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(57) Abstract: A method of delivering epinephrine includes placing a distal end surface of a medical injector into contact with a target
location of a patient. The medical injector includes a housing, an energy storage member, and a medicament container containing a
dose of epinephrine effective for administration to the patient experiencing anaphylaxis and having a weight of less than 15 kg. The
medicament container is coupled to a needle. The medical injector is actuated such that the energy storage member produces a force to
move the needle from a first needle position to a second needle position. A distal tip of the needle extends from the distal end surface
by a distance of between 7 millimeters and 8 millimeters when the needle is in the second needle position. A portion of the force is
exerted to expel the dose of epinephrine when the needle is in the second position.
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MEDICAMENT DELIVERY DEVICE AND METHODS FOR DELIVERING DRUGS
TO INFANTS AND CHILDREN

Cross-Reference to Related Applications
[1001] This application claims benefit of priority to U.S. Provisional Application Serial
No. 62/438,584, entitled “Medicament Delivery Device and Methods for Delivering Drugs to
Infants and Children,” filed December 23, 2016, which is incorporated herein by reference in

its entirety.

Background
[1002] The embodiments described herein relate generally to medical devices and
pharmaceutical compositions, and more particularly to a medicament delivery device for

delivery of drugs to infants and children.

[1003] Exposure to certain substances, such as, for example, peanuts, shellfish, bee venom,
certain drugs, toxins, and the like, can cause allergic reactions in some individuals. Such
allergic reactions can, at times, lead to anaphylactic shock, which can cause a sharp drop in
blood pressure, hives, and/or severe airway constriction. Accordingly, responding rapidly to
mitigate the effects from such exposures can prevent injury and/or death. For example, in
certain situations, an injection of epinephrine (i.e., adrenaline) can provide substantial and/or
complete relief from the allergic reaction. In other situations, for example, an injection of an
antidote to a toxin can greatly reduce and/or eliminate the harm potentially caused by the
exposure. Because emergency medical facilities may not be available when an individual is
suffering from an allergic reaction, some individuals carry a medicament delivery device, such
as, for example, an auto-injector, to rapidly self-administer (or to have a care giver administer)
a medicament in response to an allergic reaction. Moreover, even within a medical facility
(e.g., a hospital, doctor’s office, clinic, or the like) automatic delivery devices can be
advantageous. Specifically, such devices include a predetermined dosage that is appropriate
for the patient, and provide a method for repeatably and reliably delivering the dose.

Accordingly, there are many known devices for automatically delivering epinephrine.

[1004] Some known devices for automatically delivering epinephrine, such as the
Epipen®, include a needle that is automatically inserted into the body and through which the
dose is injected into the patient. Such known devices target intramuscular delivery of the

epinephrine (e.g., delivery into the thigh muscle). In fact, some studies have shown that
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subcutaneous delivery of epinephrine can reduce the efficacy of the dose. Moreover, some
studies have shown that intravenous delivery of epinephrine can not only reduce the efficacy,
but also can result in cardiovascular complications (e.g., a rapid rise in blood pressure and
increased heart rate). In addition to concerns with subcutaneous and intravenous delivery,

intraosseous delivery of epinephrine is also undesirable.

[1005] Known auto-injectors include devices tailored for both adult use and pediatric use.
In particular, known adult-use auto-injectors typically include a dose of 0.3 mg epinephrine,
and are used for patients weighing greater than 30 kg. The exposed needle length for such
known adult-use auto-injectors ranges from about 16 mm to greater than 20 mm. Known
pediatric auto-injectors typically include a dose of 0.15 mg epinephrine, and are used for
patients weighing between about 15 kg and 30 kg. Such known pediatric-use auto-injectors
typically have a shorter exposed needle length to accommodate the smaller size of the patient
— often between 12.7 mm and 16 mm. Currently, however, there are no known devices for

automatically injecting epinephrine into infants and small children weighing less than 15 kg.

[1006] Because there are no products available for use with this patient population, in
certain instances a pediatric-use auto-injector may be used with a child weighing less than 15
kg. Such use, however, can present complications due to the possibility of overdosing the
patient. Further complicating this concern is the fact that the dose accuracy for a device
intended to deliver 0.3 mL (or 0.15 mL for a pediatric version) may not be adequate for a
patient weighing less than 15 kg. More particularly, the volumetric tolerance for a device
configured to deliver 0.3 mL with an accuracy of +15 percent is £#0.045 ml. This volumetric

tolerance may not be sufficient for patient weighing less than 15 kg.

[1007] Another concern with using an auto-injector intended for patients weighing more
than 15 kg is the possibility that the dose will be delivered to an improper location within the
body. In particular, because the distance between the skin and the muscle layer (referred to
herein as the skin-to-muscle distance) and between the skin and the bone (e.g., the femur,
referred to herein as the skin-to-bone distance) is different for patients weighing less than 15
kg than it is for larger patients, the use of a device intended for larger patients may result in
intraosseous delivery in an unacceptable number of patients. If the exposed needle length is
made too short, however, then undesirable subcutaneous delivery may also occur in an

unacceptable number of patients.
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[1008] Thus, a need exists for improved methods and devices for delivering drugs, and in
particular, epinephrine, to infants and children weighing less than 15 kg. Additionally, a need

exists for an epinephrine auto-injector having improved accuracy.
Summary

[1009] Medicament delivery devices and methods for administration of epinephrine are
described herein. In some embodiments, a method of delivering epinephrine includes placing
a distal end surface of a medical injector into contact with a target location of a patient. The
medical injector includes a housing, an energy storage member and a medicament container
containing a dose of epinephrine effective for administration to the patient experiencing
anaphylaxis and having a weight of less than 15 kg. The medicament container is coupled to
aneedle. The medical injector is actuated after the placing such that the energy storage member
produces a force to move the needle from a first needle position to a second needle position.
A distal tip of the needle extends from the distal end surface by a distance of between 7
millimeters and 8 millimeters when the needle is in the second needle position. A portion of
the force is exerted to expel the dose of epinephrine from the medicament container when the

needle is in the second position.

[1010] In some embodiments, an apparatus includes a housing, a contact surface, a
medicament container, an energy storage member, and an actuator. The contact surface is
coupled to the housing, and is configured to contact a target location of a patient. The
medicament container is at least partially disposed within the housing, and contains a dose of
epinephrine effective for administration to the patient experiencing anaphylaxis and having a
weight of less than 15 kg. The medicament container coupled to a needle. The energy storage
member is within the housing, and produces a force to move the needle from a first needle
position to a second needle position. A distal tip of the needle extending from the contact
surface by a distance of between about 6.35 millimeters and 9 millimeters when the needle is
in the second needle position. The actuator is configured to actuate the energy storage member

to release the force.
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Brief Description of the Drawings

[1011] FIGS. 1-4 are schematic illustrations of a medicament delivery device according to
an embodiment, in a first configuration, second configuration, third configuration, and fourth

configuration, respectively.

[1012] FIG. 5 is a schematic illustration of a medicament delivery device, according to an

embodiment.

[1013] FIG. 6 is a schematic illustration of a bottom view of a contact surface of a

medicament delivery device according to an embodiment.

[1014] FIG. 7 is a schematic illustration of a side view of a contact surface of a medicament

delivery device according to an embodiment.
[1015] FIG. 8 is a flow chart of a method of delivering drugs, according to an embodiment.

[1016] FIGS. 9-10, 11A, and 11B are images showing a method of use of a medicament

delivery device, according to an embodiment.

[1017] FIGS. 12 and 13 are perspective views of a medical injector according to an

embodiment, in a first configuration.

[1018] FIG. 14 is a front view of the medical injector illustrated in FIG. 12 with the cover

removed.

[1019] FIG. 15 is a back view of the medical injector illustrated in FIG. 12 with the cover

removed.
[1020] FIG. 16 is a front view of a portion of the medical injector illustrated in FIG. 12.

[1021] FIG. 17 is a perspective view of a portion of the medical injector illustrated in FIG.
12.

[1022] FIG. 18 is a bottom perspective view of a housing of the medical injector illustrated

in FIG. 12.

[1023] FIG. 19 is a top perspective view of a housing of the medical injector illustrated in

FIG. 12.
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[1024] FIG. 20 is a perspective view of a proximal cap of the medical injector illustrated

in FIG. 12.

[1025] FIGS. 21 and 22 are front views of a medicament delivery mechanism of the

medical injector illustrated in FIG. 12.

[1026] FIG. 23 is a perspective view of a portion of the medical injector illustrated in FIG.
12.

[1027] FIG. 24 is an exploded view of a medicament container of the medical injector

illustrated in FIG. 12.
[1028] FIG. 25 is a front view of a portion of the medical injector illustrated in FIG. 12.

[1029] FIG. 26 is a back view of an electronic circuit system of the medical injector

illustrated in FIG. 12.

[1030] FIG. 27 is a front view of a portion of the electronic circuit system of the medical

injector illustrated in FIG. 26.

[1031] FIG. 28 is a side view of the electronic circuit system of the medical injector

illustrated in FIG. 26.

[1032] FIG. 29 is a front view of an electronic circuit system housing of the electronic

circuit system illustrated in FIG. 26.

[1033] FIG. 30 is a perspective view of the electronic circuit system housing of the

electronic circuit system illustrated in FIG. 29.

[1034] FIG. 31 is a perspective view of a battery clip of the electronic circuit system
illustrated in FIG. 26.

[1035] FIG. 32 is a perspective view of a portion of an electronic circuit system of the

medical injector illustrated in FIG. 12, in a first configuration.

[1036] FIG. 33 is a front view of the medical injector illustrated in FIG. 12 in a first

configuration showing the electronic circuit system.
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[1037] FIGS. 34-36 are front views of a portion of the electronic circuit system of the
medical injector labeled as Region Z in FIG. 33 in a first configuration, a second configuration,

and a third configuration, respectively.

[1038] FIGS. 37 and 38 are perspective views of a cover of the medical injector illustrated

in FIG. 12.

[1039] FIG. 39 is a perspective view of a safety lock of the medical injector illustrated in
FIG. 12.

[1040] FIG. 40 is a front view of the safety lock of the medical injector illustrated in FIG.
39.

[1041] FIG. 41 is a bottom view of the safety lock of the medical injector illustrated in FIG.
39.

[1042] FIG. 42 is a perspective view of a needle sheath of the safety lock of the medical

injector illustrated in FIG. 39.

[1043] FIG. 43 is a perspective view of a base of the medical injector illustrated in FIG.
12.

[1044] FIG. 44 is a front view of the base of the medical injector illustrated in FIG. 12.

[1045] FIG. 45 is a back view of the medical injector illustrated in FIG. 12 in a second

configuration.

[1046] FIG. 46 is a back view of the medical injector illustrated in FIG. 12 in a third

configuration.

[1047] FIG. 47 is a back view of the medical injector illustrated in FIG. 12 in a fourth

configuration (i.e., the needle insertion configuration).

[1048] FIG. 48 is a front view of the medical injector illustrated in FIG. 12 in the fourth

configuration (i.e., the needle insertion configuration).

[1049] FIG. 49 is a front view of the medical injector illustrated in FIG. 12 in a fifth

configuration (i.e., the injection configuration).
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[1050] FIG. 50 is a front view of the medical injector illustrated in FIG. 12 in a sixth

configuration (i.e., the retraction configuration).

[1051] FIGS. 51 and 52 are a side view and a perspective view, respectively, of a needle

according to an embodiment.

[1052] FIG. 53 is a perspective cross-sectional view of a carrier of a medical injector

according to an embodiment.

[1053] FIG. 54 is side view of a carrier assembly, including the carrier shown in FIG. 53

and the needle shown in FIGS. 51 and 52.

[1054] FIG. 55 is a cross-sectional view of the carrier assembly shown in FIG. 54 taken

along the line A-A in FIG. 54.
[1055] FIG. 56 is a perspective view of the carrier assembly shown in FIG. 54.

[1056] FIGS. 57-58 are perspective cross-sectional views of the carrier assembly shown in

FIG. 54 and a medicament container in a first configuration.

[1057] FIGS. 59-60 are perspective cross-sectional views of the carrier assembly shown in

FIG. 54 and a medicament container in a second configuration.

[1058] FIG. 61 is an exploded view of a prefilled syringe assembly that can be used within

a medical injector according to an embodiment.

[1059] FIGS. 62-65 are schematic illustrations of a medicament delivery device according
to an embodiment, in a first configuration, second configuration, third configuration, and fourth

configuration, respectively.

[1060] FIG. 66 is a flow chart of a method of delivering drugs, according to an

embodiment.
[1061] FIG. 67 is a top view of a container of a kit according to an embodiment.
Detailed Description

[1062] Medicament delivery devices and methods for administration of epinephrine are

described herein. In some embodiments, a method of delivering epinephrine includes placing
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a distal end surface of a medical injector into contact with a target location of a patient. The
medical injector includes a housing, an energy storage member and a medicament container
containing a dose of epinephrine effective for administration to the patient experiencing
anaphylaxis and having a weight of less than 15 kg. The medicament container is coupled to
aneedle. The medical injector is actuated after the placing such that the energy storage member
produces a force to move the needle from a first needle position to a second needle position.
A distal tip of the needle extends from the distal end surface by a distance of between 7
millimeters and 8 millimeters when the needle is in the second needle position. A portion of
the force is exerted to expel the dose of epinephrine from the medicament container when the

needle is in the second position.

[1063] In some embodiments, an apparatus includes a housing, a contact surface, a
medicament container, an energy storage member, and an actuator. The contact surface is
coupled to the housing, and is configured to contact a target location of a patient. The
medicament container is at least partially disposed within the housing, and contains a dose of
epinephrine effective for administration to the patient experiencing anaphylaxis and having a
weight of less than 15 kg. The medicament container coupled to a needle. The energy storage
member is within the housing, and produces a force to move the needle from a first needle
position to a second needle position. A distal tip of the needle extending from the contact
surface by a distance of between about 6.35 millimeters and 9 millimeters when the needle is
in the second needle position. The actuator is configured to actuate the energy storage member

to release the force.

[1064] In some embodiments, an apparatus includes a housing, a medicament container, a
carrier and an energy storage member. The medicament container is at least partially disposed
within the housing, and contains a dose of a medicament. The carrier has a distal end portion
coupled to a needle. The distal end portion includes a side wall defining a coupling volume
within which a distal end portion of the medicament container is movably coupled. The
medicament container is fluidically isolated from a proximal tip of the needle when distal end
portion of the medicament container is in a first container position within the coupling volume.
The medicament container is fluidically coupled to the proximal tip of the needle when the
distal end portion of the medicament container is in a second container position within the
coupling volume. The side wall defining a bleed passageway placing the coupling volume in

fluid communication with a volume outside of the carrier. The energy storage member is within
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the housing, and is configured to produce a force to move the medicament container from the
first container position to the second container position. A portion of the force is also exerted
to move a plunger within the medicament container to expel the dose of the medicament when

the medicament container is in the second container position.

[1065] In some embodiments, the medicament delivery device can include an electronic
circuit system coupled to the housing. The electronic circuit system is configured to produce
an output when the electronic circuit system is actuated. The output can be, for example, an
audible or visual output related to the epinephrine composition (e.g., an indication of the
expiration date, the symptoms requirement treatment with epinephrine or the like), the use of
the medicament delivery device, and/or post-administration procedures (e.g., a prompt to call

911, instructions for the disposal of the device or the like).

[1066] In some embodiments, a kit includes a package containing an auto-injector and a
simulated auto-injector (also referred to as a trainer). The auto-injector is configured to deliver
an amount of epinephrine effective for administration to a patient experiencing anaphylaxis
and having a weight of less than 15 kg. The simulated auto-injector (or trainer) can be devoid
of a medicament and/or those components that cause the medicament to be delivered (e.g., a
needle, a nozzle or the like). In this manner, the simulated auto-injector can be used to train a
user in the use of the actual medicament delivery device without exposing the user to a needle

and/or a medicament.

[1067] In some embodiments, an infant-dose medical injector need not include an energy
storage member contained therein that produces a force to either insert the needle, deliver the
medicament through the needle, or both. For example, in some embodiments, a device can be
configured for manual insertion (i.e., insertion of the needle caused by an insertion force
directly produced by the user) and automatic injection (i.e., injection caused by a force
produced by an energy storage member). In other embodiments, a device can be configured
for automatic insertion (i.e., insertion of the needle caused by an insertion force produced by
an energy storage member) and manual injection (i.e., injection caused by a force directly
produced by the user). In yet other embodiments, an infant-dose medical injector can be devoid
of an energy storage member that produces either a needle insertion force or an injection force.
In such embodiments, the medical injector can include a housing that advantageously blocks
light from the medicament, thereby limiting the degradation of the medicament and improving

the long-term stability. Moreover, the medical injector can include mechanisms (e.g., end stop
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surfaces, release mechanisms, or the like) that produce a delivered dose tolerance of +15
percent of a nominal dose volume. Such tolerance can be of heightened importance for low
dose and/or low volume therapeutic regimens, such as for example, for an infant-dose of
epinephrine. By maintaining the tolerance, even at dosage volumes of as low as 0.1 mL, the
medical injectors and devices described herein can provide an emergency treatment solution
that is appropriate for a patient population weighing less than 15 kg (e.g., between 7.5 kg and
15 kg), that can be stored for long periods of time, and that can be administered via an untrained

user without the need to measure, monitor, or otherwise limit the dose volume.

[1068] In some embodiments, a medical injector includes a housing, a safety member, an
actuator, and a dose limiter. The housing has a contact surface that is configured to contact a
target location of a patient. A medicament container that contains a dose of epinephrine
effective for administration to the patient experiencing anaphylaxis and having a weight of
between 7.5 kg and 15 kg, is at least partially disposed within the housing. The medicament
container is coupled to a needle, and a distal tip of the needle extends from the contact surface
by a distance of between about 6.35 millimeters and about 9 millimeters. The safety member
is removably coupled to a distal end portion of the housing, and surrounds a portion of the
needle when the safety member is coupled to the distal end portion of the housing. The safety
member is configured to remove a needle sheath from about the distal tip of the needle when
the safety member is removed from the distal end portion of the housing. The actuator is
coupled to the housing, and is configured to move from a first actuation position to a second
actuation position to move a plunger within the medicament container to deliver the dose of
epinephrine from the medicament container. The dose limiter is configured to limit distal
movement of the plunger such that a volume of the dose delivered is within +15 percent of a

nominal dose volume.

[1069] In some embodiments, the medicament container is a prefilled syringe assembly
including a syringe body and an elastomeric member disposed within the syringe body. The
needle can be staked to a distal end portion of the syringe body. By including the dose of
epinephrine within a prefilled syringe assembly, the medical injector can employ the cost-
effective fill-finish solution provided by prefilled syringes, while also providing the structure
for limiting light impingement on the epinephrine, providing a robust needle guard, and
ensuring that the delivered dose is within the desired tolerance of the nominal dose for the

target patient population.

10
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[1070] In some embodiments, any of the medical injectors or devices described herein can
include a case that is configured to be removably coupled about the housing. The case covers
a status window defined by the housing when the medical injector is within the case. The dose
of epinephrine is viewable through the status window after the housing is removed from the

case.

[1071] In some embodiments, a method of delivering epinephrine includes removing a
safety member from a distal end portion of a housing of a medical injector. The medical
injector includes a medicament container containing a dose of epinephrine effective for
administration to a patient experiencing anaphylaxis and having a weight of between 7.5 kg
and 15 kg. The medicament container is coupled to a needle, and removal of the safety member
causes a needle sheath to be removed from about a distal tip of the needle. The housing is
moved distally to insert the distal tip of needle into a target location of the patient by a distance
of between 7 millimeters and 8 millimeters. In some embodiments, the housing can be moved
until a contact surface of the housing contacts a surface of the target location (e.g., the patient’s
skin, clothing, or the like). The medical injector is actuated, after being moved, to cause a force
to move an end portion of a plunger distally within the medicament container to deliver the
dose of epinephrine from the medicament container. The medical injector includes a stop
surface to limit distal movement of the plunger such that a volume of the dose delivered is

within 15 percent of a nominal dose volume.

[1072] As used in this specification and the appended claims, the words “proximal” and
“distal” refer to direction closer to and away from, respectively, an operator of the medical
device. Thus, for example, the end of the medicament delivery device contacting the patient’s
body would be the distal end of the medicament delivery device, while the end opposite the

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

[1073] The term "about" when used in connection with a referenced numeric indication
means the referenced numeric indication plus or minus up to 10 percent of that referenced

numeric indication. For example, "about 100" means from 90 to 110.

[1074] The term “substantially” when used in connection with, for example, a geometric
relationship, a numerical value, and/or a range is intended to convey that the geometric
relationship (or the structures described thereby), the number, and/or the range so defined is

nominally the recited geometric relationship, number, and/or range. For example, two

11
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structures described herein as being “substantially parallel” is intended to convey that, although
a parallel geometric relationship is desirable, some non-parallelism can occur in a
“substantially paralle]” arrangement. By way of another example, a structure defining a
volume that is “substantially 0.50 milliliters (mL)” is intended to convey that, while the recited
volume is desirable, some tolerances can occur when the volume is “substantially” the recited
volume (e.g., 0.50 mL). Such tolerances can result from manufacturing tolerances,
measurement tolerances, and/or other practical considerations (such as, for example, minute
imperfections, age of a structure so defined, a pressure or a force exerted within a system,
and/or the like). As described above, a suitable tolerance can be, for example, of + 10% of the
stated geometric construction, numerical value, and/or range. Furthermore, although a
numerical value modified by the term “substantially” can allow for and/or otherwise
encompass a tolerance of the stated numerical value, it is not intended to exclude the exact

numerical value stated.

