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(57) Abstract: The invention relates to an apparatus for
automatic ejection of a fluid, having a drive train for auto-
matically ejecting the fluid from a fluid reservoir through an
ejection channel, and having a control unit (510) for con-
trolling the apparatus, the control unit (510) being con-
figured to detect failures of drive train actuation steps (610,
620), during which the drive train is actuated for priming or
fluid dose ejection, the control unit (510) being further con-
figured to control the apparatus as a function of an actuation
step failure number, the actuation step failure number being
the number of failed drive train actuation steps (610, 620)
since the last successful drive train actuation step (610,
620). The invention further relates to a system comprising
such an apparatus a disposable assembly attachable to the
apparatus and to a method for controlling such an apparat-
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Description

Actuation step failure handling

The present patent application inter-alia relates to an apparatus for automatic ejection of a
fluid having a drive train for automatically ejecting the fluid from a fluid reservoir through an

ejection channel. The apparatus may in particular be a medical device.

The medical device can be an injector, for example a hand-held injector, especially a pen-
type injector, that is an injector of the kind that provides for administration by injection of
medicinal products from one or more multidose cartridges. In particular, the present invention

relates to such injectors where a user may set the dose.

The drug agents may be contained in two or more multiple dose reservoirs, containers or
packages, each containing independent (single drug compound) or pre-mixed (co-formulated

multiple drug compounds) drug agents.

Certain disease states require treatment using one or more different medicaments. Some
drug compounds need to be delivered in a specific relationship with each other in order to
deliver the optimum therapeutic dose. The present patent application is of particular benefit
where combination therapy is desirable, but not possible in a single formulation for reasons

such as, but not limited to, stability, compromised therapeutic performance and toxicology.

For example, in some cases it may be beneficial to treat a diabetic with a long acting insulin
(also may be referred to as the first or primary medicament) along with a glucagon-like
peptide-1 such as GLP-1 or GLP-1 analog (also may be referred to as the second drug or

secondary medicament).

Accordingly, there exists a need to provide devices for the delivery of two or more
medicaments in a single injection or delivery step that is simple for the user to perform
without complicated physical manipulations of the drug delivery device. The proposed drug
delivery device provides separate storage containers or cartridge retainers for two or more

active drug agents. These active drug agents are then combined and/or delivered to the



10

15

20

25

30

35

WO 2015/036359 PCT/EP2014/069065
2.

patient during a single delivery procedure. These active agents may be administered
together in a combined dose or alternatively, these active agents may be combined in a

sequential manner, one after the other.

The drug delivery device also allows for the opportunity of varying the quantity of the
medicaments. For example, one fluid quantity can be varied by changing the properties of
the injection device (e.g., setting a user variable dose or changing the device’s "fixed" dose).
The second medicament quantity can be changed by manufacturing a variety of secondary
drug containing packages with each variant containing a different volume and/or

concentration of the second active agent.

The drug delivery device may have a single dispense interface. This interface may be
configured for fluid communication with a primary reservoir and with a secondary reservoir of
medicament containing at least one drug agent. The drug dispense interface can be a type of
outlet that allows the two or more medicaments to exit the system and be delivered to the

patient.

The combination of compounds from separate reservoirs can be delivered to the body via a
double-ended needle assembly. This provides a combination drug injection system that, from
a user’s perspective, achieves drug delivery in a manner that closely matches the currently
available injection devices that use standard needle assemblies. One possible delivery

procedure may involve the following steps:

1. Attach a dispense interface to a distal end of the electro-mechanical injection device.
The dispense interface comprises a first and a second proximal needle. The first and second
needles pierce a first reservoir containing a primary compound and a second reservoir

containing a secondary compound, respectively.

2. Attach a dose dispenser, such as a double-ended needle assembly, to a distal end of
the dispense interface. In this manner, a proximal end of the needle assembily is in fluidic

communication with both the primary compound and secondary compound.

3. Dial up/set a desired dose of the primary compound from the injection device, for

example, via a graphical user interface (GUI).
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4. After the user sets the dose of the primary compound, the micro-processor controlled
control unit may determine or compute a dose of the secondary compound and preferably

may determine or compute this second dose based on a previously stored therapeutic dose
profile. It is this computed combination of medicaments that will then be injected by the user.
The therapeutic dose profile may be user selectable. Alternatively, the user can dial or set a

desired dose of the secondary compound.

