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ucts utilizing the same, and methods of using drug delivery devices with multiple drug vials
are provided. In general, a nasal drug delivery device configured to dispense a drug therefrom
into a nose and includes two or more vials each containing the drug therein. The drug delivery
device is configured to deliver the drug from each of the vials for a total of two or more sprays
into the nose. The same drug delivery device may therefore deliver multiple drug sprays to a
user. In some embodiments, instead of including two or more vials that collectively contain
enough drug therein for more than two drug sprays, the drug delivery device can include a
single vial that contains enough drug therein for more than two drug sprays.
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DRUG DELIVERY DEVICES WITH MULTIPLE DRUG VIALS

FIELD

[0001] The present disclosure relates generally to drug delivery devices with multiple drug vials

and drug products utilizing the same.
BACKGROUND

[0002] There are many different ways in which a drug can be administered to a user. Depending
on the drug, intranasal drug delivery can be one of the most effective ways to achieve desired
clinical benefits in a timely manner and in a manner that is convenient and comfortable for a

patient.

[0003] Intranasal drug administration is a non-invasive route for drug delivery. Since the nasal
mucosa offers numerous benefits as a target tissue for drug delivery, a wide variety of drugs may
be administered by intranasal systemic action. Moreover, intranasal drug delivery can avoid the
risks and discomfort associated with other routes of drug delivery, such as intravenous drug

delivery, and can allow for easy self-administration.

[0004] Generally, to maximize the efficacy of the drug through intranasal administration, the
majority volume of the aerosolized dose of the drug needs to reach the correct region of the nasal
cavity. As such, additional measures may need to be taken for effective intranasal drug delivery.
For example, the user may need to have a clear nostril, tilt their head back at approximately 45°,
close the opposite nostril, and then sniff gently while the dose of drug is administered. In order
to coordinate these measures, and given that nasal administration is intimate, self-administration
by the user may be desired. Further, due to the nasal cycle (alternating physiological partial
congestion of the nasal turbinate to facilitate nasal function) or pathological congestion, one
nostril is likely to provide a more effective drug delivery route than the other nostril at any given
time. As such, it is desired that an equal dose of the drug be delivered to each nostril of the user

to inhibit under-dosing of the drug.

[0005] Dual-dose intranasal drug delivery devices are available that are designed for

self~administration of two distinct aerosolized sprays, one for each nostril, that together
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constitute one dose of drug. These devices require a series of operational steps that the user
needs to properly carry out to effect optimal drug delivery through self-administration. After the
drug is delivered into each nostril, the device may be disposed of as a used device having no
drug remaining in the device or having a residual amount of the drug remaining in the device that
cannot be further delivered from the device. Disposing the device after use may have adverse

environmental impacts by generating waste.

[0006] Some nasal drug delivery devices are designed for one-time use to deliver one dose of
drug, such as for prescription drugs where the amount of drug delivered to the patient is
important and is typically prescribed at a certain amount per dose. Such one-time use devices
may therefore have exacerbated adverse environmental impacts since they are only used for one
drug spray before disposal. Additionally, one-time use nasal drug delivery devices prevent
patients from becoming familiar and comfortable with using the same device for multiple drug
deliveries. Even if each sequentially used nasal drug delivery device is the same as one another,
at least some patients may not recognize each device’s similarity and/or may feel reluctance

and/or nervousness at using a device they have never used before.
[0007] Accordingly, there remains a need for improved nasal drug delivery devices.
SUMMARY

[0008] In general, drug delivery devices with multiple drug vials, drug products utilizing the

same, and methods of using drug delivery devices with multiple drug vials are provided.

[0009] In one aspect, a drug delivery device is provided that in one embodiment includes a tip
configured to be positioned in a nose of a patient. The tip has an opening therein. The drug
delivery device also includes a cartridge configured to seat a plurality of vials that each contain a
drug therein. A first one of the vials is aligned with the tip. The drug delivery device also
includes a plunger configured to actuated to cause drug in a first one of the vials to be delivered
through the opening and to cause the cartridge to rotate relative to the tip and to the plunger such
that the first one of the vials is misaligned from the tip and a second one of the vials is aligned

with the tip.

[0010] The drug delivery device can vary in any number of ways. For example, the plurality of

2
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vials can include a total of six vials. For another example, the plurality of vials can include only
the first and second vials. For yet another example, the actuation of the plunger can include
moving the plunger proximally relative to the tip, and the drug delivery device can also include a
spring configured to compress during the proximal movement of the tip and to automatically

expand to cause the plunger to move distally relative to the tip.

[0011] For still another example, the drug delivery device can include a body that includes a
protrusion, and the cartridge can have a groove formed therein in which the protrusion is
configured to slide to cause the rotation of the cartridge about a longitudinal axis of the cartridge.
The actuation of the plunger can include moving the plunger longitudinally relative to the tip and
the body. A longitudinal axis of the tip can be offset from the longitudinal axis of the cartridge.
The body can include a window therein, and the cartridge can include a plurality of indicators
thereon that are configured to be visible sequentially through the window. The rotation of the
cartridge can cause a one of the indictors that is visible through the window to change to another

one of the indicators.

[0012] For another example, with the second one of the vials aligned with the tip, the plunger
can be configured to be actuated again to cause drug in the second one of the vials to be
delivered through the opening and to cause the cartridge to rotate relative to the tip and to the
plunger. The rotation of the cartridge can cause the second one of the vials to become
misaligned from the tip and a third one of the vials to be aligned with the tip, or the plunger can
be configured to not be actuated again after the drug in the second one of the vials is delivered

through the opening.

[0013] For yet another example, the drug delivery device can include the plurality of vials that
each contain the drug therein. For still another example, the drug in each of the vials is one of

ketamine, esketamine, naloxone, and sumatriptan.

[0014] For another example, a drug delivery method can include actuating the plunger of the
drug delivery device. The drug in each of the vials is one of ketamine, esketamine, naloxone,

and sumatriptan.

[0015] In another aspect, a drug product is provided that in one embodiment includes a drug
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product disposed in a drug delivery device. The drug delivery device includes a tip configured to
be positioned in a nose of a patient. The tip has an opening therein. The drug delivery device
also includes a cartridge configured to seat a plurality of vials that each contain the drug product
therein. A first one of the vials is aligned with the tip. The drug delivery device also includes a
plunger configured to actuated to cause drug product in a first one of the vials to be delivered
through the opening and to cause the cartridge to rotate relative to the tip and to the plunger such
that the first one of the vials is misaligned from the tip a second one of the vials is aligned with
the tip. The drug product is one of ketamine, esketamine, naloxone, and sumatriptan. The drug

delivery device can have any number of variations.

[0016] In another embodiment, a drug delivery device is provided that in one embodiment
includes a tip configured to be positioned in a nose of a patient. The tip has an opening therein.
The drug delivery device also includes a drug holder configured to hold a single vial that
contains a drug therein, a plunger configured to be actuated to cause a partial amount of the drug
in the vial to be delivered through the opening, and a ratchet mechanism configured to cause the
drug holder to move from a first position relative to the tip before the actuation of the plunger to
a second position relative to the tip after the partial amount of the drug has been delivered

through the opening.

[0017] The drug delivery device can vary in any number of ways. For example, the actuation of
the plunger can be configured to move the plunger proximally relative to the tip, and the second
position can be proximal to the first position. For another example, the plunger can be
configured to be actuated only one more time to cause substantially all of a remainder of the drug
in the vial to be delivered through the opening, and the ratchet mechanism can be configured to
cause the drug holder to move from the second position relative to the tip before the one more
actuation of the plunger to a third position relative to the tip after the substantially all of the
remainder of the drug has been delivered through the opening. For yet another example, the
plunger can be configured to be actuated a plurality of additional times to each cause a partial
amount of the drug in the vial to be delivered through the opening, and the ratchet mechanism
can be configured to cause the drug holder to move to a different position relative to the tip after

each additional actuation.
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[0018] For another example, the ratchet mechanism can include a plurality of teeth formed on an
outer surface of the drug holder. Each of the teeth can be at a different axial position along a
longitudinal length of the drug holder. The ratchet mechanism can also include a surface of the
plunger. The drug delivery device can also include a collar, the actuation of the plunger can be
configured to cause the collar to rotate relative to the drug holder, and the collar can include a
plurality of indicators thereon configured to indicate visually a number of remaining times that

the plunger can be actuated to deliver the drug through the opening.

[0019] For still another example, the ratchet mechanism can include a tab extending radially
outward from the drug holder. The drug delivery device can also include a collar, and the ratchet
mechanism can also include a plurality of ratchet steps formed in the collar. The actuation of the
plunger can be configured to cause the collar to rotate relative to the drug holder. The rotation of
the collar can cause the tab to move from one of the ratchet steps to another one of the ratchet
steps. The collar can include a plurality of indicators thereon configured to indicate visually a
number of remaining times that the plunger can be actuated to deliver the drug through the

opening.

[0020] For yet another example, the drug delivery device can include the vial. For another

example, the drug can be one of ketamine, esketamine, naloxone, and sumatriptan.

[0021] For still another example, a drug delivery method can include actuating the plunger of the

drug delivery device. The drug can be one of ketamine, esketamine, naloxone, and sumatriptan.

[0022] In another aspect, a drug product is provided that in one embodiment includes a drug
product disposed in a drug delivery device. The drug delivery device includes a tip configured to
be positioned in a nose of a patient. The tip has an opening therein. The drug delivery device
also includes a drug holder configured to hold a single vial that contains the drug product therein,
a plunger configured to actuated to cause a partial amount of the drug product in the vial to be
delivered through the opening, and a ratchet mechanism configured to cause the drug holder to
move from a first position relative to the tip before the actuation of the plunger to a second
position relative to the tip after the partial amount of the drug product has been delivered through
the opening. The drug product is one of ketamine, esketamine, naloxone, and sumatriptan. The

drug delivery device can have any number of variations.
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BRIEF DESCRIPTION OF DRAWINGS

[0023] The present invention is described by way of reference to the accompanying figures

which are as follows:

[0024] FIG. 1 is a block diagram of one embodiment of a drug delivery device;

[0025] FIG. 2 is a side cross-sectional view of one embodiment of a vial;

[0026] FIG. 3 is a perspective view of one embodiment of the drug delivery device of FIG. 1;
[0027] FIG. 4 is a cross-sectional view of the drug delivery device of FIG. 3;

[0028] FIG. 5 is an exploded view of the drug delivery device of FIG. 3;

[0029] FIG. 6 is another cross-sectional view of the drug delivery device of FIG. 3;

[0030] FIG. 7 is a yet another cross-sectional view of the drug delivery device of FIG. 3 with the

drug delivery device in an actuated configuration;

[0031] FIG. 8 is a partially transparent view of the drug delivery device of FIG. 3 with the drug

delivery device in an initial configuration,;

[0032] FIG. 9 is a perspective cross-sectional view of another embodiment of the drug delivery

device of FIG. 1;

[0033] FIG. 10 is a cross-sectional view of the drug delivery device of FIG. 9 after the drug

delivery device has delivered one drug spray;

[0034] FIG. 11 is a cross-sectional view of the drug delivery device of FIG. 9 after the drug

delivery device has delivered six drug sprays;

[0035] FIG. 12 is a partially transparent view of the drug delivery device of FIG. 9 after the drug

delivery device has delivered two drug sprays;

[0036] FIG. 13 is an exploded view of yet another embodiment of the drug delivery device of
FIG. 1,
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[0037] FIG. 14 is a side cross-sectional view of the drug delivery device of FIG. 13;

[0038] FIG. 15 is a partially transparent view of the drug delivery device of FIG. 13 with the

drug delivery device in an initial configuration;

[0039] FIG. 16 is a perspective view of a portion of the drug delivery device of FIG. 15 after the

drug delivery device has delivered one drug spray;

[0040] FIG. 17 is a cross-sectional view of the drug delivery device of FIG. 15 after the drug

delivery device has delivered six drug sprays;

[0041] FIG. 18 is a perspective view of another embodiment of the drug delivery device of FIG.
l .