[1075] As used herein, the term “set” can refer to multiple features or a singular feature
with multiple parts. For example, when referring to set of walls, the set of walls can be
considered as one wall with multiple portions, or the set of walls can be considered as multiple,
distinct walls. Thus, a monolithically-constructed item can include a set of walls. Such a set
of walls can include, for example, multiple portions that are either continuous or discontinuous
from each other. A set of walls can also be fabricated from multiple items that are produced

separately and are later joined together (e.g., via a weld, an adhesive, or any suitable method).

[1076] The term "fluid-tight" is understood to encompass hermetic sealing (i.e., a seal that
is gas-impervious) as well as a seal that is only liquid-impervious. The term "substantially"

"o

when used in connection with "fluid-tight," "gas-impervious," and/or "liquid-impervious" is
intended to convey that, while total fluid imperviousness is desirable, some minimal leakage
due to manufacturing tolerances, or other practical considerations (such as, for example, the
pressure applied to the seal and/or within the fluid), can occur even in a "substantially fluid-
tight" seal. Thus, a "substantially fluid-tight" seal includes a seal that prevents the passage of
a fluid (including gases, liquids and/or slurries) therethrough when the seal is maintained at
pressures of less than about 5 psig. Any residual fluid layer that may be present on a portion

of a wall of a container after component defining a "substantially-fluid tight" seal are moved

past the portion of the wall are not considered as leakage.
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[1077] The epinephrine compositions described herein can be included in any suitable
medicament delivery device. For example, in some embodiments, a drug product configured
for administration by an untrained user (such a person accompanying the patient) can include
any of the epinephrine compositions described herein. Such drug products can include, for
example, an auto-injector having a needle length sufficient to produce an intramuscular

injection while having a very low likelihood of striking the bone.

[1078] One example of such a medicament delivery device is provided in FIG. 1, which is
a schematic illustration of a medicament delivery device (or drug product) 1000 according to
an embodiment. The medicament delivery device 1000 includes a housing 1110, a contact
surface 1330, a medicament container 1400, an energy storage member 1570, and an actuator
1302. The contact surface 1330 can be a portion of the housing 1110 or a structure separately
coupled to the housing 1110, and is a surface that contacts a target location T of a patient during
the delivery of any of the epinephrine compositions (or other drugs) disclosed herein. In some
embodiments, the contact surface 1330 can have any suitable size and/or shape to maintain
contact with the target location T during a delivery event. Specifically, the contact surface
1330 can have any shape as described herein, including a circular shape, a substantially
rectangular shape, an oval shape, or the like. In some embodiments, the contact surface 1330
can be movably coupled to the housing 1110 (e.g., the contact surface 1330 can be spring-
loaded to move when a threshold force has been applied the target location T). In other

embodiments, the contact surface 1330 can be fixedly coupled to the housing 1110.

[1079] The medicament container 1400 is at least partially disposed within the housing
1110, and contains (i.e., is filled or partially filled with) an epinephrine composition 1420. The
medicament container 1400 can be any container suitable for storing the epinephrine
composition 1420. In some embodiments, the medicament container 1400 can be, for example,
a prefilled syringe, a prefilled cartridge, a vial, an ampule or the like. In other embodiments,
the medicament container 1400 can be a container having a flexible wall, such as, for example,
a bladder. As shown, the proximal end portion of the medicament container 1400 contains an
elastomeric member 1410 to seal the proximal end portion of the medicament container 1400.
The elastomeric member 1410 can be disposed within the medicament container 1400 during
the fill process, and can form a substantially fluid-tight seal to prevent leakage of the
epinephrine composition 1420 from the medicament container 1400. Moreover, the

elastomeric member 1410 is operatively coupled to the energy storage member 1570 such that,
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in use a force produced by the energy storage member 1570 acts upon the elastomeric member

1410 to deliver the epinephrine composition 1420 from the medicament container 1400.

[1080] The elastomeric member 1410 is formulated to be compatible with the epinephrine
composition 1420. Similarly stated, the elastomeric member 1410 is formulated to minimize
any reduction in the efficacy of the epinephrine composition 1420 that may result from contact
(either direct or indirect) between the elastomeric member 1410 and the epinephrine
composition 142(). For example, in some embodiments, the elastomeric member 1410 can be
formulated to minimize any leaching or out-gassing of compositions that may have an
undesired effect on the epinephrine composition 1420. In other embodiments, the elastomeric
member 1410 can be formulated to maintain its chemical stability, flexibility and/or sealing
properties when in contact (either direct or indirect) with epinephrine over a long period of
time (e.g., for up to six months, one year, two years, five years or longer). In some
embodiments, the elastomeric member 1410 can include or be composed of bromo-butyl

rubber.

[1081] The epinephrine composition 1420 can be any of the epinephrine compositions
described herein. In particular, medicament container 1400 can contain a dose of epinephrine
1420 effective for administration to a patient experiencing anaphylaxis and having a weight of
less than about 15 kg (33 pounds), i.e., an infant-dose auto-injector. Such an infant-dose drug
product is configured to deliver 0.1 mL of solution that contains 0.1 mg of epinephrine, 0.78
mg of sodium chloride, 0.15 mg of sodium bisulfite, and hydrochloric acid to adjust the pH. In
other embodiments, however, medicament container 1400 can contain a dose of epinephrine
1420 effective for administration to a patient experiencing anaphylaxis and having any weight
(i.e., an adult-dose device or a pediatric-dose device, as described herein). In yet other
embodiments, the medicament container 1400 can include any suitable drug of the types

described herein.

[1082] As shown, the distal end portion of the medicament container 1400 is coupled to a
needle 1452. The needle 1452 includes a distal tip 1454 from which the epinephrine (or any
suitable drug contained within the medicament container 1400) flows. Referring to FIG. 3, the
needle 1452 is configured such that the distal tip 1454 extends from the contact surface 1330
by distance Dn sufficient such that the distal tip 1454 is in the muscle layer (identified as
MUSC) of the target location. Specifically, in some embodiments, the distance Dy (or effective

needle length) is such that the distal tip 1454 will be inserted within the thigh muscle for a
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patient weighing less than 15 kg (e.g., between 7.5 kg and 15 kg), and will have a low likelihood
of striking the thigh bone (identified as BONE). In this manner, the distance Dy is sufficient
to produce an intramuscular delivery of the epinephrine 1420 while also limiting the likelihood
of either an intraosseous delivery or a subcutaneous delivery. For example, in some
embodiments, the distance Dn is between about 6.35 mm and about 9 mm. In other
embodiments, the distance Dy is between about 7 mm and about 8 mm. In yet other

embodiments, the distance Dy is about 7.5 mm.

[1083] The needle 1452 defines a lumen that is in fluid communication with the
medicament container 1400 to define a medicament delivery path through which the
epinephrine composition 1420 can flow. The needle 1452 can be any gauge (e.g., 18 gauge,
23 gauge, 24 gauge, 25 gauge, 27 gauge, 32 gauge, etc.) to deliver the epinephrine composition
1420 through the lumen and into the target location T of body. The distal end tip 1454 can

have any suitable bevel or shape.

[1084] The energy storage member 1570 is disposed within the housing 1110, and is
configured to produce a force to deliver the epinephrine composition 1420 (e.g., from the
medicament container 1400 to the target location T). The energy storage member 1570 can be
any suitable device or mechanism that, when actuated, produces such force. In some
embodiments, the energy storage member 1570 can be a mechanical energy storage member,
such as a spring, a device containing compressed gas, a device containing a vapor pressure-
based propellant or the like. In other embodiments, the energy storage member 1570 can be
an electrical energy storage member, such as a battery, a capacitor, a magnetic energy storage
member or the like. In yet other embodiments, the energy storage member 1570 can be a
chemical energy storage member, such as a container containing two substances that, when

mixed, react to produce energy.

[1085] As shown in FIG. 1, the energy storage member 1570 can be in any position and/or
orientation relative to the medicament container 1400. In some embodiments, for example, the
energy storage member 1570 can be positioned within the housing 1110 spaced apart from the
medicament container 1400. Moreover, in some embodiments, the energy storage member
1570 can be positioned such that a longitudinal axis of the energy storage member 1570 is
offset from the medicament container 1400. In other embodiments, the energy storage member

1570 can substantially surround the medicament container 1400.
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[1086] As described herein, the actuator 1302 is any suitable device or mechanism that
actuates the energy storage member 1570 to release the force. Although the actuator 1302 is
shown as being disposed at the proximal end portion of the housing 1110, in other
embodiments, the actuator 1302 can be located at the distal end portion of the housing 1110.
In some embodiments, for example, the contact surface 1330 and the actuator 1302 can be
monolithically constructed. Said another way, in some embodiments, the actuator 1302 can be

a distal-end actuator and can include the contact surface 1330.

[1087] The use of the medicament delivery device 1000 is shown in FIGS. 1-4, which show
the medicament delivery device 1000 in various configurations. To deliver the dose of
epinephrine 1420, the medicament delivery device 1000 is first enabled (e.g., by removing a
safety lock or the like, not shown). The contact surface 1330 is then placed into contact with
the target location T, as shown in FIG. 1. The target location T can be any suitable location of
the patient to which the epinephrine 1420 will be delivered. For example, the target location
can be the thigh of the patient. As shown, the target location can include a subcutaneous layer
SQ, a layer of muscle MUSC, and a bone (identified as BONE) beneath the muscle MUSC.
Although not shown, the target location T is covered by a layer of skin. In some embodiments,
the needle-based delivery of the medicament delivery device 1000 can accommodate delivery
through a layer of clothing between the contact surface 1330 and the skin. Specifically, the
medicament delivery device 1000 can be configured to insert the needle 1452 with sufficient
force, and the needle 1452 can extend a sufficient distance Dn such that the epinephrine 1420
can be delivered through one or more layers of clothing. Such layers can include typical infant
clothing, such as pajamas with leggings, denim material, or the like. In some embodiments,
the medicament delivery device 1000 (or any of the other devices or drug products described
herein) can be configured to deliver the epinephrine 1420 via the needle 1452 through up to
four layers of “duck cloth.” Duck cloth is a common term that refers to a heavy, plain woven
cotton fabric. Duck cloth can also be referred to as canvas. In some embodiments, the
medicament delivery device 1000 (or any of the other devices or drug products described
herein) can be configured to deliver the epinephrine 1420 via the needle 1452 through up to
four layers of “duck cloth.” In some embodiments, the medicament delivery device 1000 (or
any of the other devices or drug products described herein) can be configured to deliver the

epinephrine 1420 via the needle 1452 through up to four layers of 12-ounce denim cloth.
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[1088] To actuate the device, the housing 1110 and the contact surface 1330 are maintained
firmly against the target location T by applying a distal force as shown by the arrow AA in
FIG. 2. The actuator 1302 is manipulated to actuate the energy storage member 1570. In
particular, the actuator 1302 is moved in the distal direction (indicated by the arrow AA) such
that the application of the force to maintain the contact surface 1330 in contact with the target
location T is also the force applied to manipulate the actuator 1302. In this manner, the
operation of maintaining the contact surface 1330 against the target location and actuating the
device 1000 is a single operation. In other embodiments, however, the actuator 1302 can be
manipulated in any suitable direction. For example, in other embodiments, the user can apply
a distal (or downward) force to maintain the contact surface 1330 in contact with the target
location T and a separate force (i.e., having a different direction) to manipulate the actuator
1302. In some embodiments, for example, the actuator 1302 can be moved relative to the
housing by a force that is nonparallel to a longitudinal axis of the needle. In some

embodiments, the actuator 1302 can be moved relative to the housing by rotating the actuator.

[1089] As shown in FIG. 2, the application of the distal force by the contact surface 1330
against the target location T acts to compress the tissue layers of the target location T.
Specifically, any of the skin, the subcutaneous layer SQ, or the layer of muscle MUSC can be
compressed. As aresult, the distance from the outer surface of the target location to the muscle
layer (identified as Dm in FIG. 2) is less than that which results when little or no force is applied
by the contact surface 1330. Similarly, the distance from the outer surface of the target location
to the bone (identified as Dy in FIG. 2) is less than that which results when little or no force is
applied by the contact surface 1330. Accordingly, the distance Dy that the needle extends from
the contact surface 1330 is selected based on the expected compression of the tissue layers of
the specific target location T. As described herein, the selection of the distance Dy is informed
by many factors, including, but not limited to, the physical characteristics of the target location
T (e.g., anatomical differences between various locations, such as the thigh, buttocks, shoulder,
or the like), the nominal size of the patient (i.e., adult vs. pediatric vs. infant), the force applied
by the contact surface 1330 against the target location T, the shape and size of the contact
surface 1330, the thickness of any layers of clothing that are present, and the expected amount

of “kickback” or reduction in force during a delivery event, to name a few.

[1090] In some embodiments, the target location T is the patient’s thigh. A recent study

has shown that compression of the thigh tissue during actuation of a variety of different auto-
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injectors in patients having a weight of between about 15 kg and about 30 kg results in a
decrease in the distance Dy of about 1 mm (from a nominal distance of about 6.7 mm to a
nominal distance of about 5.8 mm). Similarly, this study showed decrease in the distance Dy
of about 13 mm (from a nominal distance of about 29.5 mm to a nominal distance of about
16.7 mm). Although this study provides general information about the compression of the
tissue layers in the thigh for patients having a weight of between about 15 kg and about 30 kg,
the distance Dn (or effective needle length) of the medicament delivery device 1000 is
specifically tailored for this drug product based on, among other things, the factors described

herein.

[1091] As shown in FIG. 3, after actuation of the device 1000, the energy storage member
exerts a force to move the needle 1452 from a first needle position (within the housing, see
FIGS. 1 and 2) to a second needle position (insertion position, see FIGS. 3 and 4). When the
needle is in the second (or inserted) needle position, the distance D (or effective needle length)
is such that the distal tip 1454 will be inserted within the thigh muscle for a patient weighing
less than 15 kg, and will have a low likelihood of striking the thigh bone (identified as BONE).
In this manner, the distance Dx is sufficient to produce an intramuscular delivery of the
epinephrine 1420 while also limiting the likelihood of either an intraosseous delivery or a
subcutaneous delivery. For example, in some embodiments, the distance Dy is between about
6.35 mm and about 9 mm. In other embodiments, the distance Dn is between about 7 mm and

about 8 mm. In yet other embodiments, the distance Dy is about 7.5 mm.

[1092] After insertion of the needle 1452, the dose of the epinephrine 1420 is delivered
intramuscularly to the patient, as shown in FIG. 4. In particular, in some embodiments, the
medicament delivery device 1000 can deliver a dose of epinephrine 1420 effective for
administration to a patient experiencing anaphylaxis and having a weight of less than about 15
kg (33 pounds), i.e., an infant-dose auto-injector. Such an infant-dose drug product is
configured to deliver 0.1 mL of solution that contains 0.1 mg of epinephrine, 0.78 mg of sodium
chloride, 0.15 mg of sodium bisulfite, and hydrochloric acid to adjust the pH. In other
embodiments, the medicament delivery device 1000 can deliver a dose of epinephrine 1420
effective for administration to a patient experiencing anaphylaxis and having a weight of
between about 7.5 kg and about 15 kg (33 pounds). In such embodiments, the drug product is

configured to a solution that contains between about 0.06 mg and about 0.15 mg of epinephrine.
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In yet other embodiments, the medicament container 1400 can include any suitable drug of the

types described herein.

[1093] Although the medicament delivery device 1000 is shown as including the actuator
1302 at the proximal end of the housing 1110 (the end opposite the contact surface 1330), in
other embodiments, a medicament delivery device and/or drug product can include the contact
surface 1330 as a part of a distally-located actuator. In this manner, as described above, the
operation of maintaining the contact surface against the target location and actuating the device
can be performed in a single operation. For example, FIG. 5 is a schematic illustration of a
medicament delivery device (or drug product) 2000. The medicament delivery device 2000
includes a housing 2110 and an actuator 2302. Although not shown, the medicament delivery
device 2000 includes a medicament container (coupleable to a needle) and an energy storage
member, similar the medicament container 1400 and the energy storage member 1570
described above, or any other medicament containers or energy storage member described
herein. Thus, the details of the medicament container, the dose of medicament (e.g.,

epinephrine), and the like are not described in detail herein.

[1094] As shown, the housing 2110 includes a proximal end portion 2112 and a distal end
portion 2114. The actuator 2302 is movably coupled to the distal end portion 2114 of the
housing 2110. The actuator 2302 includes a contact surface 2330 that, in use, contacts a target
location of a patient during the delivery of any of the epinephrine compositions (or other drugs)
disclosed herein. The contact surface 2330 can have any suitable size and/or shape to maintain
contact with the target location during a delivery event. Specifically, the contact surface 2330
can have any shape as described herein, including a circular shape, a substantially rectangular

shape, an oval shape, or the like.

[1095] The actuator 2302 is any suitable device or mechanism that actuates the energy
storage member to release a force to insert the needle (not shown) and deliver the dose of
medicament. For example, in some embodiments, the actuator 2302 (or any of the actuators
described herein) can include an engagement portion configured to engage a release rod that
releases a spring or any other stored energy member, similar to that shown below for the
actuator 4302. Moreover, the contact surface 2330 is a portion of (i.e., the distal-most surface
of) the actuator 2302. In this manner, the force applied to maintain contact between the contact
surface 2330 and the target location is also exerted to move the actuator 2302 relative to the

housing, as shown by the arrow DD in FIG. 5.
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[1096] Similar the medicament delivery device (or drug product) 1000 described above,
the device 2000 is configured such that a distal tip of the needle therein extends from the contact
surface 2330 by distance sufficient such that the distal tip is in the muscle layer of the target
location. Although not shown in FIG. 5, the distance (or effective needle length) is similar in
nature to the needle distance Dn shown above for the device 1000 (see, e.g., FIG. 3).
Specifically, in some embodiments, the effective needle length is such that the distal tip will
be inserted within the thigh muscle for a patient weighing less than 15 kg, and will have a low
likelihood of striking the thigh bone. In this manner, the distance (or effective needle length)
is sufficient to produce an intramuscular delivery of epinephrine contained within the drug
product 2000 while also limiting the likelihood of either an intraosseous delivery or a
subcutaneous delivery. For example, in some embodiments, the distance of needle extension
(or effective needle length) is between about 6.35 mm and about 9 mm. In other embodiments,
the distance of needle extension (or effective needle length) is between about 7 mm and about
8 mm. In yet other embodiments, the distance of needle extension (or effective needle length)

is about 7.5 mm.

[1097] As described herein, the selection of the distance of needle extension (or effective
needle length) is informed by many factors, including, but not limited to, the physical
characteristics of the target location T (e.g., anatomical differences between various locations,
such as the thigh, buttocks, shoulder, or the like), the nominal size of the patient (i.e., adult vs.
pediatric vs. infant), the force applied by the contact surface 2330 against the target location T,
the shape and size of the contact surface 2330, the thickness of any layers of clothing that are
present, and the expected amount of “kickback™ or reduction in force during a delivery event,
to name a few. In some embodiments, the force applied by the contact surface 2330 (shown
by the arrow DD in FIG. 5) can be within a range such that expected compression of the tissue
layers can be understood when in conjunction with determining the effective needle length.
For example, in some embodiments, the force applied by the contact surface 2330 to actuate
the device 2000 (or the distal force applied by any of the devices shown herein) can be between
about 8.9 N (2 1bf) and about 44.5 N (10 1bf). In other embodiments, the force applied by the
contact surface 2330 to actuate the device 2000 (or the distal force applied by any of the devices
shown herein) can be about 26.7 N (6 1bf).

[1098] Because the force applied against the contact surface 2330 (or by the contact surface

onto the target location) is applied over the surface area of the contact surface, the pressure
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against the target location is determined as the force divided by the area of the contact surface.
Moreover, the pressure applied against the target location can vary spatially depending on the
contact between the contact surface 2330 and the target location. Thus, the size and/or shape
of the contact surface 2330 (or any of the contact surfaces described herein) can impact the
amount of compression of the target tissue. In some embodiments, the contact surface 2330
(or any of the contact surfaces described herein) can have a circular cross-sectional shape. In
other embodiments, the contact surface 2330 (or any of the contact surfaces described herein)
can have an oval or rectangular cross-sectional shape. In yet other embodiments, the contact
surface 2330 (or any of the contact surfaces described herein) can have an irregular cross-
sectional shape. For example, FIG. 6 shows a schematic illustration of an actuator 3302 having
a contact surface 3330 having an irregular shape. This shape can produce the desired tissue
compression effect that, in conjunction with the extended needle length, produces the desired
delivery (e.g., intramuscular) in the targeted patient population (e.g., patients weighing less

than 15 kg).

[1099] Although FIG. 6 shows the shape of the contact surface 3330 in a plane substantially
normal to a longitudinal axis of the needle, in other embodiments, a contact surface can have
any suitable shape in a plane substantially parallel to a longitudinal axis of the needle. For
example, in some embodiments, the contact surface 2330 (or any of the contact surfaces
described herein) can be substantially planar when viewed in a plane substantially parallel to a
longitudinal axis of the needle. In other embodiments, however, the contact surface 2330 (or
any of the contact surfaces described herein) can be non-planar when viewed in a plane
substantially parallel to a longitudinal axis of the needle. For example, FIG. 7 shows a side
view schematic illustration of an actuator 3302’ having a contact surface 3330°. Similar to the
other devices (drug products) described herein, the device depicted in FIG. 7 includes a needle
3452’ having a distal tip 3454’ that, in use, extends from the contact surface 3330° by a distance
Dn (extended needle length). The distance Dn can be any suitable length as described herein.
As shown in FIG. 7, when viewed in a plane substantially parallel to a longitudinal axis of the
needle 3452°, the contact surface 3330’ is non-planar. Specifically, the contact surface 3330’
is convex. In this manner, when the contact surface 3330’ is depressed against the target tissue,
the convex shape ensures that the area of the contact surface 3330’ surrounding the needle
3452’ will maintain firm contact with the target location. This arrangement prevents

inadvertent spacing or separation between the target location and the contact surface 3330’
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during use. Such spacing could, for example, result in the distal end tip 3454’ of the needle

3452’ being insufficiently inserted to reach the muscular layer.

