 355 when the pushrod is in a deformed configuration and
coupled to the hub 355. The first surface 333, the second surface 334, or each of the first and
second surfaces, or one or more portions thereof, can be contoured, nonplanar, or have any
surface geometry according to any embodiment described herein. For example, in some
embodiments, the pushrod 330 can have a first contact surface and a second contact surface,
each disposed on a surface or side of the pushrod, as described herein with respect to pushrod

230 and FIG. 2.

[1066] The hub 355 is configured to rotate with respect to the actuator portion 350 in a
first direction and a second direction opposite the first direction, as shown by arrow CC in

FIG. 4. In some embodiments, the hub 355 is actuated by a motor. Upon actuation, the hub
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rotates in the first direction to drive at least a portion of the pushrod 330 through the pushrod
pathway 318 and towards or through the delivery passage 316. After dispensing the dosage
form, the hub 355 rotates in the second direction to retract the pushrod 330 from the delivery
passage 316 and/or the pushrod pathway 318.

[1067] Due to the curvature of the hub volume 352 and portions of the pushrod pathway
318, at least one portion of the pushrod 330 can contact at least a portion of the inner surface
353 of the housing 310 when the pushrod is driven by the hub 355, either in the first direction
or in the second direction. In particular, the proximal end portion 331 of the pushrod is
coupled to the hub 355, and at least a portion of the first surface 333 of the pushrod contacts
at least a portion of the inner surface 353 of the actuator portion 350 when the pushrod is
moved by the hub 355. For example, at least a portion of the distal end portion 332 of the
pushrod 330 can contact at least a portion of the inner surface 353, when the pushrod is
wound around the hub prior to actuation of the device 300. In another example, at least a
portion of the proximal end portion 331 of the pushrod can contact at least a portion of the
inner surface 353 of the actuator portion 350 when the hub 355 moves the pushrod upon
actuation of the device 300. In still another example, at least a portion of the pushrod 330
between its proximal end portion 331 and its distal end portion 332 can contact at least a
portion of the inner surface 353 of the actuator portion 350 during at least one time period as

the hub 355 drives the pushrod 330, in either the first direction or second direction..

[1068] In use, the pushrod 330 may contact one or more surfaces (walls) of the delivery
passage 316, the pushrod pathway 318 and/or the inner surface 353 of the actuator portion
350 during movement of the pushrod therethrough (e.g., as the distal end portion 332 of the
pushrod is moved or advanced towards the exit port 321 or is moved or retracted towards the
hub 355. As discussed above, with respect to dosage delivery device 100, if force(s) exerted
on the pushrod 330 because of such contact are non-uniform, the motion of the pushrod may
become non-linear and/or discontinuous. Similarly stated, if contact forces exerted on the
pushrod 330 vary greatly from one cycle (or actuation) to the next, the pushrod motion could
potentially vary from one cycle (or actuation) to the next. Additionally, variance in the
frictional forces resulting from such contact can result in uneven or “jerky” pushrod motion
during a single delivery event (or actuation). In such situations, one or more sensors, such as
the sensor of the optical detection system, configured to sense the pushrod 330 location (e.g.,

via the one or more openings 335 or transparent portions) may detect a location or position of
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the pushrod indicative of a malfunction in the pushrod actuation mechanism or in the delivery
of the drug dosage form. For example, in such situations, at least one opening 335 of the
pushrod 330 may not be detected by the sensor at a predetermined time after actuation of the
device was initiated, thus indicating that the pushrod experienced a change in speed or
velocity during the delivery event. Moreover, under such circumstances, the drug dosage
form can become separated or spaced apart from a distal end surface 339 of the distal end
portion 332 of the pushrod 330, which can result in improper delivery of the dosage form
from the device 300. In some embodiments, in response to the sensor detecting a location or
position of the pushrod indicative of a malfunction, the dispensing device 300 is configured
to be placed into, or automatically enter, a locked-out state. Suitable lockout mechanisms

are described in detail in the ‘308 patent.

[1069] Accordingly, in some embodiments, at least one surface of the housing 310 (e.g., a
surface of the proboscis portion 320 defining the delivery passage 316, a surface of the
actuator portion 350 defining the pushrod pathway 318, a portion of the inner surface 353 of
the actuator portion 350 disposed about the hub 355) and/or the pushrod 330 (e.g., the first
surface 333 or the second surface 334) can be contoured, nonplanar and/or can include other
physical features or characteristics to reduce frictional resistance to movement of the pushrod
(e.g.., during a delivery event). Said another way, at least one surface of the housing 310
and/or the pushrod 330 can be configured with a reduced surface area at a portion of the
housing 310 and/or the pushrod 330 that can contact the other of the pushrod or the housing
during movement of the pushrod therein. The physical features or characteristics of such a
surface of the housing 310 and/or the pushrod 330 can be referred to as a contact reducing
surface profile. As used herein, and unless the context clearly dictates otherwise, reference to
“at least one surface” can include a portion of the surface or the entirety of the surface, and
can also include one, two, three or more discrete or non-contiguous portions of the surface

that can each vary spatially across a length, width, or diagonal of the surface.

