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(57) ABSTRACT

A drug delivery device for delivering a medicament includes
a housing arranged to contain a container, a receiver coil,
and an energy storage unit. The receiver coil is arranged to
receive energy from a transmitter coil by electromagnetic
induction. The energy storage unit is arranged to be charged
by at least a portion of the energy received by the receiver
coil. At least a portion of the energy received by the receiver
coil is converted to heat energy. The receiver coil is arranged
in the drug delivery device to transfer the heat energy to the
container to heat medicament contained in the container. A
system comprising the drug delivery device is also dis-
closed.
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DRUG DELIVERY DEVICE AND CHARGING
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 16/772,441, filed Jun. 12, 2020,
which is the national stage entry of International Patent
Application No. PCT/EP2018/085115, filed on Dec. 17,
2018, and claims priority to Application No. EP 17306809.9,
filed on Dec. 18, 2017, the disclosures of which are incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a drug delivery
device and a charging device, in particular, but not exclu-
sively, wherein medicament in the drug delivery device can
be heated by electromagnetic induction.

BACKGROUND
[0003] Many medicaments require refrigeration while in
storage.
SUMMARY
[0004] According to a first aspect of the present disclo-

sure, there is provided a drug delivery device for delivering
a medicament, the drug delivery device comprising: a hous-
ing arranged to contain a container; a receiver coil; and an
energy storage unit, wherein the receiver coil is arranged to
receive energy from a transmitter coil by electromagnetic
induction, wherein the energy storage unit is arranged to be
charged by at least a portion of the energy received by the
receiver coil, wherein at least a portion of the energy
received by the receiver coil is converted to heat energy, and
wherein the receiver coil is arranged in the drug delivery
device to transfer the heat energy to the container to heat
medicament contained in the container.

[0005] The drug delivery device may further comprise a
resonant circuit, wherein the receiver coil and resonant
circuit are arranged to receive the energy from the transmit-
ter coil by resonant inductive coupling.

[0006] The drug delivery device may further comprise a
sensing unit and an antenna, wherein the sensing unit is
arranged to determine a usage parameter of the drug delivery
device, and wherein the drug delivery device is arranged to
transmit a wireless electromagnetic signal using the antenna,
the wireless electromagnetic signal corresponding to the
determined usage parameter.

[0007] The receiver coil may be a transceiver coil, and the
antenna may comprise the transceiver coil.

[0008] The drug delivery device may further comprise a
temperature sensor, wherein the drug delivery device is
arranged to provide an output dependent upon a temperature
of the medicament detected by the temperature sensor.

[0009] The output may comprise an audio, visual or haptic
output.
[0010] The output may comprise a wireless electromag-

netic signal transmitted using the receiver coil.

[0011] The drug delivery device may include a medica-
ment contained in the container.

[0012] According to a second aspect of the present dis-
closure, there is provided a system comprising: drug deliv-
ery device as disclosed herein; and a charging device for
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heating medicament contained in the drug delivery device
using electromagnetic induction, the charging device com-
prising: a driving circuit; and a transmitter coil, wherein the
driving circuit is arranged to drive the transmitter coil,
wherein the driving circuit and the transmitter coil are
arranged to transmit energy to a receiver coil of the drug
delivery device by electromagnetic induction, and wherein
the receiver coil of the drug delivery device is arranged to
receive the energy from the transmitter coil of the charging
device and to heat medicament contained in the drug deliv-
ery device.

[0013] The driving circuit and transmitter coil may be
arranged to transmit the energy by resonant inductive cou-
pling.

[0014] The charging device may be configured to surround
the drug delivery device may be configurable to surround the
drug delivery device.

[0015] The charging device may be a sleeve, a wrap, a pad
or a glove.
[0016] The transmitter coil may be a transceiver coil,

wherein the transceiver coil is arranged to receive an elec-
tromagnetic signal transmitted by the drug delivery device,
wherein the electromagnetic signal corresponds to deter-
mined usage parameter of the drug delivery device.

[0017] The charging device may further comprise an
acoustic sensor arranged to detect an acoustic signal output
by the drug delivery device, the acoustic signal correspond-
ing to a usage parameter of the drug delivery device.
[0018] The charging device may further comprise a tem-
perature sensor arranged to determine a temperature of the
drug delivery device when the transmitter coil is transmit-
ting energy to the receiver coil of the drug delivery device.
[0019] Discomfort experienced by a patient during injec-
tion of the medicament can be reduced by bringing the
medicament to ambient temperature or to the body tempera-
ture of the patient. Medicaments such as insulin which may
be administered using an auto-injector or pen-injector may
be allowed to return to room temperature prior to adminis-
tration so that discomfort experienced by the user of the
injector is reduced.

BRIEF DESCRIPTION OF THE FIGURES

[0020] Embodiments of the present disclosure will now be
described, by way of example only, with reference to the
accompanying drawings, in which:

[0021] FIGS. 1A and 1B are side-on views of an exem-
plary drug delivery device according to embodiments of the
present disclosure;

[0022] FIG. 2 is a schematic of components with the drug
delivery device of FIGS. 1A and 1B;

[0023] FIG. 3 is a schematic of components within a
charging device for transferring energy to the drug delivery
device of FIG. 2;

[0024] FIG. 4A is an illustration of an embodiment
wherein the charging device of FIG. 3 is a sleeve;

[0025] FIG. 4B is an illustration of an embodiment
wherein the charging device of FIG. 3 is a pad;

[0026] FIG. 4C is an illustration of an embodiment
wherein the charging device of FIG. 3 is a glove;

[0027] FIG. 5 illustrates a method of using the drug
delivery device of FIG. 2 and the charging device of FIG. 3;
[0028] FIG. 6 is illustrates a method of using the drug
delivery device of FIG. 2 and the charging device of FIG. 3.
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[0029] Reference will now be made in detail to the
embodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings, wherein like
reference numerals refer to like elements throughout.