5. Optionally, after the second dose has been set, the device may be placed in an
armed condition. The optional armed condition may be achieved by pressing and/or holding
an “OK” or an “Arm” button on a control panel. The armed condition may be provided for a
predefined period of time during which the device can be used to dispense the combined

dose.

6. Then, the user will insert or apply the distal end of the dose dispenser (e.g. a double
ended needle assembly) into the desired injection site. The dose of the combination of the
primary compound and the secondary compound (and potentially a third medicament) is

administered by activating an injection user interface (e.g. an injection button).

Both medicaments may be delivered via one injection needle or dose dispenser and in one
injection step. This offers a convenient benefit to the user in terms of reduced user steps

compared to administering two separate injections.

There is a general desire to improve handling and user safety of medical devices, in
particular in the event of an operational failure. Such an operational failure may for example
be an ejection channel blocking event, in which the ejection channel for ejecting a
medicament is blocked, for example by a blocked needle forming part of the ejection
channel. A blocked needle can have different causes like for example fibrillation of the
medicament liquid, a destroyed or deformed needle tip, for example due to needle reuse, or
improper manufacturing. For example, during injection of a medicament such as insulin with
a medical device, it may happen that a needle such as the injection needle is blocked so that
the medicament cannot be ejected at the regular rate or even at all, which brings about a risk
of medicament underdosing. To improve handling and user safety of a medical device or
similar apparatuses, it is therefore desirable to adequately handle such blocked needle

failures.
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For a medical device, in which medicament injection is mechanically actuated by the user,
like in a mechanical pen, the blocked needle is likely to be recognized by the user because of
an increased injection force through the mechanical dose button. However, with an electro-
mechanical device the injection is automatically performed by the device so that the user

does not necessarily recognize the device’s malfunction.

Handling a situation, in which a medicament cannot be injected from the medical device at
regular rate or at all, is however problematic as there may be different causes for such a
failure. In particular, the blocking may be caused by different components of the medical
device or components attached thereto. A similar ejection failure may however arise if the

drive train of the device is defective.

In light of the aforementioned, the invention inter-alia faces the technical problem of providing
an apparatus, in particular a medical device, for automatic ejection of a fluid with an
improved failure handling, so that a user is able to recognize and remedy typical

malfunctions while at the same time user safety is maintained.

An object of the present invention is also to provide a corresponding system comprising such

an apparatus and a method for controlling such an apparatus.

This object is at least in part solved by an apparatus for automatic injection of a fluid, having
a drive train for automatically injecting the fluid from a fluid reservoir through an ejection
channel, having a control unit for controlling the apparatus, the control unit being configured
to detect failures of drive train actuation steps, during which the drive train is actuated for
priming or fluid dose ejection, the control unit being further configured to control the
apparatus as a function of an actuation step failure number, the actuation step failure number
being the number of failed drive train actuation steps since the last successful drive train

actuation step.

The apparatus may be a delivery device, especially a drug delivery device such as a medical
device configured to eject a drug agent (e.g. a dose of a medicament) such as an infusion
device or an injection device, for instance and insulin injection pen. Injection devices may be
used either by medical personnel or by patients themselves. As an example, type-1 and
type-2 diabetes may be treated by patients themselves by injection of insulin doses, for

example once or several times per day.
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In particular, the apparatus may be a medical device configured to deliver (e.g. eject) at least

two drug agents from separate cartridges situated in two separate retainers.

Alternatively the apparatus may for instance be configured to deliver (e.g. eject) a two-
component adhesive from separate cartridges comprising a first component of the two-
component adhesive (e.g. a binder) and a second component of the two-component

adhesive (e.g. a hardener), respectively.

The apparatus is an apparatus for automatic ejection of a fluid. “Automatic” in this sense is
understood to mean that the actual ejection of a fluid is not directly performed by a user, for
example by pressing a piston of a syringe to eject the fluid, but is performed by the apparatus
itself employing an electrically driven drive train, for example after a user has initiated the

ejection by pressing an ejection button of the device.

The apparatus comprises a drive train for automatically ejecting the fluid from the fluid
reservoir through an ejection channel. The fluid reservoir may be accommodated in the
apparatus. For example, the apparatus may comprise one or more retainers to
accommodate one or more cartridges each containing a fluid to be ejected from the
apparatus. The ejection channel is a channel to provide fluid communication during
automatic ejection of the fluid between the fluid reservoir and the place where the fluid is to
be ejected to, in particular an outlet of the apparatus or of a component attached to the
apparatus such as a dispense interface or a needle assembly. The ejection channel may
also comprise elements for controlling the fluid flow through the ejection channel, such as

valves for example.