2

[0042] FIG. 19 is a side cross-sectional view of the drug delivery device of FIG. 18;

[0043] FIG. 20 is a side partial view of another embodiment of the drug delivery device of FIG.
l .

2

[0044] FIG. 21 is a perspective view of a split plunger and a portion of a body of another
embodiment of the drug delivery device of FIG. 1;

[0045] FIG. 22 is a side partial view of yet another embodiment of the drug delivery device of
FIG. 1; and

[0046] FIG. 23 is a side partial view of still another embodiment of the drug delivery device of
FIG. 1.

DETAILED DESCRIPTION

[0047] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the devices,
systems, and methods disclosed herein. One or more examples of these embodiments are
illustrated in the accompanying drawings. A person skilled in the art will understand that the
devices, systems, and methods specifically described herein and illustrated in the accompanying

drawings are non-limiting exemplary embodiments and that the scope of the present invention is

7
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defined solely by the claims. The features illustrated or described in connection with one
exemplary embodiment may be combined with the features of other embodiments. Such
modifications and variations are intended to be included within the scope of the present

invention.

[0048] Further, in the present disclosure, like-named components of the embodiments generally
have similar features, and thus within a particular embodiment each feature of each like-named
component is not necessarily fully elaborated upon. Additionally, to the extent that linear or
circular dimensions are used in the description of the disclosed systems, devices, and methods,
such dimensions are not intended to limit the types of shapes that can be used in conjunction
with such systems, devices, and methods. A person skilled in the art will recognize that an
equivalent to such linear and circular dimensions can easily be determined for any geometric
shape. A person skilled in the art will appreciate that a dimension may not be a precise value but
nevertheless be considered to be at about that value due to any number of factors such as
manufacturing tolerances and sensitivity of measurement equipment. Sizes and shapes of the
systems and devices, and the components thereof, can depend at least on the size and shape of

components with which the systems and devices will be used.

[0049] Various exemplary drug delivery devices with multiple drug vials, drug products utilizing
the same, and methods of using drug delivery devices with multiple drug vials are provided. In
general, a nasal drug delivery device is configured to dispense a drug therefrom into a nose and
includes two or more vials each containing the drug therein. The drug delivery device is
configured to deliver the drug from each of the vials for a total of two or more sprays into the
nose. The same drug delivery device can therefore deliver multiple drug sprays to a user, which
may help improve user familiarity and comfort with the drug delivery device and/or may reduce
waste compared to one-time use drug delivery devices since the drug delivery device is reusable

for multiple drug sprays.

[0050] The multiple vials can be pre-loaded into the drug delivery device, such as by a
manufacturer and/or a health care professional, before drug is delivered to a user from any of the
vials, which may ease use of the drug delivery device since the user need not learn how to load

vials into the drug delivery device, may help ensure that the vials are loaded properly into the
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drug delivery device by a trained, experienced party and that drug is consequently properly
delivered to the user from the drug delivery device, and/or may help prevent unauthorized access
to the drug in any of the vials as compared to drugs in vials that are not pre-loaded into a drug
delivery device. Preventing unauthorized access to a drug may be particularly important for

esketamine, ketamine, and other controlled substances.

[0051] Some drug doses may require only one drug spray. For such drug doses, the drug
delivery device allows for the same drug delivery device to be used multiple times to deliver
multiple doses, which may help improve user familiarity and comfort with the drug delivery
device and/or may generate less waste than nasal drug delivery devices that are disposed of after
delivering one drug spray therefrom. Some drug doses may require two drug sprays, e.g., one
spray into each nostril. For such drug doses, the drug delivery device being configured to deliver
more than two drug sprays allows for the same drug delivery device to be used multiple times to
deliver multiple doses, which may help improve user familiarity and comfort with the drug
delivery device and/or may generate less waste than nasal drug delivery devices that are disposed
of after delivering one drug spray therefrom. Some drug doses may require two drug sprays,
e.g., one spray into each nostril. Some drug doses may require six drug sprays, e.g., three sprays
into each nostril. For such drug doses, the drug delivery device being configured to deliver at
least six sprays allows the same drug delivery device to be used to deliver the complete drug
dose, unlike traditional nasal drug delivery devices that can only deliver one or two drug sprays
therefrom. The drug delivery device may thus help improve user familiarity and comfort with
the drug delivery device and/or may generate less waste than nasal drug delivery devices that are
disposed of after delivering one or two drug sprays therefrom as part of a user’s six-spray drug

dose.

[0052] Some vials contain only enough drug therein for one drug spray, e.g., to ease
manufacturing, to limit access to the drug, etc. The drug delivery device can include two or
more vials each containing only enough drug therein for one drug spray, thereby allowing the
drug delivery device to be used for multiple drug sprays. Some vials contain only enough drug
therein for two drug sprays, e.g., to ease manufacturing, to limit access to the drug, etc. The drug
delivery device can include more than two vials each containing only enough drug therein for

two drug sprays, thereby allowing the drug delivery device to be used for at least four drug
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sprays.

[0053] In some embodiments, instead of including multiple vials that collectively contain
enough drug therein for more than two drug sprays, the drug delivery device can include a single
vial that contains enough drug therein for more than two drug sprays. The drug delivery device
may therefore be usable to deliver a complete drug dose that requires more than two drug sprays,
such as three sprays, four sprays, five sprays, six sprays, etc., which may help improve user
familiarity and comfort with the drug delivery device and/or may generate less waste than nasal
drug delivery devices that are disposed of after delivering less than all drug sprays therefrom as

part of a user’s drug dose that requires more than two drug sprays.

[0054] The drug to be delivered using a drug delivery device as described herein can be any of a
variety of drugs. Examples of drugs that can be delivered using a drug delivery device as
described herein include antibodies (such as monoclonal antibodies), hormones, antitoxins,
substances for the control of pain, substances for the control of thrombosis, substances for the
control of infection, peptides, proteins, human insulin or a human insulin analogue or derivative,
polysaccharide, DNA, RNA, enzymes, oligonucleotides, antiallergics, antihistamines,
anti-inflammatories, corticosteroids, disease modifying anti-rheumatic drugs, erythropoietin, and
vaccines. Examples of drugs that can be delivered using a drug delivery device as described
herein include ketamine (e.g., Ketalar®), esketamine (e.g., Spravato”®, Ketanest®, and

Ketanest-S®), naloxone (e.g., Narcan®), and sumatriptan (e.g., Imitrex®).

[0055] A drug delivery device configured to expel a drug into a nose of a patient can have a
variety of configurations. In general, the drug delivery device is configured to deliver a drug to a

patient, where the drug is provided in a defined dosage form within the drug delivery device.

[0056] FIG. 1 illustrates one embodiment of a drug delivery device 100 configured to expel a
drug into a nose of a patient. As will be appreciated by a person skilled in the art, the drug
delivery device 100 can include different features in different embodiments depending upon
various requirements, such as the type of drug, typical dosage(s) of the drug, safety requirements

in various jurisdictions, whether the device is powered, etc.

10
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[0057] The drug delivery device 100 includes a drug holder 102 configured to contain a drug
therein for delivery from the device 100 to a patient. The drug holder 102 can have a variety of
configurations. In an exemplary embodiment, the drug holder 102 is a vial. An exemplary vial
is formed of one or more materials, e.g., glass, polymer(s), etc. In some embodiments, a vial can
be formed of glass. In other embodiments, a vial can be formed of one or more polymers. In yet
other embodiments, different portions of a vial can be formed of different materials. As
discussed further below, the drug holder 102 of the drug delivery device 100 can include a single
drug holder 102 or can include a plurality of drug holders 102.

[0058] The drug delivery device 100 may not need to be primed after the drug holder 102 has
been coupled thereto and prior to actuation of the drug delivery device 100 to cause drug

delivery, which may ease use of the drug delivery device 100 by a user.

[0059] The drug delivery device 100 also includes a dispensing mechanism 104 that is
operatively coupled to the drug holder 102 and configured to drive the drug out of device 100
from the drug holder 102. The dispensing mechanism 104 can have a variety of configurations.
For example, the dispensing mechanism 104 can include a plunger configured to push the drug
out of the drug holder 102. For another example, the dispensing mechanism 104 can include a
piston, pin, and/or a needle configured to pierce through or puncture a seal member of the drug
holder 102 in embodiments in which the drug holder 102 includes a pierceable or puncturable

seal member.

[0060] The drug delivery device 100 also includes an actuator 106 configured to be actuated by a
user to cause the dispensing mechanism 104 to begin delivering a dose of the drug through an
opening or nozzle 108 in the drug delivery device 100. In an exemplary embodiment, the drug
delivery device 100 is configured to be self-administered such that the user who actuates the
actuator 106 is the patient receiving the drug from the drug delivery device 100. The actuator
106 can have a variety of configurations, as discussed further below. For example, the actuator
106 can include a plunger. For another example, the actuator 106 can include a pressable button.
For still another example, the actuator 106 can include a movable switch. For yet another

example, the actuator 106 can include a squeezable body of the drug holder 102.

[0061] The opening 108 through which the drug exits the drug delivery device 100 is formed in a

11
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dispensing head 110 of the drug delivery device 100 in a tip 112 of the dispensing head 110. The
tip 112 is configured to be inserted into a nostril of a patient. In an exemplary embodiment, the
tip 112 is configured to be inserted into a first nostril of the patient during a first stage of
operation of the drug delivery device 100 and into a second nostril of the patient during a second
stage of operation of the drug delivery device 100. The first and second stages of operation
involve two separate actuations of the actuator 106, a first actuation corresponding to a first dose
of the drug being delivered and a second actuation corresponding to a second dose of the drug
being delivered. The dispensing head 110 includes a depth guide 114 configured to contact skin
of the patient, e.g., between the patient’s first and second nostrils, such that a longitudinal axis of
the dispensing head 110 is substantially aligned with a longitudinal axis of the nostril in which
the tip 112 is inserted. A person skilled in the art will appreciate that the longitudinal axes may
not be precisely aligned but nevertheless be considered to be substantially aligned due to any

number of factors, such as manufacturing tolerances and sensitivity of measurement equipment.

[0062] In an exemplary embodiment, the dispensing head 110 has a tapered shape in which the
dispensing head 110 has a smaller diameter at its distal end than at its proximal end where the
opening 108 is located. The opening 108 having a relatively small diameter facilitates spray of
the drug out of the opening 108, as will be appreciated by a person skilled in the art. A spray
chamber through which the drug is configured to pass before exiting the opening 108 is located
within a proximal portion of the tapered dispensing head 110, distal to the opening 108. When
the drug passes through the spray chamber at speed, the spray chamber facilitates production of a

fine mist that exits through the opening 108 with a consistent spray pattern.

[0063] In some embodiments, the dispensing head 110 can include two tips 112 each having an
opening 108 therein such that the drug delivery device 100 is configured to simultaneously

deliver doses of drug into two nostrils in response to a single actuation of the actuator 106.

[0064] The drug delivery device 100 also includes a device indicator 116 configured to present
information to a user about a status of the drug delivery device 100 and/or the drug contained in
the drug holder 102. The device indicator 116 can be a visual indicator, such as a display screen,
one or more lights, one or more colored and/or numbered markings, etc. Alternatively or in

addition, the device indicator 116 can be an audio indicator configured to provide sound.

12
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[0065] The drug delivery device 100 also includes a sensor 118 configured to sense information
relating to the drug delivery device 100 and/or the drug contained in the drug holder 102.
Examples of information that the sensor 118 can sense include environmental conditions (e.g.,
temperature, humidity, geographic location, time, etc.). The drug delivery device 100 can also
include a communications interface 120 configured to communicate externally data which has
been gathered by the sensor 118 about the drug delivery device 100 and/or the drug contained in
the drug holder 102, which may facilitate analysis regarding the patient’s treatment, patient

compliance, use of the drug delivery device 100, etc.