[1100] The surface area of the contact surface 3330°, the contact surface 3300 or any of the
contact surfaces described herein can be any suitable value to produce the desired injection
characteristics. For example, any of the contact surfaces described herein can have an area
that, taken in conjunction with the actuation force, produces a pressure against the target
location that is within a desired range. For example, in some embodiments, any of the contact
surfaces described herein (including the contact surfaces 1330, 2330, 3300, 4330) can have a
contact area of about 322 mm? (about 0.5 square inches) to about 645 mm? (about 1 square
inch). Such contact area can exclude any openings, cut-outs, or the like. In other embodiments,
the contact area can be greater than about 645 mm? (about 1 square inch). For example, in
some embodiments the contact area of any of the contact surfaces described herein (including
the contact surfaces 1330, 2330, 3300, 4330) can be between about 645 mm? (about 1 square
inch) and about 968 mm? (about 1.5 square inches) or between about 645 mm? (about 1 square

inch) and about 1290 mm? (about 2 square inches).

[1101] Any of the devices and/or drug products described herein can be used according to
any suitable method delivery the desired drug formulation to a specific target location of a
specific patient population. For example, FIG. 8 is a flow chart is showing a method 100 of
using a delivery device to deliver a dose of epinephrine to a patient weighing less than 15kg
according to an embodiment. For example, the method 100 can be performed with any of the
medicament delivery devices (or drug products) described herein, including the delivery
devices 1000, 2000, 4000, and 4000°. For purposes of explanation, the method 100 is described
with reference to FIGS. 9, 10, 11A, and 11B, which show a device 4000’ and an infant patient,
P. The device 4000’ can be similar to the device 4000 described below, or any other devices
described herein. In some embodiments, the method 100 optionally includes moving a safety
lock 4700’ of a medical injector from a first position to a second position, at 10. The safety
lock 4700, which can be similar to the safety lock 4700 (or the cover 4200) described below,
can prevent actuation of the medical injector when in the first position, and can enable actuation
of the medical injector when in the second position. For example, FIG. 9 shows the removal
of a cover 4200’ (similar to the cover 4200) from about the device 4000°’. FIG. 10 shows the

removal of a distal-end safety lock, similar to the safety lock 4700, from the device 4000°. In
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this manner, moving (or removing) the safety lock places the medical injector in a “ready”

state.

[1102] In some embodiments, the target location for injection is the thigh, and more
specifically, the anterolateral aspect of the thigh, as indicated by the reference character T and
the shaded region shown in FIG. 11B. In some embodiments, the method 100 optionally
includes pinching a thigh muscle of the patient before actuating the medical injector, at 12.
Pinching of the leg or thigh muscle can move the intended injection site (or target location)
away from the underlying bone. This optional step can therefore increase the margin of safety
to avoid needle contact or penetration of bone. FIG. 11 shows a caregiver pinching the thigh

T of the patient P before (and during) actuation of the device 4000°.

[1103] A distal end surface of the medical injector is then placed into contact with a target
location of a patient, at 14. As described above, the medical injector includes a housing, an
energy storage member and a medicament container containing a dose of epinephrine effective
for administration to the patient experiencing anaphylaxis and having a weight of less than 15
kg (and more specifically, between 7.5 kg and 15 kg). The medicament container is coupled
to a needle. In some embodiments, the dose of epinephrine contains between about 0.06 mg
epinephrine and about 0.150 mg epinephrine. In some embodiments, the dose of epinephrine
contains about 0.1 mg epinephrine. In some embodiments, the dose of epinephrine includes
about 0.1 mL of a solution containing about 0.1 mg epinephrine, about 0.78 mg sodium

chloride, and about 0.15 mg sodium bisulfite hydrochloric acid.

[1104] As shown in FIG. 11A, in some embodiments, a contact surface of the medical

injector can be placed into direct contact with a clothing article covering the target location.

[1105] The medical injector is then actuated after it is placed in position on the target
location, at 16. The actuation causes the energy storage member to produce a force to move
the needle from a first needle position to a second needle position. As described above, a distal
tip of the needle extends from the distal end surface by a distance of between 7 millimeters and
8 millimeters when the needle is in the second needle position. Moreover, after the needle is
inserted, a portion of the force is exerted to expel the dose of epinephrine from the medicament
container when the needle is in the second position. In some embodiments, the medical injector
can be actuated by pressing the actuator against the target location. In some such embodiments,

the actuator can be pressed against the target location with a force of between about 8.9 N (2
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Ibf) and about 44.5 N (10 Ibf). In other embodiments, the actuator can be pressed against the
target location with a force of about 26.7 N (6 Ibf).

[1106] In some embodiments, the method 100 optionally includes maintaining the distal
end surface in contact with the target location for at least two seconds after the medical injector

is actuated, at 18.

[1107] Because the method 100 addresses delivery of epinephrine to patients weighing less
than 15 kg, such patients are typically very young and are unable to administer the dose
themselves. Moreover, in some instances, the patient may be uncooperative and kick or move,
as shown by the arrow DD in FIG. 11B. Accordingly, in some embodiments, the method 100
optionally includes holding and/or limiting movement of the target location before and after
the medical injector is actuated. Specifically, in some embodiments, the method 100 optionally
includes restraining a leg of the patient with a first hand H1, and actuating the device by
pressing the actuator against the target location with a second hand H2, at 13. In this manner,
the likelihood that the patient will move suddenly to disrupt the delivery process is minimized.
Although the method 100 includes restraining the leg of the patient with the user’s hand (H1),
in other embodiments, a method can include restraining the leg of the patient by any suitable
method. For example, in some embodiments, the user can support the patient on the user’s lap
and restrain the patient’s leg between the user’s legs. This can allow one hand of the user to
restrain the patient’s arms or torso, while using the other hand to manipulate the medical

injector.

[1108] In some embodiments, any of the methods or medicament delivery devices
described herein can be an auto-injector configured to automatically deliver an epinephrine
composition. For example, FIGS. 12-50 show a medical injector 4000, according to an
embodiment. FIGS. 12-13 are perspective views of the medical injector 4000 in a first
configuration (i.e., prior to use). The medical injector 4000 includes a housing 4110, a delivery
mechanism 4500 (see e.g., FIGS. 21-22), a medicament container 4400 containing a dose of
epinephrine 4420 (see e.g., FIG. 24), an electronic circuit system 4900 (see e.g., FIGS. 26-36),
a cover 4200 (see e.g., FIGS. 37-38), a safety lock 4700 (see e.g., FIGS. 39-42) and a system
actuator assembly 4300 (see e.g., FIGS. 21, 23, 43 and 44). A discussion of the components
of the medical injector 4000 will be followed by a discussion of the operation of the medical

injector 4000.
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[1109] As shown in FIGS. 14-20, the housing 4110 has a proximal end portion 4140 and a
distal end portion 4120. The housing 4110 defines a first status indicator aperture 4150 and a
second status indicator aperture 4151. The first status indicator aperture 4150 defined by the
housing 4110 is located on a first side of the housing 4110, and the second status indicator
aperture 4151 of the housing 4110 is located on a second side of the housing 4110. The status
indicator apertures 4150, 4151 can allow a patient (or caregiver) to monitor the status and/or
contents of the medicament container 4400 contained within the housing 4110. For example,
by visually inspecting the status indicator apertures 4150, 4151, a patient (or caregiver) can
determine whether the medicament container 4400 contains a medicament and/or whether a
medicament has been dispensed. The patient (or caregiver) can also see various status
indicators through the status indicator apertures 4150, 4151, such as, for example, portions of

the carrier 4520, the medicament container 4400, including the crimp seal, or the like.

[1110] As shown in FIGS. 18 and 19, the housing 4110 defines a gas cavity 4154, a
medicament cavity 4157 and an electronic circuit system cavity 4153. The gas cavity 4154 has
a proximal end portion 4155 and a distal end portion 4156. The gas cavity 4154 is configured
to receive the gas container 4570 and a portion of the system actuator assembly 4300 (e.g., the
release member 4340 and the spring 4370, as shown in FIGS. 21 and 22) as described in further
detail herein. The proximal end portion 4155 of the gas cavity 4154 is configured to receive
the gas container retention member 4580 of the proximal cap 4112 of the housing 4110, as
described in further detail herein. The gas cavity 4154 is in fluid communication with the
medicament cavity 4157 via a gas passageway 4144 (see e.g., FIG. 20), as described in further
detail herein, and the gas cavity 4154 is in fluid communication with a region outside the

housing 4110 via a safety lock aperture 4128 (see e.g., FIGS. 18 and 19).

[1111] The medicament cavity 4157 is configured to receive the medicament container
4400 and a portion of the delivery mechanism 4500. In particular, the carrier 4520 and the
moveable member 4530 of the medicament delivery mechanism 4500 are movably disposed in
the medicament cavity 4157. The medicament cavity 4157 is in fluid communication with a

region outside the housing 4110 via a needle aperture 4122 (see e.g., FIGS. 18 and 19).

[1112] The electronic circuit system cavity 4153 is configured to receive the electronic
circuit system 4900. The housing 4110 has protrusions 4149 (see e.g., FIG. 17) configured to
stabilize the electronic circuit system 4900 when the electronic circuit system 4900 is disposed

within the electronic circuit system cavity 4153. The housing 4110 also defines connection
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apertures 4152 configured to receive connection protrusions 4171 of the electronic circuit
system 4900, and aperture 4145 (see e.g., FIG. 15) configured to receive a portion of a
protrusion 4174 of the electronic circuit system 4900. In this manner, the electronic circuit
system 4900 can be coupled to the housing 4110 within the electronic circuit system cavity
4153. In other embodiments, the electronic circuit system 4900 can be coupled within the
electronic circuit system cavity 4153 by other suitable means such as an adhesive, a clip, a

label and/or the like.

[1113] The electronic circuit system cavity 4153 is fluidically and/or physically isolated
from the gas cavity 4154 and/or the medicament cavity 4157 by a sidewall 4148. The sidewall
4148 can be any suitable structure to isolate the electronic circuit system cavity 4153 within
the housing 4110 from the gas cavity 4154 and/or the medicament cavity 4157 within the
housing 4110. Similarly, the gas cavity 4154 and the medicament cavity 4157 are separated
by a sidewall 4146. In some embodiments, sidewall 4146 can be similar to the sidewall 4148,
which isolates the gas cavity 4154 and the medicament cavity 4157 from the electronic circuit
system cavity 4153. In other embodiments, the gas cavity 4154 can be fluidically and/or

physically isolated from the medicament cavity 4157.

[1114] The proximal end portion 4140 of the housing 4110 includes a proximal cap 4112,
a speaker protrusion 4147 (see e.g., FIGS. 17 and 18), and cover retention protrusions 4142
(see e.g., FIGS. 13 and 15). The speaker protrusion 4147 is configured to maintain a position
of an audio output device 4956 of the electronic circuit system 4900 relative to the housing
4110 when the electronic circuit system 4900 is attached to the housing 4110, as described
herein. Cover retention protrusions 4142 are configured to be received within corresponding
openings 4215 on the cover 4200. In this manner, as described in more detail herein, the cover

4200 can be removably coupled to and disposed about at least a portion of the housing 4110.

[1115] As shown in FIG. 20, the proximal cap 4112 includes a gas container retention
member 4580 and defines a gas passageway 4144. The gas container retention member 4580
is configured to receive and/or retain a gas container 4570 that can contain a pressurized gas.
The gas passageway 4144 is configured to allow for the passage of gas contained in the gas
container 4570 from the gas cavity 4154 to the medicament cavity 4157, as further described
herein. Said another way, the gas passageway 4144 places the gas cavity 4154 in fluid

communication with the medicament cavity 4157.
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[1116] As shown in FIGS. 16 and 18, the distal end portion 4120 of the housing 4110
defines a battery isolation protrusion aperture 4121, a needle aperture 4122, a safety lock
actuator groove 4123, a safety lock aperture 4128, a base actuator groove 4124, base retention
recesses 4125A, 4125B, and base rail grooves 4127. The battery isolation protrusion aperture
4121 is configured to receive the battery isolation protrusion 4235 of the cover 4200 (see e.g.,

FIG. 38), as described in further detail herein.

[1117] The needle aperture 4122 is configured to allow the needle 4452 (see e.g., FIGS.
21, 47 and 48) to exit the housing 4110 when the medical injector 4000 is actuated. As
described herein, the housing 4110, the base 4302, and the needle are configured such that the
distal tip of the needle extends from the surface of the base 4302 by a predetermined distance
(i.e., the needle extension) to produce the desired drug delivery characteristics. The portion of
the sidewall of the housing 4110 that defines the needle aperture 4122 includes multiple sheath
retention protrusions 4126. In some embodiments, the sheath retention protrusions can interact
with a plurality of ribs 4728 of the needle sheath 4720 (see e.g. FIG 42) to maintain a position
of the needle sheath 4720 relative to the safety lock 4700 when the safety lock 4700 is coupled
to the housing 4110 and/or when the safety lock 4700 is being removed from the housing 4110.

[1118] The safety lock actuator groove 4123 is configured to receive an actuator 4744 of
the safety lock 4700. As described in more detail herein, the actuator 4744 is configured to
engage and/or activate the electronic circuit system 4900 when the safety lock 4700 is moved
with respect to the housing 4110. The safety lock aperture 4128 is configured to receive a
safety lock protrusion 4742 (see e.g., FIGS. 38 and 39). As described in more detail below,
when the medical injector is in the first configuration (i.e., when the safety lock 4700 is in place
prior to use), the safety lock protrusion 4742 is disposed within an opening 4346 between
extensions 4343 of a release member 4340 (see e.g., FIGS. 22 and 23) such that activation of
the medical injector 4000 is prevented. The safety lock 4700, its components and functions

are further described herein.

[1119] The distal base retention recesses 4125A are configured to receive the base
connection knobs 4358 of the actuator 4302 (also referred to herein as “base 4302,” see e.g.,
FIG. 43) when the base 4302 is in a first position relative to the housing 4110. The proximal
base retention recesses 4125B are configured to receive the base connection knobs 4358 of the
base 4302 when the base 4302 is in a second position relative to the housing 4110. The base

retention recesses 4125A, 4125B have a tapered proximal sidewall and a non-tapered distal

27



WO 2018/119218 PCT/US2017/067873

sidewall. This allows the base retention recesses 4125A, 4125B to receive the base connection
knobs 4358 such that the base 4302 can move proximally relative to the housing 4110, but
cannot move distally relative to the housing 4110. Said another way, the distal base retention
recesses 4125A are configured to prevent the base 4302 from moving distally when the base
4302 is in a first position and the proximal base retention recesses 4125B are configured to
prevent the base 4302 from moving distally when the base 4302 is in a second position.
Similarly stated, the proximal base retention recesses 4125B and the base connection knobs

4358 cooperatively prevent “kickback™ after the medical injector 4000 is actuated.

[1120] Moreover, the engagement between the distal base retention recesses 4125A and
the base connection knobs 4358 when the base 4302 is in the first position is such that the base
4302 cannot be moved proximally to actuate the device until an actuation force exceeds a
minimum value. In this manner, the likelihood of inadvertently actuating the device 4000 is
reduced. Moreover, the distal base retention recesses 4125A and the base connection knobs
4358 can be configured such that an upper limit required to move the base 4302 proximally
does not exceed an amount that could lead to patient discomfort or excessive compression of
the tissue at the target location. For example, in some embodiments, the distal base retention
recesses 4125A and the base connection knobs 4358 can be configured such that the force
applied by the distal contact surface 4330 to actuate the device 4000 is between about 8.9 N (2
Ibf) and about 44.5 N (10 1bf). In other embodiments, the distal base retention recesses 4125A
and the base connection knobs 4358 can be configured such that the force applied by the distal
contact surface 4330 to actuate the device 4000 is about 26.7 N (6 Ibf).

[1121] Moreover, the distal contact surface 4330 described herein can have an area that,
taken in conjunction with the actuation force, produces a pressure against the target location
that is within a desired range. In some embodiments, the distal contact surface 4330 can have
a contact area between about 322 mm? (about 0.5 square inches) and about 645 mm? (about 1
square inch). Such contact area can exclude any openings, cut-outs, or the like. In other
embodiments, the contact area can be greater than about 645 mm? (about 1 square inch). For
example, in some embodiments the contact area of any of the contact surfaces described herein
(including the contact surfaces 1330, 2330, 3300, 4330) can be between about 645 mm? (about
1 square inch) and about 968 mm? (about 1.5 square inches) or between about 645 mm? (about

1 square inch) and about 1290 mm? (about 2 square inches).
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[1122] The base actuator groove 4124 is configured to receive an actuator 4311 of the base
4302. As described in more detail herein, the actuator 4311 of the base 4302 is configured to
engage the electronic circuit system 4900 when the base 4302 is moved with respect to the
housing 4110. The base rail grooves 4127 are configured to receive the guide members 4312
of the base 4302. The guide members 4312 of the base 4302 and the base rail grooves 4127 of
the housing 4110 engage each other in a way that allows the guide members 4312 of the base
4302 to slide in a proximal and/or distal direction within the base rail grooves 4127 while
limiting lateral movement of the guide members 4312. This arrangement allows the base 4302
to move in a proximal and/or distal direction with respect to the housing 4110 but prevents the

base 4302 from moving in a lateral direction with respect to the housing 4110.

[1123] FIGS. 21-24 show the medicament container 4400, the system actuator assembly
4300 and the medicament delivery mechanism 4500 of the medical injector 4000. The medical
injector 4000 is similar to the auto-injectors described in U.S. Patent No. 7,648,482, entitled
“Devices, Systems and Methods for Medicament Delivery,” filed November 21, 2006, which

is incorporated herein by reference in its entirety.

[1124] The medicament container 4400 of the medicament delivery mechanism 4500 has
a distal end portion 4402 and a proximal end portion 4404, and contains (i.e., is filled with or
partially filled with) an epinephrine composition 4420 (see, e.g., FIG. 24). The distal end
portion 4402 of the medicament container 4400 contains a seal 4406. The seal 4406, which
can be, for example, an 8-1 crimp seal, is configured to burst when punctured by the proximal
end 4456 of the needle 4452, as described below. The proximal end portion 4404 of the
medicament container 4400 includes an elastomeric member 4410, and is configured to receive
a piston portion 4534 of the movable member 4530. Although the medicament container 4400
is shown in FIG. 24 as including a liner 4407, in other embodiments, the medicament container

4400 need not include the liner 4407.

[1125] The medicament container 4400 can have any suitable size (e.g., length and/or
diameter) and can contain any suitable volume of the epinephrine composition 4420.
Moreover, the medicament container 4400 and the movable member 4530 can be collectively
configured such that the movable member 4530 travels a desired distance within the
medicament container 4400 (i.e., the “stroke”) during an injection event. In this manner, the
medicament container 4400, the volume of the epinephrine composition 4420 within the

medicament container 4400 and the movable member 4530 can be collectively configured to
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provide a desired fill volume and delivery volume. In some embodiments, for example, the
size of the medicament container 4400 and the length of the movable member 4530 can be such
that the fill volume of the epinephrine composition 4420 is approximately 0.76 mL and the
delivery volume of the epinephrine composition 4420 is approximately 0.30 mL (providing a
delivery volume to fill volume ratio of approximately 0.4). The 0.3 mL dose is used for patients
experiencing anaphylaxis and having a weight of 30 kg or more. In other embodiments, for
example, the size of the medicament container 4400 and the length of the movable member
4530 can be such that the fill volume of the epinephrine composition 4420 is approximately
0.76 mL and the delivery volume of the epinephrine composition 4420 is approximately 0.15
mL (providing a delivery volume to fill volume ratio of approximately 0.2). The 0.15 mL dose
is used for patients experiencing anaphylaxis and having a weight of between about 15 kg and
about 30 kg. In yet other embodiments, for example, the size of the medicament container
4400 and the length of the movable member 4530 can be such that the fill volume of the
epinephrine composition 4420 is approximately 0.76 mL and the delivery volume of the
epinephrine composition 4420 is approximately 0.10 mL (providing a delivery volume to fill
volume ratio of approximately 0.13). The 0.1 mL dose is used for patients experiencing
anaphylaxis and having a weight of less than about 15 kg (and more specifically, between 7.5

kg and 15 kg).

[1126] Moreover, the length of the medicament container 4400, the length of the carrier
4520, and the length of the movable member 4530 can be configured such that the medicament
delivery mechanism 4500 can fit in the same housing 4110 regardless of the fill volume, the
delivery volume and/or the ratio of the fill volume to the delivery volume. In this manner, the
same housing and production tooling can be used to produce devices having various dosages
of the epinephrine composition. For example, in a first (“adult-dose”) embodiment, the drug
product 4000 has a fill volume to delivery volume ratio of 0.4, and configured to deliver 0.3
mL epinephrine. In this embodiment, the medicament container has a first length, the carrier
has a first length, and the movable member has a first length. In a second (“pediatric-dose”™)
embodiment, the drug product 4000 has a fill volume to delivery volume ratio of 0.2, and is
configured to deliver 0.15 mL epinephrine. In this embodiment, the medicament container and
the movable member can have the same length (i.e., they can be identical to those used with
the “adult-dose” embodiment), but the carrier has a second length longer than the first length.
In this manner, the stroke of the device of the second embodiment is shorter than that of the

device of the first embodiment, thereby expelling a lower dosage. In particular, the gas valve
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actuator 4527 of the carrier 4520 can be longer, thereby releasing the gas valve earlier in the
stroke. Finally, in a second (“infant-dose”) embodiment, the drug product 4000 has a fill
volume to delivery volume ratio of 0.13, and is configured to deliver 0.1 mL epinephrine. In
this embodiment, the medicament container and the movable member can have the same length
(i.e., they can be identical to those used with the “adult-dose” embodiment), but the carrier has
a third length longer than the first length. In this manner, the stroke of the device of the second
embodiment is shorter than that of the device of the first or second embodiments, thereby

expelling a lower dosage.