[1070] Any suitable contact reducing surface profile can be included in on at least one
surface of the housing 310 (e.g., a surface of the proboscis portion 320 defining the delivery
passage 316, a surface of the actuator portion 350 defining the pushrod pathway 318, a
portion of the inner surface 353 of the actuator portion 350 disposed about the hub 355)
and/or the pushrod 330 (e.g., the first surface 333 or the second surface). For example, in

some embodiments, the at least one surface of the housing 310 and/or the pushrod 330 can
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include a contact reducing surface profile including one or more teeth, protrusions, curves or
the like. In this manner, the area of contact between the housing 310 and the pushrod 330 can

be reduced.

[1071] For example, in some embodiments, referring to FIGS. SA and 5B, a surface 360,
366 has a contact reducing surface profile that includes raised parallel teeth 362, 368,
respectively. The teeth 362, 368 are arranged spaced apart along a length of the surface 360,
366, respectively, with each tooth having an elongate axis that extends substantially
perpendicular to a direction of motion of the pushrod, represented by arrow DD in FIG. 5B.
The inner surface 353 of delivery device 300 is shown in FIG. 4 as including such raised

parallel teeth.

[1072] In some embodiments, referring to FIG. 5C, a surface includes parallel v-shaped
teeth or parallel teeth arranged in a herringbone pattern or chevron pattern, in which the
vertex of each tooth is aligned with the axis of motion of the pushrod. In some embodiments,
referring to FIG. 5D, a surface includes teeth that are arranged along parallel sinusoidal
curves with each tooth having an axis that is substantially perpendicular to the direction of
motion of the pushrod. In a delivery device according to an embodiment described herein, in
which a surface of the housing includes the plurality of teeth, at least one tooth is configured
to contact a pushrod of the delivery device. In a similar manner, in a delivery device
according to an embodiment described herein, in which a surface of the pushrod includes the
plurality of teeth, at least one tooth is configured to contact a surface of the housing of the

delivery device defining a passage through which the pushrod is moved.

[1073] In another example, a surface (or wall) 380 of the housing and/or the pushrod can
have a contact reducing surface profile that includes a plurality of discrete protrusions 382.
In some embodiments, referring to FIG. 6A and 6B, a surface 380 includes a plurality of
cylindrical columns 382. Each column 382 extends from a base 381 of the surface 380. In a
delivery device according to an embodiment described herein, in which a surface of the
housing includes the plurality of cylindrical columns, at least one column from the plurality
of columns is configured to contact a pushrod of the delivery device. In a similar manner, in
a delivery device according to an embodiment described herein, in which a surface of the
pushrod includes the plurality of cylindrical columns, at least one column is configured to
contact a surface of the housing of the delivery device defining a passage through which the

pushrod is moved.
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[1074] In some embodiments, referring to FIGS. 7A-7B, 8 and 9, a surface 384, 388, 392
includes hemispherical or generally convex projections or nubs 386, 390, 394, respectively,
that can be arranged in a linear pattern (see, e.g., FIGS. 7A and 8), a hexagonal pattern (see,
e.g., the phantom lines shown in FIG. 9), or other pattern. The nubs 386, 390, 394, arranged
in the linear pattern are shown in FIG. 7A and FIG. 8 as being linearly arranged in two
parallel rows that extend along a length of the surface 384, 388 (e.g., parallel to the direction
of motion of the pushrod), however, in another embodiments, the nubs extended from a
surface can be arranged in a single row, three rows, four rows, or more. In another
embodiment, a surface can include nubs that are distributed or arranged on the surface in a
random pattern. In each of the foregoing embodiments, in which the nubs are included on a
surface of a housing of a delivery device, a distance between any two nubs is sufficiently
short such that a pushrod of the delivery device cannot be lodged between or droop within the
space between the two nubs as the pushrod is moved therethrough (e.g., during a dosage

delivery event).

[1075] In yet another example, referring to FIGS. 10A-10B, a surface (or wall) 396 of a
housing (not shown in FIGS. 10A-10B) and/or a pushrod (not shown in FIGS. 10A-10B) of a
delivery device according to an embodiment herein can have a contact reducing surface
profile that includes a plurality of waves 398 distributed along a length of the surface. In this
manner, a cross-sectional profile of a length the surface, taken along line 10B-10B, has the

shape of a sine wave or other suitable waveform shape, as shown in FIG. 10B.

[1076] Each of the non-planar (or contoured, textured, or the like) surface profiles
described herein are configured to reduce the occurrence of and/or the magnitude of the
frictional force and/or the change in the frictional force between the housing 310 and the

pushrod 330, e.g., that results from contact therebetween during a dosage delivery event.