[0066] In embodiments in which the drug delivery device 100 includes one or more electrical
components, e.g., the device indicator 116 (which in some embodiments can be powered while in
other embodiments not be powered), the sensor 118, the communications interface 120, a
processor 122, a memory 124, etc., the drug delivery device 100 includes a power supply 126
configured to deliver electrical power to the one or more electrical components of the drug
delivery device 100. The power supply 126 can be a source of power which is integral to drug
delivery device 100 and/or can be a mechanism configured to connect the drug delivery device
100 to an external source of power. The processor 122 is configured to receive gathered data
from the sensor 118 and to cause the data to be stored in the memory 124, to be indicated on the
device indicator 110, and/or to be communicated externally via the communications interface
120. The memory 124 is configured to store instructions that are configured to be executed by
the processor 122 for the processor 122 to process information regarding the various electrical

components with which the processor 122 is in communication.

[0067] As mentioned above, the drug delivery device 100 can include different features in
different embodiments depending upon various requirements. For example, the drug delivery
device 100 can omit any one or more of the depth guide 114, the device indicator 116, the sensor
118, the communications interface 120, the processor 122, the memory 124, and the power

supply 126.

[0068] FIG. 2 illustrates an exemplary embodiment of the drug holder 102 in the form of a vial
200 that is configured to contain a drug 202 therein. The vial 200 includes a base or distal

portion 202 and a head or proximal portion 204. As shown, the vial 200 also includes an
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inwardly tapering neck portion 206 that extends between the base portion 202 and the head
portion 204. The inwardly tapering neck portion 206 allows the head portion 204 to have a
maximum outer diameter 204D that is less than a maximum outer diameter 202D of the base
portion 202. In other embodiments, the taper between the base and head portions 202, 204 can
be omitted, and the base and head portions 202, 204 can have a same maximum outer diameter

202D, 204D as one another.

[0069] The base portion 202 defines a hollow interior 208 within the base portion 202 that is
configured to contain the drug therein. In an exemplary embodiment, an amount of the drug in
the vial 200 is such that the drug can be contained entirely within the hollow interior 208 of the
base portion 202, but the amount of the drug can be such that drug entirely fills the hollow
interior 208 of the base portion 202 and also fills at least some part of the neck portion 206 and
optionally also at least some part of the head portion 204. While the base portion 202 can have a
variety of configurations, in this illustrated embodiment, the base portion 202 has a substantially
cylindrical shape. In other embodiments, the base portion 202 can have any other suitable
shapes, e.g., a substantially rectangular shape, etc. A person skilled in the art will appreciate that
a shape may not be a precise shape (e.g., a precise cylinder or a precise rectangle) but
nevertheless be considered to be substantially that shape due to any number of factors, such as

manufacturing tolerances and sensitivity of measurement equipment.

[0070] The vial 200 includes a seal member 210 at a proximal end thereof in the head portion
204. The seal member 210 is configured to provide a fluid tight seal such that the drug is
contained in the vial 200 until the seal provided by the seal member 210 is broken. The seal
provided by the seal member 210 can be broken in a variety of ways, such as by being pierced or
punctured by a needle of the drug delivery device to which the vial 200 is releasably coupled.
The seal member 210 can have a variety of configurations, as will be appreciated by a person
skilled in the art, such as by being a pierceable polymer septum or a foil layer. The seal member
210 can be protected from accidental puncturing or piercing before intended use with a
removable protective member or stopper, such as a tamper evident (TE) seal, etc. In some
embodiments, the seal member 210 can be omitted and instead a removable protective member

or stopper can be provided that is removed just prior to use of the vial 200.
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[0071] An exemplary vial can include a variety of features to facilitate sealing and storing a drug
therein, as described herein and illustrated in the drawings. However, a person skilled in the art
will appreciate that the vials can include only some of these features and/or can include a variety
of other features known in the art. The vials described herein are merely intended to represent

certain exemplary embodiments.

[0072] FIGS. 3-8 illustrate an exemplary embodiment of the drug delivery device 100 of FIG. 1.
FIGS. 3-8 illustrate a drug delivery device 300 configured to expel a drug into a nose of a patient
and that is generally configured and used similar to that discussed above regarding FIG. 1. The
drug delivery device 300 includes a dispensing head 302 that includes a tip 304, a depth guide
306, and an opening 308. The tip 304 is configured to be inserted into a nostril to deliver drug
into the nostril. The drug delivery device 300 also includes an actuator configured to be actuated
to cause drug to exit the drug delivery device 300 through the opening 308. The actuator
includes a plunger 310 in this illustrated embodiment. The drug in this illustrated embodiment is
configured to be self-administered such that the user who actuates the actuator, e.g., the plunger
310, is the person receiving the drug from the drug delivery device 300, although another person

can actuate the device 300 for delivery into another person.

[0073] The drug delivery device 300 includes a body 312 with which the tip 304 is integrally
formed. In other embodiments, the body 312 can be a separate member from the tip 304 and
have the tip 304 attached thereto. The drug delivery device 300 also includes a cap 314 thatis a
separate member from the body 312, which may facilitate manufacturing of the drug delivery
device 300, e.g., by allowing the cap 314 and the body 312 to be separately molded or otherwise
formed, by allowing the cap 314 and the body 312 to be made from a different material than one
another, etc. The cap 314 is integrally formed with the depth guide 306. In other embodiments,
the cap 314 can be a separate member from the depth guide 306, which may facilitate
manufacturing of the drug delivery device 300, e.g., by allowing the cap 314 and the depth guide
306 to be separately molded or otherwise formed, by allowing the cap 314 and the depth guide

306 to be made from a different material than one another, etc.

[0074] The drug delivery device 300 includes a cartridge 316 configured to seat a plurality of

vials 318 therein. The vials 318 are each generally configured and used similar to that discussed
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above regarding the vial 200 of FIG. 2. The cartridge 316 in this illustrated embodiment is
configured to seat six vials 318 therein. In other embodiments, the cartridge 316 can be
configured to seat another plural number of vials therein, e.g., two, three, four, five, seven, etc.
In this illustrated embodiment, each of the vials 318 contains an amount of drug therein for one
spray of the drug to be delivered out of the opening 308. The drug delivery device 300 is thus
configured to deliver six drug sprays. In other words, each of the multiple sprays deliverable

from the drug delivery device 300 includes drug from only one of the vials 318.

[0075] The vials 318 are pre-loaded into the cartridge 316 during manufacturing. The drug
delivery device 300 is thus configured to be provided to an end user with the vials 318 already

contained therein.

[0076] The drug in each of the vials 318 can be the same as one another, or the drug in each of

the vials 318 can be different from one or more of the other drugs in the vials 318.

[0077] The cartridge 316 includes a plurality of indicators 320 thereon that each correspond to
one of the vials 318. The cartridge 316 thus includes six indicators 320 in this illustrated
embodiment. The indicators 320 are each configured to uniquely indicate a feature associated
with its corresponding one of the vials 318. The indicators 320 in this illustrated embodiment
are numbers one, two, three, four, five, and six so as to uniquely identify each of the six vials 318
by number. Instead of or in addition to including a number, the indicators 320 can be color-
coded so as to provide unique identification by color, the indicators 320 can be alphabetical so as
to provide unique identification by one or more letters, the indicators 320 can be numbers of dots
or other symbols so as to provide unique identification by a number of dots or other symbols, or
the indicators 320 can have another configuration. The indicators 320 can be provided on the
cartridge 316 in any of a variety of ways, such as by being etched therein, molded therein,

printed thereon, added thereto via sticker or other type of label, etc.

[0078] The indicators 320 are each configured to be visible through a viewing window 322
formed in a sidewall of the body 312. The viewing window 322 is configured to be clearly
visible to a user of the drug delivery device 300 when the drug delivery device 300 is held by
hand. The viewing window 322 is square-shaped in this illustrated embodiment but can have

another shape, e.g., circular, triangular, ovular, rectangular, etc. The drug delivery device 300
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includes only one viewing window 322 in this illustrated embodiment but can have another
number of viewing windows. For example, a second viewing window can be formed in a side
wall of the body 312 substantially 180° around a circumference of the body 312 that is
configured and used similar to the viewing window 322. The second viewing window may
facilitate a user’s visualization of at least one of two viewing windows regardless of whether the
user’s right or left hand is holding the drug delivery device 300. For another example, a second
viewing window configured and used similar to the viewing window 322 can be formed in a side
wall of the body 312 either proximal to or distal to the viewing window 322. The second
viewing window may facilitate a user’s visualization of at least one of two viewing windows
regardless of how the user’s hand holding the drug delivery device 300 is positioned relative to

the body 312 while the user is holding the drug delivery device 300.

[0079] The viewing window 322 is configured to cooperate with the indicators 320 to indicate to
a user how many drug deliveries remain possible from the drug delivery device 300. The
indicators 320 and the viewing window 322 thus also cooperate to inform a user how many drug
deliveries have been made from the drug delivery device 300. The indicators 320 are configured
as a numerical countdown with the indicator 320 being “6” for the first vial 318 containing drug
to be delivered first from the drug delivery device 300 so as to indicate six remaining possible
drug deliveries, with the indicator 320 being “5” for the second vial 318 containing drug to be
delivered second from the drug delivery device 300 so as to indicate five remaining possible
drug deliveries, with the indicator 320 being “4” for the third vial 318 containing drug to be
delivered third from the drug delivery device 300 so as to indicate four remaining possible drug
deliveries, with the indicator 320 being “3” for the fourth vial 318 containing drug to be
delivered fourth from the drug delivery device 300 so as to indicate three remaining possible
drug deliveries, with the indicator 320 being “2” for the fifth vial 318 containing drug to be
delivered fifth from the drug delivery device 300 so as to indicate two remaining possible drug
deliveries, with the indicator 320 being “1” for the sixth vial 318 containing drug to be delivered
sixth from the drug delivery device 300 so as to indicate one remaining possible drug delivery,
and with the indicator 320 being “0” so as to indicate no remaining possible drug deliveries.
FIGS. 3, 4, and 6 illustrate the indicator 320 corresponding to the fourth vial 318, which is the
number “3,” positioned in the viewing window 322. In other embodiments, the indicators 320

can count up instead of down so as to indicate which dose is to be delivered next from the drug
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delivery device 300, e.g., with the indicator 320 being “1” for the first vial 318 to indicate that
the first spray is to be delivered next, the indicator being “2” for the second vial 318 to indicate
that the second spray is to be delivered next, etc. In such embodiments, the viewing window 322
is also configured to cooperate with the indicators 320 to indicate to a user how many drug
deliveries remain possible from the drug delivery device 300 and to inform a user how many

drug deliveries have been made from the drug delivery device 300.

[0080] Some drugs, such as esketamine, ketamine, and other controlled substances, may be
required to have drug delivery therefrom verified per the drug’s Risk Evaluation and Mitigation
Strategies (REMS) to help, e.g., ensure that substantially no drug remains in the drug delivery
device so that the drug deliverable therefrom is not accessed by an unauthorized party. The
indicators 320 and the viewing window 322 may help provide such verification by indicating
whether or not drug from all of the vials 318 has been delivered from the drug delivery device

300.

[0081] The drug delivery device 300 includes a cannula 324 and a pin 326 held by the cannula
324. The cannula 324 includes an inner passageway 328 that is in communication with the
opening 308 and with an inner passageway 330 of the pin 326. The pin 326 is seated in a distal
portion of the inner passageway 328 of the cannula 324 and extends distally from the cannula
324. The pin 326 is configured to pierce or puncture a seal member 332 of each of the vials 318
in succession as each of the vials 318 is sequentially moved proximally relative to the pin 326, as
discussed further below. With the pin 326 pierced or punctured through a vial’s seal member
332, the drug in the vial 318 can exit the vial 318, then travel proximally in the inner passageway
330 of the pin 326, then travel proximally in the inner passageway 328 of the cannula 324, and
then exit the drug delivery device 300 through the opening 308.

[0082] The cartridge 316 is configured to rotate relative to the dispensing head 302, the body
312, the cap 314, and the plunger 310. The vials 318 contained in the cartridge 316 are
configured to rotate with the cartridge 316 relative to the dispensing head 302, the body 312, the
cap 314, and the plunger 310. The rotation of the cartridge 316 allows for each of the vials 318
to be aligned with the tip 304 for delivery of the aligned vial’s drug out of the opening 308.