DETAILED DESCRIPTION

[0030] According to some embodiments of the present
disclosure, a drug delivery device for delivering a medica-
ment comprises a housing arranged to contain a container, a
receiver coil, and an energy storage unit. The receiver coil is
arranged to receive energy from a transmitter coil by elec-
tromagnetic induction. The energy storage unit is arranged
to be charged by at least a portion of the energy received by
the receiver coil. At least a portion of the energy received by
the receiver coil is converted to heat energy. The receiver
coil is arranged in the drug delivery device to transfer the
heat energy to the container to heat medicament contained in
the container.

[0031] According to some embodiments of the present
disclosure, an exemplary drug delivery device 10 is shown
in FIGS. 1A & 1B. This drug delivery device 10 may be
known as a pen injector or an auto-injector. However other
types of drug delivery devices may be used with the present
disclosure. The drug delivery device 10 is arranged to
contain a container. The container is for containing medi-
cament to be delivered to a patient. The container may be
configured to be single-use or reusable. The drug delivery
device 10 may comprise the container, or may be configured
to have a container inserted prior to medicament adminis-
tration. Suitable drug delivery devices for the present dis-
closure include cartridge-based devices, syringes, pen injec-
tors, auto-injectors and the like.

[0032] The drug delivery device 10 is configured to inject
a medicament into a patient’s body. The drug delivery
device 10 includes a housing 11 which typically contains a
container containing the medicament to be injected (e.g., a
syringe or cartridge) and the components required to facili-
tate one or more steps of the delivery process. The drug
delivery device 10 can also include a cap assembly 12 that
can be detachably mounted to the housing 11. Typically a
user must remove cap 12 from the housing 11 before the
drug delivery device 10 can be operated.

[0033] As shown, the housing 11 is substantially cylindri-
cal and has a substantially constant diameter along the
longitudinal axis X. The housing 11 has a distal region 20
and a proximal region 21. The term “distal” refers to a
location that is relatively closer to a site of injection, and the
term “proximal” refers to a location that is relatively further
away from the injection site.

[0034] The drug delivery device 10 can also include a
needle sleeve 13 coupled to the housing 11 to permit
movement of the sleeve 13 relative to the housing 11. For
example, the sleeve 13 can move in a longitudinal direction
parallel to longitudinal axis X. Specifically, movement of the
sleeve 13 in a proximal direction can permit a needle 17 to
extend from the distal region 20 of the housing 11.

[0035] Insertion of the needle 17 can occur via several
mechanisms. For example, the needle 17 may be fixedly
located relative to the housing 11 and initially be located
within the extended needle sleeve 13. Proximal movement
of the sleeve 13 by placing a distal end of sleeve 13 against
a patient’s body and moving the housing 11 in a distal
direction will uncover the distal end of the needle 17. Such
relative movement allows the distal end of the needle 17 to
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extend into the patient’s body. Such insertion is termed
“manual” insertion as the needle 17 is manually inserted via
the patient’s manual movement of the housing 11 relative to
the sleeve 13.

[0036] Another form of insertion is “automated,” whereby
the needle 17 moves relative to the housing 11. Such
insertion can be triggered by movement of the sleeve 13 or
by another form of activation, such as, for example, a button
22. As shown in FIGS. 1A & 1B, the button 22 is located at
a proximal end of housing 11. However, in other embodi-
ments, the button 22 could be located on a side of the
housing 11.

[0037] Other manual or automated features can include
drug injection or needle retraction, or both. Injection is the
process by which a bung or piston 23 is moved from a
proximal location within a syringe (not shown) to a more
distal location within the syringe in order to force a medi-
cament from the syringe through the needle 17. In some
embodiments, a drive spring (not shown) is under compres-
sion before the drug delivery device 10 is activated. A
proximal end of the drive spring can be fixed within the
proximal region 21 of the housing 11, and a distal end of the
drive spring can be configured to apply a compressive force
to a proximal surface of the piston 23. Following activation,
at least part of the energy stored in the drive spring can be
applied to the proximal surface of the piston 23. This
compressive force can act on the piston 23 to move it in a
distal direction. Such distal movement acts to compress the
liquid medicament within the syringe, forcing it out of the
needle 17.

[0038] Following injection, the needle 17 can be retracted
within the sleeve 13 or the housing 11. Retraction can occur
when the sleeve 13 moves distally as a user removes the
drug delivery device 10 from a patient’s body. This can
occur as the needle 17 remains fixedly located relative to the
housing 11. Once a distal end of the sleeve 13 has moved
past a distal end of the needle 17 and the needle 17 is
covered, the sleeve 13 can be locked. Such locking can
include locking any proximal movement of the sleeve 13
relative to the housing 11.

[0039] Another form of needle retraction can occur if the
needle 17 is moved relative to the housing 11. Such move-
ment can occur if the syringe within the housing 11 is moved
in a proximal direction relative to the housing 11. This
proximal movement can be achieved by using a retraction
spring (not shown), located in the distal region 20. A
compressed retraction spring, when activated, can supply
sufficient force to the syringe to move it in a proximal
direction. Following sufficient retraction, any relative move-
ment between the needle 17 and the housing 11 can be
locked with a locking mechanism. In addition, the button 22
or other components of the drug delivery device 10 can be
locked as required.