The apparatus has a control unit for controlling the apparatus. The control unit is preferably a
micro-processor control unit comprising a micro-processor and a storage such as a RAM, a
ROM, a flash memory, a hard disk or the like containing commands the execution of which
by the micro-processor causes controlling of the apparatus, in particular actuation of the
drive train. The control unit is configured to detect failures of drive train actuation steps,

during which the drive train is actuated for priming or fluid dose ejection.

A drive train actuation step, during which the drive train is actuated for priming, (drive train
actuation step for priming) is understood to mean a step, during which the drive train is
actuated such that a certain amount of fluid is expelled from the fluid reservoir to fill the

volume of the ejection channel and / or to check whether the fluid channel is blocked or not.



10

15

20

25

30

35

WO 2015/036359 PCT/EP2014/069065
-6-

For example, if a disposable assembly attached to the apparatus and forming part of the
ejection channel is replaced, the void ejection channel part of the replaced disposable
assembly is to be filled with the fluid. By performing such a drive train actuation step for
priming, for example after replacement of a disposable assembly, the dosing accuracy of the
apparatus is improved, since the ejection channel does not contain air or the like when
initiating fluid dose ejection. A drive train actuation step for priming is particularly important
for medical devices such as medicament delivery devices, since in this way air is removed
from the ejection channel, which otherwise could cause severe complications such as air
embolisms. Furthermore, a drive train actuation step for priming may also be used to check
whether the apparatus is functioning properly, for example by checking that it is not blocked,

before performing a drive train actuation step for fluid dose injection.

A drive train actuation step, during which the drive train is actuated for a fluid dose ejection,
(drive train actuation step for fluid dose ejection) is understood to mean a step, during which
the drive train is actuated such that a defined dose of a fluid is expelled from the fluid
reservoir to be ejected out of the apparatus. To this end, the drive train may be advanced
towards the fluid reservoir, so that fluid from the fluid reservoir is ejected through the ejection
channel and out of the apparatus. If the apparatus is for example a medicament delivery
device, the drive train actuation step for fluid dose ejection may comprise ejection of a

specific medicament dose from the delivery device to a patient.

The control unit is configured to detect failures of at least one or both of the drive train

actuation steps for fluid dose ejection and the drive train actuation steps for priming. Since
both drive train actuation steps comprise actuation of the drive train, the control unit may in
particular be configured to detect failures of the drive train movement, such as for example

stalling of the drive train.

The control unit is further configured to control the apparatus as a function of an actuation
step failure number. The actuation step failure number is the number of failed drive train
actuation steps since the last successful drive train actuation step. This is understood to
mean that the actuation step failure number is the number of successive drive train actuation

steps for which the control unit has detected a failure.

For example, after a first failed drive train actuation step the actuation step failure number
equals 1. After two consecutive failed drive train actuation steps, the actuation step failure

number equals 2. After four drive train actuation steps, of which only the second one was
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successful, the actuation step failure number equals 2 as it is only counted from the last

successful drive train actuation step.

Controlling the apparatus as a function of an actuation step failure number is understood to
mean that the control unit selects and/or controls at least one step of the apparatus to be

performed as a function of the actuation step failure number.

Controlling an apparatus as a function of the actuation step failure number provides an
advanced failure handling, which improves the usability of the apparatus while at the same
time maintaining user safety. It was found that similar failures during drive train actuation
steps may be caused by different types of malfunctions of the apparatus. The apparatus
described above in particular allows sequential handling of different failure sources for a

failure persisting over several drive train actuation steps.

The object described above is further at least in part solved by a system comprising an

apparatus as described above and a disposable assembly attachable to the apparatus.

The object described above is further at least in part solved by a method for controlling an
apparatus, in particular an apparatus as the apparatus described above, the apparatus
having a drive train for automatically ejecting a fluid from a fluid reservoir through an ejection
channel, and the method comprising the following steps: detecting of failures of drive train
actuation steps, during which the drive train is actuated for priming or fluid dose ejection; and
controlling of the apparatus as a function of an actuation step failure number, the actuation
step failure number being the number of failed drive train actuation steps since the last

successful drive train actuation step.