[0083] The drug delivery device 300 includes a spring 334 operatively coupled to the plunger
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310 and the cartridge 316. The spring 334 is a coil spring in this illustrated embodiment but can
be another type of spring or biasing member. The spring 334 is configured to bias the plunger
310 and the cartridge 316 in a distal direction. A proximal end of the spring 334 abuts the body
312, e.g., a proximal spring base 336 of the body 312. A distal end of the spring 334 abuts the
plunger 310, e.g., a bottom inner surface 338 of the plunger 310. The spring 334 being fixed at
either end thereof to the body 312 and the plunger 310 is configured to allow the plunger 310 to

move relative to the body 312.

[0084] A proximal extension 340 of the plunger 310 extends through a distal opening 342 of the
cartridge 316. The plunger 310 includes a lip 344 that has a diameter greater than a diameter of
the distal opening 342. The lip 344 is located in a cavity 346 of the cartridge 316 that is
proximal to the distal opening 342. The lip 344 having a diameter greater than a diameter of the
distal opening 342 is configured to prevent the proximal extension 340 from moving distally out
of the cavity 344 and through the distal opening 342. The cartridge 316 and the plunger 310 are
thus attached to one another. Consequently, the spring 334 is also configured to allow the

cartridge 316 to move relative to the body 312.

[0085] The plunger 310 and the cartridge 316 are each configured to move distally relative to the
body 312 and the cap 314 under the biasing force of the spring 334. The distal movement of the
cartridge 316 relative to the body 312 is configured to cause the cartridge 316 to rotate relative to

the body 312 and relative to the plunger 310.

[0086] The cartridge 316 includes a groove 348 formed in an outer surface thereof. The groove
348 includes a plurality of longitudinal grooves 348L and a plurality of transverse grooves 348T.
The plurality of longitudinal grooves 348L and a plurality of transverse grooves 348T are in
communication with each other to form the continuous groove 348. The plurality of longitudinal
grooves 348L and a plurality of transverse grooves 348T alternate with one another along the
groove 348. Each of the plurality of longitudinal grooves 348L is substantially parallel to a
longitudinal axis of the cartridge 316, which is also the longitudinal axis of the body 312 and the
plunger 310. A person skilled in the art will appreciate that the grooves may not be precisely
parallel with the longitudinal axes but nevertheless be considered to be substantially parallel

thereto due to any number of factors, such as manufacturing tolerances and sensitivity of
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measurement equipment. Each of the plurality of transverse grooves 348T are at a non-zero,
non-right angle relative to the longitudinal grooves 348L and thus to the longitudinal axes of the
cartridge 316, the body 312, and the plunger 310. The angle of the plurality of transverse
grooves 348T will vary as the angle depends on a particular drug delivery device’s configuration,
such as a number of vials 318 that the cartridge 316 is configured to seat therein and on a spacing
between the vials 318 in the cartridge 318. Each of the longitudinal grooves 348L has a variable

depth. Each of the longitudinal grooves 348L becomes shallower in a distal direction.

[0087] The body 312 includes a protrusion 350 (see FIGS. 6 and 8) that extends radially inward
from an inner surface of the body 312. The protrusion 350 is configured to slide in the groove
348 of the cartridge 316. FIG. 8 illustrates the drug delivery device 300 in an initial
configuration before a first actuation of the actuator 310. The protrusion 350 in FIG. 8 is thus
shown in an initial position relative to the groove 348. The protrusion 350 is positioned at a
proximal end of a first one of the longitudinal grooves 348L that is associated with a first one of
the vials 318 from which drug will be delivered in response to actuation of the actuator 310. The
protrusion 350 has a size and shape complementary to a size and shape of the groove 348 so the
protrusion 350 can smoothly slide in the groove 348 and not be disengaged therefrom while the
protrusion 350 is sliding in the groove 348. The protrusion 350 is rectangular-shaped in this

illustrated embodiment.

[0088] The actuation of the plunger 310 includes pushing the plunger 310 in a proximal
direction, such as by a user or other element pushing on a distal surface of the plunger 310. The
proximal pushing of the plunger 310 causes the plunger 310, and the cartridge 316 engaged
therewith, to move proximally relative to the body 312 and the cap 314 and thus relative to the
dispensing head 302. With the drug delivery device 300 in this initial configuration, the
proximal movement of the cartridge 316 causes the protrusion 350 to ride in the first one of the
longitudinal grooves 348L as the cartridge 316 moves proximally. The proximal movement of
the cartridge 316 also causes the vials 318 seated therein to move proximally and causes the
spring 334 to be compressed. The first one of the vials 318 is aligned with the tip 304 such that
the pin 326 pierces or punctures the seal member 332 of the first one of the vials 318, thereby
causing the pin’s inner passageway 330 to become in fluid communication with the drug in the

first one of the vials 318. The drug in the first one of the vials 318 is thus drawn proximally into

20



WO 2022/049087 PCT/EP2021/074055

the pin’s inner passageway 326, then into the cannula’s inner passageway 328, and then out the
opening 308. A spray chamber of the tip 304 defined by the cannula’s inner passageway 328
facilitates the drug exiting the opening 308 as a spray, as discussed above. The plunger 310 and
the cartridge 316 move proximally under the proximally directed force applied to the plunger
310 until a proximal outer surface of the cartridge 316 abuts a distal inner surface of the body
312, as shown in FIG. 7. The drug has been delivered from the first one of the vials 318. After
the first drug has been delivered and the proximal outer surface of the cartridge 316 abuts a distal
inner surface of the body 312, the protrusion 350 of the body 312 has moved along the entire
length of the first one of the longitudinal grooves 348L of the cartridge 316.

[0089] In response to the proximally directed force being removed from the plunger 310, e.g.,
from the user or other element ceasing to push proximally on the plunger 310, the spring 334 is
allowed to expand and thereby cause the plunger 310 and the cartridge 316 to move distally
relative to the body 312 and the cap 314 and thus relative to the dispensing head 302. The distal
bias of the spring 334 automatically causes the distal movement of the plunger 310 and the
cartridge 316. As the cartridge 316 moves distally, the cannula 324 and the pin 326 are moved
out of the first one of the vials 318. When the cannula 324 and the pin 326 have moved out of
the first one of the vials 318, the cartridge 316 is free to rotate relative to the plunger 310, the
body 312, and the cap 314, and thus relative to the dispensing head 302. The variable depth of
the longitudinal grooves 348L results in the protrusion 350 being movable in the first one of the
transverse grooves 348T instead of in the first one of the longitudinal grooves 350L as the
cartridge 316 moves distally after clearing the cannula 324 and the pin 326. The transverse
orientation of the first one of the transverse grooves 348T causes the cartridge 316 to rotate as
the protrusion 350 slides in the first one of the transverse grooves 348T. The rotation of the
cartridge 316, and thus also the vials 318 seated therein, causes the second one of the vials 318 to
become aligned with the tip 304 so as to be in position for drug delivery therefrom in response to
a second actuation of the plunger 310. The first one of the transverse groove 348T defines how
much the cartridge 316 rotates relative to the plunger 310, the body 312, the cap 314, and the
dispensing head 302. In this illustrated embodiment, each of the plurality of transverse grooves
348T is such that the cartridge 316 is configured to rotate about 60 degrees as cartridge 316 is
also moving distally and the protrusion 350 is sliding in the first one of the transverse grooves

348T. A person skilled in the art will appreciate that a value may not be precisely at a value but
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nevertheless be considered to be at about that value due to any number of factors, such as
manufacturing tolerances and sensitivity of measurement equipment. The protrusion 350 and the
groove 348 cooperate to stop the rotation of the cartridge 316. The cartridge 316 stops rotating
when the protrusion 350 reaches a proximal end of the first one of the transverse grooves 348T,
which positions the protrusion 350 at a proximal end of the second one of the longitudinal
grooves 348L. The rotation of the cartridge 316 causes the indicator 320 visible in the viewing

window 322 to change.

[0090] The plunger 310 can then be actuated a second time to cause drug delivery from the
second one of the vials 318 similar to that discussed above regarding the first one of the vials,

and so on until drug has been delivered from each of the vials 318.

[0091] The drug delivery device 300 in this illustrated embodiment is not powered, e.g., does not
include any electrical components such as a processor, a sensor, a memory, a communications
interface, etc. The drug delivery device 300 thus does not need to include a power supply though
a power supply could be included, e.g., for connectivity, for powering a light source of the drug

delivery device, etc.

[0092] FIGS. 9-12 illustrate another exemplary embodiment of the drug delivery device 100 of
FIG. 1. FIGS. 9-12 illustrate a drug delivery device 400 configured to expel a drug into a nose of
a patient and that is generally configured and used similar to that discussed above regarding FIG.
1. The drug delivery device 400 includes a single vial 418 that contains enough drug therein for
more than two drug sprays. In this illustrated embodiment the vial 418 contains enough drug
therein for six sprays although another number is possible, e.g., three, four, five, seven, etc. The
drug delivery device 400 is thus configured to deliver six drug sprays. In other words, each of
the multiple sprays deliverable from the drug delivery device 400 includes drug from the one vial
418. The vial 418 is generally configured and used similar to that discussed above regarding the

vial 200 of FIG. 2.

[0093] In this illustrated embodiment, the drug delivery device 400 includes a dispensing head
402 that includes a tip 404, a depth guide 406, and an opening 408. The tip 404 is configured to
be inserted into a nostril to deliver drug into the nostril. The drug delivery device 400 also

includes an actuator configured to be actuated to cause drug to exit the drug delivery device 400
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through the opening 408. The actuator includes a plunger 410 in this illustrated embodiment.
The drug in this illustrated embodiment is configured to be self-administered such that the user
who actuates the actuator, e.g., the plunger 410, is the person receiving the drug from the drug
delivery device 400, although another person can actuate the device 400 for delivery into another

person.

[0094] The drug delivery device 400 includes a body 412 with which the tip 404 and the depth
guide 406 are integrally formed. In other embodiments, the body 412 can be a separate member
from the tip 404 and/or the depth guide 406 and have the tip 404 and/or the depth guide 406
attached thereto.

[0095] The drug delivery device 400 includes a vial holder 416 configured to seat the vial 418
therein. The vial 418 is pre-loaded into the vial holder 416 during manufacturing. The drug
delivery device 400 is thus configured to be provided to an end user with the vial 418 already

contained therein.

[0096] The drug delivery device 400 includes an indicator collar 414 with a plurality of
indicators 420 thereon that each correspond to one of the drug deliveries possible from vial 418.
The indicator collar 414 thus includes six indicators 420 in this illustrated embodiment. The
indicators 420 are each configured to uniquely indicate a feature associated with its
corresponding one of the drug deliveries. The indicators 420 in this illustrated embodiment are
numbers one, two, three, four, five, and six so as to uniquely identify each of the drug deliveries
by number. Instead of or in addition to including a number, the indicators 420 can be color-
coded so as to provide unique identification by color, the indicators 420 can be alphabetical so as
to provide unique identification by one or more letters, the indicators 420 can be numbers of dots
or other symbols so as to provide unique identification by a number of dots or other symbols, or
the indicators 420 can have another configuration. The indicators 420 can be provided on the
indicator collar 414 in any of a variety of ways, such as by being etched therein, molded therein,

printed thereon, added thereto via sticker or other type of label, etc.

[0097] The indicators 420 are each configured to be visible through a viewing window 422
formed in a sidewall of the body 412. The viewing window 422 is configured to be clearly

visible to a user of the drug delivery device 400 when the drug delivery device 400 is held by
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hand. The viewing window 422 is square-shaped in this illustrated embodiment but can have
another shape, e.g., circular, triangular, ovular, rectangular, etc. The drug delivery device 400
includes only one viewing window 422 in this illustrated embodiment but can have another
number of viewing windows. For example, a second viewing window can be formed in a side
wall of the body 412 substantially 180° around a circumference of the body 412 that is
configured and used similar to the viewing window 422. The second viewing window may
facilitate a user’s visualization of at least one of two viewing windows regardless of whether the
user’s right or left hand is holding the drug delivery device 400. For another example, a second
viewing window configured and used similar to the viewing window 422 can be formed in a side
wall of the body 412 either proximal to or distal to the viewing window 422. The second
viewing window may facilitate a user’s visualization of at least one of two viewing windows
regardless of how the user’s hand holding the drug delivery device 400 is positioned relative to

the body 412 while the user is holding the drug delivery device 400.