[0040] The drug delivery device 10 may be a handheld
injector such as a pen injector. The drug delivery device 10
described in relation to FIGS. 1A and 1B is given by way of
example. Other suitable forms of the drug delivery device 10
may be used in accordance with aspects of the present
disclosure. For example, the drug delivery device 10 may
not have some of the components described in relation to
FIGS. 1A and 1B, or may have additional components.
[0041] FIG. 2 is a schematic illustration of components
within the drug delivery device 10, in particular components
of a circuit within the drug delivery device 10.
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[0042] The drug delivery device 10 contains a receiver
coil 30 and an energy storage unit 32. The receiver coil 30
is arranged to receive energy from a corresponding trans-
mitter coil (not shown) contained in a charging device by
electromagnetic induction, such as resonant inductive cou-
pling. At least a portion of the energy received by the
receiver coil 30 is used to charge the energy storage unit 32.
The energy storage unit 32 may then supply power to
electrical components of the drug delivery device 10 such as
a control unit 34, a sensing unit 35, a temperature sensor 36,
or an output device 37. The energy storage unit 32 may
comprise a capacitor or a cell.

[0043] As energy is transferred from the transmitter coil of
a charging device to the receiver coil 30 of the drug delivery
device 10, inefficiency in the coupling of the transmitter coil
and the receiver coil 30 leads to heat being generated by the
receiver coil 30. Aspects of the present disclosure may allow
this heat to be harvested and used. In particular, the receiver
coil 30 is arranged in the drug delivery device 10 to transfer
the heat energy to the container to heat medicament con-
tained in the container. The receiver coil 30 may be located
in the drug delivery device 10 adjacent the container so that
the heat is more efficiently transferred to the medicament
contained in the container. In some examples, the receiver
coil 30 may be located on a surface of the container, such as
the outer surface, or may be embedded within the walls of
the container. The receiver coil 30 may be flexible so that it
can be more easily applied to contours of the container.
Heating the medicament contained in the container of the
drug delivery device 10 using heat energy generated by
electromagnetic induction (such as resonant inductive cou-
pling) can reduce the discomfort experienced by a patient to
whom the medicament is being delivered.

[0044] The control unit 34 may control various operations
of'the drug delivery device 10. For example, the control unit
34 may receive electrical inputs from the receiver coil 30,
the sensing unit 35, and/or the temperature sensor 36. The
control unit 34 may process one or more electrical inputs and
provide a corresponding electrical output to another com-
ponent, for example the receiver coil 30, the resonant circuit
38, or the output device 37. The control unit 34 may
comprise one or more processors, one or more logic units, or
the like.

[0045] The sensing unit 35 may be arranged to determine
one or more usage parameters of the drug delivery device
10. The usage parameters may include a number of drug
delivery cycles, an amount of medicament delivered, a time
of drug delivery, or the like. The drug delivery device 10
may be arranged to transmit a wireless electromagnetic
signal using an antenna of the drug delivery device 10, the
wireless electromagnetic signal corresponding to the one or
more determined usage parameters. An apparatus such as
charging device 40, described with reference to FIG. 3, may
be configured to receive and process the wireless electro-
magnetic signal in order to determine the one or more usage
parameters of the drug delivery device 10. In some
examples, the receiver coil 30 may be a transceiver coil. The
antenna may therefore comprise the transceiver coil.
[0046] The drug delivery device 10 may comprise a tem-
perature sensor 36 for detecting a temperature, such as the
temperature of the medicament contained within the con-
tainer of the drug delivery device 10. The temperature sensor
36 may therefore be located adjacent the container such that
it is in close proximity to the medicament, improving the
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accuracy of the temperature measurement. The temperature
sensor 36 may be located on a surface of the container. A
flexible temperature sensor 36 may be used such that the
temperature sensor 36 can be adhered to a surface of the
container.

[0047] The drug delivery device 10 may also comprise an
output device 37. The output device 37 may be configured
to output one or more of an audio, visual or haptic output in
response to an electrical signal output by the control unit 34.
For example, the output device 37 may comprise one or
more speakers, light emitting diodes, displays or vibrating
units.

[0048] The drug delivery device 10 may comprise a reso-
nant circuit 38 electrically coupled to the receiver coil 30
such that energy can be transferred to the receiver coil 30
from the transmitter coil of the charging device by resonant
inductive coupling.

[0049] FIG. 3 is a schematic illustration of a charging
device 40 according to aspects of the present disclosure. The
charging device 40 is for heating the medicament contained
in the drug delivery device 10 using electromagnetic induc-
tion.

[0050] The charging device 40 comprises a power supply
41, a transmitter coil 42 and a driving circuit 43. The power
supply 41 is configured to supply power to the various
electrical components of the charging device 40. The power
supply 41 may comprise a battery, or a connector for
connecting the charging device 40 to a mains supply.

[0051] The driving circuit 43 drives the transmitter coil 42
to generate a time-varying magnetic field. The time-varying
magnetic field induces a voltage across the receiver coil 30
of the drug delivery device 10 by electromagnetic induction.
Energy is therefore transferred from the transmitter coil 42
to the receiver coil 30.

[0052] In some examples, the charging device 40 further
comprises a temperature sensor 44. The temperature sensor
44 is arranged to determine a temperature of the drug
delivery device 10 when the transmitter coil 42 is transmit-
ting energy to the receiver coil 30 of the drug delivery device
10. For example, the temperature sensor 44 may be arranged
within the charging device 40 such that it is adjacent the drug
delivery device 10 when the drug delivery device is brought
into proximity with the charging device 40.

[0053] The charging device 40 may comprise a sensing
unit 47 arranged to determine one or more usage parameters
of the drug delivery device 10. The usage parameters may
include a number of drug delivery cycles, an amount of
medicament delivered, a time of drug delivery, or the like.
The sensing unit 47 may comprise an acoustic sensing unit,
wherein the acoustic sensing unit is configured to detect an
acoustic signal output by the drug delivery device 10, and to
determine the one or more usage parameters based on the
detected acoustic signal.