A number of embodiments of the apparatus, the system and the method will be described in
the following. Although these embodiments are described in particular with reference to the
apparatus, they are not limited to the apparatus, but also apply to the system comprising
such an apparatus and to the method for controlling an apparatus such as the apparatus

described above, accordingly.

According to an embodiment of the apparatus the control unit is configures to detect a failure
of a drive train actuation step by detecting stalling of the drive train during the drive train
actuation step. It was found that several prevalent failure sources of the apparatus such as a

blocked needle or a blocked fluid path or a drive train malfunction cause stalling of the drive
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train. Detection of drive train stalling therefore is a reliable way for detecting the occurrence
of a number of different failures. For stalling detection the stall sensor may for example be
configured to monitor the voltage/current profile of the drive train actuator or to optically
monitor the movement of a motor of the drive train by means of an optical encoder containing
an optical sensor. To this end, the optical sensor may for example be triggered by one or
more flags mounted on the axis of the motor of the drive train. When during rotation of the
motor the one or more flags rotate around the motor axis, light is alternately directed to or
blocked from the optical sensor. The optical sensor generates an electronic signal that
represents the number of rotations of the motor around the motor axis. The stall sensor may
then detect stalling of the drive train by detecting missing steps of the drive train movement
from this electronic signal. An exemplary implementation for such a stall sensor is described
in WO 2010/076275 A1.

According to a further embodiment the apparatus comprises a housing with a connector for
removably attaching thereto a disposable assembly, the disposable assembly forming part of
the ejection channel when attached to the connector, wherein the control unit is configured to
cause a replacement step for the disposable assembly or a part thereof after detection of a
failure of a drive train actuation step if the actuation step failure number is within a

predetermined replacement number range.

The disposable assembly may for example be a dispense interface, in particular a dispense
interface with a needle hub connector, so that a disposable needle or a needle assembly can
be attached thereto. The disposable assembly may also be a needle assembly to be directly
attached to the connector of the housing. Further, the disposable assembly may also be a
dispense interface with a needle assembly attached thereto. In this case, the dispense
interface may be regarded as a first part and the needle assembly may be regarded as a
second part of the disposable assembly or vice versa. The disposable assembly forming part
of the ejection channel may be a cause for a failure during a drive train actuation step. For
example, if the disposable assembly is a dispense interface, a needle of the dispense
interface or a disposable needle attached thereto may be blocked. Blocking of a needle may
occur more often than blocking of another part of the ejection channel as the needles usually
have a relatively small cross section. Moreover, disposable assemblies are often designed
for a shorter life-time than the apparatus, so that disposable assemblies may also be more
prone to failures. As failures of disposable assemblies may however be easily handled by the
user by replacing the disposable assembly or part of it, the embodiment described above

allows the user to handle these typical causes of failures.
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The predetermined replacement number range defines the actuation step failure numbers for
which the replacement step for the disposable assembly is to be performed. Since
replacement of a disposable assembly or a part thereof may be easily handled by the user,
the predetermined replacement number range preferably covers the range of from 1 to N,
wherein N equals 1, 2, 3 or a higher natural number. For example, if the predetermined
replacement number range equals the range of from 1 to 2, the replacement step for the
disposable assembly or part thereof is performed when the actuation step failure number

equals 1 or 2, i.e. on the first two occurrences of a drive train actuation step failure.

A replacement step for the disposable assembly or a part thereof is understood to mean a
step in which the control unit asks and/or forces the user to replace the disposable assembly

or part thereof.

The embodiment described above may also cover the situation that the user has forgotten to
attach the disposable assembly (such as a dispense interface or a needle assembly) to the
apparatus. For example, the disposable assembly may provide the ejection channel, e.g. by
a needle of a dispense interface puncturing a membrane of a fluid containing cartridge and
thereby providing fluid communication between the cartridge and an outlet of the dispense
interface or a needle assembly attached thereto. If the user has forgotten to attach such a
disposable assembly to the apparatus, the ejection channel may then be blocked by the
membrane of the cartridge, so that the drive train stalls when actuated as pressure builds up
within the cartridge. In such a case, the replacement step has actually the function of an
attachment step as the user is reminded that he forgot to attach the disposable assembly
(such as the needle assembly and/or the dispense interface).