[0098] The viewing window 422 is configured to cooperate with the indicators 420 to indicate to
a user how many drug deliveries remain possible from the drug delivery device 400. The
indicators 420 and the viewing window 422 thus also cooperate to inform a user how many drug
deliveries have been made from the drug delivery device 400. The indicators 420 are configured
as a numerical countdown with the indicator 420 being “6” for the first drug spray to be
delivered from the drug delivery device 400 so as to indicate six remaining possible drug
deliveries, with the indicator 420 being “5” for the second drug spray to be delivered second
from the drug delivery device 400 so as to indicate five remaining possible drug deliveries, with
the indicator 420 being “4” for the third drug spray to be delivered third from the drug delivery
device 400 so as to indicate four remaining possible drug deliveries, with the indicator 420 being
“3” for the drug spray to be delivered fourth from the drug delivery device 400 so as to indicate
three remaining possible drug deliveries, with the indicator 420 being “2” for the fifth to be
delivered fifth from the drug delivery device 400 so as to indicate two remaining possible drug
deliveries, with the indicator 420 being “1” for the sixth drug spray to be delivered sixth from the
drug delivery device 400 so as to indicate one remaining possible drug delivery, and with the
indicator 420 being “0” so as to indicate no remaining possible drug deliveries. FIG. 12
illustrates the indicator 420 corresponding to the third drug spray, which is the number “4,”

positioned in the viewing window 422. In other embodiments, the indicators 420 can count up
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instead of down so as to indicate which dose is to be delivered next from the drug delivery
device 400, e.g., with the indicator 420 being “1” for the first drug spray to indicate that the first
spray is to be delivered next, the indicator being “2” for the second drug spray to indicate that the
second spray is to be delivered next, etc. In such embodiments, the viewing window 422 is also
configured to cooperate with the indicators 420 to indicate to a user how many drug deliveries
remain possible from the drug delivery device 400 and to inform a user how many drug

deliveries have been made from the drug delivery device 400.

[0099] Some drugs, such as controlled substances, may be required to have drug delivery
therefrom verified per the drug’s REMS to help, e.g., ensure that substantially no drug remains in
the drug delivery device so that the drug deliverable therefrom is not accessed by an
unauthorized party. The indicators 420 and the viewing window 422 may help provide such
verification by indicating whether or not substantially all of the drug in the vial 418 has been
delivered from the drug delivery device 400 by indicating whether or not all six drug deliveries
have been made. A person skilled in the art will appreciate that 100% of the drug may not have
exited the vial 418, but the vial 418 can nevertheless be considered to have substantially no drug

therein due to any number of factors, such as sensitivity of measurement equipment.

[00100] The drug delivery device 400 includes a cannula 424 and a pin 426 held by the cannula
424. The cannula 424 includes an inner passageway 428 that is in communication with the
opening 408 and with an inner passageway 430 of the pin 426. The pin 426 is seated in a distal
portion of the inner passageway 428 of the cannula 424 and extends distally from the cannula
424. The pin 426 is configured to pierce or puncture a seal member 432 of the vial 418, as
discussed further below. With the pin 426 pierced or punctured through the vial’s seal member
432, the drug in the vial 418 can exit the vial 418, then travel proximally in the inner passageway
430 of the pin 426, then travel proximally in the inner passageway 428 of the cannula 424, and
then exit the drug delivery device 400 through the opening 408.

[00101] The vial holder 416 is configured to move longitudinally relative to the body 412 and
relative to the dispensing head 402. The vial 418 is configured to move longitudinally with the
vial holder 416 relative to the dispensing head 402 and the body 412. The longitudinal

movement of the vial holder 416 allows for the vial 418 to be positioned relative to the plunger
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410 and the body 412 for delivery of the next drug spray out of the opening 408. In other words,
the longitudinal movement of the vial holder 416 allows for the vial 418 to be positioned at a
location relative to the body 412 such that actuation of the plunger 410 causes the next drug
spray to be delivered out of the opening 408 up to and including the maximum number of

possible drug sprays, which is six sprays in this illustrated embodiment.

[00102] The drug delivery device 400 includes a spring 434 operatively coupled to the plunger
410. The spring 434 is a coil spring in this illustrated embodiment but can be another type of
spring or biasing member. The spring 434 is configured to bias the plunger 410 in a distal
direction. A proximal end of the spring 434 abuts a base collar 436, e.g., a distal surface thereof.
The base collar 436 is a separate member from the body 412 and is fixedly attached to the body
412. The base collar 436 being a separate member from the body 412 may facilitate
manufacturing of the drug delivery device 400, e.g., by allowing the base collar 436 and the body
412 to be separately molded or otherwise formed, by allowing the base collar 436 and the body
412 to be made from a different material than one another, etc. In other embodiments, the body
412 can be integrally formed with the base collar 436. A distal end of the spring 434 abuts the
plunger 410, e.g., a proximal surface thereof. The spring 434 being fixed at either end thereof to
the base collar 436 (and hence the body 412 in fixed relation therewith) and the plunger 410 is
configured to allow the plunger 410 to move relative to the body 412.

[00103] The plunger 410 is configured to move distally relative to the body 412, the dispensing
head 402, the vial holder 416, and the vial 418 under the biasing force of the spring 434. The
distal movement of the plunger 410 relative to the vial holder 416 is configured to facilitate
positioning of the vial holder 416, and thus also the vial 418, to be positioned at a location
relative to the body 412 such that a next actuation of the plunger 410 causes the next drug spray
to be delivered out of the opening 408 up to and including the maximum number of possible

drug sprays.

[00104] The vial holder 416 includes a plurality of teeth 438 formed in an outer surface thereof.
As in this illustrated embodiment, a number of the teeth 438 can be one more than the maximum
number of possible drug sprays from the drug delivery device 400. The drug delivery device 400
thus includes seven teeth 438 in this illustrated embodiment. Each of the teeth 438 has a distal
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face 438f configured to sequentially engage the plunger 410. The teeth 438 each extend
circumferentially around the vial holder 416. The distal face 438f of each of the teeth 438f is
thus ring-shaped. The teeth 438 extending circumferentially around the vial holder 416 may
facilitate engagement of the teeth 438 with the plunger 410 regardless of a rotational orientation
at which the vial holder 416 is positioned relative to the plunger 410. In other embodiments, the
teeth 438 can each include one or more arcuate extensions so as to form an arc (one extension) or

a broken ring (a plurality of extensions) around the perimeter of the vial holder 416.

[00105] The plunger 410 includes a proximal surface 440 configured to sequentially engage the
teeth 438 in a proximal-to-distal direction. FIG. 9 illustrates the drug delivery device 400 in an
initial configuration before a first actuation of the actuator 410. FIG. 9 illustrates the proximal
surface 440 engaged with a distal face 438f of the first one of the teeth 438, which is the
proximal-most one of the teeth 438. The plunger 410 and the vial holder 416 (and the vial 418

held thereby) in FIG. 9 are thus shown in an initial position relative to one another.

[00106] The actuation of the plunger 410 includes pushing the plunger 410 in a proximal
direction, such as by a user or other element pushing on a distal surface of the plunger 410. A
length of the plunger’s proximal movement corresponds to one dose of drug being delivered
from the drug delivery device 400. The proximal pushing of the plunger 410 causes the plunger
410, and the vial holder 416 engaged therewith, to move proximally relative to the body 412 and
thus relative to the dispensing head 402. The vial 418 held by the vial holder 416 also moves
proximally relative to the body 412 and the dispensing head 402. With the drug delivery device
400 1n this initial configuration, the proximal pushing of the plunger 410 causes the plunger 410,
the vial 418, and the vial holder 416 engaged with the plunger 410 via the engaged proximal
surface 440 and the distal face 438f of the first one of the teeth 438, to move proximally relative
to the body 412 and the dispensing head 402. The proximal movement of the plunger 410 causes
the spring 434 to be compressed. The vial 418 is aligned with the tip 404 such that the pin 426
pierces or punctures the seal member 432 of the vial 418, thereby causing the pin’s inner
passageway 430 to become in fluid communication with the drug in the vial 418. The drug in
the vial 418 is thus drawn proximally into the pin’s inner passageway 426, then into the
cannula’s inner passageway 428, and then out the opening 408. A spray chamber of the tip 404

defined by the cannula’s inner passageway 428 facilitates the drug exiting the opening 408 as a
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spray, as discussed above. The drug has been delivered from the vial 418 in a first spray. The
body 412 includes a plurality of ribs 442 (see FIG. 12) that extend radially outward therefrom
that each engage a corresponding channel 444 formed in a proximal portion of the plunger 410.
The engagement of the ribs 442 and the channels 444 prevent the plunger 410 from rotating
relative to the body 412 while allowing the plunger 410 to translate longitudinally relative to the
body 412 in the proximal and distal directions.

[00107] In response to the proximally directed force being removed from the plunger 410, e.g.,
from the user or other element ceasing to push proximally on the plunger 410, the spring 434 is
allowed to expand and thereby cause the plunger 410 to move distally relative to the body 412,
the dispensing head 402, the vial holder 416, and the vial 418. The distal bias of the spring 434
automatically causes the distal movement of the plunger 410. As the plunger 410 moves distally,
the proximal surface 440 of the plunger 410 moves out of engagement with the distal face 438f
of the first one of the teeth 438 and slides along an outer surface 438s of the second one of the
teeth 438 that is the second-most proximal one of the teeth 438. The outer surface 438s of each
of the teeth 438 is sloped radially outward. A proximal portion 410p of the plunger 410 that
includes the proximal surface 440 flexes radially outward in response to the plunger 410 sliding
distally along the tooth’s sloped surface 438s. When the proximal surface 440 passes just
distally past the second one of the teeth 438, the proximal portion 410 flexes radially inward
such that the proximal surface 440 of the plunger 410 engages the distal face 438f of the second
one of the teeth 438, as shown in FIG. 10. The teeth 438 and the plunger 410 thus act as a
ratchet mechanism. The plunger 410 can then be actuated a second time to cause a second spray
of drug from the vial 418 similar to that discussed above regarding the first spray, and so on until
the maximum number of drug sprays has been delivered. As mentioned above, a length of the
plunger’s proximal movement in each actuation corresponds to one dose of drug being delivered
from the drug delivery device 400. After the final, e.g., sixth, actuation, the proximal surface
440 is engaged with the distal face 438f of the seventh tooth 438, which is the distal-most one of
the teeth 438, as shown in FIG. 11.

[00108] The indicator collar 414 is operatively engaged with the plunger 410 such that each time
the plunger 410 moves distally under force of the spring 434, the indicator collar 414 rotates to

cause the next sequential indicator 420 to be visible in the viewing window 422. FIGS. 11 and
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12 illustrate the operative engagement of the indicator collar 414 and the plunger 410 with

proximal extensions 410e of the plunger 410 engaged with the indicator collar 414.

[00109] The drug delivery device 400 in this illustrated embodiment is not powered, e.g., does
not include any electrical components such as a processor, a sensor, a memory, a
communications interface, etc. The drug delivery device 400 thus does not need to include a
power supply though a power supply could be included, e.g., for connectivity, for powering a

light source of the drug delivery device, etc.

[00110] FIGS. 13-17 illustrate another exemplary embodiment of the drug delivery device 100 of
FIG. 1. FIGS. 13-17 illustrate a drug delivery device 500 configured to expel a drug into a nose
of a patient. The drug delivery device 500 is generally configured and used similar to the drug
delivery device 400 of FIGS. 8-12 except that the drug delivery device 500 includes a different

ratchet mechanism.

[00111] The drug delivery device 500 includes a single vial 518 that contains enough drug
therein for more than two drug sprays. In this illustrated embodiment the vial 518 contains
enough drug therein for six sprays although another number is possible, e.g., three, four, five,
seven, etc. The drug delivery device 500 is thus configured to deliver six drug sprays. In other
words, each of the multiple sprays deliverable from the drug delivery device 500 includes drug
from the one vial 518. The vial 518 is generally configured and used similar to that discussed

above regarding the vial 200 of FIG. 2.