[0054] The charging device 40 may comprise a control
unit 45, which may control various operations of the charg-
ing device 40. For example, the control unit 45 may receive
electrical inputs from the transmitter coil 42, the sensing unit
47, the power supply 41, and/or the temperature sensor 44.
The control unit 45 may process one or more electrical
inputs and provide a corresponding electrical output to a
component, for example the transmitter coil 42, or an output
device 46. The control unit 45 may comprise one or more
processors, one or more logic units, or the like.
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[0055] In a similar manner to the drug delivery device 10,
the output device 46 of the charging device 40 may output
one or more of an audio, visual or haptic output in response
to an electrical signal output by the control unit 45. For
example, the output device 46 may comprise one or more
speakers, light emitting diodes, displays or vibrating units.
The output may be dependent upon the temperature of the
medicament in the drug delivery device 10 as determined by
the temperature sensor 36 of the drug delivery device 10 or
the temperature sensor 44 of the charging device 40.
[0056] One or more electrical components of the charging
device 40 may be flexible at least in part. For example the
transmitter coil 42 may be flexible. Various electronics of the
charging device 40 may be produced by screen printing
techniques. The use of flexible electronics where possible
can be beneficial in that it allows the charging device 40 to
have a variety of form factors, such as those discussed below
with relation to FIGS. 4A, 4B and 4C.

[0057] FIGS. 4A, 4B and 4C illustrate various embodi-
ments of the charging device 40. In each of the embodi-
ments, the charging device 40 may be configured to sur-
round the drug delivery device 10, or is configurable to
surround the drug delivery device 10. Where the charging
device 40 is configurable to surround the drug delivery
device 10, the charging device 40 may have a first physical
configuration in which it cannot surround the drug delivery
device 10, and a second physical configuration in which it
can surround the drug delivery device 10, wherein the
charging device 40 can be changed between the first physical
configuration and second physical configuration. The
change between the first and second physical configurations
may be reversible.

[0058] FIG. 4A shows an embodiment wherein the charg-
ing device 40 is a sleeve, such as a pouch. The drug delivery
device 10 can be inserted into the sleeve such that the sleeve
surrounds the drug delivery device 10 at least partially.
[0059] The dotted circle indicates an approximate location
of the transmitter coil 42 in the charging device 40. The
transmitter coil 42 is located in the charging device 40 such
that it corresponds to the location of the receiver coil 30 of
the drug delivery device 10 when the drug delivery device
10 is surrounded by the charging device 40. In other words,
the transmitter coil 42 is located such that it is adjacent the
receiver coil 30 when the drug delivery device 10 is inserted
into the sleeve, so that electromagnetic induction may occur
between the transmitter coil 42 and receiver coil 30.
[0060] In some examples, the charging device 40 may be
a wrap, wherein the wrap is configurable to surround the
drug delivery device 10. For example, the charging device
40 may be a flexible sheet that can be wrapped around the
drug delivery device 10 before use of the drug delivery
device 10. The wrap may have a fastener to keep the wrap
in place when surrounding the drug delivery device 10. For
example, the fastener may comprise a hook and loop fas-
tener, snap fastener, zip, adhesive, or another suitable fas-
tening means. The fastener may be releasable to allow for
re-use of the wrap.

[0061] FIG. 4B shows an embodiment wherein the charg-
ing device 40 is a pad. The pad may be rigid or flexible. The
pad is configured such that the drug delivery device 10 may
be placed rested on a surface of the pad.

[0062] Again, the dotted circle indicates an approximate
location of the transmitter coil 42 in the charging device 40.
The transmitter coil 42 is located in the charging device 40
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such that it corresponds to the location of the receiver coil
30 of the drug delivery device 10 when the drug delivery
device 10 is placed on (or otherwise brought into close
proximity with) the charging device 40. In other words, the
transmitter coil 42 is located such that it is adjacent the
receiver coil 30 when the drug delivery device 10 is posi-
tioned on the pad, so that electromagnetic induction may
occur between the transmitter coil 42 and receiver coil 30.
[0063] FIG. 4C shows an embodiment wherein the device
is a glove. The transmitter coil may be located in the glove
such that it can inductively couple to the receiver coil of the
drug delivery device when a user wearing the glove is
holding the drug delivery device with their gloved hand. For
example, the transmitter coil may be located at the palm of
the glove. The transmitter coil may be located on an outer
surface or inner surface of the glove, or may be contained
within the material of the glove.

[0064] Again, the dotted circle indicates an approximate
location of the transmitter coil 42 in the charging device 40.
The transmitter coil 42 is located in the charging device 40
such that it corresponds to the location of the receiver coil
30 of the drug delivery device 10 when the drug delivery
device 10 is held in (or otherwise brought into close prox-
imity with) the charging device 40. In other words, the
transmitter coil 42 is located such that it is adjacent the
receiver coil 30 when the drug delivery device 10 is held in
the glove, so that electromagnetic induction may occur
between the transmitter coil 42 and receiver coil 30.
[0065] In each of the above embodiments, the charging
device 40 may have an anti-slip outer surface. This may
ensure that the charging device 40 can be easily and securely
held by a user, in the case of the charging device 40 being
a sleeve, or that the drug delivery device 10 can be easily and
securely held in the charging device 40, in the case of the
charging device 40 being a glove.

[0066] The charging device 40 may transparent or trans-
lucent at least in part. In embodiments wherein the charging
device 40 is a sleeve or wrap, this may enable a user to view
the drug delivery device 10 through the charging device 40.
For example, the user may be able to view a display of the
drug delivery device 10 through the charging device 40, or
may be able to view an amount of medicament remaining in
the drug delivery device 10.

[0067] FIG. 5illustrates an exemplary method of using the
device and drug delivery device.

[0068] In a first step 510, the drug delivery device 10 is
brought into proximity of the charging device 40. In other
words, the drug delivery device 10 and charging device 40
are brought together such that the transmitter coil of the
charging device 40 and the receiver coil of the drug delivery
device can be inductively coupled. If the device is a pouch,
this may involve inserting the drug delivery device into the
pouch such that at least part of the drug delivery device is
contained within the pouch. If the device is a wrap, first step
510 may involve wrapping the wrap around the drug deliv-
ery device. If the device is a glove, first step 510 may involve
holding the drug delivery in the glove.