According to a further embodiment the apparatus further comprises a user interface for
outputting messages to the user and the replacement step comprises outputting of a
replacement message by means of the user interface. The user interface may for example
be a graphical display such as an LCD / TFT display, a group of light emitting diodes, an
illuminatable button such as an illuminatable dose button, a speaker for emitting a sound, a
vibration alarm or the like. Outputting a message may accordingly comprise displaying a text
or a symbol on a graphical display, displaying a light pattern by means of light emitting
diodes, illuminating a button such as causing a button like the dose button to blink, outputting
a sound by means of the speaker and/or turning on the vibration alarm or the like. By

outputting a replacement message, the user may be informed that a problem has occurred
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and asked to replace the disposable assembly or a part thereof in an attempt to remedy the

problem.

According to a further embodiment of the apparatus the replacement step comprises setting
the apparatus into a status, in which a further drive train actuation step for priming or fluid
dose ejection is only allowed after detection of a replacement of the disposable assembly or
part thereof. To this end, the apparatus may in particular comprise a sensor for detecting
attaching/detaching of the disposable assembly in order to detect whether the disposable
assembly has been replaced. This embodiment increases usability and user safety of the

apparatus as the control unit ensures that the user does not ignore the replacement step.

Detection of a replacement of the disposable assembly or part thereof may in particular
comprise detection of the disposable assembly or part thereof being detached from the

apparatus and a disposable assembly or part thereof being attached to the apparatus.

Detection of a replacement of the disposable assembly or part thereof may or may not
comprise detection whether the disposable assembly or part thereof attached to the
apparatus is new or at least different from the disposable assembly or part thereof detached
before. While detection whether the disposable assembly or part thereof is new or different
increases user safety, this detection may be dispensed with for an easier and / or cheaper

implementation.

The control unit may set the apparatus into a status, in which a drive train actuation for
priming or fluid dose ejection is disallowed until a replacement of the disposable assembly or
part thereof has been performed and/or detected. Setting the apparatus into a particular
status may for example comprise setting a status variable in a storage of the control unit to a
predefined value, wherein the control unit is configured such that at least one of the possible
further control steps of the apparatus is a function of the status variable. For example, value
“0” in the status variable may indicate regular operation, “1” may indicate a stand-by status
and “2” may indicate a status, in which actuation of the drive train is disallowed. Alternatively,
setting the apparatus into a particular status may for example comprise jumping to a
particular position in the program flow of a computer program run by the control unit, such as

a particular subroutine or a particular command sequence.

According to a further embodiment of the apparatus the replacement step comprises setting

the apparatus into a status, in which a further drive train actuation step fluid dose ejection is
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only allowed after a successful drive train actuation step for priming. Performing a failure
handling step like for example replacing a disposable assembly does not guarantee that the
failure has been completely removed since the failure may have another or a different cause
or since for example the replaced component may be defective as well. Therefore, there may
still be a risk of improper fluid dose ejection, for example of an underdosing. According to the
embodiment described above, this requires performance of a successful drive train actuation
step for priming before allowing further drive train actuation steps for fluid dose ejection.

Thus, this ensures that the apparatus functions properly before ejecting further fluid doses.

According to a further embodiment of the apparatus the control unit is configured to cause a
replacement step for a first part of the disposable assembly after detection of a failure of a
drive train actuation step if the actuation step failure number is within a predetermined first
part replacement number range, and the control unit is further configured to cause a
replacement step for a second part of the disposable component after detection of a failure of
a drive train actuation step if the actuation step failure number is within a predetermined
second part replacement number range, wherein the first part replacement number range

differs from the second part replacement number range.

Disposable assemblies may consist of different parts, which individually may cause a failure
of the apparatus. For example, a disposable assembly may comprise a disposable dispense
interface and a disposable needle assembly configured to be attached to the dispense
interface. In this case, the dispense interface may be regarded as a first part and the needle
assembly may be regarded as a second part of the disposable assembly or vice versa. The
embodiment described above allows handling failures of a drive train actuation step by
dealing with the individual parts of the disposable assembly as potential failure sources. For
example, if for this embodiment the first part is identified with a needle assembly and the
second part is identified with the dispense interface, a replacement step for the needle
assembly may be performed if the actuation step failure number equals 1 or 2 and, if the
failure is not removed by then, a replacement step for the more expensive dispense interface
may be performed if the actuation step failure number equals 3. In this way replacement
steps may first be performed for parts that are cheaper or easier to replace, which improves

cost-effectiveness and usability of the apparatus.