[1127] The epinephrine composition 4420 contained within the medicament container
4400 can be any of the epinephrine compositions described herein. In particular, the
epinephrine composition 4420 can include an effective amount of epinephrine, i.e., (-)-3,4-
Dihydroxy-a-[(methylamino)methyl|benzyl alcohol. In some embodiments, the medicament
container contains approximately 0.76 mL epinephrine solution, with each 0.1 mL contains 0.1
mg of epinephrine, 0.78 mg of sodium chloride, 0.15 mg of sodium bisulfite, and hydrochloric
acid to adjust the pH. In some embodiments, the medicament container 4400 and/or the drug
product 4000 contains a dose of epinephrine effective for administration to a patient
experiencing anaphylaxis and having a weight of greater than about 30 kg (66 pounds), i.e., an
adult-dose auto-injector that delivers 0.3 mg of epinephrine. In other embodiments, the
medicament container 4400 and/or the drug product 4000 contains a dose of epinephrine
effective for administration to a patient experiencing anaphylaxis and having a weight of
between about 15 kg (33 pounds) and about 30 kg (66 pounds), i.e., a pediatric-dose auto-
injector that delivers 0.15 mg of epinephrine. In yet other embodiments, the medicament
container 4400 and/or the drug product 4000 contains a dose of epinephrine effective for
administration to a patient experiencing anaphylaxis and having a weight of less than about 15
kg (33 pounds), and more specifically between about 7.5 kg (17 pounds) and about 15 kg, i.e.,

an infant-dose auto-injector that delivers 0.10 mg of epinephrine.

[1128] The elastomeric member 4410 can be of any design or formulation suitable for
contact with the epinephrine composition 4420. For example, the elastomeric member 4410
can be formulated to minimize any reduction in the efficacy of the epinephrine composition
4420 that may result from contact (either direct or indirect) between the elastomeric member
4410 and the epinephrine composition 4420. For example, in some embodiments, the

elastomeric member 4410 can be formulated to minimize any leaching or out-gassing of
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compositions that may have an undesired effect on the epinephrine composition 4420. In other
embodiments, the elastomeric member 4410 can be formulated to maintain its chemical
stability, flexibility and/or sealing properties when in contact (either direct or indirect) with
epinephrine over a long period of time (e.g., for up to six months, one year, two years, five
years or longer). In some embodiments, the elastomeric member 4410 can include or be

composed of bromo-butyl rubber.

[1129] As shown in FIG. 21, the system actuator 4300 includes the base 4302, a release
member 4340 and a spring 4370. FIG. 22 shows certain of the internal components of the
medical injector 4000 without the base 4302 and the spring 4370 so that the release member

4340 can be more clearly shown.

[1130] The release member 4340 has a proximal end portion 4342 and a distal end portion
4344, and is movably disposed within the distal end portion 4156 of the gas cavity 4154. The
proximal end portion 4342 of the release member 4340 includes a sealing member 4345 and a
puncturer 4341. The sealing member 4345 is configured to engage the sidewall of the housing
4110 defining the gas cavity 4154 such that the proximal end portion 4155 of the gas cavity
4154 is fluidically isolated from the distal end portion 4156 of the gas cavity 4154. In this
manner, when gas is released from the gas container 4570, the gas contained in the proximal
end portion 4155 of the gas cavity 4154 is unable to enter the distal end portion 4156 of the gas
cavity 4154. The puncturer 4341 of the proximal end portion 4342 of the release member 4340
is configured to contact and puncture a frangible seal 4573 on the gas container 4570 when the
release member 4340 moves proximally within the gas cavity 4154, as shown by the arrow BB

in FIG. 22.

[1131] The distal end portion 4344 of the release member 4340 includes extensions 4343.
The extensions 4343 include projections 4347 that include tapered surfaces 4349 and
engagement surfaces 4348. Further, the extensions 4343 define an opening 4346 between the
extensions 4343. The engagement surfaces 4348 of the projections 4347 are configured to
extend through the safety lock aperture 4128 of the housing 4110 and contact a distal surface
of the housing 4110, as shown in FIG. 23. In this manner, the engagement surfaces 4348 of
the projections 4347 limit proximal movement of the release member 4340 when the

engagement surfaces 4348 are in contact with the distal surface of the housing 4110.
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[1132] The opening 4346 defined by the extensions 4343 is configured to receive the safety
lock protrusion 4742 of the safety lock 4700 (see e.g., FIGS. 23 and 35). The safety lock
protrusion 4742 is configured to prevent the extensions 4343 from moving closer to each other.
Said another way, the safety lock protrusion 4742 is configured to ensure that the extensions
4343 remain apart and the engagement surfaces 4348 of the projections 4347 remain in contact
with the distal end portion 4120 of the housing 4110. In some embodiments, for example, the
release member 4340 and/or the extensions 4343 can be constructed from any suitable material
configured to withstand deformation that may occur when exposed to a load over an extended
period of time. In some embodiments, for example, the release member 4340 and/or the

extensions 4343 can be constructed from brass.

[1133] The tapered surfaces 4349 of the projections 4347 are configured to contact
protrusions 4313 on a proximal surface 4310 of the base 4302 (see e.g., FIG. 43) when the base
4302 is moved proximally relative to the housing 4110. Accordingly, when the base 4302 is
moved proximally relative to the housing 4110, the extensions 4343 are moved together by the
contact protrusions 4313. The inward movement of the extensions 4343 causes the release
member 4340 to become disengaged from the distal end portion of the housing 4110, thereby
allowing the release member 4340 to be moved proximally along its longitudinal axis as the

spring 4370 expands.

[1134] The medicament delivery mechanism 4500 includes a gas container 4570, a carrier
4520, a movable member 4530, and a retraction spring 4590. As described above, the carrier
4520 and the movable member 4530 are disposed within the medicament cavity 4157 of the
housing 4110. The gas container 4570 is disposed within the gas cavity 4154 of the housing
4110.

[1135] The gas container 4570 includes a distal end portion 4572 and a proximal end
portion 4576, and is configured to contain a pressurized gas. The distal end portion 4572 of
the gas container 4570 contains a frangible seal 4573 configured to break when the puncturer
4341 of the proximal end portion 4342 of the release member 4340 contacts the frangible seal
4573. The gas container retention member 4580 of the proximal cap 4112 of the housing 4110
is configured to receive and/or retain the proximal end portion 4576 of the gas container 4570.
Said another way, the position of the gas container 4570 within the gas cavity 4154 is

maintained by the gas container retention member 4580.
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[1136] The movable member 4530 of the medicament delivery mechanism 4500 is
movably disposed within the medicament cavity 4157. The movable member 4530 includes a
piston portion 4534 having a plunger at the distal end portion of the piston portion 4534. The
piston portion 4534 is configured to move within the medicament container 4400. In this
manner, the piston portion 4534 of the movable member 4530 can apply a force to the
elastomeric member 4410 to convey the epinephrine composition 4420 contained in the
medicament container 4400. The piston portion 4534 can be constructed of a resilient, durable,

and/or sealing material, such as a rubber.

[1137] The carrier 4520 of the medicament delivery mechanism 4500 includes a distal end
portion 4522 and a proximal end portion 4526. The needle 4452 is coupled within the distal
end portion 4522 such that the proximal end tip 4456 can be selectively inserted into the
medicament container 4400, as described below. The needle 4452, as well as any other needles
shown and described herein, can have any diameter and/or length to facilitate the injection of
the epinephrine composition 4420 according to the methods described herein. For example,
the needle can have a length suitable to penetrate clothing and deliver the epinephrine via a
subcutaneous injection and/or an intramuscular injection. In some embodiments, the needle
4452 (and any needle disclosed herein) can have a length such that, in use, the distal tip 4454
extends from the contact surface 4330 by distance Dn (see FIG. 47) sufficient such that the
distal tip 4454 is in the muscle layer of the target location. Specifically, in some embodiments,
the distance Dn (or effective needle length) is such that the distal tip 4454 will be inserted
within the thigh muscle for a patient weighing less than 15 kg (and more specifically between
about 7.5 kg and about 15 kg), and will have a low likelihood of striking the thigh bone. In
this manner, the distance Dn is sufficient to produce an intramuscular delivery of the
epinephrine 4420 while also limiting the likelihood of either an intraosseous delivery or a
subcutaneous delivery. For example, in some embodiments, the distance Dy is between about
6.35 mm and about 9 mm. In other embodiments, the distance Dn is between about 7 mm and

about 8 mm. In yet other embodiments, the distance Dy is about 7.5 mm.

[1138] The needle 4452 defines a lumen that can be selectively placed in fluid
communication with the medicament container 4400 to define a medicament delivery path
through which the epinephrine composition 4420 can flow. The needle 41452 can be any gauge
(e.g., 18 gauge, 23 gauge, 24 gauge, 25 gauge, 27 gauge, 32 gauge, etc.) to deliver the
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epinephrine composition 1420 through the lumen and into the target location of body (not

shown). The distal end tip 1454 can have any suitable bevel or shape.

[1139] The medicament container 4400 is coupled to the carrier 4520 via a “snap-fit”
connection (not shown) such that the medicament container 4400 can move relative to the
carrier 4520 between a first configuration and a second configuration during an injection event.
In the first configuration (see FIG. 25), the carrier 4520 is configured to move within the
medicament cavity 4157 such that movement of the carrier 4520 within the medicament cavity
4157 causes contemporaneous movement of the medicament container 4400 within the
medicament cavity 4157. The proximal end portion 4456 of the needle 4452 is spaced apart
from the seal 4406 of the medicament container 4400 when the carrier 4520 and the
medicament container 4400 are collectively in the first configuration (e.g., during needle
insertion). When the carrier 4520 and the medicament container 4400 are moved to the second
configuration, the medicament container 4400 releases from the “snap-fit” causing the
medicament container 4400 to move distally with respect to the carrier 4520, causing the
proximal end portion 4456 of the needle 4452 to pierce the seal 4406. In this manner, the
needle 4452 can be selectively placed in fluid communication with the medicament container

4400 to define a medicament delivery path (not shown).

[1140] As shown in FIGS. 21, 22 and 49, the proximal end portion 4526 of the carrier 4520
includes a gas valve actuator 4527. The gas valve actuator 4527 is configured to engage a gas
relief valve (not shown) of the movable member 4530 to allow the pressurized gas contained
within the gas chamber (i.e., the volume within the medicament cavity 4157 between the
proximal end of the housing 4110 and the proximal end of the movable member 5530) to escape
when the injection event is complete. Thus, after the gas pressure within the medicament cavity
4157 decreases below a certain level, the force exerted by the retraction spring 4590 on the
carrier 4520 can be sufficient to cause the carrier 4520 to move proximally within the housing
4110 (i.e., to retract). In addition, this arrangement results in there being substantially no
residual force within the housing, which decreases stress on the components after the injection

event.

[1141] As described above, the length of the carrier 4520 and/or the gas valve actuator
4527 can determine the point along the travel of the movable member 4530 at which the gas
relief valve is actuated. In this manner, the length of the carrier 4520 and/or the gas valve

actuator 4527 can determine the “stroke” of the movable member, and therefore, the volume
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of epinephrine delivered. Moreover, the tolerance of this dimension (along with the tolerance

of the medicament container 4400 dimensions) can impact the accuracy of the dose delivered.

[1142] FIGS. 26-36 show the electronic circuit system 4900. The electronic circuit system
4900 of the medical injector 4000 includes an electronic circuit system housing 4170, a printed
circuit board 4922, a battery assembly 4962, an audio output device 4956, two light emitting
diodes (LEDs) 4958A, 4958B and a battery clip 4910. As shown in FIG. 33, the electronic
circuit system 4900 is configured to fit within the electronic circuit system cavity 4153 of the
housing 4110. Accordingly, as described above, the electronic circuit system 4900 is
physically and/or fluidically isolated from the medicament cavity 4157, the gas cavity 4154
and/or the medicament delivery device 4500. As described herein, the electronic circuit system
4900 is configured to output an electronic output associated with the use of the medical injector

4000.

[1143] The electronic circuit system housing 4170 of the electronic circuit system 4900
includes a distal end portion 4180 and a proximal end portion 4190. The proximal end portion
4190 includes connection protrusions 4171A and a battery clip protrusion 4173. The
connection protrusions 4171A extend from the proximal end portion 4190 of the electronic
circuit system housing 4170, and are configured to be disposed within the connection apertures
4152 of the housing 4110, as described above. In this manner, the electronic circuit system
4900 can be coupled to the housing 4110 within the electronic circuit system cavity 4153. In
other embodiments, the electronic circuit system 4900 can be coupled to the housing 4110 by
other suitable means such as an adhesive, a clip, a label and/or the like. As described in more
detail herein, the battery clip protrusion 4173 is configured to hold the battery clip 4910 in

place.

[1144] The proximal end portion 4190 of the electronic circuit system housing 4170
defines multiple sound apertures 4191. The audible output device 4956 is disposed against the
proximal end portion 4190 of the electronic circuit system housing 4170 such that the front
face of the audible output device 4956 is disposed adjacent the sound apertures 4191. In this
manner, the sound apertures 4191 are configured to allow sound from an audio output device

4956 to pass from the audio output device 4956 to a region outside of the housing 4110.

[1145] As shown in FIGS. 29 and 30, the distal end portion 4180 of the electronic circuit

system housing 4170 includes a connection protrusion 4171B, a stiffening protrusion 4174,
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and defines an LED aperture 4181, an aperture 4172, a safety lock actuator groove 4182, and
a base actuator groove 4183. The LED aperture 4181 is configured to receive the LEDs 4958 A,
4958B such that a user can view the LEDs 4958A, 4958B, which are described in more detail

herein.

[1146] The connection protrusion 4171B extends from the distal end portion 4180 of the
electronic circuit system housing 4170, and is configured to attach the electronic circuit system
4900 to the housing 4110, as described above. The stiffening protrusion 4174 is configured to
have at least a portion received within and/or accessible via the aperture 4145 in the housing
4110 (see e.g., FIG. 15). The stiffening protrusion 4174 is configured to limit the bending (e.g.,
buckling) of the electronic circuit system housing 4170 when the electronic circuit system
housing 4170 is coupled to the housing 4110. Moreover, a user can access the stiffening
protrusion 4174 via the aperture 4172. In this manner, for example, the user can disengage the

stiffening protrusion 4174 from the aperture 4145.

[1147] The safety lock actuator groove 4182 of the electronic circuit system housing 4170
is configured to be disposed adjacent the safety lock actuator groove 4123 of the distal end
portion 4120 of the housing 4110. In this manner, the safety lock actuator groove 4182 of the
electronic circuit system housing 4170 and the safety lock actuator groove 4123 of the distal
end portion 4120 of the housing 4110 collectively receive the actuator 4744 of the safety lock
4700, which is described in more detail herein. Similarly, the base actuator groove 4183 of the
electronic circuit system housing 4170 is configured to be disposed about the base actuator
groove 4124 of the distal end portion 4120 of the housing 4110. The base actuator groove 4183
of the electronic circuit system housing 4170 and the base actuator groove 4124 of the distal
end portion 4120 of the housing 4110 collectively receive the actuator 4311 of the base 4302,

which is described in more detail herein.

[1148] The printed circuit board 4922 of the electronic circuit system 4900 includes a
substrate 4924, a first actuation portion 4926 and a second actuation portion 4946. The
substrate 4924 of the printed circuit board 4922 includes the electrical components necessary
for the electronic circuit system 4900 to operate as desired. For example, the electrical
components can be resistors, capacitors, inductors, switches, microcontrollers,
microprocessors and/or the like. The printed circuit board may also be constructed of materials

other than a flexible substrate such as a FR4 standard board (rigid circuit board).
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[1149] As shown in FIGS. 34-36, the first actuation portion 4926 includes a first electrical
conductor 4934 and defines an opening 4928 having a boundary 4929. The opening 4928 of
the first actuation portion 4926 is configured to receive a protrusion 4746 of the actuator 4744
of the safety lock 4700. The boundary 4929 of the first opening 4928 has a discontinuous
shape, such as, for example, a teardrop shape, that includes a stress concentration riser 4927.
The discontinuity and/or the stress concentration riser 4927 of the boundary 4929 can be of any
suitable shape to cause the substrate 4924 to deform in a predetermined direction when the
protrusion 4746 of the actuator 4744 of the safety lock 4700 is moved relative to the opening
4928, as shown by the arrow CC in FIG. 35.

[1150] The opening 4928 is defined adjacent the first electrical conductor 4934 that
electronically couples the components included in the electronic circuit system 4900. The first
electrical conductor 4934 includes a first switch 4972, which can be, for example a frangible
portion of the first electrical conductor 4934. In use, when the safety lock 4700 is moved from
a first position (see e.g., FIG. 34) to a second position (see e.g., FIG. 35), the actuator 4744
moves in a direction substantially parallel to a plane defined by a surface of the first actuation
portion 4926 of the substrate 4924. The movement of the actuator 4744 causes the protrusion
4746 to move within the first opening 4928, as indicated by the arrow CC in FIG. 35. The
movement of the protrusion 4746 tears the first actuation portion 4926 of the substrate 4924,
thereby separating the portion of the first electrical conductor 4934 including the first switch
4972. Said another way, when the safety lock 4700 is moved from its first position to its second
position (see e.g., FIG. 46), the actuator 4744 moves irreversibly the first switch 4972 from a
first state (e.g., a state of electrical continuity) to a second state (e.g., a state of electrical
discontinuity). Said yet another way, when the safety lock 4700 is moved from its first position

to its second position, the actuator 4744 disrupts the first electrical conductor 4934.

[1151] The second actuation portion 4946 includes a second electrical conductor 4935 and
defines an opening 4945, having a boundary 4949 and a tear propagation limit aperture 4948.
As shown in FIGS. 33-36, the opening 4945 of the second actuation portion 4946 is configured
to receive a portion of an actuator 4311 of the base 4302. The boundary 4949 of the opening
4945 has a discontinuous shape that includes a stress concentration riser 4947. The
discontinuity and/or the stress concentration riser 4947 of the boundary 4949 can be of any

suitable shape to cause the substrate 4924 to deform in a predetermined direction when the
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actuator 4311 of the base 4302 is moved in a proximal direction relative to the opening 4945,

as shown by the arrow DD in FIG. 31.

[1152] The second electrical conductor 4935 includes a second switch 4973 disposed
between the opening 4945 and the tear propagation limit aperture 4948, which can be, for
example, a frangible portion of the second electrical conductor 4935. In use, when the base
4302 is moved from its first position to its second position (see e.g., FIG. 47), the actuator 4311
moves in a proximal direction, substantially parallel to a plane defined by a surface of the
second actuation portion 4946 of the substrate 4924. The proximal movement of the actuator
4311 tears the second actuation portion 4946 of the substrate 4924, thereby separating the
portion of the second electrical conductor 4935 including the second switch 4973. Said another
way, when the base 4302 is moved from its first position to its second position, the actuator
4311 moves irreversibly the second switch 4973 from a first state (e.g., a state of electrical
continuity) to a second state (e.g., a state of electrical discontinuity). The tear propagation limit
aperture 4948 is configured to limit the propagation of the tear in the substrate 4924 in the
proximal direction. Said another way, the tear propagation limit aperture 4948 is configured
to ensure that the tear in the substrate 4924 does not extend beyond the tear propagation limit
aperture 4948. The tear propagation limit aperture 4948 can be any shape configured to stop
the propagation of a tear and/or disruption of the substrate 4924. For example, the tear
propagation limit aperture 4948 can be oval shaped. In other embodiments, the proximal
boundary of the tear propagation limit aperture 4948 can be reinforced to ensure that the tear

in the substrate 4924 does not extend beyond the tear propagation limit aperture 4948.

[1153] In some embodiments, the safety lock 4700 and base 4302 can be configured to
interact with mechanical and/or optical switches to produce an electronic output in a reversible

manner.

[1154] The battery assembly 4962 of the electronic circuit system 4900 includes two
batteries stacked on top of one another. In other embodiments, the electronic circuit system
can include any number of batteries and/or any suitable type of power source. In some
embodiments, for example, the battery assembly can include Lithium batteries such as, for
example, CR1616, CR2016s, type AAA or the like. The battery assembly 4962 has a first
surface 4964 and a second surface 4966. The first surface 4964 of the battery assembly 4962
can contact an electrical contact (not shown) disposed on the substrate 4924. The second

surface 4966 of the battery assembly 4962 is configured to contact a contact portion 4918 of a
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distal end portion 4916 of a battery clip 4910. When both the electrical contact of the substrate
4924 and the contact portion 4918 of the distal end portion 4916 of the battery clip 4910 contact
the battery assembly 4962, the batteries of the battery assembly 4962 are placed in electrical
communication with the electronic circuit system 4900. Said another way, when the electrical
contact of the substrate 4924 and the contact portion 4918 of the distal end portion 4916 of the
battery clip 4910 contact the battery assembly 4962, the battery assembly 4962 is configured

to supply power to the electronic circuit system 4900.

[1155] The battery clip 4910 (shown in FIG. 31) includes a proximal end portion 4912 and
a distal end portion 4916. The proximal end portion 4912 defines a retention aperture 4913.
The retention aperture 4913 is configured to receive the battery clip protrusion 4173 of the
electronic circuit system housing 4170. In this manner, the battery clip protrusion 4173
maintains the position of the battery clip 4910 with respect to the electronic circuit system

housing 4170 and/or the battery assembly 4962.