[1077] A dispensing device 500 according to an embodiment, portions of which are
schematically illustrated in FIG. 11, includes a housing (not shown in FIG. 11) that defines a
delivery passage 516 and a pushrod passage 554. The components or portions of the
dispensing device 500 can be similar in many respects, or identical, to corresponding
components or portions of the devices described herein, such as dosage delivery device 300,
and thus are not described in detail with respect to device 500. The device 500 includes a
pushrod 530 coupled to a rotating hub 555. It should be noted that the length of the pushrod
530 shown in FIG. 11 with respect to the length of the pushrod passage 554 and the delivery

22



WO 2016/106329 PCT/US2015/067404

passage 516 is not to scale. For example, the pushrod 530 can have a length sufficient to
permit the pushrod to be wrapped or wound around the hub 555 one, two, three or more

times.

[1078] The hub 555, disposed within the housing of the device, is configured to rotate
about a central axis C in a first direction and a second direction, represented by arrow EE in
FIG. 11. Rotation of the hub 555 in the first direction moves at least a portion of the pushrod

530 in a curvilinear manner within the pushrod passage 554 and/or the delivery passage 516.

[1079] A surface of the pushrod 530, such as a surface of a portion of the pushrod that is
moved through the pushrod passage 554, can be configured to contact a surface of a portion
of the housing defining the pushrod passage 554 and/or the delivery passage 516 when the
hub 555 moves the pushrod 530 within the pushrod passage 554 and/or the delivery passage
516. In some embodiments, for example, the pushrod 530 includes a first surface 513 and a
second surface 515 opposite the first surface. Referring to FIG. 12A, which shows a cross-
sectional profile of the pushrod 530 taken along line 12A-12A disposed within the pushrod
passage 554, each of the first surface 533 and the second surface 535 of the pushrod 530 can
be substantially planar, at least across a width of the pushrod that is shorter than its length. In
some embodiments, the first surface 533 and/or the second surface 535 of the pushrod 530 is

substantially smooth along a length and/or a width of the respective pushrod surface.

[1080] The portion of the housing defining the pushrod passage 554 includes a first
surface 513 and a second surface 515 different from the first surface. The first surface 513 is
proximate to the first surface 533 of the pushrod 530 when at least a portion of the pushrod is
disposed within the pushrod passage 554. The second surface 515 is proximate to the second
surface 535 of the pushrod 530 when the portion of the pushrod is disposed within the
pushrod passage 554. Said another way, the first surface 533 of the pushrod 530 faces the
first surface 513 of the portion of the housing defining the pushrod passage 554, and the
second surface 535 of the pushrod 530 faces the second surface 515 of the portion of the
housing defining the pushrod passage 554.

[1081] Referring again to FIG. 6A, each of the first surface 513 and the second surface
515 of the portion of the housing defining the pushrod passage 554 can be substantially
planar, at least across a width of the pushrod passage that is shorter than its length. In some

embodiments, the first surface 513 and/or the second surface 515 of the pushrod passage 554
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is substantially smooth along a length and/or a width of the respective pushrod passage
surface. In this manner, the pushrod 530 and the portion of the housing defining the pushrod

can be characterized as being substantially flat and parallel to each other.

[1082] Although the surfaces 533, 535 of the pushrod 530 are shown in FIG. 6A for the
purpose of clarity of illustration as being spaced apart, or not contacting, the surfaces 513,
515, respectively, of the housing, at least one of the surfaces 533, 535 of the pushrod 530 can
be engaged with or contact at least one of the surfaces 513, 515, respectively, of the housing
defining the pushrod passage 554, such as during movement of the pushrod 530 through the
pushrod passage 554.

[1083] Because contact between portions of at least one of such planar surfaces 533, 535
of the pushrod 530 and such planar surfaces of the pushrod passage 554 can cause frictional
forces that affect the substantially uniform and/or repeatable movement of the pushrod 530
during a drug dosage form delivery event (e.g., an actuation of the device) or during a
subsequent drug dosage form delivery event, such as described with respect to dosage
delivery devices herein (e.g., device 100, 300), in some embodiments, at least one of the
pushrod 530 or the portion of the housing defining the pushrod passage 554 has a surface
configured to reduce the occurrence, magnitude and/or direction of such frictional forces as
compared to those that may occur if the pushrod and housing have flat, parallel surfaces, as

shown and described with respect to FIG. 6A.

[1084] For example, at least a portion of the housing defining the pushrod passage 554
can have a nonplanar surface. More specifically, in some embodiments, at least a portion of
the housing defining the pushrod passage 554 can have a surface that has a contour, texture, a
raised and/or recessed geometrical surface pattern, and/or other physical characteristic that

has the effect of making the surface nonplanar.

[1085] In some embodiments, a portion of a housing defining a pushrod passage 654
includes a first surface (or wall, such as a wall facing inwardly towards the hub 555) 613
having a plurality of teeth 614 extended therefrom. In this manner, the surface 613 of the
portion of the housing defining the pushrod passage 654 can be characterized as having a
toothed profile 6008, as shown in FIG. 6B. The teeth 614 can be similar in many respects to
the plurality of teeth shown and described with respect to FIGS. 5A and/or 5B. At least one
tooth can 614 be configured to engage or contact the pushrod 530. One or more teeth 614
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can each include angled side wall portions and a substantially flat apex portion. The angled
side wall of the tooth helps to prevent or reduce friction that may otherwise occur when a

pushrod 630 engages the tooth of the surface 613.