The first part replacement number range differs from the second part replacement number
range. This is understood to mean that the first part replacement number range comprises a

number that is not in the second part replacement number range and/or that the second part
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replacement number range comprises a number that is not in the first part replacement

number range.

According to a further embodiment of the apparatus the control unit is configured to cause a
system failure step if the actuation failure number is equal or greater than a predetermined
system failure threshold number. The system failure step preferably comprises setting the
apparatus into a status, in which further drive train actuation steps for fluid dose ejection and,
optionally, priming are permanently disallowed. A failure of a drive train actuation step may
be caused by a malfunction that can be handled easily by the user, for example by replacing
a disposable assembly or part thereof. However such failures may also be caused by failures
that are difficult to handle or are severe so that the proper functioning of the apparatus
cannot be guaranteed. In the latter case, the apparatus has to be analyzed and repaired by
skilled service personnel or even to be replaced by a new apparatus. The embodiment
described above ensures that after a defined number of consecutive failed drive train
actuation steps the apparatus can no longer be used for fluid dose ejection. This improves

user safety since the user is prevented from using faulty apparatuses.

The predetermined system failure threshold number may equal 1 so that for complex or
critical apparatuses a fluid dose ejection is disallowed once a failure of a drive train actuation
step has occurred. However, the predetermined system failure threshold number preferably
equals to a number larger than 1, so that the user has a number of attempts to remedy the
failure. For example, the predetermined system failure threshold number may equal 4, so
that the user has three attempts to remedy the failure for example by replacing components
of the apparatus such as a disposable assembly or parts thereof before the apparatus

disallows further drive train actuation steps.

According to a further embodiment of the apparatus the control unit is configured to cause
the following as a function of the ejection failure number after detection of a failure of a drive
train actuation step:

- a first part replacement step if the gjection failure number is within a predetermined
first part replacement number range, the first part replacement step comprising:
outputting of a first part replacement message to the user by means of a user
interface of the apparatus and, optionally, setting the apparatus into a status, in which
a further drive train actuation step is only allowed after detection of a replacement of

a first part of a disposable assembly, and setting the apparatus into a status in which
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a further drive train actuation step for fluid dose gjection is only allowed after a
successful drive train actuation step for priming;

- a second part replacement step if the ejection failure number is within a
predetermined second part replacement number range, the second part replacement
step comprising: outputting of a second part replacement message to the user by
means of the user interface and, optionally, setting the apparatus into a status in
which a further drive train actuation step is only allowed after detection of a
replacement of a second part of the disposable component, and setting the apparatus
into a status in which a further drive train actuation step for fluid dose ejection is only
allowed after a successful drive train actuation step for priming; and

- a system failure step if the actuation failure number is equal or greater than a
predetermined system failure threshold number, the system failure step comprising:
setting the apparatus into a status in which further drive train actuation steps for fluid

dose ejection and, optionally, for priming are permanently disallowed.

For example, the disposable assembly may be a dispense interface with a needle assembly
attachable thereto, wherein the needle assembly forms the first part and the dispense
interface forms the second part of the disposable assembly. The first part replacement
number range may be the range of 1 to 2, the second part number range may equal the

number 3 and the predetermined system failure threshold number may equal the number 4.

It was found that the embodiment just described allows sequential handling of different failure
sources of drive train actuation steps so that there is an increased likelihood to remedy the
failure. At the same time safe operation of the apparatus is guaranteed since the apparatus
does not allow further drive train actuation steps for fluid dose ejection after a number of
attempts to remedy the failure, in particular after the failure sources that can be handled by

the user have been tested without result.

According to a further embodiment the apparatus comprises a button to initiate a fluid dose
ejection step. With this button a user may initiate a fluid dose ejection step. The execution of
the fluid dose ejection step is controlled by the control unit which therefore still may allow or
disallow the actual execution of the fluid ejection, i.e. the corresponding actuation of the drive
train, depending on the status of the apparatus. The control unit may in particular cause
deactivation of the button may if the apparatus is in a status in which further drive train

actuation steps for fluid dose ejection and, optionally, priming are permanently disallowed.
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According to a further embodiment the apparatus is a medical device, in particular a
medicament injection device. Operational safety is in particular important for medical
devices, in particular for medicament injection devices. With the apparatus described above,
the risk of underdosing or unpredictable operation of a medical device may be reduced so

that user safety is increased.