[00112] In this illustrated embodiment, the drug delivery device 500 includes a dispensing head
502 that includes a tip 504, a depth guide 506, and an opening 508. The tip 504 is configured to
be inserted into a nostril to deliver drug into the nostril. The drug delivery device 500 also
includes an actuator configured to be actuated to cause drug to exit the drug delivery device 500
through the opening 508. The actuator includes a plunger 510 in this illustrated embodiment.
The drug in this illustrated embodiment is configured to be self-administered such that the user
who actuates the actuator, e.g., the plunger 510, is the person receiving the drug from the drug
delivery device 500, although another person can actuate the device 500 for delivery into another

person.
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[00113] The drug delivery device 500 includes a body 512 that is a separate member from the
dispensing head 502. In other embodiments, the body 512 can be integrally formed with a
portion of the dispensing head 502, the tip 504 and/or depth guide 506 thereof, and/or with the
entire dispensing head 502.

[00114] The drug delivery device 500 includes a vial holder 516 configured to seat the vial 518
therein. The vial 518 is pre-loaded into the vial holder 516 during manufacturing. The drug
delivery device 500 is thus configured to be provided to an end user with the vial 518 already

contained therein.

[00115] The drug delivery device 500 includes a collar 514 with a plurality of indicators 520
thereon that each correspond to one of the drug deliveries possible from vial 518. The collar 514
thus includes six indicators 520 in this illustrated embodiment. The indicators 520 are each
configured to uniquely indicate a feature associated with its corresponding one of the drug
deliveries. The indicators 520 in this illustrated embodiment are numbers one, two, three, four,
five, and six so as to uniquely identify each of the drug deliveries by number. Instead of or in
addition to including a number, the indicators 520 can be color-coded so as to provide unique
identification by color, the indicators 520 can be alphabetical so as to provide unique
identification by one or more letters, the indicators 520 can be numbers of dots or other symbols
so as to provide unique identification by a number of dots or other symbols, or the indicators 520
can have another configuration. The indicators 520 can be provided on the collar 514 in any of a
variety of ways, such as by being etched therein, molded therein, printed thereon, added thereto

via sticker or other type of label, etc.

[00116] The indicators 520 are each configured to be visible through a viewing window 522
formed in a sidewall of the body 512. The viewing window 522 is configured to be clearly
visible to a user of the drug delivery device 500 when the drug delivery device 500 is held by
hand. The viewing window 522 is square-shaped in this illustrated embodiment but can have
another shape, e.g., circular, triangular, ovular, rectangular, etc. The drug delivery device 500
includes only one viewing window 522 in this illustrated embodiment but can have another
number of viewing windows. For example, a second viewing window can be formed in a side

wall of the body 512 substantially 180° around a circumference of the body 512 that is
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configured and used similar to the viewing window 522. The second viewing window may
facilitate a user’s visualization of at least one of two viewing windows regardless of whether the
user’s right or left hand is holding the drug delivery device 500. For another example, a second
viewing window configured and used similar to the viewing window 522 can be formed in a side
wall of the body 512 either proximal to or distal to the viewing window 522. The second
viewing window may facilitate a user’s visualization of at least one of two viewing windows
regardless of how the user’s hand holding the drug delivery device 500 is positioned relative to

the body 512 while the user is holding the drug delivery device 500.

[00117] The viewing window 522 is configured to cooperate with the indicators 520 to indicate
to a user how many drug deliveries remain possible from the drug delivery device 500. The
indicators 520 and the viewing window 522 thus also cooperate to inform a user how many drug
deliveries have been made from the drug delivery device 500. The indicators 520 are configured
as a numerical countdown with the indicator 520 being “6” for the first drug spray to be
delivered from the drug delivery device 500 so as to indicate six remaining possible drug
deliveries, with the indicator 520 being “5” for the second drug spray to be delivered second
from the drug delivery device 500 so as to indicate five remaining possible drug deliveries, with
the indicator 520 being “4” for the third drug spray to be delivered third from the drug delivery
device 500 so as to indicate four remaining possible drug deliveries, with the indicator 520 being
“3” for the drug spray to be delivered fourth from the drug delivery device 500 so as to indicate
three remaining possible drug deliveries, with the indicator 520 being “2” for the fifth to be
delivered fifth from the drug delivery device 500 so as to indicate two remaining possible drug
deliveries, with the indicator 520 being “1” for the sixth drug spray to be delivered sixth from the
drug delivery device 500 so as to indicate one remaining possible drug delivery, and with the
indicator 520 being “0” so as to indicate no remaining possible drug deliveries. FIG. 15
illustrates the indicator 520 corresponding to the first drug spray, which is the number “6,”
positioned in the viewing window 522. In other embodiments, the indicators 520 can count up
instead of down so as to indicate which dose is to be delivered next from the drug delivery
device 500, e.g., with the indicator 520 being “1” for the first drug spray to indicate that the first
spray is to be delivered next, the indicator being “2” for the second drug spray to indicate that the
second spray is to be delivered next, etc. In such embodiments, the viewing window 522 is also

configured to cooperate with the indicators 520 to indicate to a user how many drug deliveries
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remain possible from the drug delivery device 500 and to inform a user how many drug

deliveries have been made from the drug delivery device 500.

[00118] Some drugs, such as esketamine, ketamine, and other controlled substances, may be
required to have drug delivery therefrom verified per the drug’s REMS to help, e.g., ensure that
substantially no drug remains in the drug delivery device so that the drug deliverable therefrom
is not accessed by an unauthorized party. The indicators 520 and the viewing window 522 may
help provide such verification by indicating whether or not substantially all of the drug in the vial
518 has been delivered from the drug delivery device 500 by indicating whether or not all six
drug deliveries have been made. A person skilled in the art will appreciate that 100% of the drug
may not have exited the vial 518, but the vial 518 can nevertheless be considered to have
substantially no drug therein due to any number of factors, such as sensitivity of measurement

equipment.

[00119] The drug delivery device 500 includes a cannula 524 and a pin 526 held by the cannula
525. The cannula 524 includes an inner passageway 528 that is in communication with the
opening 508 and with an inner passageway 530 of the pin 526. The pin 526 is seated in a distal
portion of the inner passageway 528 of the cannula 524 and extends distally from the cannula
525. The pin 526 is configured to pierce or puncture a seal member 532 of the vial 518, as
discussed further below. With the pin 526 pierced or punctured through the vial’s seal member
532, the drug in the vial 518 can exit the vial 518, then travel proximally in the inner passageway
530 of the pin 526, then travel proximally in the inner passageway 528 of the cannula 524, and
then exit the drug delivery device 500 through the opening 508.

[00120] The vial holder 516 is configured to move longitudinally relative to the body 512 and
relative to the dispensing head 502. The vial 518 is configured to move longitudinally with the
vial holder 516 relative to the dispensing head 502 and the body 512. The longitudinal
movement of the vial holder 516 allows for the vial 518 to be positioned relative to the plunger
510 and the body 512 for delivery of the next drug spray out of the opening 508. In other words,
the longitudinal movement of the vial holder 516 allows for the vial 518 to be positioned at a
location relative to the body 512 such that actuation of the plunger 510 causes the next drug

spray to be delivered out of the opening 508 up to and including the maximum number of
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possible drug sprays, which is six sprays in this illustrated embodiment.

[00121] The drug delivery device 500 includes a spring 534 operatively coupled to the vial
holder 516. The spring 534 is a coil spring in this illustrated embodiment but can be another
type of spring or biasing member. The spring 534 is configured to bias the vial holder 516 in a
proximal direction. A proximal end of the spring 534 abuts the vial holder 516, e.g., a distal
surface thereof. A distal end of the spring 534 abuts the plunger 510, e.g., a bottom inner surface
thereof. The spring 534 being fixed at either end thereof to the vial holder 516 and the plunger
510 is configured to allow the vial holder 516 to move relative to the body 512, the collar 514,
the plunger 510, the cannula 524, the pin 526, and the dispensing head 502.

[00122] The vial holder 516 is configured to move proximally relative to the body 512, the collar
514, the plunger 510, the cannula 524, the pin 526, and the dispensing head 502 under the
biasing force of the spring 534. The proximal movement of cannula 524, the pin 526, and the
dispensing head 502 is configured to facilitate spraying of the drug from the vial 518 and out of
the opening 508 and to facilitate positioning of the vial holder 516, and thus also the vial 518, at
a location relative to the body 512, the collar 514, the plunger 510, the cannula 524, the pin 526,
and the dispensing head 502 such that a next actuation of the plunger 510 causes the next drug
spray to be delivered out of the opening 508 up to and including the maximum number of

possible drug sprays.

[00123] The collar 514 includes a plurality of ratchet steps 538 formed in an outer surface
thereof. Two pairs of ratchet steps 538 are formed on opposed sides of the collar 514, as shown
in FIG. 13. The pairs of ratchet steps 538 are located about 180° degrees from each other around
the collar’s circumference. A number of the ratchet steps 538 in each pair is one more than the
maximum number of possible drug sprays from the drug delivery device 500. The drug delivery
device 500 thus includes seven ratchet steps 538 in this illustrated embodiment in each pair of
ratchet steps 538 for a total of fourteen ratchet steps 538. Each of the ratchet steps 538 has a
distal face 538f configured to sequentially engage a tab 540 of the vial holder 516, e.g., a
proximal surface 540s of the tab 540. The vial holder 516 includes a pair of tabs 540. Each of
the tabs 540 is configured to engage one of the pairs of ratchet steps 538. The tabs 540 thus

extend from opposed sides of the vial holder 516 and are located about 180° degrees from each
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other around the vial holder’s circumference. Each of the tabs 540 is configured to sequentially
engage its associated pair of ratchet steps 538 in a distal-to-proximal direction. The tabs 540
each have a rectangular shape in this illustrated embodiment but can have another shape, e.g.,

square, trapezoidal, pyramidal, etc.

[00124] The body 512 includes longitudinal grooves 542 in which the flange 540 is seated. The
flange 540 is configured to slide in the grooves 542. The engagement of the grooves 542 and the
flange 540 prevents the vial holder 516 from rotating relative to the body 512 while allowing the

vial holder 516 to translate longitudinally relative to the body 512 in the proximal direction.

[00125] The collar 514 also includes a track 544 formed therein. The track 544 is located distal
to the ratchet steps 538. The track 544 has a zig-zag shape. The plunger 510 includes a
protrusion that protrudes radially inward from an inner surface of the plunger 510 and that is
configured to slide in the track 544. The track 544 and the protrusion cooperate to allow rotation
of the collar 514 relative to the plunger 510, the body 512, the dispensing head 502, the vial
holder 516, and the vial 518. The rotation of the collar 514 facilitates the tabs 540 being engaged
with different ones of the ratchet steps 538. The rotation of the collar 514 also allows for

different ones of the indicators 520 to be visible in the viewing window 522.

[00126] The body 512 includes longitudinal ribs configured to be seated in longitudinal channels
546 of the plunger 510. The drug delivery device 500 includes two longitudinal ribs and two
longitudinal channels 546 but can include another equal number of each. The engagement of the
longitudinal ribs and the longitudinal channels 546 prevents the plunger 510 from rotating
relative to the body 512 while allowing the plunger 510 to translate longitudinally relative to the

body 512 in the proximal and distal directions.