[1156] The distal end portion 4916 of the battery clip 4910 includes a contact portion 4918
and an angled portion 4917. As described above, the contact portion 4918 is configured to
contact the second surface 4966 of the battery assembly 4962 to place the battery assembly
4962 in electrical communication with the electronic circuit system 4900. The angled portion
4917 of the distal end portion 4916 of the battery clip 4910 is configured to allow a proximal
end portion 4236 of a battery isolation protrusion 4235 (see e.g., FIG. 38) to be disposed
between the second surface 4966 of the battery assembly 4962 and the contact portion 4918 of
the distal end portion 4916 of the battery clip 4910. When the battery isolation protrusion 4235
is disposed between the second surface 4966 of the battery assembly 4962 and the contact
portion 4918 of the distal end portion 4916 of the battery clip 4910, the electrical path between
the battery assembly 4962 and the remainder of the electrical circuit system 4900 is severed,
thereby removing power from the electronic circuit system 4900. The contact portion 4918 of
the distal end portion 4916 of the battery clip 4910 is biased such that when the battery isolation
protrusion 4235 is removed, the contact portion 4918 will move into contact the second surface
4966 of the battery assembly 4962, thereby restoring electrical communication between the
battery assembly 4962 and the electronic circuit system 4900. In some embodiments, the
battery isolation protrusion 4235 can be repeatedly removed from between the second surface

4966 of the battery assembly 4962 and the contact portion 4918 of the distal end portion 4916
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of the battery clip 4910 and reinserted. Said another way, the battery isolation protrusion 4235

and the battery clip 4910 collectively form a reversible on/off switch.

[1157] The audio output device 4956 of the electronic circuit system 4900 is configured to
output audible sound to a user in response to a use of the medical injector 4000. In some
embodiments, the audible output device 4956 can be a speaker. In some embodiments, the
audible sound can be, for example, associated with a recorded message and/or a recorded
speech. In other embodiments, the audible instructions can be an audible beep, a series of tones

and/or or the like.

[1158] In other embodiments, the medical injector 4000 can have a network interface
device (not shown) configured to operatively connect the electronic circuit system 4900 to a
remote device (not shown) and/or a communications network (not shown). In this manner, the
electronic circuit system 4900 can send information to and/or receive information from the
remote device. The remote device can be, for example, a remote communications network, a
computer, a compliance monitoring device, a cell phone, a personal digital assistant (PDA) or
the like. Such an arrangement can be used, for example, to download replacement processor-
readable code from a central network to the electronic circuit system 4900. In some
embodiments, for example, the electronic circuit system 4900 can download information
associated with a medical injector 4000, such as an expiration date, a recall notice, updated use
instructions or the like. Similarly, in some embodiments, the electronic circuit system 4900
can upload compliance information associated with the use of the medical injector 4000 via the

network interface device.

[1159] FIGS. 32 and 33 show the cover 4200 of the medical injector 4000. The cover 4200
includes a proximal end portion 4210 and a distal end portion 4230, and defines a cavity 4242.
The cavity 4242 of the cover 4200 is configured to receive at least a portion of the housing
4110. Thus, when the portion of the housing 4110 is disposed within the cover 4200, the cover
4200 blocks an optical pathway between the medicament container 4400 and a region outside
of the housing 4110. Similarly stated, when the portion of the housing 4110 is disposed within
the cover 4200, the cover 4200 is obstructs the first status indicator aperture 4150 and/or the
second status indicator aperture 4151 of the housing 4110 to reduce the amount of light
transmitted to the epinephrine composition 4420 within the medicament container 4400. In
this manner, the life of the epinephrine composition 4420 can extended by the prevention

and/or reduction of degradation to the epinephrine that may be caused by ultra-violet radiation.
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[1160] The proximal end portion 4210 of the cover 4200 defines apertures 4215 configured
to receive the cover retention protrusions 4142 of the housing 4110 (shown in FIGS. 13 and
15). In this manner, the apertures 4215 and the cover retention protrusions 4142 of the housing
4110 removably retain the cover 4200 about at least a portion of the housing 4110. Said another
way, the apertures 4215 and the cover retention protrusions 4142 of the housing 4110 are
configured such that the cover 4200 can be removed from a portion of the housing 4110 and

then replaced about the portion of the housing 4110.

[1161] As described above, the electronic circuit system 4900 can be actuated when the
housing 4110 is at least partially removed from the cover 4200. More particularly, the distal
end portion 4230 of the cover 4200 includes a battery isolation protrusion 4235. The battery
isolation protrusion 4235 includes a proximal end portion 4236 and a tapered portion 4237.
The proximal end portion 4236 of the battery isolation protrusion 4235 is configured to be
removably disposed between the second surface 4966 of the battery assembly 4962 and the
contact portion 4918 of the distal end portion 4916 of the battery clip 4910, as described above.

[1162] FIGS. 39-42 show the safety lock 4700 of the medical injector 4000. The safety
lock 4700 of the medical injector 4000 includes a proximal surface 4740, a distal surface 4760
opposite the proximal surface 4740 and a needle sheath 4720. The safety lock 4700 defines a
needle sheath aperture 4770 and a battery isolation protrusion aperture 4775. The battery
isolation protrusion aperture 4775 is configured to receive the battery isolation protrusion 4235
of the cover 4200 such that the battery isolation protrusion 4235 can be disposed within the
electronic circuit system cavity 4153 or the electronic circuit system 4900, as described above.
Similarly stated, the battery isolation protrusion aperture 4775 of the safety lock 4700 is aligned
with the battery isolation protrusion aperture 4121 of the housing 4110, such that the battery
isolation protrusion 4235 can be disposed within the electronic circuit system cavity 4153 when

the cover 4200 is disposed about a portion of the housing 4110.

[1163] The proximal surface 4740 of the safety lock 4700 includes a safety lock protrusion
4742, a stopper 4743, an actuator 4744 and two opposing pull tabs 4741. As described above,
when the safety lock 4700 is in a first (locked) position, the safety lock protrusion 4742 is
configured to be disposed in the opening 4346 defined by the extensions 4343 of the distal end
portion 4344 of the release member 4340 (see also FIG. 23). Accordingly, the safety lock
protrusion 4742 is configured to prevent the extensions 4343 from moving closer to each other,

thereby preventing proximal movement of the release member 4340 of the medicament
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delivery mechanism 4500 and/or delivery of the epinephrine composition 4420. The stopper
4743 of the safety lock 4700 is a protrusion extending from the proximal surface 4740 of the
safety lock 4700. The stopper 4743 is configured to contact a portion of the housing 4110 to
limit the proximal movement of the safety lock 4700 relative to the housing 4110. In other
embodiments, the stopper 4743 can be any structure configured to limit the proximal movement

of the safety lock 4700.

[1164] The actuator 4744 of the safety lock 4700 has an elongated portion 4745 and a
protrusion 4746. The elongated portion 4745 extends in a proximal direction from the proximal
surface 4740. In this manner, the elongated portion 4745 can extend through a safety lock
actuator opening 4356 of the base 4302 (see e.g., FIG. 43) and within the safety lock actuator
groove 4123 of the housing 4110 and the safety lock actuator groove 4182 of the electronic
circuit system housing 4170. The protrusion 4746 extends in a direction substantially
transverse to the elongated portion 4745 and/or substantially parallel to the proximal surface
4740 of the safety lock 4700. As described above, the opening 4928 of the first actuation
portion 4926 is configured to receive the protrusion 4746 of the actuator 4744 of the safety
lock 4700.

[1165] The pull tabs 4741 of the safety lock 4700 include a grip portion 4747 and indicia
4748. The grip portion 4747 of the pull tabs 4741 provides an area for the user to grip and/or
remove the safety lock 4700 from the rest of the medicament delivery system 4700. The indicia
4748 provides instruction on how to remove the safety lock 4700. In some embodiments, for
example, the indicia 4748 can indicate the direction the user should pull the safety lock 4700

to remove the safety lock 4700.

[1166] As shown in FIG. 41, the needle sheath 4720 of the safety lock 4700 includes a
distal end portion 4724, a proximal end portion 4722 and a plurality of ribs 4728. The needle
sheath 4720 can also define a lumen 4729. The lumen 4729 of the safety lock 4700 is
configured to receive the needle 4452. In this manner, the needle sheath 4720 can protect the
user from the needle 4452 and/or can keep the needle 4452 sterile before the user actuates the
medical injector 4000. The proximal end portion 4722 of the needle sheath is configured to
contact the distal end portion 4522 of the carrier 4520 of the medicament delivery mechanism

4500.

43



WO 2018/119218 PCT/US2017/067873

[1167] The distal end portion 4724 of the needle sheath 4720 has an angled ridge 4725.
The angled ridge 4725 is configured to allow the proximal end portion 4722 of the needle
sheath 4720 to irreversibly move through the needle sheath aperture 4770 of the safety lock
4700 in a distal direction. Said another way, the angled ridge 4725 can be configured in such
a way as to allow the proximal end portion 4722 of the needle sheath 4720 to move through
the needle sheath aperture 4770 in a distal direction, but notin a proximal direction. The needle
sheath aperture 4770 has retaining tabs 4771 configured to engage the proximal end of the
angled ridge 4725 when the needle sheath 4720 is moved in a proximal direction. In this
manner, the retaining tabs 4771 prevent the proximal movement of the needle sheath with
respect to the safety lock 4700. Further, the retaining tabs 4771 are configured to engage the
proximal end of the angled ridge 4725 when the safety lock 4700 is moved in a distal direction.
Said another way, as shown in FIG. 41, the needle sheath 4720 is removed from the needle

4452 when the safety lock 4700 is moved in a distal direction with respect to the housing 4110.

[1168] FIGS. 43 and 44 show the base 4302 of the medical injector 4000. The base 4302
includes a proximal surface 4310, a distal contact surface 4330 and base connection knobs
4358. As described above, the distal contact surface 4330 can have an area that, taken in
conjunction with the actuation force, produces a pressure against the target location that is
within a desired range. In some embodiments, the distal contact surface 4330 can have a
contact area between about 322 mm? (about 0.5 square inches) and about 645 mm? (about 1
square inch). Such contact area can exclude any openings, cut-outs, or the like. In other
embodiments, the contact area can be greater than about 645 mm? (about 1 square inch). For
example, in some embodiments the contact area of any of the contact surfaces described herein
(including the contact surfaces 1330, 2330, 3300, 4330) can be between about 645 mm? (about
1 square inch) and about 968 mm? (about 1.5 square inches) or between about 645 mm? (about

1 square inch) and about 1290 mm? (about 2 square inches).

[1169] The base 4302 defines a needle aperture 4350, a safety lock protrusion aperture
4352, a battery isolation protrusion aperture 4354, a safety lock actuator opening 4356, and
pull tab openings 4360. The needle aperture 4350 is configured to receive the needle 4452
when the medical injector 4000 is actuated. The safety lock protrusion aperture 4352 of the
base 4302 receives the safety lock protrusion 4742 of the safety lock 4700. The battery
isolation protrusion aperture 4354 of the base 4302 receives the battery isolation protrusion

4235 of the cover 4200 and the stopper 4743 of the safety lock 4700. The safety lock actuator
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opening 4356 receives the safety lock actuator 4744 of the safety lock 4700. The pull tab
openings 4360 are configured to receive the pull tabs 4741 of the safety lock 4700.

[1170] The proximal surface 4310 of the base 4302 includes an actuator 4311, guide
members 4312, and protrusions 4313. The actuator 4311 is an elongate member configured to
engage the substrate 4924 of the electronic circuit system 4900. As described above, the
opening 4945 of the second actuation portion 4946 is configured to receive the actuator 4311
of the base 4302. The guide members 4312 of the base 4302 are configured to engage and/or
slide within the base rail grooves 4127 of the housing 4110, as described above. The
protrusions 4313 of the base 4302 are configured to engage the tapered surfaces 4349 of the
extensions 4343 of the release member 4340. As described in further detail herein, when the
safety lock 4700 is removed and the base 4302 is moved in a proximal direction with respect
to the housing 4110, the protrusion 4313 of the base 4302 are configured to move the extensions
4343 of the release member 4340 closer to each other, actuating the medicament delivery

mechanism 4500.

[1171] As described above, the base connection knobs 4358 are configured to engage the
base retention recesses 4125A, 4125B in a way that allows proximal movement of the base
4302 but limits distal movement of the base 4302. Moreover, the engagement between the
distal base retention recesses 4125A and the base connection knobs 4358 when the base 4302
is in the first position is such that the base 4302 cannot be moved proximally to actuate the
device until an actuation force exceeds a minimum value. In this manner, the likelihood of
inadvertently actuating the device 4000 is reduced. Moreover, the distal base retention recesses
4125A and the base connection knobs 4358 can be configured such that an upper limit required
to move the base 4302 proximally does not exceed an amount that could lead to patient
discomfort or excessive compression of the tissue at the target location. For example, in some
embodiments, the distal base retention recesses 4125A and the base connection knobs 4358
can be configured such that the force applied by the distal contact surface 4330 to actuate the
device 4000 is between about 8.9 N (2 1bf) and about 44.5 N (10 Ibf). In other embodiments,
the distal base retention recesses 4125A and the base connection knobs 4358 can be configured
such that the force applied by the distal contact surface 4330 to actuate the device 4000 is about
26.7 N (6 1bf).

[1172] As shown in FIG. 45, the medical injector 4000 is first enabled by moving the

medicament delivery device 4000 from a first configuration to a second configuration by
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moving the cover 4200 from a first position to a second position. The cover 4200 is moved
from the first position to the second position by moving it with respect to the housing 4110 in
the direction shown by the arrow EE in FIG. 45. When the cover 4200 is moved with respect
to the housing 4110 in the direction EE, the battery isolation protrusion 4235 is removed from
the area between the battery clip 4910 and the second surface 4966 of the battery assembly
4962. In this manner, the battery assembly 4962 can be operatively coupled to the electronic
circuit system 4900 when the cover 4200 is removed, thereby providing power to the electronic
circuit system 4900. Similarly stated, this arrangement allows the electronic circuit system

4900 to be actuated when the cover 4200 is removed.

[1173] When power is provided, as described above, the electronic circuit system 4900 can
output one or more predetermined electronic outputs. For example, in some embodiments, the
electronic circuit system 4900 can output an electronic signal associated with recorded speech
to the audible output device 4956. Such an electronic signal can be, for example, associated
with a .WAV file that contains a recorded instruction instructing the user in the operation of
the medical injector 4000. Such an instruction can state, for example, “remove the safety tab
near the base of the auto-injector.” The electronic circuit system 4900 can simultaneously
output an electronic signal to one and/or both of the LEDs 4958A, 4958B thereby causing one
and/or both of the LEDs 4958 A, 49588 to flash a particular color. In this manner, the electronic
circuit system 4900 can provide both audible and visual instructions to assist the user in the

initial operation of the medical injector 4000.

[1174] In other embodiments, the electronic circuit system 4900 can output an electronic
output associated with a description and/or status of the medical injector 4000 and/or the
epinephrine composition 4420 contained therein. For example, in some embodiments, the
electronic circuit system 4900 can output an audible message indicating the symptoms for
which the epinephrine composition should be administered, the expiration date of the

epinephrine composition, the dosage of the epinephrine composition or the like.

[1175] As described above, the medical injector 4000 can be can be repeatedly moved
between the first configuration and the second configuration when the cover 4200 is moved
repeatedly between the first position and the second position respectively. Said another way,
the cover 4200 can be removed and replaced about the housing 4110 any number of times.
When the cover 4200 is moved from the second position to the first position, the battery

isolation protrusion 4235 is inserted between the battery clip 4910 and the second surface 4966
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of the battery assembly 4962, deactivating the electronic circuit system 4900. When the cover
is moved from the first position to the second position a second time, the electronic circuit
system 4900 is once again activated. In this manner, the cover 4200 can be removed and the
electronic circuit system 4900 can output an electronic output without compromising the

sterility of the needle 4452.

[1176] After the cover 4200 is removed from the housing 4110, the medical injector 4000
can be moved from the second configuration to a third configuration by moving the safety lock
4700 from a first position to a second position. The safety lock 4700 is moved from a first
position to a second position by moving the safety lock 4700 with respect to the housing 4110
in the direction shown by the arrow FF in FIG. 46. When the safety lock 4700 is moved from
the first position to the second position, the safety lock protrusion 4742 is removed from
between the extensions 4343 of the release member 4340, thereby enabling the medicament
delivery member 4500. Moreover, as shown in FIGS. 34 and 35, when the safety lock 4700 is
moved from the housing 4110, the actuator 4744 of the safety lock 4700 moves in the direction
CC as shown in FIG. 35, irreversibly moving the first switch 4972 from a first state (e.g., a
state of electrical continuity) to a second state (e.g., a state of electrical discontinuity). When
the actuator 4744 of the safety lock 4700 moves irreversibly the first switch 4972 of the
electronic circuit system 4900 to the second state, the electronic circuit system 4900 can output
one or more predetermined electronic outputs. For example, in some embodiments, a processor
(not shown) can output an electronic signal associated with recorded speech to the audible
output device 4956. Such an electronic signal can be, for example, associated with a recorded
message notifying the user of the status of the medical injector 4000. Such a status message
can state, for example, “If ready to use the epinephrine auto-injector, pull off the red safety
guard.” The electronic circuit system 4900 can also simultaneously output an electronic signal
to one and/or both of the LEDs 4958A, 4958B, thereby causing one and/or both of the LEDs
4958 A, 4958B to stop flashing, change color or the like.

[1177] In some embodiments, the first actuation portion 4926 and the actuator 4744 can be
configured such that the actuator 4744 must move a predetermined distance before the actuator
4744 engages the boundary 4929 of the opening 4928. For example, in some embodiments,
the actuator 4744 must move approximately 0.200 inches before the actuator 4744 engages the
boundary 4929 of the opening 4928. In this manner, the safety lock 4700 can be moved slightly

without irreversibly moving the first switch 4972 of the electronic circuit system 4900 to the
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second state. Accordingly, this arrangement will permit the user to inadvertently and/or

accidentally move the safety lock 4700 without actuating the electronic circuit system 4900.

[1178] In some embodiments, the electronic circuit system 4900 can be configured to
output the status message for a predetermined time period, such as, for example, five seconds.
After the predetermined time period has elapsed, the electronic circuit system 4900 can output
an audible message further instructing the user in the operation of the medical injector 4000.
Such an instruction can state, for example, “Place the base of the auto-injector against the
patient’s thigh. To complete the injection, press the base firmly against the patient’s thigh.”
In some embodiments, the electronic circuit system 4900 can simultaneously output an
electronic signal to one and/or both of the LEDs 4958A, 4958B, thereby causing one and/or
both of the LEDs 4958A, 4958B to flash a particular color. In this manner, the electronic
circuit system 4900 can provide both audible and/or visual instructions to assist the user in the
placement and actuation of the medical injector 4000. In some embodiments, the electronic
circuit system 4900 can be configured to repeat the instructions after a predetermined time

period has elapsed.

[1179] As described herein, in other embodiments, the medical injector 4000 can have a
network interface device (not shown) configured to operatively connect the electronic circuit
system 4900 to a remote device (not shown) and/or a communications network (not shown).
In this manner, the electronic circuit system 4900 can send a wireless signal notifying a remote
device that the safety lock 4700 of the medical injector 4000 has been removed and that the
medical injector 4000 has been armed. In other embodiments, the electronic circuit system
4900 can send a wireless signal (e.g., a wireless 911 call) notifying an emergency responder

that the medical injector 4000 has been armed.

[1180] After the safety lock 4700 is moved from the first position to the second position,
the medical injector 4000 can be moved from the third configuration to a fourth configuration
by moving the base 4302 from a first position to a second position. Similarly stated, the
medical injector 4000 can be actuated by the system actuator assembly 4300 by moving the
base 4302 distally relative to the housing 4110. The base 4302 is moved from its first position
to its second position by placing the medical injector 4000 against the body of the patient and
moving the base 4302 with respect to the housing 4110 in the direction shown by the arrow
GG in FIG. 47. Specifically, the distal contact surface 4330 of the base is placed against a

target location of the patient. Moving the base 4302 from the first position to the second
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position causes the protrusions 4313 on the proximal surface 4310 of the base 4302 to engage
the tapered surfaces 4349 of the extensions 4343 of the release member 4340, thereby moving
the extensions 4313 together. The inward movement of the extensions 4343 causes the release
member 4340 to become disengaged from the distal end portion of the housing 4110, thereby
allowing the release member 4340 to be moved proximally along its longitudinal axis as the

spring 4370 expands.

[1181] When the base 4302 is moved from the first position to the second position, the
system actuator 4300 actuates the medicament delivery mechanism 4500, thereby placing the
medical injector 4500 in its fourth configuration (i.e., the needle insertion configuration), as
shown in FIGS. 47 and 48. More particularly, when the medical injector is in its fourth
configuration, the puncturer 4341 of the release member 4340 is in contact with and/or disposed

through the frangible seal 4573 of the gas container 4570.

[1182] After the frangible seal 4573 has been punctured, an actuating portion of a
compressed gas can escape from the gas container 4570 and flow via the gas passageway 4144
into the medicament cavity 4157. The gas applies gas pressure to the movable member 4530
causing the movable member 4530 and the carrier 4520 to move in a distal direction within the
medicament cavity 4157, as shown by the arrow HH in FIG. 48. When the carrier 4520 moves
distally within the medicament cavity 4157, the carrier 4520 and the medicament container
4400 are in a first configuration. Accordingly, as described above, the medicament container
4400 is connected to the carrier 4520 by a “snap fit” connection. In this manner, the
medicament container 4400 and the needle 4452 contemporaneously move with movable
member 4530 and/or the carrier 4520 in a distal direction. As described above, the proximal
end portion 4456 of the needle 4452 is connected to the distal end portion 4522 of the carrier
4520 and is spaced from the seal 4406 of the medicament container 4400 when the carrier 4520
is in its first configuration. Said another way, the medicament container 4400 and the needle
4452 do not define a medicament delivery path when the carrier 4520 is in the first
configuration. The movement of the needle 4452 in a distal direction causes the distal end
portion of the needle 4452 to exit the housing 4110 and enter the body of a patient prior to

administering the epinephrine composition 4420.