According to a further embodiment of the apparatus the apparatus is hand-held. Hand-held
apparatuses are often apparatuses that are operated by laymen such as patients instead of
particularly skilled personnel. The safety and usability increase achieved with the apparatus

described above is therefore in particular advantageous for hand-held apparatuses.

These as well as other advantages of various aspects of the present invention will become
apparent to those of ordinary skill in the art by reading the following detailed description, with

appropriate reference to the accompanying drawings, in which:

Fig. 1 illustrates a perspective view of a delivery device with an end cap of the

device removed;

Fig. 2 illustrates a perspective view of the delivery device distal end showing the
cartridge;
Fig. 3 illustrates a perspective view of the delivery device illustrated in Fig. 1 or 2

with one cartridge retainer in an open position;

Fig. 4 illustrates a dispense interface and a dose dispenser that may be removably

mounted on a distal end of the delivery device illustrated in Fig. 1;

Fig. 5 illustrates the dispense interface and the dose dispenser illustrated in Fig. 4

mounted on a distal end of the delivery device illustrated in Fig. 1;

Fig. 6 illustrates one arrangement of a needle assembly that may be mounted on a

distal end of the delivery device;

Fig. 7 illustrates a perspective view of the dispense interface illustrated in Fig. 4;
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Fig. 8 illustrates another perspective view of the dispense interface illustrated in Fig.
4;

Fig. 9 illustrates a cross-sectional view of the dispense interface illustrated in Fig. 4;

Fig. 10 illustrates an exploded view of the dispense interface illustrated in Fig. 4;

Fig. 11 illustrates a cross-sectional view of the dispense interface and needle

assembly mounted onto a drug delivery device, such as the device illustrated

in Fig. 1;

Fig. 12 illustrates a schematic representation of the control unit of the delivery device

illustrated in Fig. 1; and

Fig. 13 shows a flow chart of a control sequence for controlling the delivery device as

a function of the actuation step failure number.

The drug delivery device illustrated in Fig. 1 comprises a main body 14 that extends from a
proximal end 16 to a distal end 15. At the distal end 15, a removable end cap or cover 18 is
provided. This end cap 18 and the distal end 15 of the main body 14 work together to provide
a snap fit or form fit connection so that once the cover 18 is slid onto the distal end 15 of the
main body 14, this frictional fit between the cap and the main body outer surface 20 prevents

the cover from inadvertently falling off the main body.

The main body 14 contains a micro-processor control unit, an electro-mechanical drive train,
and at least two medicament reservoirs. When the end cap or cover 18 is removed from the
device 10 (as illustrated in Fig. 1), a dispense interface 200 is mounted to the distal end 15 of
the main body 14, and a dose dispenser (e.g., a needle assembly) is attached to the
interface. The drug delivery device 10 can be used to administer a computed dose of a
second medicament (secondary drug compound) and a variable dose of a first medicament
(primary drug compound) through a single needle assembly, such as a double ended needle

assembly.

The drive train may exert a pressure on the bung of each cartridge, respectively, in order to
expel the doses of the first and second medicaments. For example, a piston rod may push

the bung of a cartridge forward a pre-determined amount for a single dose of medicament.
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When the cartridge is empty, the piston rod is retracted completely inside the main body 14,

so that the empty cartridge can be removed and a new cartridge can be inserted.

A control panel region 60 is provided near the proximal end of the main body 14. Preferably,
this control panel region 60 comprises a digital display 80 along with a plurality of human
interface elements that can be manipulated by a user to set and inject a combined dose. In
this arrangement, the control panel region comprises a first dose setting button 62, a second
dose setting button 64 and a third button 66 designated with the symbol “OK.” In addition,
along the most proximal end of the main body, an injection button 74 is also provided (not
visible in the perspective view of Fig. 1). The user interface of the drug delivery device may
comprise additional buttons, such as a “menu” button, a “back” button, or a “light” button to

switch on an illumination of the display.

The cartridge holder 40 can be removably attached to the main body 14 and may contain at
least two cartridge retainers 50 and 52. Each retainer is configured so as to contain one
medicament reservoir, such as a glass cartridge. Preferably, each cartridge contains a

different medicament.

In addition, at the distal end of the cartridge holder 40, the drug delivery device illustrated in
Fig. 1 includes a dispense interface 200. As will be described in relation to Fig. 4, in one
arrangement, this dispense interface 200 includes a main outer body 212 that is removably
attached to a distal end 42 of the cartridge housing 40. As can be seen in Fig. 1, a distal end
214 of the dispense interface 200 preferably comprises a needle hub 216. This needle hub
216 may be configured so as to allow a dose dispenser, such as a conventional pen type

injection needle assembly, to be removably mounted to the drug delivery device 10.