[1086] The portion of the housing defining the pushrod passage 654 includes a second
surface (or wall, such as a wall facing outwardly away from the hub) 615 that is substantially
planar. In another embodiment, the second surface 615 of the portion of the housing can
have toothed profile 614 similar to the first surface 613, or may have another contact
reducing surface profile. In some embodiments, the toothed profile 614 can extend from a
proximal end of the pushrod passage 654 up to, but not beyond, a cartridge receiving portion
of the device defined by the housing. For example, the surface of the portion of the housing
defining the pushrod passage can have the toothed profile 614 extend along the entire length
of the pushrod passage 654. In other embodiments, the toothed profile can extend along less

than the entire length of the pushrod passage 654.

[1087] In another example, in some embodiments, a portion of the housing defining the
pushrod passage 754 includes a first surface (or wall, such as a wall facing inwardly towards
the hub 555) 713 having a plurality of rounded protrusions or “bumps” 714 extended
therefrom. The rounded protrusions 714 can be similar in many respects to the plurality of
nubs shown and described with respect to FIGS. 7A-7B, 8 and/or 9. At least one rounded
protrusion 714 can be configured to engage or contact the pushrod 530. The rounded end of
the protrusion 714 is configured to reduce friction that may otherwise occur when the

pushrod 730 engages the protrusion.

[1088] The portion of the housing defining the pushrod passage 754 includes a second
surface (or wall, such as a wall facing outwardly away from the hub) 715 that is substantially
planar. In another embodiment, the second surface 715 of the portion of the housing can
have rounded protrusions 714 similar to those of the first surface 713, or may have another
contact reducing surface profile. In some embodiments, the rounded protrusions 714 can
extend from a proximal end of the pushrod passage 754 up to, but not beyond, a cartridge-
receiving portion of the device defined by the housing. For example, the surface of the
portion of the housing defining the pushrod passage 754 can include a plurality of rounded
protrusions that extends along the entire length of the pushrod passage. In other
embodiments, the plurality of rounded protrusions can extend along less than the entire length

of the pushrod passage 754.
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[1089] In another example, at least a portion of the pushrod of a delivery device can have
a nonplanar surface. More specifically, in some embodiments, at least a portion of the
pushrod can have a surface that has a contour, texture, a raised and/or recessed geometrical
surface pattern, and/or other physical characteristic that has the effect of making the surface
nonplanar. Said another way, in some embodiments, the reduction in the contact surface
between the pushrod and the walls of the pushrod passage can be achieved by a surface

profile of the pushrod.

[1090] In some embodiments, as shown in FIG. 12D, a portion of the pushrod 830
includes a first (or upper or outwardly facing) surface 833 having a plurality of teeth 814
extended therefrom. In this manner, the surface 813 of the portion of the pushrod 830 can be
characterized as having a toothed profile, as shown in FIG. 12D. The teeth 814 can be
similar in many respects to the plurality of teeth shown and described with respect to FIGS.
5A, 5B and/or 6B. At least one tooth can be configured to engage or contact a portion of the
housing defining the pushrod passage 854, such as a first surface 813 of the portion of the
housing. Each tooth can include angled side wall portions and a substantially flat apex
portion. The angled side wall of the tooth helps to prevent or reduce friction that may

otherwise occur when the tooth engages the first surface 813 of the portion of the housing.

[1091] The portion of the pushrod 830 includes a second (or lower or inwardly facing)
surface 835 that is substantially planar. In another embodiment, the pushrod 830 can have a
second surface 835 including a toothed profile similar to that of the first surface 833, or may
have another contact reducing surface profile. In some embodiments, the toothed profile can
extend from a proximal end portion of the pushrod 830, or a portion of the pushrod proximate
to the proximal end portion, of the pushrod passage 854 to a location along a length of the
pushrod. In some embodiments, the toothed profile portion of the pushrod surface extends
from a location on the pushrod close to the proximal end portion of the pushrod to a location
along a length of the pushrod that does not travel, or is not moved, past the opening in the

cartridge.

[1092] In some embodiments, as shown in FIG. 12E, a portion of the pushrod 930
includes a first (or upper or outwardly facing) surface 933 having a plurality of rounded
protrusions or “bumps” 914 extended therefrom. The rounded protrusions 914 can be similar
in many respects to the plurality of nubs shown and described with respect to FIGS. 7A-7B,

8, 9 and/or 6C. At least one rounded protrusion can be configured to engage or contact a
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portion of the housing defining the pushrod passage 954, such as a first surface 913 of the
portion of the housing. The rounded end of the protrusion is configured to prevent or reduce
friction that may otherwise occur when the protrusion 914 engages the first surface 913 of the

portion of the housing.