[0069] Ina second step 520, energy is transmitted from the
transmitter coil of the device to the receiver coil of the drug
delivery device by electromagnetic induction. The driving
circuit of the device drives the transmitter coil so that a
time-varying magnetic field is generated. The time-varying
magnetic field induces a potential difference across the
receiver coil of the drug delivery device. Energy is therefore
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transferred from the transmitter coil to the receiver coil. At
least a part of the energy transferred to the receiver coil may
be used to charge the energy storage unit of the drug delivery
device. The energy transferred from the transmitter coil to
the receiver coil may be used to supply power to one or more
electrical components of the drug delivery device. Some of
the energy transferred from the transmitter coil to the
receiver coil is converted to heat energy. This heat energy is
transferred to the medicament contained in the container of
the drug delivery device such that the medicament is heated.

[0070] Once the medicament has reached a desired tem-
perature, in some cases as determined by temperature sensor
36 or temperature sensor 44, the drug delivery device 10
may be separated from the charging device 40. For example
where the charging device 40 is a sleeve, the drug delivery
device 10 may be removed from the sleeve. Where the
charging device 40 is a wrap, the charging device 40 may be
unwrapped from around the drug delivery device 10. The
drug delivery device 10 may then be used to perform an
injection. In some examples, the charging device 40 and
drug delivery device 10 are not separated before performing
an injection. For example where the charging device 40 is a
sleeve, the drug delivery device 10 may remain in the sleeve
during drug delivery. Where the charging device 40 is a
wrap, the charging device 40 may remain wrapped around
the drug delivery device 10 during drug delivery.

[0071] FIG. 6 illustrates a further exemplary method of
using the device and drug delivery device.

[0072] In step 610, the drug delivery device 10 is brought
into proximity of the charging device 40, in a similar manner
to step 510 of FIG. 5.

[0073] Instep 620, the charging device 40 detects that it is
in proximity to the drug delivery device. This may be
achieved by the charging device 40 detecting a change in
capacitance or resonance within the charging device 40.

[0074] In step 630, and in response to detection that the
charging device 40 is in proximity to the drug delivery
device 10, the device transmits a burst signal to the drug
delivery device using the transmitter coil.

[0075] In step 640, the receiver coil of the drug delivery
device receives the burst signal from the charging device 40.
The control unit of the drug delivery device detects the burst
signal and awakens the drug delivery device from a standby
state.

[0076] In optional step 650, the drug delivery device
transmits a signal to the charging device 40 indicating at
least one of an identification of the drug delivery device and
a signal strength status. The signal may be transmitted
wirelessly using an antenna of the drug delivery device. In
some examples, the receiver coil of the drug delivery device
is a transceiver coil, and the antenna comprises the trans-
ceiver coil. The signal may be received by the transmitter
coil of the charging device 40, or another coil of the charging
device 40.

[0077] In step 660, the driving circuit of the charging
device 40 drives the transmitter coil to transmit energy from
the transmitter coil to the receiver coil of the drug delivery
device, in a similar manner as discussed with respect to step
520 of FIG. 5. In the process of charging the energy storage
unit of the drug delivery device, the transmitter coil of the
device also causes the generation of heat at the receiver coil
of the drug delivery device. This generated heat is used to
heat medicament contained in the container of the drug
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delivery device, for example to bring the medicament to
ambient temperature, or body temperature.

[0078] In optional step 670, the temperature sensor of the
drug delivery device or the temperature sensor of the charg-
ing device 40 determines that the temperature of the medi-
cament in the drug delivery device has reached a threshold
temperature.

[0079] In optional step 680, in response to determining
that the temperature of the medicament in the drug delivery
device has reached a threshold temperature, the driving
circuit may stop driving the transmitter coil or may modify
the manner in which the transmitter coil is driven such that
energy transfer between the transmitter coil and the receiver
coil is stopped or reduced. Heat production at the receiver
coil is therefore stopped or reduced, thereby stopping or
reducing further heating of the medicament.

[0080] Where the temperature sensor in the charging
device 40 is used to determine that the temperature of the
medicament in the drug delivery device has reached a
threshold temperature, the control unit may send an electri-
cal signal to the driving circuit to stop the driving circuit
driving the transmitter coil or modify the manner in which
the transmitter coil is driven.

[0081] Where the temperature sensor in the drug delivery
device is used to determine that the temperature of the
medicament in the drug delivery device has reached a
threshold temperature, the drug delivery device may provide
an output dependent upon the temperature of the medica-
ment detected by the temperature sensor. In particular, the
control unit of the drug delivery device may cause said
output to be provided. The output may comprise a wireless
electromagnetic signal transmitted using the receiver coil.
The signal may be received by the transmitter coil of the
charging device 40, or another coil. It is this signal that may
be used by the charging device 40 to determine that the
driving circuit should be stopped or modified.

[0082] In optional step 690, in response to determining
that the temperature of the medicament in the drug delivery
device has reached a threshold temperature, an audio, visual
or haptic output may be provided by the drug delivery device
or the charging device 40, for example using output device
37 or output device 46. For example, in response to deter-
mining that the medicament in the drug delivery device has
reached a threshold temperature, a light emitting diode of the
drug delivery device or charging device 40 may be illumi-
nated.

[0083] According to some embodiments of the present
disclosure, there is also provided a system comprising a drug
delivery device 10 according to the present disclosure and a
charging device 40 according to the present disclosure. The
driving circuit of the charging device is arranged to drive the
transmitter coil of the charging device. The driving circuit
and the transmitter coil are arranged to transmit energy to the
receiver coil of the drug delivery device by electromagnetic
induction, and the receiver coil of the drug delivery device
is arranged to receive the energy from the transmitter coil of
the charging device and to heat medicament contained in the
drug delivery device.