[1183] Referring to FIG. 47, the needle 4452 is configured such that the distal tip 4454
extends from the contact surface 4330 by distance Dy sufficient such that the distal tip 1454 is

in the muscle layer of the target location. Specifically, in some embodiments, the distance Dy
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(or effective needle length) is such that the distal tip 4454 will be inserted within the thigh
muscle for a patient weighing less than 15 kg, and will have a low likelihood of striking the
thigh bone. In this manner, the distance Dy is sufficient to produce an intramuscular delivery
of the epinephrine 4420 while also limiting the likelihood of either an intraosseous delivery or
a subcutaneous delivery. For example, in some embodiments, the distance Dy is between about
6.35 mm and about 9 mm. In other embodiments, the distance Dn is between about 7 mm and

about 8 mm. In yet other embodiments, the distance Dy is about 7.5 mm.

[1184] After the carrier 4520 and/or the needle 4452 have moved within the medicament
cavity 4157 a predetermined distance, the carrier 4520 and the medicament container 4400 are
moved from the first configuration to a second configuration. In the second configuration of
the carrier 4520, the medicament container 4400 is released from the “snap-fit” allowing the
medicament container 4400 and the movable member 4530 to continue to move in a distal
direction relative to the carrier 4520. Said another way, the medicament container 4400 is
configured to slidably move within the carrier 4520 when the carrier is moved from the first
configuration to the second configuration. As the medicament container 4400 continues to
move within the carrier 4520, the proximal end portion 4456 of the needle 4452 contacts and
punctures the seal 4406 of the medicament container 4400. This allows the medicament
contained in the medicament container 4400 to flow into the lumen (not shown) defined by the

needle 4452, thereby defining a medicament delivery path.

[1185] After the medicament container 4400 contacts the distal end of the carrier 4520, the
medicament container 4400 stops moving within the carrier 4520 while the movable member
4530 continues to move in a distal direction, as shown by the arrow Il in FIG. 49. This causes
the piston portion 4534 of the movable member 4530 to move within the medicament container
4400 containing the epinephrine composition 4420. As the piston portion 4534 of the movable
member 4530 moves within the medicament container 4400, the piston portion 4534 contacts
the elastomeric member 4410 and generates a pressure upon the epinephrine composition 4420
contained within the medicament container 4400, thereby allowing at least a portion of the
epinephrine composition 4420 to flow out of the medicament container 4400 and into the lumen
defined by the needle 4452. The medicament is delivered to a body of a user via the

medicament delivery path defined by the medicament container 4400 and the needle 4452.

[1186] As shown in FIG. 50, after the movable member 4530 moves a predetermined

distance within the medicament container 4400 (i.e., a distance that corresponds to the desired
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volumetric dose), the gas valve actuator 4527 of the carrier 4520 engages the gas relief valve
(not shown in FIG. 50) of the movable member 4530 thereby allowing the pressurized gas
contained within the gas chamber (i.e., the volume within the medicament cavity 4157 between
the proximal end of the housing 4110 and the proximal end of the movable member 5530) to
escape. Similarly stated, the gas valve actuator 4527 of the carrier 4520 engages the gas relief
valve of the movable member 4530, the pressure within the housing 4110 is reduced, thereby
ending the injection event. In this manner, the pre-injection distance between the proximal end
portion of the movable member 4530 and the gas valve actuator 4527 of the carrier 4520 can
be adjusted to control the amount of the epinephrine composition 4420 to be injected. After
the gas pressure within the medicament cavity 4157 decreases below a certain level, the force
exerted by the retraction spring 4590 on the carrier 4520 can be sufficient to cause the carrier
4520 to move proximally within the housing 4110 (i.e., to retract), as shown by the arrow JJ in

FIG. 50.

[1187] As described above, the actuator 4311 of the base 4302 actuates the electronic
circuit 4900 to trigger a predetermined output or sequence of outputs when the base 4302 is
moved from its first position to its second position (see, e.g., FIGS. 32-36). When the actuator
4311 is moved in a proximal direction relative to the opening 4945, as shown by the arrow DD
in FIG. 36, the electronic circuit system 4900 is actuated to output one or more predetermined
electronic outputs. For example, in some embodiments, the electronic circuit system 4900 can
output an electronic signal associated with recorded speech to the audible output device 4956.
Such an electronic signal can be, for example, associated with an audible countdown timer,
instructing the user on the duration of the injection procedure. Said another way, if it takes, for
example, ten seconds to complete an injection, an audible countdown timer can count from ten
to zero ensuring that the user maintains the medical injector 4000 in place for the full ten
seconds. In other embodiments, the electronic signal can be, for example, associated with a
recorded message notifying the user that the injection is complete, instructing the user on post-
injection disposal and safety procedures, instructing the user on post-injection medical
treatment or the like. Such a status message can state, for example, “The injection is now
complete. Please seek further medical attention from a doctor.” The electronic circuit system
4900 can also simultaneously output an electronic signal to one and/or both LEDs 4958A,
4958B, thereby causing one and/or both LEDs 4958 A, 4958B to stop flashing, change color or

the like, to provide a visual indication that the injection is complete. In other embodiments,
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the electronic circuit system 4900 can send a wireless signal notifying a remote device that the

injection is complete. In this manner, a patient’s compliance can be monitored.

[1188] In some embodiments, the second actuation portion 4946 and the actuator 4311 can
be configured such that the base 4500 and/or the actuator 4311 must move a predetermined
distance before the actuator 4311 engages the boundary 4949 of the opening 4945. For
example, in some embodiments, the actuator 4311 must move approximately 0.200 inches
before the actuator 4311 engages the boundary 4949 of the opening 4945. In this manner, the
base 4700 can be moved slightly without irreversibly moving the second switch 4973 of the
electronic circuit system 4900 to the second state. Accordingly, this arrangement will permit
the user to inadvertently and/or accidentally move the base 4500 without actuating the

electronic circuit system 4900.

[1189] Although the electronic circuit system 4900 is shown and described above as having
two irreversible switches (e.g., switch 4972 and switch 4973), in other embodiments, an
electronic circuit system can have any number of switches. Moreover, such switches can be

either reversible or irreversible.

[1190] In some embodiments an auto-injector drug product, such as the medical injector
4000, can include a medicament container containing a dose of epinephrine effective for
administration to a patient experiencing anaphylaxis and having a weight of less than 15 kg.
Specifically, the auto-injector drug product can be configured to deliver 0.1 mL of epinephrine
solution, of the types described herein. Moreover, in such embodiments, the components of
the auto-injector drug product are configured such that the delivered dose is within a tolerance
(or accuracy) of +15 percent of the nominal value (i.e., 0.1 mL). Said another way, in such
embodiments, the components of the auto-injector drug product are configured such that the

delivered dose is between 0.085 mL and 0.115 mL.

[1191] As described above, the repeatability and tolerance of the volume delivered is a
function of the stroke length of the movable member (e.g., the movable member 4530 or any
other device that acts to move the elastomeric member within the medicament container),
which, in turn, is controlled by the release of the gas (in gas-powered devices), an end stop
mechanism (e.g., to mechanically limit the stroke length), or the like. Accordingly, in some

embodiments, the carrier 4520 (or any other carriers described herein) and the gas valve
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actuator 4527 (or any other gas valve actuators described herein) can have a length and a

tolerance that accommodates and/or produces the desired volumetric accuracy.

[1192] Moreover, in some embodiments, a needle can have an overall length, and can be
coupled within the carrier (e.g., the carrier 4520) in a manner such that the proximal tip of the
needle repeatably pierces the seal (e.g., the seal 4406) at the distal end of the medicament
container. For example, FIGS. 51 — 60 show various views of a needle 5452 and a carrier 5520
according to an embodiment. The needle 5452 and the carrier 5520 can be included within any
of the medicament delivery devices, auto-injectors and/or drug products disclosed herein. As
described below, the needle 5452 and the carrier 5520 are configured such that, in use, the
proximal tip 5456 of the needle 5452 is repeatedly and accurately placed into fluid
communication with the medicament container 4400 (see FIGS. 57-60). Moreover, the carrier
5520 is configured to reduce any air pressure that can be retained beneath the distal end of the
medicament container 4400 during the movement of the medicament container 4400 within the
carrier 5520, and which can lead to undesirable variability in the amount of the epinephrine
solution delivered. Finally, the needle 5452 and the carrier 5520 are configured such that the
distance that the distal tip 5454 extends from the base (not shown) is appropriate for insertion
into the thigh muscle for a patient weighing less than 15 kg (and more specifically between
about 7.5 kg and about 15 kg). Specifically, the needle 5452 and the carrier 5520 are configured
such that the effective needle length (identified as Dy above) is between about 6.35 mm and
about 9 mm. In other embodiments, the distance effective needle length is between about 7
mm and about 8 mm. In yet other embodiments, the distance effective needle length is about
7.5 mm. In this manner, a drug product that includes the carrier 5520 and the needle 5452, and
that has a dose of epinephrine effective for administration to a patient weighing less than 15
kg, will repeatably and accurately deliver the dose in a manner that such delivery will be within
a volumetric tolerance of *15 percent, have a high likelihood of being an intramuscular

delivery, and will have a low likelihood of being an intraosseous delivery.

[1193] Referring to FIGS. 51 and 52, the needle 5452 includes a proximal end tip 5456 and
a distal end tip 5454. The needle 5452 is coupled within the distal end portion 5522 of the
carrier 5520 (see FIG. 55) such that the proximal end tip 5456 can be selectively inserted into
the medicament container 4400, as described below. The needle 5452, as well as any other
needles shown and described herein, can have any diameter and/or length to facilitate the

injection of a medicament (e.g., the epinephrine composition 4420) according to the methods
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described herein. For example, the needle 5452 can have an overall length Ly that is sufficient
to provide the desired length L of the proximal end tip 5456 within the coupling volume
5523 of the carrier 5520 and the desired length L 1 of the distal end tip 5454 extending from
the bottom surface of the carrier 5520. For example, the needle 5452 can have a length (L,
Li,1) suitable to penetrate clothing and deliver the epinephrine via a subcutaneous injection
and/or an intramuscular injection. In some embodiments, the needle 5452 (and any needle
disclosed herein) can have a length such that, in use, the distal tip 5454 extends from the contact
surface of the device (e.g., the contact surface 4330) by distance sufficient such that the distal
tip 5454 is in the muscle layer of the target location. Specifically, in some embodiments, the
distance that the distal tip 5454 extends (referred to herein as Dy or the effective needle length)
is such that the distal tip 5454 will be inserted within the thigh muscle for a patient weighing
less than 15 kg (more specifically, between about 7.5 kg and about 15 kg), and will have a low
likelihood of striking the thigh bone. In this manner, the drug product including the carrier
5520 and the needle 5452 are configured to produce an intramuscular delivery of a dose of
epinephrine while also limiting the likelihood of either an intraosseous delivery or a
subcutaneous delivery. For example, in some embodiments, the distance that the distal tip
5454 extends from the contact surface is between about 6.35 mm and about 9 mm. In other
embodiments, such distance is between about 7 mm and about 8 mm. In yet other

embodiments, such distance is about 7.5 mm.

[1194] To accommodate the desired effective needle length, in some embodiments, the
overall length Ly of the needle 5452 can be 17.52 mm +0.78 mm. In some embodiments, the
needle can be coupled to the distal end portion 5522 of the carrier 5520 such that the length
LN is 3.6 mm and the length Ly, is 11.17 mm.

[1195] The needle 5452 defines a lumen that can be selectively placed in fluid
communication with the medicament container 4400 (or any other medicament containers
described herein) to define a medicament delivery path through which the epinephrine
composition can flow. The needle 51452 can be any gauge (e.g., 18 gauge, 23 gauge, 24 gauge,
25 gauge, 27 gauge, 32 gauge, etc.). The distal end tip 5454 can have any suitable bevel or
shape. For example, in some embodiments, the distal end tip 5454 can include an overall bevel
length of about 3.2 mm, a primary bevel angle of about 9.75 degrees, and a secondary bevel
angle of about 18.5 degrees. The proximal end tip 5456 can also have any suitable bevel or

shape. For example, in some embodiments, the proximal end tip 5456 can include an overall
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bevel length of about 2.0 mm, a primary bevel angle of about 17 degrees, and a secondary bevel

angle of about 25 degrees.

[1196] Referring to FIGS. 53-56, the carrier 5520 includes a distal end portion 5522 and a
proximal end portion 5526. The carrier 5520 can be used in any of the medicament delivery
devices, auto-injectors or drug products described herein, include the drug product 4400. The
proximal end portion 5526 of the carrier 5520 includes a gas valve actuator 5527. As described
above with reference to the actuator 4527, the gas valve actuator 5527 is configured to engage
a gas relief valve of a movable member (e.g., the movable member 4530) to allow the
pressurized gas contained within the gas chamber to escape when the injection event is
complete. As described above, the length of the carrier 5520 and/or the gas valve actuator 5527
can determine the point along the travel of the movable member at which the gas relief valve
is actuated. In this manner, the length of the carrier 5520 and/or the gas valve actuator 5527
can determine the *“stroke” of the movable member, and therefore, the volume of epinephrine

delivered.

[1197] The distal end portion 5522 of the carrier 5520 includes a side wall 5521 that defines
a coupling volume 5523. As shown in FIGS. 57-60, the distal end portion of the medicament
container 4400 (or any other medicament container described herein) is coupled to the carrier
5520 within the coupling volume 5523. As described above, the medicament container 4400
can move relative to the carrier 5520 between a first configuration (FIGS. 57-58) and a second
configuration (FIGS. 59-60) during an injection event. When in the first configuration, the
proximal end portion 5456 of the needle 5452 is spaced apart from the septum 4407 of the
medicament container 4400. This allows the needle insertion operation to be completed while
the needle 5452 is fluidically isolated from the medicament container 4400. As shown, the
side wall 5521 includes a first annular protrusion 5524 and a second annular protrusion 5525
(or retention portion). When the medicament container 4400 is in the first configuration (FIGS.
57-58), the first annular protrusion 5524 and the crimp seal 4406 produce a sterile seal that
limits the passage of microbial particles therethrough. In this manner, the coupling volume
5523 (which contains the proximal end tip 5456 of the needle 5452) is maintained in a sterile
environment. The second annular protrusion 5525 (or retention portion) includes a series of
protrusions that retain the distal end of the medicament container 4400 in the first
configuration. Specifically, the retention portion 5525 is sized to resist distal movement of the

medicament container against the preload of the retraction spring (e.g., spring 4590), which
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exerts an upward force on the carrier 4520. As shown, the retention portion 5525 defines a

series of passageways 5515.

[1198] In use, after the needle insertion operation, the continued distal force applied to the
elastomeric member (not shown) exceeds a threshold amount such the carrier 5520 and the
medicament container 4400 are moved to the second configuration. Said another way, the
force releases the medicament container 4400 releases from the “snap-fit” produced by the
retention portion 5525, causing the medicament container 5400 to move distally within the
coupling volume 5523. As a result, the proximal end portion 5456 of the needle 5452 pierces
the septum 4407. In this manner, the needle 5452 can be selectively placed in fluid
communication with the medicament container 4400 to define a medicament delivery path (not

shown).

[1199] When the medicament container 4400 is moved downward within the coupling
volume 5523, the passageways 5515 defined by the retention portion 5525 allow air within the
coupling volume 5523 to escape. This has been shown to improve the accuracy of the delivered
dose by reducing air pressure within the coupling volume 5523. Specifically, allowing any
trapped air pressure within the coupling volume 5523 to escape limits the likelihood that the
pressure / trapped air will flow into the medicament container via the septum 4407, thereby
disrupting the accuracy of the dosage. Although the retention portion 5525 is shown as defining
a series of passageways 5515, in other embodiments, the retention portion 5525 can provide

any suitable passageway or “bleed” mechanism.

[1200] Although the medical injector 4000 and the carrier 5520 are shown and described
above as including a cartridge-type medicament container, in other embodiments, an infant-
dose medical injector can include any suitable medicament container. For example, in some
embodiments, the medical injector (or any of the medical injectors described herein) can
include a prefilled syringe assembly. By including the dose of epinephrine within a prefilled
syringe assembly, the medical injector can employ the cost-effective fill-finish solution
provided by prefilled syringes. Such medical injectors can include any of the prefilled syringe
injectors shown and described in U.S. Patent No. 9,084,849 entitled “Medicament Delivery
Devices for Administration of a Medicament within a Prefilled Syringe,” or in International
Patent Publication No. W02017/004345, entitled “Auto-Injectors for Administration of a
Medicament within a Prefilled Syringe,” each of which is incorporated herein by reference in

its entirety.
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[1201] For example, any of the medical injectors, including the medical injectors 4000,
4000°, and 6000, can include a prefilled syringe 7400 as shown in FIG. 61. The prefilled
syringe 7400 (also referred to as a medicament container assembly) includes a container body
7401, an elastomeric member 7410, a needle 7452 and a needle sheath 7720. The container
body 7401 has a distal end portion 7402 and a proximal end portion 7404. The container body
7401 defines a volume that contains (i.e., is filled with or partially filled with) a medicament
(e.g., a dose of epinephrine, of the composition and the amounts described herein). The distal
end portion 7402 of the medicament container assembly 4200 includes a neck that is coupled
to the needle 7452. More particularly, the needle 7452 is staked to the distal end portion 7402
(i.e., the needle 7452 is fixedly coupled to the container body 7401 during manufacturing, and
is not coupled to the container body 7401 by fitting or removable connector). In this manner,
the needle 7452 is in fluid communication with the container body 7401. The proximal end
portion 7404 of the container body 7401 includes a flange 7403, which can be supported (or
disposed within) a carrier (e.g., similar to the carrier 4520 shown above), a holder or a container
interface. The flange 7403 can be of any suitable size and/or shape. Although shown as
substantially circumscribing the container body 7401, in other embodiments, the flange 7403

can only partially circumscribe the container body 7401.

[1202] The elastomeric member 7410 is disposed within and seals the medicament within
the container body 7401. The elastomeric member 7410 is configured to move within the
container body 7401 to inject the medicament from the medicament container assembly 7400.
For example, in some embodiments, the elastomeric member 7410 can be moved within the
container body 7401 by a movable member or plunger, similar to the movable member 4530
described herein. The movable member can, in turn, be moved by any suitable means. For
example, in some embodiments, a medical injector can include an energy storage member, such
a spring or a compressed gas container (e.g., compressed gas container 4570) that produces a
force to move the movable member. In other embodiments, the medical injector can include
an actuator that transfers a manual force produced by a user’s hand to move the movable

member, and thus the elastomeric member 7410.

[1203] The elastomeric member 7410 can be of any design or formulation suitable for
contact with the medicament. For example, the elastomeric member 7410 can be formulated
to minimize any reduction in the efficacy of the medicament (e.g., the epinephrine formulation)

that may result from contact (either direct or indirect) between the elastomeric member 7410
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and the medicament. For example, in some embodiments, the elastomeric member 7410 can
be formulated to minimize any leaching or out-gassing of compositions that may have an
undesired effect on the medicament. In other embodiments, the elastomeric member 7410 can
be formulated to maintain its chemical stability, flexibility and/or sealing properties when in
contact (either direct or indirect) with the medicament over a long period of time (e.g., for up

to six months, one year, two years, five years or longer).

[1204] The prefilled syringe 7400 can have any suitable size (e.g., length and/or diameter)
and can contain any suitable volume of the medicament (e.g., the epinephrine formulation), as
described herein. In some embodiments, the prefilled syringe 7400 can be a prefilled (or
prefillable) syringe of the types manufactured by Becton Dickinson, Gerresheimer, Ompi
Pharma or others. For example, in some embodiments, the prefilled syringe 7400 (and any of
the medicament container assemblies described herein) can be a Becton Dickinson “BD Hypak

Physiolis” prefillable syringe containing the epinephrine formulation described herein.

[1205] The needle sheath 7720 includes a distal end portion 7721 and a proximal end
portion 7722. 'The sheath defines a bore that receives the needle 7452 and/or the distal end
portion of the 7402 of the container body 7401. The inner portion of the needle sheath 7720
defines a friction fit with the distal end portion 7402 of the medicament container body 7401.
In this manner, the needle sheath 7720 can protect the user from the needle 7452 and/or can

keep the needle 7452 sterile before the user actuates the medical injector.

[1206] Although the methods and the medical injector 4000 described above include an
energy storage member that produces a force to insert the needle and deliver the dose, in other
embodiments, an infant-dose medical injector need not include an energy storage member
contained therein that produces a force to either insert the needle, deliver the medicament
through the needle, or both. For example, in some embodiments, a device can be configured
for manual insertion (i.e., insertion of the needle caused by an insertion force directly produced
by the user) and automatic injection (i.e., injection caused by a force produced by an energy
storage member). In other embodiments, a device can be configured for automatic insertion
(i.e., insertion of the needle caused by an insertion force produced by an energy storage
member) and manual injection (i.e., injection caused by a force directly produced by the user).
In yet other embodiments, an infant-dose medical injector can be devoid of an energy storage
member that produces either a needle insertion force or an injection force. In such

embodiments, the medical injector can include a housing that advantageously blocks light from

58



WO 2018/119218 PCT/US2017/067873

the medicament, thereby limiting the degradation of the medicament and improving the long-
term stability. Moreover, the medical injector can include mechanisms (e.g., end stop surfaces,
release mechanisms, or the like) that produce a delivered dose tolerance of +15 percent of a
nominal dose volume. Such tolerance can be of heightened importance for low dose and/or
low volume therapeutic regimens, such as for example, for an infant-dose of epinephrine. By
maintaining the tolerance, even at dosage volumes of as low as 0.1 mL, the medical injectors
and devices described herein can provide an emergency treatment solution that is appropriate
for a patient population weighing less than 15 kg (e.g., between 7.5 kg and 15 kg), that can be
stored for long periods of time, and that can be administered via an untrained user without the

need to measure, monitor, or otherwise limit the dose volume.