[1093] The portion of the pushrod 930 includes a second (or lower or inwardly facing)
surface 935 that is substantially planar. In another embodiment, the pushrod 930 can have a
second surface including rounded protrusions 914 similar to those of the first surface 933, or
may have another contact reducing surface profile. In some embodiments, the rounded
protrusions 914 can extend from a proximal end portion of the pushrod 930, or a portion of
the pushrod proximate to the proximal end portion, to alocation along a length of the pushrod
between its proximal end portion and its distal end portion. In some embodiments, the
rounded protrusion of the pushrod surface extend from a location on the pushrod close to the
proximal end portion of the pushrod to a location along a length of the pushrod that does not

travel, or is not moved, past the opening in the cartridge.

[1094] Referring again to FIG. 11, the dosage delivery device 500 is configured to
receive a cartridge 540 containing a series or stack of drug dosage forms 542. Although
shown as being a “top feed” cartridge arrangement, in which the dosage form 542 moves
vertically in a downward direction to enter a delivery passage 516 of the device, in other
embodiments, the cartridge can be coupled to a housing of the device in a different manner,
such as that shown and described herein with respect to FIG. 4 and device 300. A distal end
portion 532 of the pushrod 530 is configured to engage a dosage form 542 when the hub 555
moves in the first direction, and thus moves the pushrod in a first direction towards an exit
port 521 of the delivery passage 516, such that the dosage form 542 can be conveyed through
the exit port.

[1095] Although the surfaces of the portion of the housing defining the pushrod passage
(e.g., passages 554, 654, 754, 854, 954) and of the pushrod (e.g., pushrod 530, 630, 730, 830,
930) have been shown and described with respect to FIGS. 6A-6E as being planar, having a
toothed profile, or having a plurality of rounded protrusions, in other embodiments, the
surfaces of the portion of the housing defining the pushrod passage and of the pushrod may

include one or more different patterns, textures, or contours.
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[1096] Although the surfaces of the portion of the housing defining the pushrod passage
(e.g., passages 554, 654, 754, 854, 954) and of the pushrod (e.g., pushrod 530, 630, 730, 830,
930) have been shown and described with respect to FIGS. 6A-6E as having a certain length,
in other embodiments, such profiles can be included at one or more different sections along
the length of the housing portion or pushrod, respectively. Similarly stated, as described
above (e.g., with reference to FIG. 2), the surface contours can vary spatially along the length

(or width) of the passage surfaces and/or pushrod surfaces.

[1097] In some embodiments, both one or more surfaces of the housing defining the
passage and one or more of the surfaces of the pushrod can include one or more surface

contours (e.g., nonplanar surface contours) as described herein.

[1098] In one embodiment, the clearance between the a portion of the housing defining
the passage and the pushrod is designed so as to be larger or greater in one section, or at a
first location, of the passage and smaller in another section, or a second location, of the

passage.

[1099] In another embodiment, the portion of the housing, or walls, defining the passage
includes a mechanical feature that maintains the clearance between the walls of the passage

and the pushrod.

[1100] In another embodiment, the coefficients of friction of the surface of the pushrod
530 and that of the surface of the passage are reduced through the use of approved lubricant
coatings or the use of anti-friction coatings on one or more portions, or locations, of the
passage surface and the pushrod surface that do not come into contact with the drug dosage
form. The portions or locations where these coatings are applied are selected to reduce the
likelihood of migration of the coatings onto the drug dosage form or the drug dispensing

pathway.

[1101] FIGS. 13A and 13B show a pushrod 1030 according to an embodiment in a first
(or “free” or “undeformed™) configuration and a second (or “deformed” or “wrapped™)
configuration. In some embodiments, when the pushrod 1030 is in the first configuration, the
pushrod 1030 includes a bend or non-linearity 1033 in the proximal end portion 1031 thereof.
Said another way, the proximal end portion 1031 of the pushrod 1030 forms an angle A of
less than 180 degrees when the pushrod is in its first configuration. More particularly, the

proximal end portion 1031 of the pushrod 1030 forms an angle at the intersection of a first
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portion La; of a longitudinal axis of the proximal end portion and a second portion Ly, of the
longitudinal axis of the proximal end portion that is less than 180 degrees. Similarly stated,
angle of less than 180 degrees is defined by an intersection of a longitudinal axis of a first
portion of the proximal end portion 1031 of the pushrod 1030 and a longitudinal axis of a
second portion of the proximal end portion of the pushrod 1030 the pushrod 1030 is in the

first configuration.

[1102] When the pushrod 1030 is in the second (or deformed) configuration, the proximal
end portion 1031 of the pushrod 1030 is coupled to an actuator hub 1055, and is in a coiled or
wound or wrapped state such that a distal end surface (or “distal tip”) 1039 of a distal end
portion 1032 of the pushrod 1030 is disposed proximally to, and not in contact with, a drug
dosage form 1042. The bend 1033 in the pushrod 1030 is towards the proximal end portion
1031 of the pushrod 1030, which is operatively connected to the actuator hub 1055.