[0084] As discussed in relation to FIG. 5, the charging
device 40 and drug delivery device 10 may or may not be
separated before performing an injection or other form of
drug delivery.

[0085] The terms “drug” or “medicament” are used syn-
onymously herein and describe a pharmaceutical formula-
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tion containing one or more active pharmaceutical ingredi-
ents or pharmaceutically acceptable salts or solvates thereof,
and optionally a pharmaceutically acceptable carrier. An
active pharmaceutical ingredient (“API”), in the broadest
terms, is a chemical structure that has a biological effect on
humans or animals. In pharmacology, a drug or medicament
is used in the treatment, cure, prevention, or diagnosis of
disease or used to otherwise enhance physical or mental
well-being. A drug or medicament may be used for a limited
duration, or on a regular basis for chronic disorders.

[0086] As described below, a drug or medicament can
include at least one API, or combinations thereof, in various
types of formulations, for the treatment of one or more
diseases. Examples of APl may include small molecules
having a molecular weight of 500 Da or less; polypeptides,
peptides and proteins (e.g., hormones, growth factors, anti-
bodies, antibody fragments, and enzymes); carbohydrates
and polysaccharides; and nucleic acids, double or single
stranded DNA (including naked and cDNA), RNA, anti-
sense nucleic acids such as antisense DNA and RNA, small
interfering RNA (siRNA), ribozymes, genes, and oligo-
nucleotides. Nucleic acids may be incorporated into molecu-
lar delivery systems such as vectors, plasmids, or liposomes.
Mixtures of one or more drugs are also contemplated.

[0087] The drug or medicament may be contained in a
primary package or “drug container” adapted for use with a
drug delivery device. The drug container may be, e.g., a
cartridge, syringe, reservoir, or other solid or flexible vessel
configured to provide a suitable chamber for storage (e.g.,
short- or long-term storage) of one or more drugs. For
example, in some instances, the chamber may be designed to
store a drug for at least one day (e.g., 1 to at least 30 days).
In some instances, the chamber may be designed to store a
drug for about 1 month to about 2 years. Storage may occur
at room temperature (e.g., about 20° C.), or refrigerated
temperatures (e.g., from about —4° C. to about 4° C.). In
some instances, the drug container may be or may include a
dual-chamber cartridge configured to store two or more
components of the pharmaceutical formulation to-be-admin-
istered (e.g., an API and a diluent, or two different drugs)
separately, one in each chamber. In such instances, the two
chambers of the dual-chamber cartridge may be configured
to allow mixing between the two or more components prior
to and/or during dispensing into the human or animal body.
For example, the two chambers may be configured such that
they are in fluid communication with each other (e.g., by
way of a conduit between the two chambers) and allow
mixing of the two components when desired by a user prior
to dispensing. Alternatively or in addition, the two chambers
may be configured to allow mixing as the components are
being dispensed into the human or animal body.

[0088] The drugs or medicaments contained in the drug
delivery devices as described herein can be used for the
treatment and/or prophylaxis of many different types of
medical disorders. Examples of disorders include, e.g., dia-
betes mellitus or complications associated with diabetes
mellitus such as diabetic retinopathy, thromboembolism
disorders such as deep vein or pulmonary thromboembo-
lism. Further examples of disorders are acute coronary
syndrome (ACS), angina, myocardial infarction, cancer,
macular degeneration, inflammation, hay fever, atheroscle-
rosis and/or rheumatoid arthritis. Examples of APIs and
drugs are those as described in handbooks such as Rote Liste
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2014, for example, without limitation, main groups 12
(anti-diabetic drugs) or 86 (oncology drugs), and Merck
Index, 15th edition.

[0089] Examples of APIs for the treatment and/or prophy-
laxis of type 1 or type 2 diabetes mellitus or complications
associated with type 1 or type 2 diabetes mellitus include an
insulin, e.g., human insulin, or a human insulin analogue or
derivative, a glucagon-like peptide (GLP-1), GLP-1 ana-
logues or GLP-1 receptor agonists, or an analogue or deriva-
tive thereof, a dipeptidyl peptidase-4 (DPP4) inhibitor, or a
pharmaceutically acceptable salt or solvate thereof, or any
mixture thereof. As used herein, the terms “analogue” and
“derivative” refers to a polypeptide which has a molecular
structure which formally can be derived from the structure
of a naturally occurring peptide, for example that of human
insulin, by deleting and/or exchanging at least one amino
acid residue occurring in the naturally occurring peptide
and/or by adding at least one amino acid residue. The added
and/or exchanged amino acid residue can either be codable
amino acid residues or other naturally occurring residues or
purely synthetic amino acid residues. Insulin analogues are
also referred to as “insulin receptor ligands”. In particular,
the term “derivative” refers to a polypeptide which has a
molecular structure which formally can be derived from the
structure of a naturally occurring peptide, for example that
of human insulin, in which one or more organic substituent
(e.g. a fatty acid) is bound to one or more of the amino acids.
Optionally, one or more amino acids occurring in the natu-
rally occurring peptide may have been deleted and/or
replaced by other amino acids, including non-codeable
amino acids, or amino acids, including non-codeable, have
been added to the naturally occurring peptide.