[1207] For example, FIGS. 62-65 show schematic illustrations of a medical injector (or
drug product) 6000 according to an embodiment in various operating configurations (or stages
of use). The medicament delivery device 6000 includes a housing 6110, a medicament
container 6400, a safety member 6700, an actuator 6302, and a dose limiter 6527. The housing
6100 has a proximal end portion 6140 and a distal end portion 6120. The distal end portion
6120 includes a contact surface 6330, which can be a portion of the housing 6110 (i.e.,
monolithically constructed with the housing) or a structure separately coupled to the housing
6110. The contact surface 6330 is a surface that contacts a target location T of a patient during
the delivery of any of the epinephrine compositions (or other drugs) disclosed herein. In some
embodiments, the contact surface 6330 can have any suitable size and/or shape to maintain
contact with the target location T during a delivery event. Specifically, the contact surface
6330 can have any shape as described herein, including a circular shape, a substantially
rectangular shape, an oval shape, or the like. In some embodiments, the contact surface 6330
can be movably coupled to the housing 6110 (e.g., the contact surface 6330 can be spring-
loaded to move when a threshold force has been applied the target location T). In other

embodiments, the contact surface 6330 can be fixedly coupled to the housing 6110.

[1208] The medicament container 6400 is at least partially disposed within the housing
6110, and contains (i.e., is filled or partially filled with) an epinephrine composition 6420. The
medicament container 6400 can be any container suitable for storing the epinephrine
composition 6420. In some embodiments, the medicament container 6400 can be, for example,
a prefilled syringe, a prefilled cartridge, a vial, an ampule or the like. For example, in some

embodiments, the medicament container 6400 can be a prefilled syringe similar to the of the
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prefilled syringes shown and described in U.S. Patent No. 9,084,849 entitled “Medicament
Delivery Devices for Administration of a Medicament within a Prefilled Syringe,” or in
International Patent Publication No. WO02017/004345, entitled “Auto-Injectors for
Administration of a Medicament within a Prefilled Syringe,” each of which is incorporated
herein by reference in its entirety. In other embodiments, the medicament container 6400 can
be a prefilled syringe similar to the prefilled syringe 7400 described herein. In yet other
embodiments, the medicament container 6400 can be a container having a flexible wall, such
as, for example, a bladder. As shown, the proximal end portion of the medicament container
6400 contains an elastomeric member 6410 to seal the proximal end portion of the medicament
container 6400. The elastomeric member 6410 can be disposed within the medicament
container 6400 during the fill process, and can form a substantially fluid-tight seal to prevent
leakage of the epinephrine composition 6420 from the medicament container 6400. As shown,
the elastomeric member 6410 includes a proximal surface against which a plunger 6530 (or
movable member) can exert a force to move the elastomeric member 6410 within the
medicament container 6400. The plunger 6530 can be any suitable movable member, such as

the movable member 4530 described above, or any other rigid rod.

[1209] The elastomeric member 6410 is formulated to be compatible with the epinephrine
composition 6420. Similarly stated, the elastomeric member 6410 is formulated to minimize
any reduction in the efficacy of the epinephrine composition 6420 that may result from contact
(either direct or indirect) between the elastomeric member 6410 and the epinephrine
composition 642(). For example, in some embodiments, the elastomeric member 6410 can be
formulated to minimize any leaching or out-gassing of compositions that may have an
undesired effect on the epinephrine composition 6420. In other embodiments, the elastomeric
member 6410 can be formulated to maintain its chemical stability, flexibility and/or sealing
properties when in contact (either direct or indirect) with epinephrine over a long period of
time (e.g., for up to six months, one year, two years, five years or longer). In some
embodiments, the elastomeric member 6410 can include or be composed of bromo-butyl

rubber.

[1210] The epinephrine composition 6420 can be any of the epinephrine compositions
described herein. In particular, the medicament container 6400 can contain a dose of
epinephrine 6420 effective for administration to a patient experiencing anaphylaxis and having

a weight of less than about 65 kg (33 pounds), i.e., an infant-dose auto-injector. Such an infant-
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dose drug product is configured to deliver 0.1 mL of solution that contains 0.1 mg of
epinephrine, 0.78 mg of sodium chloride, 0.15 mg of sodium bisulfite, and hydrochloric acid
to adjust the pH. In other embodiments, however, medicament container 6400 can contain a
dose of epinephrine 6420 effective for administration to a patient experiencing anaphylaxis and
having any weight (i.e., an adult-dose device or a pediatric-dose device, as described herein).
In yet other embodiments, the medicament container 6400 can include any suitable drug of the

types described herein.

[1211] As shown, the distal end portion of the medicament container 6400 is coupled to a
needle 6452. The needle 6452 includes a distal tip 6454 from which the epinephrine (or any
suitable drug contained within the medicament container 6400) flows. Referring to FIGS. 63
and 65, the needle 6452 is configured such that the distal tip 6454 extends from the contact
surface 6330 by distance D sufficient such that when the needle is inserted and the contact
surface 6330 is in contact with a target location, the distal tip 6454 is in the muscle layer
(identified as MUSC) of the target location. Specifically, in some embodiments, the distance
Dn (or effective needle length) is such that the distal tip 6454 will be inserted within the thigh
muscle for a patient weighing less than 15 kg (e.g., between 7.5 kg and 15 kg), and will have a
low likelihood of striking the thigh bone (identified as BONE in FIGS. 64 and 65). In this
manner, the distance Dy is sufficient to produce an intramuscular delivery of the epinephrine
6420 while also limiting the likelihood of either an intraosseous delivery or a subcutaneous
delivery. For example, in some embodiments, the distance Dy is between about 6.35 mm and
about 9 mm. In other embodiments, the distance Dy is between about 7 mm and about 8 mm.

In yet other embodiments, the distance Dy is about 7.5 mm.

[1212] The needle 6452 defines a lumen that is in fluid communication with the
medicament container 6400 to define a medicament delivery path through which the
epinephrine composition 6420 can flow. The needle 6452 can be any gauge (e.g., 18 gauge,
23 gauge, 24 gauge, 25 gauge, 27 gauge, 32 gauge, etc.) to deliver the epinephrine composition
6420 through the lumen and into the target location T of body. The distal end tip 6454 can

have any suitable bevel or shape.

[1213] The safety member 6700 is removably coupled to a distal end portion of the housing
6110 and when coupled to the housing 6100, surrounds a portion of the needle 6452. When
the safety member 6700 is removed, a needle sheath 6720 is also removed from about the distal

tip 6454 of the needle 6452. In this manner, prior to use the distal tip 6454 is covered by the
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safety member 6700 to prevent the user (or the patient) from seeing the needle 6452 to reduce
the sharps hazard associated with the needle 6452, or the like. Removal of the safety member
6700 then exposes the distal tip 6454 in one motion (i.e., by pulling distally as shown by the
arrow XX in FIG. 63). In some embodiments, the safety member 6700 can be similar to the
safety lock 4700 or 4700’ shown and described in herein. The safety member 6700 can include
numerals, arrows, or other instructions to guide the user in the operation of the device 6000.
In some embodiments, the safety member 6700 can include a lock surface that limits movement
of a component within the medical injector 6000 (e.g., the actuator 6302) to prevent the medical
injector from being actuated. In other embodiments, however, the safety member 6700 covers

the needle 6452 to prevent the medical injector from delivering the dose of epinephrine therein.

[1214] The actuator 6302 is any suitable device or mechanism that actuates the medical
injector 6000. In particular, as shown in FIGS. 64 and 65, the actuator 6302 can be moved
relative to the housing 6110 (as shown by the arrow ZZ) from a first actuator position to a
second actuator position to move the plunger 6530 within the medicament container 6400 to
deliver the dose of epinephrine 6420. In some embodiments, the actuator 6302 is coupled to
the plunger 6530 and transfers a force exerted by the user to the plunger 6530 to cause
movement of the plunger 6530. In some embodiments, the actuator 6302 can include a detent
that matingly engages a detent of the housing to maintain the actuator 6302 in its first position.
Such mating detents can be similar to the recesses 4125A and the connection protrusions 4358
described above. Such an arrangement maintains the actuator 6302 in its first position until a
threshold force (i.e., an actuator release force) is exceeded by the user. In this manner, the
likelihood of inadvertent actuation of medical injector 6000 (e.g., by the application of a
nominal force against the actuator during needle insertion, removal of the safety member 6700,
or the like) is limited. This arrangement therefore improves the accuracy of the delivered dose
by limiting any “pre-injection” dribble that could be caused by inadvertent forces applied to

the actuator 6302.

[1215] Moreover, by limiting the distal movement of the actuator until an actuation force
above the threshold force is applied, the likelihood that the full dose will be delivered is
increased. Specifically, by including a detent arrangement, the user will necessarily apply a
force of significant magnitude to release the “snap fit” of the detents. Upon release, the force
applied by the user will naturally be maintained, and will be of sufficient magnitude to move

the plunger 6530 (and therefore the elastomeric member 6410) to overcome the force of

62



WO 2018/119218 PCT/US2017/067873

friction, viscosity losses (through the needle 6452) and the like, thereby ensuring delivery of

the entire dose of epinephrine within a desired time limit (e.g., within 2 seconds).

[1216] In addition to including one or more detents to limit distal movement of the actuator
6302, in some embodiments, the actuator 6302 can include a detent that matingly engages a
detent of the housing to maintain the actuator 6302 in its second position. Such mating detents
can be similar to the recesses 4125B and the connection protrusions 4358 described above.
Such detents can act as a dose limiter, or in conjunction with the dose limiter 6527 described
below. By limiting proximal movement of the actuator 6302 after the plunger 6530 has moved
through its full stroke, detents can cooperatively prevent “kickback” of the actuator 6302 (and
the plunger 6530) after the medical injector 6000 has been actuated. This arrangement can also
improve the accuracy of the delivered dose by limiting any post-injection retrograde movement

of the medicament caused by tissue back pressure, friction within the needle 6452, or the like.

[1217] Although the actuator 6302 is shown as being disposed at the proximal end portion
of the housing 6110, in other embodiments, the actuator 6302 can be located at the distal end
portion of the housing 6110. In some embodiments, for example, the contact surface 6330 and
the actuator 6302 can be monolithically constructed. Said another way, in some embodiments,

the actuator 6302 can be a distal-end actuator and can include the contact surface 6330.

[1218] The dose limiter 6527 can be any suitable mechanism that limits further distal
movement of the plunger 6530 and/or the elastomeric member 6410 after a desired dose
volume has been delivered. In this manner, when the actuator 6302 is manually depressed, the
user need not monitor the movement of the plunger 6530 or the elastomeric member 6410 to
ensure that the proper dose is delivered. Rather, the user can simply maintain the actuation
force and the dose limiter 6527 stops distal movement of the plunger 6530 and/or the
elastomeric member 6410 to maintain the volume of the delivered dose to within £15 percent
of a nominal dose volume. In some embodiments, the dose limiter 6527 can be an end stop
surface of the housing 6110 that is keyed or otherwise indexed to a portion of the medicament
container 6400 (e.g., a flange) to ensure that the plunger 6530 moves an accurate distance
within the medicament container 6400. In other embodiments, the dose limiter 6527 can be a
release actuator that actuates a gas release valve (similar to the gas valve actuator 4527
described above) or otherwise decouples the actuation force from the plunger 6530 to stop

distal movement of the plunger 6530.
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[1219] The use of the medical injector 6000 is shown in FIGS. 62-65, which show the
medical injector 6000 in various configurations. To deliver the dose of epinephrine 6420, the
medicament delivery device 6000 is first enabled by removing the safety member 6700, as
shown by the arrow XX in FIG. 63. As described above, the removal of the safety member
6700 exposes the needle 6452 having a desired length. The housing 6110 of the medical
injector 6000 is then moved until the contact surface 6330 is in contact with the target location
T, as shown by the arrow YY in FIG. 64. The target location T can be any suitable location of
the patient to which the epinephrine 6420 will be delivered. For example, the target location
can be the thigh of the patient. As shown, the target location can include a subcutaneous layer
SQ, a layer of muscle MUSC, and a bone (identified as BONE) beneath the muscle MUSC.

Although not shown, the target location T is covered by a layer of skin.

[1220] By moving the housing 6110 distally, the needle tip 6454 is inserted into the target
location T to a needle depth of Dy (or effective needle length). This distance is selected such
that the distal tip 6454 will be inserted within the thigh muscle for a patient weighing less than
15 kg (e.g., between 7.5 kg and 15 kg), and will have a low likelihood of striking the thigh
bone (identified as BONE). In this manner, the distance Dy is sufficient to produce an
intramuscular delivery of the epinephrine 6420 while also limiting the likelihood of either an
intraosseous delivery or a subcutaneous delivery. For example, in some embodiments, the
distance D 1s between about 6.35 mm and about 9 mm. In other embodiments, the distance
Dn is between about 7 mm and about 8 mm. In yet other embodiments, the distance Dy is
about 7.5 mm. In some embodiments, the needle-based delivery of the medicament delivery
device 6000 can accommodate delivery through a layer of clothing between the contact surface
6330 and the skin. Specifically, the medicament delivery device 6000 can be configured to
insert the needle 6452 with sufficient force, and the needle 6452 can extend a sufficient distance
Dn such that the epinephrine 6420 can be delivered through one or more layers of clothing.
Such layers can include typical infant clothing, such as pajamas with leggings, denim material,

or the like.

[1221] To actuate the device, the housing 6110 and the contact surface 6330 are maintained
firmly against the target location T by applying a distal force on the housing 6110. The actuator
6302 is manipulated to cause delivery of the medicament. In particular, the actuator 6302 is
moved in the distal direction (as shown by the arrow ZZ in FIG. 65) and at least a portion of

the force is applied to the plunger 6530, causing the plunger 6530 to move within the
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medicament container 6400. Movement of the plunger 6530 causes the dose of the epinephrine
6420 to be delivered intramuscularly to the patient, as shown in FIG. 65. In particular, in some
embodiments, the medicament delivery device 6000 can deliver a dose of epinephrine 6420
effective for administration to a patient experiencing anaphylaxis and having a weight of less
than about 15 kg (33 pounds), i.e., an infant-dose auto-injector. Such an infant-dose drug
product is configured to deliver 0.1 mL of solution that contains 0.1 mg of epinephrine, 0.78
mg of sodium chloride, 0.15 mg of sodium bisulfite, and hydrochloric acid to adjust the pH. In
other embodiments, the medicament delivery device 6000 can deliver a dose of epinephrine
6420 effective for administration to a patient experiencing anaphylaxis and having a weight of
between about 7.5 kg and about 15 kg (33 pounds). In such embodiments, the drug product is
configured to a solution that contains between about 0.06 mg and about 0.15 mg of epinephrine.
In yet other embodiments, the medicament container 6400 can include any suitable drug of the

types described herein.

[1222] As described above, the plunger 6530 is moved distally until its movement is
limited by the dose limiter 6527. In this manner, the dose limiter 6527 can maintain the volume

of the delivered dose to within =15 percent of a nominal dose volume.

[1223] FIG. 66 is a flow chart is showing a method 200 of using a delivery device to deliver
a dose of epinephrine to a patient weighing less than 15 kg (and more specifically, between 7.5
kg and 15 kg) according to an embodiment. The method 200 can be performed with any of the
medicament delivery devices (or drug products) described herein, including the delivery device
4000 or 6000. For purposes of explanation, the method 200 is described with reference to
FIGS. 62-65, which show the device 6000. In some embodiments, the method 200 optionally
includes removing a medical injector from a case that covers a status window defined by a
housing of the medical injector, at 20. The case can be similar to the case 4200 and the status
window can be similar to the status window 4150 described above with connection to the
medical injector 4000. Accordingly, a dose of epinephrine is visible through the status window
after the medical injector is removed from the case, and the status window is obstructed by the
case before the medical injector is removed from the case. In this manner, the case prevents

the epinephrine from being exposed to ultraviolet radiation via the status window.

[1224] The method includes removing a safety member (e.g., the safety member 6700)
from a distal end portion of the housing of the medical injector, at 22. The medical injector

includes a medicament container containing a dose of epinephrine effective for administration
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to a patient experiencing anaphylaxis and having a weight of between 7.5 kg and 15 kg. The
medicament container, which can be a prefilled syringe (e.g., the prefilled syringe 7400), is
coupled to a needle, and removal of the safety member causes a needle sheath to be removed
from about a distal tip of the needle. In this manner, moving (or removing) the safety member

exposes the needle places the medical injector in a “ready” state.

[1225] In some embodiments, the target location for injection is the thigh, and more
specifically, the anterolateral aspect of the thigh, as indicated by the reference character T and
the shaded region shown in FIG. 11B. In some embodiments, the method 200 optionally
includes pinching a thigh muscle of the patient before actuating the medical injector. In other
embodiments, the method optionally includes holding and/or limiting movement of the target
location before and after the medical injector is actuated, at 24. Specifically, in some
embodiments, the method 100 optionally includes restraining a leg of the patient with a first
hand, and actuating the device with a second hand. In this manner, the likelihood that the
patient will move suddenly to disrupt the delivery process is minimized. Although the method
200 includes restraining the leg of the patient with the user’s hand (H1), in other embodiments,
a method can include restraining the leg of the patient by any suitable method. For example,
in some embodiments, the user can support the patient on the user’s lap and restrain the
patient’s leg between the user’s legs. This can allow one hand of the user to restrain the

patient’s arms or torso, while using the other hand to manipulate the medical injector.

[1226] The housing of the medical injector is then moved distally to insert the distal tip of
the needle into a target location of the patient by a distance of between 7 millimeters and 8
millimeters, at 25. In some embodiments, the housing is moved until a distal end surface of

the medical injector is placed into contact with a target location of a patient.

[1227] The medical injector is then actuated to cause a force to move an end portion of a
plunger distally within the medicament container to deliver the dose of epinephrine from the
medicament container, at 26. The medical injector includes a stop surface to limit distal
movement of the plunger such that a volume of the dose delivered is within +15 percent of a
nominal dose volume. The stop surface can be a dose limiter of the types shown and described
herein. In some embodiments, the dose of epinephrine contains between about 0.06 mg
epinephrine and about 0.150 mg epinephrine. In some embodiments, the dose of epinephrine

contains about 0.1 mg epinephrine. In some embodiments, the dose of epinephrine includes
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about 0.1 mL of a solution containing about 0.1 mg epinephrine, about 0.78 mg sodium

chloride, and about 0.15 mg sodium bisulfite hydrochloric acid.

[1228] In some embodiments, the method 200 optionally includes maintaining the distal
end surface in contact with the target location for at least two seconds after the medical injector

is actuated, at 28.
[1229] Compositions

[1230] In some embodiments, any of the medicament delivery devices described herein
can include a composition including epinephrine to form a drug product suitable for performing
the methods described herein. The present epinephrine compositions may be adapted for
various administration routes, depending on the apparatus in which such epinephrine
composition) are to be employed. For example, in some embodiments, the present
compositions may be adapted for parenteral administration as, for example, an injectable

solution.

[1231] In some embodiments, a drug product includes an effective amount of epinephrine,
i.e., (-)-3,4-Dihydroxy-a-[(methylamino)methyl|benzyl alcohol. As used herein, an “effective
amount” is an amount sufficient to provide a desired therapeutic effect. For example, as
described herein, the present epinephrine compositions may be useful in treating allergic
reactions. Such allergic reactions include anaphylaxis to stinging insects (e.g., order
Hymenoptera, which include bees, wasps, hornets, yellow jackets and fire ants) and biting
insects (e.g., triatoma, mosquitoes), allergen immunotherapy, foods, drugs, diagnostic testing
substances (e.g., radiocontrast media) and other allergens, as well as idiopathic anaphylaxis or
exercise-induced anaphylaxis. Accordingly, an effective amount of epinephrine in the present
compositions, delivery devices and/or drug products may be an amount sufficient to treat such
anaphylaxis and/or other indications associated with allergic reactions. In particular, in some
embodiments, a drug product containing a dose of epinephrine effective for administration to
a patient experiencing anaphylaxis and having a weight of greater than about 30 kg (66 pounds),
i.e., an adult-dose auto-injector, contains 0.3 mg of epinephrine. A drug product containing a
dose of epinephrine effective for administration to a patient experiencing anaphylaxis and
having a weight of between about 15 kg (33 pounds) and about 30 kg (66 pounds), i.e., a
pediatric-dose auto-injector, contains 0.15 mg of epinephrine. A drug product containing a

dose of epinephrine effective for administration to a patient experiencing anaphylaxis and
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having a weight of less than about 15 kg (33 pounds), and more specifically between 7.5 kg
and 15 kg, i.e., an infant-dose auto-injector, contains 0.10 mg of epinephrine. Although the
phrases “adult-dose,” “pediatric-dose,” and “infant-dose” are used herein, it is understood that
such devices and methods are applicable to any patient within the prescribed weight ranges,
even if the patient may not be considered an “adult,” a “pediatric patient,” or an “infant” by
some definitions. For example, the “infant-dose” methods, drug products, and devices
described herein are applicable to a child weighing 14 kg, even if that child is considered a

toddler or pediatric patient (i.e., is not considered an “infant”).

[1232] The present epinephrine compositions typically have a concentration of about 1 mg
/ mL. Specifically, each 0.3 mL of solution contains 0.3 mg of epinephrine, each 0.15 mL of
solution contains 0.15 mg of epinephrine, and each 0.1 mL of solution contains 0.1 mg of
epinephrine. In other embodiments, however, a drug product can include an epinephrine
solution having any suitable concentration. For example, in some embodiments, a drug product
and/or method can employ an epinephrine solution having an epinephrine concentration of
between about 0.01 mg/mL and about 10 mg/mL (e.g., between about 0.05 mg/mL and about
2 mg/mL, or any other value or range of values therein, including between about 0.1 mg/mL
and about 1.9 mg/mL, between about (0.2 mg/mL and about 1.8 mg/mL, between about 0.3
mg/mL and about 1.7 mg/mL, between about 0.4 mg/mL and about 1.6 mg/mL, between about
0.5 mg/mL and about 1.5 mg/mL, between about 0.6 mg/mL and about 1.4 mg/mL, between
about 0.7 mg/mL and about 1.3 mg/mL, between about 0.8 mg/mL and about 1.2 mg/mL,
between about 0.9 mg/mL and about 1.1 mg/mL).