[00127] FIGS. 14 and 15 illustrates the drug delivery device 500 in an initial configuration
before a first actuation of the actuator 510. FIGS. 14 and 15 illustrate each of the tabs 540
engaged with the distal face 538f of a first one of the ratchet steps 538, which is the distal-most
one of the ratchet steps 538, in the tab’s associated pair of ratchet steps 538. The plunger 510
and the vial holder 516 (and the vial 518 held thereby) in FIGS. 14 and 15 are thus shown in an

initial position relative to one another and relative to the collar 514.
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[00128] The actuation of the plunger 510 includes pushing the plunger 510 in a proximal
direction, such as by a user or other element pushing on a distal surface of the plunger 510. The
proximal pushing of the plunger 510 causes the plunger 510 to move proximally relative to the
body 512, the vial holder 516, the vial 518, and the dispensing head 502. The plunger’s
protrusion slides proximally in the collar’s track 544 as the plunger 510 moves proximally. The
track 544 extending transversely relative to a longitudinal axis of the collar 514, which is also a
longitudinal axis of the drug delivery device 500, causes the collar 514 to rotate relative to the
vial holder 516, and the vial 518 held thereby, as the plunger 510 moves proximally. As the
collar 514 rotates, the tabs 540 of the vial holder 516 each slide along the distal face 538f of the
one of the ratchet steps 538 in the tab’s associated pair of ratchet steps 538 which with the tab
540 is engaged. The protrusion of the plunger 510 is at a top or peak of one of the zig-zags of
the track 544 while the tabs 540 are each sliding along the one of the ratchet steps 538. The
collar 514 eventually rotates enough that the tabs 538 become disengaged with the distal face
538f of the one of the ratchet steps 538 in the tab’s associated pair of ratchet steps 538. The vial
holder 516 now being free of ratchet steps 538 allows the spring 534 to expand and thereby
cause the vial holder 516, and the vial 518 held by the vial holder 516, to move proximally
relative to the body 512, the collar 514, the plunger 510, the cannula 524, the pin 526, and the
dispensing head 502. The vial holder 516 and the vial 518 stop moving proximally when the
tabs 540 engage a next-most proximal one of the ratchet steps 538 and engage the distal face
538f thereof. The ratchet steps 538 of the collar 514 and the tabs 540 of the vial holder 516 thus
act as a ratchet mechanism. The proximal movement of the vial holder 516 causes the protrusion
of the plunger 510 to slide in the track 544 until the protrusion is located at a bottom of a next

one of the zig-zags of the track 544.

[00129] With the drug delivery device 500 in the initial configuration shown in FIGS. 14 and 15,
the vial 518 is aligned with the tip 504 such that the proximal pushing of the plunger 510 causes
the pin 526 to pierce or puncture the seal member 532 of the vial 518, thereby causing the pin’s
inner passageway 530 to become in fluid communication with the drug in the vial 518. The drug
in the vial 518 is thus drawn proximally into the pin’s inner passageway 526, then into the
cannula’s inner passageway 528, and then out the opening 508. A spray chamber of the tip 504
defined by the cannula’s inner passageway 528 facilitates the drug exiting the opening 508 as a

spray, as discussed above. The drug has been delivered from the vial 518 in a first spray. The
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tabs 540 are seated in a second, next-most proximal one of the ratchet steps 538, as shown in
FIG. 16. The rotation of the collar 514 has caused a next one of the indicators 520 to be visible
in the viewing window 522. The plunger 510 can then be actuated a second time to cause a
second spray of drug from the vial 518 similar to that discussed above regarding the first spray,
and so on until the maximum number of drug sprays has been delivered. After the final, e.g.,
sixth, actuation, shown in FIG. 17, the tabs 540 are each engaged with the distal face 538f of the

seventh, proximal-most one of the ratchet steps 538.

[00130] As shown in FIGS. 13 and 15, a distance between the first, distal-most ratchet step 538
and the second, next-distal-most ratchet step 538 is greater than a distance between each
subsequent ratchet step 538. The larger distance takes into account that in the first actuation, the
vial holder 516 and the vial 518 need to move enough proximally for the pin 526 to pierce or
puncture the seal member 532 and take up any air bubble distal to the seal member 532 before
the pin 526 encounters the drug in the vial 518. For each subsequent actuation, the seal member

534 is already pierced or punctured by the pin 526, so the distance is shorter.

[00131] The amount that the collar 514 rotates in each actuation varies depending on a
configuration of the drug delivery device 500, e.g., on a maximum number of drug sprays
possible from the drug delivery device 500, on a size and shape of the track 544, etc. In this
illustrated embodiment, the collar 514 is configured to rotate about twenty-two degrees in each

actuation.

[00132] The distance traveled proximally by the plunger 510 in each actuation varies depending
on a configuration of the drug delivery device 500, e.g., on a size and shape of the track 544, on
a size of the vial 518, etc. In general, the larger the inner diameter of the vial 518, the less that
the plunger 510 will need to move proximally to cause a sufficient amount of the drug to be
sprayed out of the drug delivery device 500. In this illustrated embodiment, the vial 518 has an
inner diameter of about 6 mm, and the plunger 510 moves proximally by about 3.6 mm in each

actuation.

[00133] The biasing force provided by the spring 534 that is needed to cause proximal movement
of the vial holder 516 and the vial 518 in each actuation varies depending on a configuration of

the drug delivery device 500, e.g., on distances between successive ones of the ratchet steps 538,
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a combined weight of the vial holder 516, vial 518, and drug contained in the vial 518, etc. In
general, the force provided by the spring 534 to cause the proximal movement of the vial holder
516 and the vial 518 decreases with each actuation since there is less drug in the vial 518 after
each actuation and thus less weight to be urged proximally. For example, in this illustrated
embodiment, the force provided by the spring 534 is configured to decrease by about 36%, e.g.,
from about 14 N to about 9 N.

[00134] The drug delivery device 500 in this illustrated embodiment is not powered, e.g., does
not include any electrical components such as a processor, a sensor, a memory, a
communications interface, etc. The drug delivery device 500 thus does not need to include a
power supply though a power supply could be included, e.g., for connectivity, for powering a

light source of the drug delivery device, etc.

[00135] FIGS. 18 and 19 illustrate another exemplary embodiment of the drug delivery device
100 of FIG. 1. FIGS. 18 and 19 illustrate a drug delivery device 600 configured to expel a drug
into a nose of a patient and that is generally configured and used similar to that discussed above
regarding FIG. 1. The drug delivery device 600 includes first and second vials 602, 604 that
each contain enough drug therein for one drug spray. The drug delivery device 600 is thus
configured to deliver two drug sprays. In other words, each of the multiple sprays deliverable
from the drug delivery device 600 includes drug from the one vial 602, 604. The drug delivery
device 600 in this illustrated embodiment is configured to deliver each of the two drug sprays
into the same nostril as part of one continuous actuation of the drug delivery device 600. The
vials 602, 604 are each generally configured and used similar to that discussed above regarding

the vial 200 of FIG. 2.

[00136] The drug delivery device 600 includes a dispensing head that includes a tip 606, a depth
guide 608, and an opening 610. The tip 606 is configured to be inserted into a nostril to deliver
drug into the nostril from each of the vials 602, 604. The opening 610 in this illustrated
embodiment is a single opening through which drug from each of the vials 602, 604 is
configured to exit the drug delivery device 600. In other embodiments, the opening 610 can
include two openings, one opening for drug delivery from each of the vials 602, 604. The drug

delivery device 600 includes a body 614 that defines the dispensing head. In other embodiments,
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the body 614 can be a separate member from the tip 606 and have the tip 606 attached thereto.

[00137] The vials 602, 604 are pre-loaded into the drug delivery device 600 during
manufacturing. The drug delivery device 600 is thus configured to be provided to an end user

with the vials 602, 604 already contained therein.

[00138] The drug in each of the vials 602, 604 can be the same as one another, or the drug in
each of the vials 602, 604 can be different from the drug in the other one of the vials 602, 604.

[00139] The drug delivery device 600 also includes an actuator configured to be actuated to
cause drug to exit the drug delivery device 600 through the opening 610. The actuator includes a
plunger 612 in this illustrated embodiment. The drug in this illustrated embodiment is
configured to be self-administered such that the user who actuates the actuator, e.g., the plunger
612, is the person receiving the drug from the drug delivery device 600, although another person
can actuate the device 600 for delivery into another person. The plunger 612 includes a raised
platform 616 that extends proximally from a bottom inner surface 612s of the plunger 612 and
that 1s configured to seat the first vial 602 thereon. The second vial 604 is configured to be
seated on the bottom inner surface 612s of the plunger 612. The first vial 602 is thus configured
to be positioned more proximally than the second vial 604, at least when the drug delivery device

600 is in an initial configuration, which is illustrated in FIGS. 18 and 19.

[00140] The drug delivery device 600 includes, for each of the vials 602, 604, a cannula 616, 618
and a pin 620, 622 held by its respective cannula 616, 618. Each cannula 616, 618 includes an
inner passageway that is in communication with the opening 610 and with an inner passageway
of its associated pin 620, 622. Each pin 620, 622 is seated in a distal portion of the inner
passageway of its associated cannula 616, 618 and extends distally from the cannula 616, 618.
Each pin 620, 622 is configured to pierce or puncture a seal member 624, 626 of its associated
vial 602, 604, as discussed further below. With the pin 620, 622 pierced or punctured through its
associated seal member 624, 626, the drug in the associated vial 602, 604 can exit the vial 602,
604, then travel proximally in the inner passageway of the pin 602, 622, then travel proximally in
the inner passageway of the associated cannula 616, 618, and then exit the drug delivery device

600 through the opening 610.
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[00141] The drug delivery device 600 includes a spring 628 operatively coupled to the plunger
612. The spring 628 is a coil spring in this illustrated embodiment but can be another type of
spring or biasing member. The spring 628 is configured to bias the plunger 612 in a distal
direction. A proximal end of the spring 628 abuts the body 614, e.g., an upper inner surface of
the body 614. A distal end of the spring 628 abuts the plunger 612, e.g., a proximal surface of
the plunger 612. The spring 334 being fixed at either end thereof to the body 614 and the
plunger 612 is configured to allow the plunger 612 to move relative to the body 614.

[00142] FIGS. 18 and 19 illustrate the drug delivery device 600 in an initial configuration. The
actuation of the plunger 612 includes pushing the plunger 612 in a proximal direction, such as by
a user or other element pushing on a distal surface of the plunger 612. The proximal pushing of
the plunger 612 causes the plunger 612, including the raised platform 616 thereof, to move
proximally relative to the cannulas 616, 618, the pins 620, 622, and the body 614, and thus
relative to the dispensing head 630. The vials 602, 604 move proximally with the plunger 612.
The first vial 602 is raised proximally relative to the second vial 604 due to the first vial 602
being seated on the platform 616. The first vial 602 thus encounters its associated cannula 616
and pin 620 before the second vial encounters its associated cannula 618 and pin 622. The
pushing of the plunger 612 therefore first causes the first pin 620 to pierce or puncture the first
seal member 624, thereby causing the first pin’s inner passageway to become in fluid
communication with the drug in the first vial 602. The drug in the first vial 602 is thus drawn
proximally into the first pin’s inner passageway, then into the first cannula’s inner passageway,
and then out the opening 610. A spray chamber of the tip 606 defined by the cannula’s inner
passageway facilitates the drug exiting the opening 610 as a spray, as discussed above. The
plunger 612 continues to move proximally such that after the first spray has been delivered out of
the opening 610, the pushing of the plunger 612 causes the second pin 622 to pierce or puncture
the second seal member 626, thereby causing the second pin’s inner passageway to become in
fluid communication with the drug in the second vial 604. The drug in the second vial 604 is
thus drawn proximally into the second pin’s inner passageway, then into the second cannula’s
inner passageway, and then out the opening 610. The spring 628 compresses during the

proximal movement of the plunger 612.
[00143] In response to the proximally directed force being removed from the plunger 612, e.g.,
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from the user or other element ceasing to push proximally on the plunger 612, the spring 628 is
allowed to expand and thereby cause the plunger 612 to move distally relative to the body 614

and thus relative to the dispensing head.

[00144] In some embodiments, the drug delivery device 600 can include a locking mechanism
that locks the plunger 612 in position relative to the body 614 after the two drug sprays have
been delivered from the drug delivery device 600. The locking mechanism can lock the plunger
612 in a proximal position relative to the plunger’s initial position, which may help indicate that
the drug delivery device 600 has been actuated to deliver drug therefrom since the plunger 612
will be in a different position than before actuation. The locking mechanism can have a variety
of configurations. For example, one of the body 614 and the plunger 612 can include a flange
extending therefrom that is configured to automatically seat in a groove formed in the other of
the body 614 and the plunger 612 when the flange and the groove become aligned with one
another. For another example, the body 614 can define an internal opening such that the plunger
612 is locked in position relative to the body 614 after a lip of the plunger 612 passes through the
opening, similar to the distal opening 342 and the lip 344 of the drug delivery device 300 of FIG.
3.