[0090] Examples of insulin analogues are Gly(A21), Arg
(B31), Arg(B32) human insulin (insulin glargine); Lys(B3),
Glu(B29) human insulin (insulin glulisine); Lys(B28), Pro
(B29) human insulin (insulin lispro); Asp(B28) human insu-
lin (insulin aspart); human insulin, wherein proline in posi-
tion B28 is replaced by Asp, Lys, Leu, Val or Ala and
wherein in position B29 Lys may be replaced by Pro;
Ala(B26) human insulin; Des(B28-B30) human insulin;
Des(B27) human insulin and Des(B30) human insulin.
[0091] Examples of insulin derivatives are, for example,
B29-N-myristoyl-des(B30) human insulin, Lys(B29) (N-tet-
radecanoyl)-des(B30) human insulin (insulin detemir,
Levemir®); B29-N-palmitoyl-des(B30) human insulin;
B29-N-myristoyl human insulin; B29-N-palmitoyl human
insulin; B28-N-myristoyl LysB28ProB29 human insulin;
B28-N-palmitoyl-LysB28ProB29 human insulin; B30-N-
myristoyl-ThrB29LysB30 human insulin; B30-N-palmitoyl-
ThrB29LysB30 human insulin; B29-N—(N-palmitoyl-
gamma-glutamyl)-des(B30) human insulin, B29-N-omega-
carboxypentadecanoyl-gamma-L.-glutamyl-des(B30)
human insulin (insulin degludec, Tresiba®); B29-N—(N-
lithocholyl-gamma-glutamyl)-des(B30) human insulin;
B29-N-(o-carboxyheptadecanoyl)-des(B30) human insulin
and B29-N-(o-carboxyheptadecanoyl) human insulin.
[0092] Examples of GLP-1, GLP-1 analogues and GLP-1
receptor agonists are, for example, Lixisenatide
(Lyxumia®), Exenatide (Exendin-4, Byetta®, Bydureon®, a
39 amino acid peptide which is produced by the salivary
glands of the Gila monster), Liraglutide (Victoza®), Sema-
glutide, Taspoglutide, Albiglutide (Syncria®), Dulaglutide
(Trulicity®), rExendin-4, CIC-1134-PC, PB-1023, TTP-
054, Langlenatide/HM-11260C, CM-3, GLP-1 Eligen,
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ORMD-0901, NN-9924, NN-9926, NN-9927, Nodexen,
Viador-GLP-1, CVX-096, ZYOG-1, ZYD-1, GSK-
2374697, DA-3091, MAR-701, MAR709, ZP-2929,
7P-3022, TT-401, BHM-034. MOD-6030, CAM-2036,
DA-15864, ARI-2651, ARI-2255, Exenatide-XTEN and
Glucagon-Xten.

[0093] An examples of an oligonucleotide is, for example:
mipomersen sodium (Kynamro®), a cholesterol-reducing
antisense therapeutic for the treatment of familial hypercho-
lesterolemia.

[0094] Examples of DPP4 inhibitors are Vildagliptin, Sita-
gliptin, Denagliptin, Saxagliptin, Berberine.

[0095] Examples of hormones include hypophysis hor-
mones or hypothalamus hormones or regulatory active pep-
tides and their antagonists, such as Gonadotropine (Follitro-
pin, Lutropin, Choriongonadotropin,  Menotropin),
Somatropine (Somatropin), Desmopressin, Terlipressin,
Gonadorelin, Triptorelin, Leuprorelin, Buserelin, Nafarelin,
and Goserelin.

[0096] Examples of polysaccharides include a glucosami-
noglycane, a hyaluronic acid, a heparin, a low molecular
weight heparin or an ultra-low molecular weight heparin or
a derivative thereof, or a sulphated polysaccharide, e.g. a
poly-sulphated form of the above-mentioned polysaccha-
rides, and/or a pharmaceutically acceptable salt thereof. An
example of a pharmaceutically acceptable salt of a poly-
sulphated low molecular weight heparin is enoxaparin
sodium. An example of a hyaluronic acid derivative is Hylan
G-F 20 (Synvisc®), a sodium hyaluronate.

[0097] The term “antibody”, as used herein, refers to an
immunoglobulin molecule or an antigen-binding portion
thereof. Examples of antigen-binding portions of immuno-
globulin molecules include F(ab) and F(ab')2 fragments,
which retain the ability to bind antigen. The antibody can be
polyclonal, monoclonal, recombinant, chimeric, de-immu-
nized or humanized, fully human, non-human, (e.g.,
murine), or single chain antibody. In some embodiments, the
antibody has effector function and can fix complement. In
some embodiments, the antibody has reduced or no ability
to bind an Fc receptor. For example, the antibody can be an
isotype or subtype, an antibody fragment or mutant, which
does not support binding to an Fc receptor, e.g., it has a
mutagenized or deleted Fc receptor binding region. The term
antibody also includes an antigen-binding molecule based
on tetravalent bispecific tandem immunoglobulins (TBTI)
and/or a dual variable region antibody-like binding protein
having cross-over binding region orientation (CODV).
[0098] The terms “fragment” or “antibody fragment” refer
to a polypeptide derived from an antibody polypeptide
molecule (e.g., an antibody heavy and/or light chain poly-
peptide) that does not comprise a full-length antibody poly-
peptide, but that still comprises at least a portion of a
full-length antibody polypeptide that is capable of binding to
an antigen. Antibody fragments can comprise a cleaved
portion of a full length antibody polypeptide, although the
term is not limited to such cleaved fragments. Antibody
fragments that are useful in the present disclosure include,
for example, Fab fragments, F(ab')2 fragments, scFv (single-
chain Fv) fragments, linear antibodies, monospecific or
multispecific antibody fragments such as bispecific, trispe-
cific, tetraspecific and multispecific antibodies (e.g., diabod-
ies, triabodies, tetrabodies), monovalent or multivalent anti-
body fragments such as bivalent, trivalent, tetravalent and
multivalent antibodies, minibodies, chelating recombinant
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antibodies, tribodies or bibodies, intrabodies, nanobodies,
small modular immunopharmaceuticals (SMIP), binding-
domain immunoglobulin fusion proteins, camelized anti-
bodies, and VHH containing antibodies. Additional
examples of antigen-binding antibody fragments are known
in the art.