[1233] In some embodiments, the present epinephrine compositions comprise a pH
adjusting agent.  In some embodiments, the pH adjusting agent includes at least one of
hydrochloric acid, citric acid, acetic acid, phosphoric acid, or combinations thereof. In certain
embodiments, the pH adjusting agent is added in an amount sufficient to provide a pH of the
present epinephrine compositions of from about 2.2 to about 5 (for example a pH of about 2.2,
about 2.3, about 2.4, about 2.5, about 2.6, about 2.7, about 2.8, about 2.9, about 3.0, about 3.1,
about 3.2, about 3.3, about 3.4, about 3.5, about 3.6, about 3.7, about 3.8, about 3.9, about 4.0,
about 4.1, about 4.2, about 4.3, about 4.4, about 4.5, about 4.6, about 4.7, about 4.8, about 4.9,
or about 5.0).

[1234] In some embodiments, the present epinephrine compositions may also comprise one

or more tonicity-adjusting agents. For example, the tonicity-adjusting agent may include at
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least one of dextrose, glycerin, mannitol, potassium chloride, sodium chloride, or combinations

thereof.

[1235] In some embodiments, a drug product containing a dose of epinephrine effective
for to a patient experiencing anaphylaxis and having a weight of greater than about 30 kg (66
pounds), i.e., an adult-dose auto-injector, is configured to deliver 0.3 mL of solution. Each (.3
mL contains 0.3 mg of epinephrine, 2.3 mg of sodium chloride, 0.5 mg of sodium bisulfite, and
hydrochloric acid to adjust the pH. In some embodiments, a drug product containing a dose of
epinephrine effective for to a patient experiencing anaphylaxis and having a weight between
about 15 kg (33 pounds) and about 30 kg (66 pounds), i.e., a pediatric-dose auto-injector, is
configured to deliver 0.15 mL of solution. Each 0.15 mL contains 0.15 mg of epinephrine, 1.2
mg of sodium chloride, 0.2 mg of sodium bisulfite, and hydrochloric acid to adjust the pH. In
some embodiments, a drug product containing a dose of epinephrine effective for to a patient
experiencing anaphylaxis and having a weight of less than about 15 kg (33 pounds), i.e., an
infant-dose auto-injector, is configured to deliver 0.1 mL of solution. Each 0.1 mL contains
0.1 mg of epinephrine, 0.78 mg of sodium chloride, 0.15 mg of sodium bisulfite, and
hydrochloric acid to adjust the pH.

[1236] In some embodiments, the electronic circuit system 4900 can be used in either an
actual medicament delivery device or a simulated medicament delivery device. A simulated
medicament delivery device can, for example, correspond to an actual medicament delivery
device and can be used, for example, to train a user in the operation of the corresponding actual

medicament delivery device.

[1237] The simulated medicament delivery device can simulate the actual medicament
delivery device in any number of ways. For example, in some embodiments, the simulated
medicament delivery device can have a shape corresponding to a shape of the actual
medicament delivery device, a size corresponding to a size of the actual medicament delivery
device and/or a weight corresponding to a weight of the actual medicament delivery device.
Moreover, in some embodiments, the simulated medicament delivery device can include
components that correspond to the components of the actual medicament delivery device. In
this manner, the simulated medicament delivery device can simulate the look, feel and sounds
of the actual medicament delivery device. For example, in some embodiments, the simulated
medicament delivery device can include external components (e.g., a housing, a needle guard,

a sterile cover, a safety lock or the like) that correspond to external components of the actual
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medicament delivery device. In some embodiments, the simulated medicament delivery device
can include internal components (e.g., an actuation mechanism, a compressed gas source, a
medicament container or the like) that correspond to internal components of the actual

medicament delivery device.

[1238] In some embodiments, however, the simulated medicament delivery device can be
devoid of a medicament and/or those components that cause the medicament to be delivered
(e.g., aneedle, a nozzle or the like). In this manner, the simulated medicament delivery device
can be used to train a user in the use of the actual medicament delivery device without exposing
the user to a needle and/or a medicament. Moreover, the simulated medicament delivery device
can have features to identify it as a training device to prevent a user from mistakenly believing
that the simulated medicament delivery device can be used to deliver a medicament. For
example, in some embodiments, the simulated medicament delivery device can be of a different
color than a corresponding actual medicament delivery device. Similarly, in some
embodiments, the simulated medicament delivery device can include a label clearly identifying

it as a training device.

[1239] In some embodiments, a kit includes a simulated auto-injector (or “trainer’”) and
one or more actual auto-injectors. The actual auto-injector can be any of the medicament
delivery devices described herein, such as the auto-injector 4000, or the auto-injector 4000
including the carrier 5520 and the needle 5452. The simulated auto-injector can be any of the
simulated devices and/or trainers shown and described in U.S. Patent Publication No.
2008/0059133, entitled “Medical Injector Simulation Device,” which is incorporated herein by

reference in its entirety.

[1240] FIG. 67 is a top view of a container 8001 of a kit according to an embodiment. The
container is in a flat (or unfolded) configuration. As shown, the kit includes two auto-injectors
configured to deliver a dose of epinephrine effective for administration to the patient
experiencing anaphylaxis and having a weight of between 7.5 kg and 15 kg. The kit can also
optionally include one “trainer” or simulated medical injector. In some embodiments, the
container 8001 can be color-coded to provide an additional indication that the medical injectors
therein are suited for patients having a weight of between 7.5 kg and 15 kg. For example, in
some embodiments, portions of the container 8001 and/or the devices therein can be orange to
indicate an adult dosage (greater than 30 kg), blue to indicate a pediatric dosage (between 15

kg and 30 kg) and lavender to indicate an infant dosage (between 7.5 kg and 15 kg).
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[1241] While various embodiments of the invention have been described above, it should
be understood that they have been presented by way of example only, and not limitation.
Where methods described above indicate certain events occurring in certain order, the ordering
of certain events may be modified. Additionally, certain of the events may be performed
concurrently in a parallel process when possible, as well as performed sequentially as described

above.

[1242] Although the medical injector 4000 includes the electronic circuit system cavity
4153, the gas cavity 4154 and/or the medicament cavity 4157 that are shown and described as
being fluidically and/or physically isolated from each other, in other embodiments, any of the
electronic circuit system cavity 4153, the gas cavity 4154 and/or the medicament cavity 4157
can be fluidically coupled to and/or share a common boundary with each other. In some
embodiments, for example, a housing can define a single cavity within which a medicament

container, an energy storage member and an electronic circuit system are disposed.

[1243] Although the medical injector 4000 discloses a gas-powered delivery device, in
other embodiments, any of the medicament delivery devices disclosed herein can include any
suitable energy storage member. Such energy storage members can be, for example, a
mechanical energy storage member, such as a spring, a device containing compressed gas, a
device containing a vapor pressure-based propellant or the like. In other embodiments, the
energy storage member can be an electrical energy storage member, such as a battery, a
capacitor, a magnetic energy storage member or the like. In yet other embodiments, the energy
storage member can be a chemical energy storage member, such as a container containing two

substances that, when mixed, react to produce energy.

[1244] The medicament containers and/or medicament delivery devices disclosed herein
can contain any suitable amount of any of the epinephrine compositions disclosed herein.
Moreover, although the medicament delivery devices, auto-injectors and/or drug products are
described herein as including a dose of epinephrine, in other embodiments, any of the
medicament delivery devices, auto-injectors and/or drug products can include any suitable dose
of any suitable drug. For example, in some embodiments, the medicament contained within
any of the medicament containers and/or drug products shown herein can be an opioid receptor
antagonist, such as naloxone, including any of the naloxone formulations described in
U.S. Patent No. 8,627,816, entitled “Medicament Delivery Device for Administration of

Opioid Antagonists Including Formulation for Naloxone,” filed on February 28, 2011, which
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is incorporated herein by reference in its entirety. In other embodiments, the medicament
contained within any of the medicament containers shown herein can include peptide hormones
such as insulin and glucagon; human growth hormone (HGH); sumatriptan; a corticosteroid
such as dexamethasone; ondansetron; an opioid agonist receptor modulators such as fentanyl;
a partial agonist opioid receptor modulators such as buprenorphine; a mixed agonist/antagonist
opioid receptor modulator such as nalbuphine; a benzodiazepine such as diazepam, midazolam
or lorazepam; erythropoiesis-stimulating agents (ESA) such as darbepoetin alfa;
immunoglobulins including dual-variable domain immunoglobulins; interferons; anti-tumor;
recombinant human granulocyte colony-stimulating factor (GCSF) such as pegfilgrastim; and
other therapies suitable for injection in mammals. In yet other embodiments, the medicament
contained within any of the medicament containers shown herein can be a placebo substance

(i.e., a substance with no active ingredients), such as water.

[1245] In yet other embodiments, any of the devices and/or medicament containers shown
and described herein can include any suitable medicament or therapeutic agent. In some
embodiments, the medicament contained within any of the medicament containers shown
herein can be a vaccine, such as, for example, an influenza vaccine, a hepatitis vaccine, a
haemophilus influenza Type B (HiB) vaccine, a measles vaccine, a mumps vaccine, a rubella
vaccine, or combination vaccine (e.g. measles, mumps and rubella, quadrivalent, or hexavalent
vaccines), a polio vaccine, a human papilloma virus (HPV) vaccine, a tetanus vaccine, a
diphtheria vaccine, a pertussis vaccine, a bubonic plague vaccine, a yellow fever vaccine, a
cholera vaccine, a malaria vaccine, a smallpox vaccine, a pneumococcal vaccine, a rotavirus
vaccine, a varicella vaccine, a dengue fever vaccine, a rabies vaccine and/or a meningococcus

vaccine.

[1246] Any of the devices and/or medicament containers shown and described herein can
contain and/or deliver a wide array of large or macromolecular injectables that include
carbohydrate-derived formulations, lipids, nucleic acids, proteins/peptides (e.g. monoclonal
antibodies) and other biotechnologically-derived medicaments. For example, anti-tumor
necrosis factor agents such as infliximab, etanercept, adalimumab, golimumab, natalizumab,
vedolizumab, and certolizumab can be administered using the described auto-injector heroin,
Other macromolecular injectable medications that can be administered using the device and/or
medicament containers shown and described herein include viscous medicaments that target

pro-inflammatory cytokines (e.g. IL-1, IL-2, IL-4, IL-5, IL-6, IL-12, IL-13, IL-23, IL-17, IL-
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21 and associated receptors) including dupilumab, sarilumab, mepolizumab, benralizumab,
reslizumab, lebrikizumab, ustekinumab, anrunkinzumab, bertilimumab, and tralokinumab.
Large anti-adhesion molecules to treat a variety of diseases may be administered using the
device and/or medicament containers shown and described herein including etrolizumab and
vatelizumab. Still other large and viscous monoclonal antibodies that may be administered
using the device and/or medicament containers shown and described herein include
tezepelumab, anifrolumab, omalizumab, and proprotein convertase subtilisin kexin type 9

(PCSKDY) inhibitors including alirocumab and evolocumab.

[1247] Although the medical injector 4000 is shown and described herein as including
mechanisms for needle retraction, in other embodiments any of the injectors shown and
described herein can include a needle shield that extends distally after the injection to cover the
exposed needle. For example, in some embodiments, a base of a medical injector (e.g. the base
4302) can be (or include) an extending portion that, upon completion of the injection, extends
distally to cover the needle. In some such embodiments, the gas vent assembly can divert all
or a portion of the pressurized gas to a volume within the housing such that the diverted gas
exerts a force on the base (or a portion of the base) to cause the base (or portion of the base) to
extend distally to cover the needle. In other such embodiments, a spring, biasing member, or
retraction member can propel the base (or portion of the base) distally. In yet other
embodiments, a medical injector can include a cap or cover that can be placed over the exposed

needle when the injection is completed.

[1248] Although the medical injector 4000 and the medical injector 6000 are each shown
and described as including a needle, in other embodiments, a medical injector need not include
a needle to inject the dose of epinephrine intramuscularly in a patient weighing between about
7.5 kg and about 15 kg. For example, in some embodiments, a device (similar to the device
4000) can include a nozzle through which the dose is delivered at a pressure sufficient to
penetrate the user’s skin and tissue to deliver the dose intramuscularly to the patient. Such
needleless embodiments can include a pressurized gas container of the types shown and
described herein, and can include a dose limiter, similar to the dose limiter 6527 described
above. In this manner, a needleless medical injector can deliver a dose of epinephrine such
that the volume of the dose delivered is within £15 percent of a nominal dose volume (e.g., a

nominal dose volume of 0.1 mL).
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[1249] Although various embodiments have been described as having particular features
and/or combinations of components, other embodiments are possible having a combination of
any features and/or components from any of embodiments where appropriate. For example,
any of the devices shown and described herein can include an electronic circuit system as
described herein. For example, although the medicament delivery device 1000 shown in FIGS.
1-4 is not shown as including an electronic circuit system, in other embodiments, a medicament
delivery device similar to the device 1000 can include an electronic circuit system similar to

the electronic circuit system 4900 shown and described above.

[1250] Any of the medicament containers described herein can contain any of the

epinephrine compositions and/or other drug formulations described herein.
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Claims

1. An apparatus, comprising:

a housing;

a medicament container at least partially disposed within the housing, the medicament
container containing a dose of a medicament for administration to a patient;

a carrier having a distal end portion coupled to a needle, the distal end portion of the
carrier including a side wall defining a coupling volume within which a distal end portion of the
medicament container is movably coupled, the medicament container fluidically isolated from a
proximal tip of the needle when distal end portion of the medicament container is in a first
container position within the coupling volume, the medicament container fluidically coupled to
the proximal tip of the needle when the distal end portion of the medicament container is in a
second container position within the coupling volume, the side wall including an annular
protrusion defining a bleed passageway from the coupling volume towards a proximal end
portion of the carrier, wherein the bleed passageway is configured to allow air within the
coupling volume to escape as the medicament container fluidically couples to the proximal tip of
the needle; and

an energy storage member within the housing, the energy storage member configured to
produce a force to move the medicament container from the first container position to the second
container position, a portion of the force exerted to move a plunger within the medicament
container to expel the dose of the medicament when the medicament container is in the second

container position.
2. The apparatus of claim 1, wherein the annular protrusion includes a plurality of bleed
passageways disposed circumferentially around the side wall, the bleed passageway being one of

the plurality of bleed passageways.

3. The apparatus of claim 1, wherein the energy storage member is any one of a spring, a

compressed gas container, or a propellant container.
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4. The apparatus of claim 1, wherein the dose of a medicament includes a dose of

epinephrine.

5. The apparatus of claim 1, wherein the needle is configured to move from a first needle
position within the housing to a second needle position extending at least partially outside of the

housing.

6. The apparatus of claim 1, wherein: the patient has a weight range of between 7.5 kg and
15 kg; and
the dose of the medicament includes at least 0.3 ml of a solution containing about 0.3 mg

epinephrine.

7. A method, comprising:

placing a distal end surface of a medical injector into contact with a target location of a
patient, the medical injector including a housing, an energy storage member and a medicament
container containing a dose of epinephrine effective for administration to the patient
experiencing anaphylaxis, the medicament container coupled to a needle via a carrier, the carrier
configured to retain a distal end portion of the medicament container within a coupling volume, a
retention portion of the carrier configured to retain the distal end portion of the medicament
container in a first container position within the coupling volume, the distal end portion of the
medicament container fluidically isolated from a proximal tip of the needle when the
medicament container is in the first container position, the distal end portion of the medicament
container configured to move to a second container position within the coupling volume in
response to an actuation force, the distal end portion of the medicament container fluidically
coupled to the proximal tip of the needle when the medicament container is in the second
container position, the retention portion including an annular protrusion defining a bleed
passageway from the coupling volume towards a proximal end portion of the carrier;

actuating the medical injector after the placing such that the energy storage member
produces the actuation force to move the medicament container from the first container position

to the second container position relative to the carrier, the movement of the medicament
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container from the first container position to the second container position expels a portion of air
from the coupling volume via the bleed passageway;
a portion of the actuation force is exerted to expel the dose of epinephrine from the

medicament container when the medicament container is in the second container position.

8. The method of claim 7, wherein the dose of epinephrine contains between about 0.06 mg

epinephrine and about 0.150 mg epinephrine.

9. The method of claim 7, wherein the dose of epinephrine contains about 0.1 mg
epinephrine.
10. The method of claim 7, wherein the dose of epinephrine includes about 0.1 ml of a

solution containing about 0.1 mg epinephrine, about 0.78 mg sodium chloride, and about 0.15

mg sodium bisulfate hydrochloric acid.

11. The method of claim 7, wherein the patient has a weight range of between 7.5 kg and 15
kg.

12. The method of claim 7, wherein the placing includes placing the distal end surface into

direct contact with a clothing article covering the target location.

13. The method of claim 7, wherein:
the distal end surface is a distal end surface of an actuator; and
the actuating includes pressing the actuator against the target location such that the

actuator moves relative to the housing to release an energy from the energy storage member.

14. The method of claim 13, wherein the actuating includes pressing the actuator against the

target location with an actuator release force between about 8.9 N (2 1bf) and about 44.5 N (10
1bf).
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15. The method of claim 7, wherein the actuating the medical injector further causes the
needle to move from a first needle position to a second needle position, the dose of epinephrine

being expelled from the medicament container when the needle is in the second needle position.

16. The method of claim 15, wherein:
the target location is a thigh; and
the actuation force is such that a distal tip of the needle is within a thigh muscle when the

needle is in the second needle position to expel the dose of epinephrine intramuscularly into the

thigh muscle.
17.  An apparatus, comprising:
a housing;

a medicament container at least partially disposed within the housing, the medicament
container containing a dose of a medicament for administration to a patient;

a carrier having a distal end portion coupled to a needle, the distal end portion of the carrier
including a side wall defining a coupling volume within which a distal end portion of the
medicament container is movably coupled, the medicament container configured to be moved
between a first container position and a second container position within the coupling volume, the
side wall including an annular protrusion defining a bleed passageway out of the coupling volume,
the bleed passageway venting the coupling volume in conjunction with a movement of the distal
end portion of the medicament container within the coupling volume; and

an energy storage member within the housing, the energy storage member configured to
produce a force to move the medicament container from the first container position to the second

container position.
18. The apparatus of claim 17, wherein the annular protrusion defines a plurality of bleed

passageways disposed circumferentially around the side wall, the bleed passageway being one of

the plurality of bleed passageways.
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19. The apparatus of claim 17, wherein a portion of the force is exerted to move a plunger
within the medicament container to expel the dose of a medicament when the medicament

container is in the second container position.

20. The apparatus of claim 17, wherein the medicament container is fluidically isolated from
a proximal tip of the needle when the medicament container is in the first container position, the
medicament container fluidically coupled to the proximal tip of the needle when the medicament

container is in the second container position.
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100

10/\

Opticnally, move a safety lock of a medical injector from a first position to a second position, the
safaty lock preventing actuation of the medical injector when in the first position, the safety lock
enabling actuation of the medical injestor when in the sscond position.

12/\

Optionally, pinch a thigh muscle of a patient befors actuating the medical injector,

137 N\

Optionally, restrain, with a first hand, a leg of the patient before the actuating the medical injestor, the
actugling performed by a sscond hand.

14/\

Place a distal end surface of the medical injsctor into contact with a target location of the patient, the
medicel injector including a housing, an energy storage member and a madicament container
gontaining a dose of epinephrine effective for administration io the patisnt experiencing anaphylaxis
and having a weight of less than 15 kg, the medicament container coupled to a nesdle.

16/\

Actuate the medical injecior after the placing such that the energy storage producss a force to move
the needie from a first needle position 1o a second needle position, a distal tip of the neadie extending
from the distal end surfacs by a distance of between 7 millimeiers and 8 millimeters whan the neadle
i3 in the second neadle posttion, a porlion of the force exerted 1o expel the dose of epinephrine from
the medicament container when the needie is in the second position.

18/\

Opticnally, maintain the distal and surface in contact with the target loeation for at least two seconds
afier the medical injecior is actuated.
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200

20/\

Opticnally, remove a medical injector from a case that covers a status window defined by a housing
of the medical injecior. A dose of spinephrine being visible through the sigius window after the
medical injector is ramoved from the case, the status window being gbsiructed by the case befors the
medical injector is ramoved.

22/\

Remove a safety member of the medical injsctor from a distal end portion of a housing of a medical
injactor, the medical injector including a medicament container containing the dose of epinsphrine
affective for administration to a patient experiencing anaphylaxis and having a weight of betwsen 7.5
kg and 15 kg, the medicament container coupled to a needle. The removal of the safsly member
causes g needle sheath io be removed from about a distal tip of the needle.

287\

Optionally, restrain, with a first hand, a leg of the patient before the actuating the medical injector, the
actuating performed by a second hand.

25" N\

Move the housing distally to insert the distal tip of the needls into a iarget location of the patient by a
distance of between 7 millimeters and 8 millimelers

26/\

Actuate the medical injsclor after the moving o cause a force to move an end portion of a plunger
distally within the medicament container to deliver the dose of gpingphrine from the medicament
container. The medical injector includes a stop surface {o limit distal movement of the plunger such
that a volume of the dose delivered is within =15 percent of a nominal dose volume.

28/\

Opticnally, maintain the distal and surface in contact with the target loeation for at least two seconds
afier the medical injecior is actuated.

FIG. 66
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