[1103] In use, the pushrod 1030 may be wrapped and unwrapped more than a hundred
times about the actuator hub 1055 as a result of repeated actuations of a delivery device. The
bend 1033 can reduce potential part “drift” or plastic deformation, fatigue and wear over
time. In particular, the pushrod 1030 including the bend portion 1033 retains its stiffness and
form for a longer period of time than a pushrod that does not have a pre-machined or
fabricated bend. The bend 1033 may act as a damped coil spring such that deformation
forces are absorbed and released by the bend 1033 during the operation of the pushrod 1030

and as a result, the pushrod 1030 retains its form over a longer period of time.

[1104] Including the bend 1033 in the pushrod 1030 also reduces contact during use
between the pushrod 1030 and the surfaces or walls of the housing defining a passageway
through which at least a portion of the pushrod is moved, such as a pushrod passage 1054
defined about the actuator hub 1055 or a delivery passage 1016 defined by a proboscis
portion 1020. With the addition of a bend 1033 in the pushrod 1030, the profile of the
unwound section of the pushrod 1030 can be designed to reduce contact with the surfaces or
walls of the housing defining the passageway, which results in lower frictional forces. Since
frictional forces encountered by the pushrod 1030 must be overcome by the drive system, if
the pushrod 1030 makes less contact with the walls of the housing defining the passageway
there will be less friction and hence a smoother and more predictable motion of the pushrod
1030, as described herein (e.g., with respect to dosage delivery devices 100, 300 shown and

described herein). The smoother motion will in turn give rise to more consistent sensor
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readings and fewer fault conditions. The bend location and bend angle are two parameters
that can be optimized to reduce the angle at which the pushrod 1030 comes in contact with
certain sections of the passageway as well as the locations where the pushrod 1030 comes in
contact with the walls of the passageway, both of which are determinants of the frictional

forces encountered by the pushrod 1030 during the drug-dispensing and calibration cycles.

[1105] The bend 1033 in the pushrod 1030 may be formed so that the included angle A is
more than 90 degrees. Preferably, the included angle A may be between 120 and 150
degrees. In some embodiments, the pushrod 1030 is made of plastic and the bend 1033 may
be set during the molding process, or alternatively it may be introduced during a heat-
treatment step after molding. In other embodiments, where the pushrod 1030 is fabricated
from a metal, the bend 1033 may be introduced during a stamping step or a similar machining
process that deforms the material into the desired shape. The pushrod 1030 may be annealed

or heat-treated after this step to relieve machining stress.

[1106] Although the bend 1033 is described as an angle A, in other embodiments, the
bend 1033 in the proximal end portion of the pushrod 1030 can be a curved portion. Said
another way, the proximal end portion of the pushrod 1030 can define a radius of curvature.
Similarly stated, the bend portion 1033 may be characterized by a longitudinal axis of the
pushrod 1030 defining an arc with a radius of curvature. In some embodiments, the pushrod
1030 can have a bend portion that has a radius of curvature of less than the length of the
pushrod 1030. In other embodiments, the radius of curvature can be between about 1 times
the length and about 3 times the length of the pushrod 1030. In other embodiments, the bend
portion can have a radius of curvature that is between about 0.2 times the length of the

pushrod and 0.7 times the length of the pushrod 1030.

[1107] In another embodiment, the pushrod 1030 may be made by welding or joining two
sections at an angle where each section is made of the same material. In one embodiment, the
pushrod 1030 may be fabricated by joining dissimilar materials. In another embodiment, one
material may be selected for its suitability in contacting the drug dosage form while the other
material may be selected for its suitability in maintaining its shape and form over hundreds of
thousands of cycles of operation. In another embodiment, the material for one section of the
pushrod 1030 may be selected for its anti-friction properties, while the material for the other

section making up the pushrod 1030 may be selected for its stiffness or anti-wear properties.
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[1108] The embodiments described herein can be used with any suitable drug dosage
form, including, for example, sufentanil compositions. Such sufentanil compositions can
include any of the compositions described in the 308 patent. In other embodiments,
however, the devices and methods described herein can be used to deliver any other drug

composition.

[1109] The embodiments described herein can be formed or constructed of one or more
biocompatible materials. Examples of suitable biocompatible materials include metals,
glasses, ceramics, or polymers. Examples of suitable metals include pharmaceutical grade
stainless steel, gold, titanium, nickel, iron, platinum, tin, chromium, copper, and/or alloys
thereof. A polymer material may be biodegradable or non-biodegradable. Examples of
suitable biodegradable polymers include polylactides, polyglycolides, polylactide-co-
glycolides (PLGA), polyanhydrides, polyorthoesters, polyetheresters, polycaprolactones,
polyesteramides, poly(butyric acid), poly(valeric acid), polyurethanes, and/or blends and
copolymers thereof. Examples of non-biodegradable polymers include nylons, polyesters,
polycarbonates, polyacrylates, polymers of ethylene-vinyl acetates and other acyl substituted
cellulose acetates, non-degradable polyurethanes, polystyrenes, polyvinyl chloride, polyvinyl
fluoride, poly(vinyl imidazole), chlorosulphonate polyolefins, polyethylene oxide, and/or

blends and copolymers thereof.