[00145] The drug delivery device 600 in this illustrated embodiment is not powered, e.g., does
not include any electrical components such as a processor, a sensor, a memory, a
communications interface, etc. The drug delivery device 600 thus does not need to include a
power supply though a power supply could be included, e.g., for connectivity, for powering a

light source of the drug delivery device, etc.

[00146] FIG. 20 illustrates another exemplary embodiment of the drug delivery device 100 of
FIG. 1. FIG. 20 illustrates a drug delivery device 700 configured to expel a drug into a nose of a
patient and that is generally configured and used similar to that discussed above regarding the
drug delivery device 600 of FIGS. 18 and 19. However, the drug delivery device 700 of FIG. 20
includes a split plunger configured to allow for two independent actuations that separately cause
drug deliveries from first and second vials of the drug delivery device 700. The split plunger
includes a first half 712a configured to be pushed proximally to cause drug delivery from the

first vial, and includes a second half 712b configured to be pushed proximally to cause drug
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delivery from the second vial. The drug delivery device 700 in this illustrated does not include a

raised platform like the raised platform 616 of FIG. 19.

[00147] The drug delivery device 700 in this illustrated embodiment is not powered, e.g., does
not include any electrical components such as a processor, a sensor, a memory, a
communications interface, etc. The drug delivery device 700 thus does not need to include a
power supply though a power supply could be included, e.g., for connectivity, for powering a

light source of the drug delivery device, etc.

[00148] FIG. 21 illustrates another exemplary embodiment of a split plunger that includes a first
half 812a configured to be pushed proximally relative to the drug delivery device’s body 814 to
cause drug delivery from a first vial, and includes a second half 812b configured to be pushed
proximally relative to the body 814 to cause drug delivery from a second vial. FIG. 21 also
illustrates one embodiment of a rib 816 that is positioned between the two plunger halves 812a,
812b and that is configured to prevent both of the plunger halves 812a, 812b from being

actuated, e.g., pushed proximally, at a same time.

[00149] FIG. 22 illustrates another exemplary embodiment of the drug delivery device 100 of
FIG. 1. FIG. 22 illustrates a drug delivery device 900 configured to expel a drug into a nose of a
patient and that is generally configured and used similar to that discussed above regarding the
drug delivery device 600 of FIGS. 18 and 19. However, the drug delivery device 900 of FIG. 22
does not include a raised platform like the raised platform 616 of FIG. 19. Instead, the drug
delivery device 900 is configured to deliver each of two drug sprays from first and second vials
902, 904 into the same nostril as part of one continuous actuation of the drug delivery device 900
by using different length cannulas 920, 922. In this illustrated embodiment, the first cannula 920
has a longer length and extends farther distally than the second cannula 922. The drug in the
first vial 902 will thus be accessed by the first cannula 920 (and its associated pin) before the
drug in the second vial 904 is accessed by the second cannula 922 (and its associated pin).
Instead of the cannulas 920, 924 having different lengths, their associated pins can have different
lengths to similarly cause the drug in the first vial 902 to be accessed before the drug in the

second vial 904 is accessed.

[00150] The drug delivery device 900 in this illustrated embodiment is not powered, e.g., does

41



WO 2022/049087 PCT/EP2021/074055

not include any electrical components such as a processor, a sensor, a memory, a
communications interface, etc. The drug delivery device 900 thus does not need to include a
power supply though a power supply could be included, e.g., for connectivity, for powering a

light source of the drug delivery device, etc.

[00151] FIG. 23 illustrates another exemplary embodiment of the drug delivery device 100 of
FIG. 1. FIG. 23 illustrates a drug delivery device 1000 configured to expel a drug into a nose of
a patient and that is generally configured and used similar to that discussed above regarding the
drug delivery device 600 of FIGS. 18 and 19. However, while the drug delivery device 1000 of
FIG. 23 does include a raised platform 1016 similar to the raised platform 616 of FIG. 19, the
drug delivery device 1000 is configured to allow for two independent actuations that separately
cause drug deliveries from first and second vials 1002, 1004 of the drug delivery device 1000. In
this illustrated embodiment, a spring 1028 of the drug delivery device 1000 is configured to
return the drug delivery device’s plunger 1012 back to its initial position after drug from the first
vial 1002 has been sprayed out of the drug delivery device’s opening 1010. The plunger 1012,
including the platform 1016 thereof, is configured to be rotated relative to the drug delivery
device’s body 1014 after the first drug spray, as shown by arrow A in FIG. 23. The rotation of
the plunger 1012 causes the platform 1016 to be aligned with the second vial 1004. Thus, in
response to a second actuation of the plunger 1012, drug is delivered from the second vial 1004.
Similar to that discussed above regarding the drug delivery device 600 of FIGS. 18 and 19, the
spring 1028 can be configured to move the plunger 1012 distally after the second drug delivery,
or the drug delivery device 1000 can include a locking mechanism configured to lock the plunger

1012 in position relative to the body 1014.

[00152] The drug delivery device 1000 in this illustrated embodiment is not powered, e.g., does
not include any electrical components such as a processor, a sensor, a memory, a
communications interface, etc. The drug delivery device 1000 thus does not need to include a
power supply though a power supply could be included, e.g., for connectivity, for powering a

light source of the drug delivery device, etc.

[00153] Embodiments of nasal drug delivery devices disclosed herein can be designed to be

disposed of after a single use, or they can be designed to be used multiple times. In either case,
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in at least some embodiments, the drug delivery device can be reconditioned for reuse after at
least one use. Reconditioning can include any combination of the steps of disassembly of the
drug delivery device, followed by cleaning or replacement of particular pieces and subsequent
reassembly. In particular, the drug delivery device can be disassembled, and any number of the
particular pieces or parts of the drug delivery device can be selectively replaced or removed in
any combination. Upon cleaning and/or replacement of particular parts, the drug delivery device
can be reassembled for subsequent use either at a reconditioning facility, or by a health care
provider immediately prior to use. A person skilled in the art will appreciate that reconditioning
of a drug delivery device can utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such techniques, and the resulting reconditioned

drug delivery device, are all within the scope of the present application.

[00154] The present disclosure has been described above by way of example only within the
context of the overall disclosure provided herein. It will be appreciated that modifications within
the spirit and scope of the claims may be made without departing from the overall scope of the

present disclosure.
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What is claimed is:

1. A drug delivery device, comprising:

a tip configured to be positioned in a nose of a patient, the tip having an opening therein;

a cartridge configured to seat a plurality of vials that each contain a drug therein, a first
one of the vials being aligned with the tip; and

a plunger configured to actuated to cause drug in a first one of the vials to be delivered
through the opening and to cause the cartridge to rotate relative to the tip and to the plunger such

that the first one of the vials is misaligned from the tip and a second one of the vials is aligned

with the tip.

2. The device of claim 1, wherein the plurality of vials includes a total of six vials.

3. The device of claim 1, wherein the plurality of vials includes only the first and second
vials.

4. The device of claim 1, wherein the actuation of the plunger includes moving the plunger

proximally relative to the tip; and
the drug delivery device further comprises a spring configured to compress during the
proximal movement of the tip and to automatically expand to cause the plunger to move distally

relative to the tip.

5. The device of claim 1, further comprising a body that includes a protrusion;
wherein the cartridge has a groove formed therein in which the protrusion is configured

to slide to cause the rotation of the cartridge about a longitudinal axis of the cartridge.

6. The device of claim 5, wherein the actuation of the plunger includes moving the plunger

longitudinally relative to the tip and the body.

7. The device of claim 5, wherein a longitudinal axis of the tip is offset from the

longitudinal axis of the cartridge.

8. The device of claim 5, wherein the body includes a window therein, and the cartridge
includes a plurality of indicators thereon that are configured to be visible sequentially through

the window.
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9. The device of claim 8, wherein the rotation of the cartridge causes a one of the indictors

that is visible through the window to change to another one of the indicators.

10. The device of claim 1, wherein, with the second one of the vials aligned with the tip, the
plunger is configured to be actuated again to cause drug in the second one of the vials to be
delivered through the opening and to cause the cartridge to rotate relative to the tip and to the

plunger.

11. The device of claim 10, wherein the rotation of the cartridge causes the second one of the

vials to become misaligned from the tip and a third one of the vials to be aligned with the tip.

12. The device of claim 10, wherein the plunger cannot be actuated again after the drug in the

second one of the vials is delivered through the opening.

13. The device of claim 1, further comprising the plurality of vials that each contain the drug
therein.
14. The device of claim 1, wherein the drug in each of the vials is one of ketamine,

esketamine, naloxone, and sumatriptan.

15. A drug delivery method, comprising:
actuating the plunger of the drug delivery device of any of claims 1-13.

16. The method of claim 15, wherein the drug in each of the vials is one of ketamine,

esketamine, naloxone, and sumatriptan.

17. A drug product disposed in the device of claim 1,

wherein the drug product is one of ketamine, esketamine, naloxone, and sumatriptan.

18. A drug delivery device, comprising:
a tip configured to be positioned in a nose of a patient, the tip having an opening therein;
a drug holder configured to hold a single vial that contains a drug therein;
a plunger configured to be actuated to cause a partial amount of the drug in the vial to be
delivered through the opening; and

a ratchet mechanism configured to cause the drug holder to move from a first position
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relative to the tip before the actuation of the plunger to a second position relative to the tip after

the partial amount of the drug has been delivered through the opening.

19. The device of claim 18, wherein the actuation of the plunger is configured to move the

plunger proximally relative to the tip, and the second position is proximal to the first position.

20. The device of claim 18, wherein the plunger is configured to be actuated only one more
time to cause substantially all of a remainder of the drug in the vial to be delivered through the
opening; and

the ratchet mechanism is configured to cause the drug holder to move from the second
position relative to the tip before the one more actuation of the plunger to a third position relative
to the tip after the substantially all of the remainder of the drug has been delivered through the

opening.

21. The device of claim 18, wherein the plunger is configured to be actuated a plurality of
additional times to each cause a partial amount of the drug in the vial to be delivered through the
opening; and

the ratchet mechanism is configured to cause the drug holder to move to a different

position relative to the tip after each additional actuation.

22. The device of claim 18, wherein the ratchet mechanism comprises a plurality of teeth

formed on an outer surface of the drug holder.

23.  The device of claim 22, wherein each of the teeth is at a different axial position along a

longitudinal length of the drug holder.

24, The device of claim 22, wherein the ratchet mechanism further comprises a surface of the
plunger.
25. The device of claim 22, wherein the drug delivery device further comprises a collar, the

actuation of the plunger is configured to cause the collar to rotate relative to the drug holder, and
the collar includes a plurality of indicators thereon configured to indicate visually a number of

remaining times that the plunger can be actuated to deliver the drug through the opening.

26.  The device of claim 18, wherein the ratchet mechanism comprises a tab extending
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radially outward from the drug holder.

27. The device of claim 26, wherein the drug delivery device further comprises a collar, and

the ratchet mechanism further comprises a plurality of ratchet steps formed in the collar.

28. The device of claim 27, wherein the actuation of the plunger is configured to cause the

collar to rotate relative to the drug holder.

29. The device of claim 28, wherein the rotation of the collar causes the tab to move from

one of the ratchet steps to another one of the ratchet steps.

30. The device of claim 28, wherein the collar includes a plurality of indicators thereon
configured to indicate visually a number of remaining times that the plunger can be actuated to

deliver the drug through the opening.

31.  The device of claim 18, further comprising the vial.
32. The device of claim 18, wherein the drug is one of ketamine, esketamine, naloxone, and
sumatriptan.

33. A drug delivery method, comprising:
actuating the plunger of the drug delivery device of any of claims 18-31.

34. The method of claim 33, wherein the drug in each of the vials is one of ketamine,

esketamine, naloxone, and sumatriptan.

35. A drug product disposed in the device of claim 18,

wherein the drug product is one of ketamine, esketamine, naloxone, and sumatriptan.
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subject-matter of these claims (Article 34 (4) (a) (1)PCT).
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