[0099] The terms “Complementarity-determining region”
or “CDR” refer to short polypeptide sequences within the
variable region of both heavy and light chain polypeptides
that are primarily responsible for mediating specific antigen
recognition. The term “framework region” refers to amino
acid sequences within the variable region of both heavy and
light chain polypeptides that are not CDR sequences, and are
primarily responsible for maintaining correct positioning of
the CDR sequences to permit antigen binding. Although the
framework regions themselves typically do not directly
participate in antigen binding, as is known in the art, certain
residues within the framework regions of certain antibodies
can directly participate in antigen binding or can affect the
ability of one or more amino acids in CDRs to interact with
antigen.

[0100] Examples of antibodies are anti PCSK-9 mAb
(e.g., Alirocumab), anti IL-6 mAb (e.g., Sarilumab), and anti
1IL-4 mAb (e.g., Dupilumab).

[0101] Pharmaceutically acceptable salts of any API
described herein are also contemplated for use in a drug or
medicament in a drug delivery device. Pharmaceutically
acceptable salts are for example acid addition salts and basic
salts.

[0102] Those of skill in the art will understand that modi-
fications (additions and/or removals) of various components
of the APIs, formulations, apparatuses, methods, systems
and embodiments described herein may be made without
departing from the full scope and spirit of the present
disclosure, which encompass such modifications and any
and all equivalents thereof.

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

a housing arranged to contain a container;

a drive component arranged within the housing of the
drug delivery device and configured to move a piston of
the container to dispense medicament from the con-
tainer during a medicament delivery process; and

a receiver coil,

wherein the receiver coil is arranged to receive energy by
electromagnetic induction from a transmitter coil of an
external device when the external device is brought into
proximity with the drug delivery device during an
induction process,

wherein the drug delivery device is configured to perform
the medicament delivery process while the external
device is separated from the drug delivery device,

wherein at least a portion of the energy received by the
receiver coil is converted by the receiver coil itself to
heat energy at the receiver coil, and

wherein the receiver coil is arranged in the drug delivery
device to transfer the heat energy to the container to
heat medicament contained in the container.

2. The drug delivery device of claim 1, wherein the
receiver coil is located in the drug delivery device adjacent
the container.

3. The drug delivery device of claim 1, wherein the drug
delivery device comprises the container and the receiver coil
is located on a surface of the container.
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4. The drug delivery device of claim 1, wherein the drug
delivery device comprises the container and the receiver coil
is embedded within one or more walls of the container.

5. The drug delivery device of claim 1, further comprising
a resonant circuit, wherein the receiver coil and resonant
circuit are arranged to receive the energy from the transmit-
ter coil by resonant inductive coupling.

6. The drug delivery device of claim 1, further comprising
a sensing unit and an antenna, wherein the sensing unit is
arranged to determine a usage parameter of the drug delivery
device, and wherein the drug delivery device is arranged to
transmit a wireless electromagnetic signal using the antenna,
the wireless electromagnetic signal corresponding to the
determined usage parameter.

7. The drug delivery device of claim 6, wherein the
receiver coil is a transceiver coil, and wherein the antenna
comprises the transceiver coil.

8. The drug delivery device of claim 1, further comprising
a temperature sensor, wherein the drug delivery device is
arranged to provide an output dependent upon a temperature
of the medicament detected by the temperature sensor.

9. The drug delivery device of claim 8, wherein the output
comprises an audio, visual or haptic output.

10. The drug delivery device of claim 8, wherein the
output comprises a wireless electromagnetic signal trans-
mitted using the receiver coil.

11. The drug delivery device of claim 1, wherein the drug
delivery device comprises the container and the container
contains a medicament.

12. A system comprising:

a drug delivery device comprising:

a housing arranged to contain a container;

a drive component arranged within the housing of the
drug delivery device and configured to move a piston
of the container to dispense medicament from the
container during a medicament delivery process; and

a receiver coil,

wherein the receiver coil is arranged to receive energy
by electromagnetic induction from a transmitter coil
of an external device when the external device is
brought into proximity with the drug delivery device
during an induction process,

wherein the drug delivery device is configured to
perform the medicament delivery process while the
external device is separated from the drug delivery
device,
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wherein at least a portion of the energy received by the
receiver coil is converted by the receiver coil itself to
heat energy at the receiver coil, and

wherein the receiver coil is arranged in the drug deliv-
ery device to transfer the heat energy to the container
to heat medicament contained in the container; and

the external device for heating medicament contained in

the drug delivery device using electromagnetic induc-

tion, the external device comprising:

a driving circuit; and

the transmitter coil,

wherein the driving circuit is arranged to drive the
transmitter coil,

wherein the driving circuit and the transmitter coil are
arranged to transmit energy to a receiver coil of the
drug delivery device by electromagnetic induction,
and

wherein the receiver coil of the drug delivery device is
arranged to receive the energy from the transmitter
coil of the external device and to heat medicament
contained in the drug delivery device.

13. The system of claim 12, wherein the driving circuit
and transmitter coil are arranged to transmit the energy by
resonant inductive coupling.

14. The system according to claim 12, wherein the exter-
nal device is configured to surround the drug delivery device
or is configurable to surround the drug delivery device.

15. The system according to claim 14, wherein the exter-
nal device is a sleeve, a wrap, a pad or a glove.

16. The system according to claim 12, wherein the trans-
mitter coil is a transceiver coil, wherein the transceiver coil
is arranged to receive an electromagnetic signal transmitted
by the drug delivery device, wherein the electromagnetic
signal corresponds to determined usage parameter of the
drug delivery device.

17. The system according to claim 12, wherein the exter-
nal device further comprises an acoustic sensor arranged to
detect an acoustic signal output by the drug delivery device,
the acoustic signal corresponding to a usage parameter of the
drug delivery device.

18. The system according to claim 12, wherein the exter-
nal device further comprises a temperature sensor arranged
to determine a temperature of the drug delivery device when
the transmitter coil is transmitting energy to the receiver coil
of the drug delivery device.
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