[1110] While various embodiments have been described above, it should be understood
that they have been presented by way of example only, and not limitation. Where schematics
and/or embodiments described above indicate certain components arranged in certain
orientations or positions, the arrangement of components may be modified. While the
embodiments have been particularly shown and described, it will be understood that various
changes in form and details may be made. Although various embodiments have been
described as having particular features and/or combinations of components, other
embodiments are possible having any combination or sub-combination of any features and/or

components from any of the embodiments described herein.

[1111] For example, although the pushrod 230 is shown as including a contoured distal
end surface 239, in other embodiments, the pushrod 230 can include a squared, tapered,

and/or convex distal end surface.
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[1112] The specific configurations of the various components described herein can also
be varied. For example, the size and specific shape of the various components can be
different from the embodiments shown, while still providing the functions as described
herein. Additionally, the relative size of various components of the devices shown and
described herein with respect to the size of other components of the devices are not

necessarily to scale.

[1113] Although the systems and methods are shown and described herein as providing
for delivery of drug dosage forms to the oral mucosa, in other embodiments, the systems and
the methods described herein can be applicable for delivery of any suitable therapeutic

substance to any portion of the anatomy.

[1114] Although the devices and systems and methods are shown and described herein as
providing for delivery of multiple drug dosage forms (e.g., from a cartridge), in other
embodiments, any of the pushrods, housing or other components can be used in conjunction
with a single-dose delivery device, such as those described in U.S. Patent No. 8,548,623,
entitled “Siorage and Dhspensing Devices for Adnunistration of Oral Transmucosal Dosage

Forms,” which is incorporated herein by reference in its entirety.

[1115] In some embodiments, the pushrods and/or housing designs described herein can
be used in either an actual drug delivery device or a simulated drug delivery device. A
simulated drug delivery device can, for example, correspond to an actual drug delivery device
and can be used, for example, to train a user in the operation of the corresponding actual
medicament delivery device. Such simulated device can be devoid of actual drug-containing

dosage forms.

[1116] Similarly, where methods and/or events described above indicate certain events
and/or procedures occurring in certain order, the ordering of certain events and/or procedures
may be modified. While the embodiments have been particularly shown and described, it

will be understood that various changes in form and details may be made.
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What is claimed is:

1. An apparatus, comprising:

a housing defining a passage and an exit port in fluid communication with the
passage;

an actuator hub rotatably disposed within a hub volume defined by the housing;
and

a pushrod coupled to the actuator hub and having a proximal end portion and a
distal end portion, the distal end portion of the pushrod movable from a first position within
the passage to a second position to move a drug dosage form through at least a portion of the
passage to convey the drug dosage form through the exit port, a portion of the pushrod
including the proximal end portion being wound about the actuator hub when the distal end
portion of the pushrod is in the first position, the proximal end portion of the pushrod having
a prefabricated bend of less than 180 degrees that dampens a deformation force produced
during rotation of the actuator hub to move the distal end portion of the pushrod from the first
position to the second position, a surface of at least one of the pushrod or the housing
defining the passage having a contact reducing surface profile configured to substantially
prevent negative acceleration of the distal end portion of the pushrod within the passage from

the first position to the second position.

2. The apparatus of claim 1, wherein the surface of the pushrod is in sliding contact
with the surface of the housing when the distal end portion of the pushrod is moved from the

first position to the second position.

3. The apparatus of claim 1, wherein the surface of the pushrod is in sliding contact
with the surface of the housing when the distal end portion of the pushrod is moved from the
first position to the second position, the contact reducing surface profile having a cross-

sectional profile of a waveform.

4. The apparatus of claim 1, wherein the passage includes a delivery passage, the
surface of the housing defining the delivery passage is contoured such that a first portion of
the surface contacts the drug dosage form when the distal end portion of the pushrod is

moved from its first position to its second position and such that the drug dosage form does
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not contact a second portion of the surface of housing defining the delivery passage when the

distal end portion of the pushrod is moved from its first position to its second position.

5. The apparatus of claim 1, wherein the surface of the pushrod is in sliding contact
with the surface of the housing defining the passage when the distal end portion of the
pushrod is moved from the first position to the second position, the contact reducing surface
profile includes a plurality of grooves defined by the at least one of the surface of the pushrod

or the surface of the housing.

6. The apparatus of claim 5, wherein each groove from the plurality of grooves is

parallel to another groove from the plurality of grooves.

7. The apparatus of claim 5, wherein a groove from the plurality of grooves has an
elongate axis that is transverse to a direction defined by the movement of the pushrod from its

first position to its second position.

8. The apparatus of claim 5, wherein at least one groove from the plurality of
grooves defines a “V”’-shape, a chevron shape, and/or herringbone shape, with the vertices of

the grooves aligned with a direction of motion of the pushrod.

0. The apparatus of claim 1, wherein the surface of the pushrod is in sliding contact
with the surface of the housing when the distal end portion of the pushrod is moved from the
first position to the second position within the passage, the contact reducing surface profile

includes a plurality of protrusions.

10. The apparatus of claim 1, wherein:
the passage has a curved shape; and
the pushrod is flexible to assume the curved shape of the passage when the distal

end portion of the pushrod is moved from the first position to the second position.

11. The apparatus of claim 1, wherein the pushrod defines an opening configured to

be detected by a sensor when the pushrod is moved within the passage.
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12. The apparatus of claim 1, wherein a first portion of the pushrod is transparent to a
sensor, a second portion of the pushrod different from the first portion is opaque to the

se€nsor.

13. The apparatus of claim 1, wherein the surface of the housing includes the contact
reducing surface profile and a portion of the surface of the pushrod configured to contact the

contact reducing surface profile surface of the housing is planar.

14. The apparatus of claim 1, wherein the surface of the pushrod is in sliding contact
with the surface of the housing defining the passage when the distal end portion of the
pushrod is moved from its first position to its second position within the passage, the contact
reducing surface profile defining a geometric pattern that repeats along at least one of a

length or a width of the contoured surface.

15. The apparatus of claim 1, wherein the surface of the pushrod is in sliding contact
with the surface of the housing defining the passage when the distal end portion of the
pushrod is moved from its first position to its second position within the passage, the contact

reducing surface profile defines a random geometric pattern.

16. An apparatus, comprising:

a housing defining a delivery passage having at least one curvilinear portion and
an exit port in fluid communication with the delivery passage;

an actuator hub disposed within a hub volume defined by the housing, the actuator
hub rotatable in a first direction and a second direction opposite the first direction; and

a pushrod coupled to the actuator hub, at least a portion of the pushrod being
movably disposed in the delivery passage, a distal end portion of the pushrod movable in the
first direction, in response to rotation of the actuator hub in the first direction, from a first
position to a second position to move a drug dosage form through the delivery passage to
convey the drug dosage form through the exit port, the pushrod movable in the second
direction in response to rotation of the actuator hub in the second direction, a proximal end
portion of the pushrod having a prefabricated bend of less than 180 degrees that dampens a
deformation force produced during rotation of the actuator hub to move the distal end portion
of the pushrod from the first position to the second position, the prefabricated bend of the

proximal end portion being disposed within the hub volume, a surface of the housing being
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contoured such that the friction between a surface of the pushrod and the surface of the
housing is reduced and negative acceleration of the distal end portion of the pushrod is

prevented as the pushrod is moved from the first position to the second position.

17. An apparatus, comprising:

a housing defining a delivery passage and an exit port in fluid communication
with the delivery passage, the housing defining a hub volume within which a hub is rotatably
disposed; and

a pushrod, a distal end portion of the pushrod being movably disposed in the
delivery passage to convey a drug dosage form through the exit port when the distal end
portion of the pushrod is moved from a first position to a second position, a proximal end
portion of the pushrod coupled to the hub such that rotation of the hub and the proximal end
portion of the pushrod causes the distal end portion of the pushrod to move between the first
position and the second position,

a surface of the housing defining the hub volume having a contact reducing
surface profile,

a portion of the pushrod movably disposed within the hub volume contacts the
contact reducing surface profile of the surface of the housing defining the hub volume when
the pushrod is moved from the first position to the second position, the proximal end portion
of the pushrod being disposed within the hub volume and having a prefabricated bend of less
than 180 degrees, the prefabricated bend reduces contact of the portion of the pushrod with

the contact reducing surface profile of the surface of the housing defining the hub volume.

18. An apparatus, comprising:

an actuator hub; and

a pushrod, a distal end portion of the pushrod configured to be movably disposed
within a delivery passage of a drug delivery device to convey a drug dosage form through the
delivery passage when the distal end portion of the pushrod is moved from a first position to
a second position, a portion of the pushrod coupled to and wrapped around the actuator hub
when the pushrod is in its first position, the portion of the pushrod being unwrapped from
around the actuator hub in response to rotation of the actuator hub to move the distal end
portion of the pushrod from the first position to the second position,

the proximal end portion of the pushrod having a prefabricated angle of less than

180 degrees, the angle of the pushrod being disposed between the portion of the pushrod
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wrapped around the actuator hub when the pushrod is in its first position and an end of the

pushrod inserted into the actuator hub.

19. The apparatus of claim 18, wherein:

the delivery passage has a curved shape; and

at least a portion of the pushrod is flexible to assume the curved shape of the
delivery passage when the distal end portion of the pushrod is moved from the first position

to the second position.

20. The apparatus of claim 18, wherein the angle is defined by an intersection of a
first portion of a longitudinal axis of the proximal end portion of the pushrod when in an
undeformed configuration, and a second portion of the longitudinal axis of the proximal end

portion of the pushrod when in the undeformed configuration.

21. The apparatus of claim 20, wherein the angle is between 90 degrees and 180
degrees.

22. The apparatus of claim 21, wherein the angle is between 120 degrees and 150
degrees.

23. The apparatus of claim 20, wherein the angle is molded, stamped, or formed by

heat-treatment.
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