Once the device is turned on, the digital display 80 shown in Fig. 1 illuminates and provides
the user certain device information, preferably information relating to the medicaments
contained within the cartridge holder 40. For example, the user is provided with certain
information relating to both the primary medicament (Drug A) and the secondary medicament
(Drug B).

As shown in Fig. 3, the first and second cartridge retainers 50, 52 may be hinged cartridge
retainers. These hinged retainers allow user access to the cartridges. Fig. 3 illustrates a

perspective view of the cartridge holder 40 illustrated in Fig. 1 with the first hinged cartridge
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retainer 50 in an open position. Fig. 3 illustrates how a user might access the first cartridge

90 by opening up the first retainer 50 and thereby having access to the first cartridge 90.

As mentioned above when discussing Fig. 1, a dispense interface 200 can be coupled to the
distal end of the cartridge holder 40. Fig. 4 illustrates a flat view of the dispense interface 200
unconnected to the distal end of the cartridge holder 40. A dose dispenser or needle
assembly 400 that may be used with the interface 200 is also illustrated and is provided in a

protective outer cap 420.

In Fig. 5, the dispense interface 200 illustrated in Fig. 4 is shown coupled to the cartridge
holder 40. The axial attachment means 48 between the dispense interface 200 and the
cartridge holder 40 can be any known axial attachment means to those skilled in the art,
including snap locks, snap fits, snap rings, keyed slots, and combinations of such
connections. The connection or attachment between the dispense interface and the cartridge
holder may also contain additional features (not shown), such as connectors, stops, splines,
ribs, grooves, pips, clips and the like design features, that ensure that specific hubs are
attachable only to matching drug delivery devices. Such additional features would prevent

the insertion of a non-appropriate secondary cartridge to a non-matching injection device.

Fig. 5 also illustrates the needle assembly 400 and protective cover 420 coupled to the distal
end of the dispense interface 200 that may be screwed onto the needle hub of the interface
200. Fig. 6 illustrates a cross sectional view of the double ended needle assembly 400

mounted on the dispense interface 200 in Fig. 5.

The needle assembly 400 illustrated in Fig. 6 comprises a double ended needle 406 and a
hub 401. The double ended needle or cannula 406 is fixedly mounted in a needle hub 401.
This needle hub 401 comprises a circular disk shaped element which has along its periphery
a circumferential depending sleeve 403. Along an inner wall of this hub member 401, a
thread 404 is provided. This thread 404 allows the needle hub 401 to be screwed onto the
dispense interface 200 which, in one preferred arrangement, is provided with a
corresponding outer thread along a distal hub. At a center portion of the hub element 401
there is provided a protrusion 402. This protrusion 402 projects from the hub in an opposite
direction of the sleeve member. A double ended needle 406 is mounted centrally through the
protrusion 402 and the needle hub 401. This double ended needle 406 is mounted such that
a first or distal piercing end 405 of the double ended needle forms an injecting part for

piercing an injection site (e.g., the skin of a user).
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Similarly, a second or proximal piercing end 408 of the needle assembly 400 protrudes from
an opposite side of the circular disc so that it is concentrically surrounded by the sleeve 403.
In one needle assembly arrangement, the second or proximal piercing end 408 may be
shorter than the sleeve 403 so that this sleeve to some extent protects the pointed end of the
back sleeve. The needle cover cap 420 illustrated in Fig. 4 and 5 provides a form fit around
the outer surface 403 of the hub 401.

Referring now to Fig. 4 to 11, one preferred arrangement of this interface 200 will now be
discussed. In this one preferred arrangement, this interface 200 comprises:
a main outer body 210,

an first inner body 220,

a
b

C. a second inner body 230,

d a first piercing needle 240,

e a second piercing needle 250,
f. a valve seal 260, and

g. a septum 270.

The main outer body 210 comprises a main body proximal end 212 and a main body distal
end 214. At the proximal end 212 of the outer body 210, a connecting member is configured
s0 as to allow the dispense interface 200 to be attached to the distal end of the cartridge
holder 40. Preferably, the connecting member is configured so as to allow the dispense
interface 200 to be removably connected the cartridge holder 40. In one preferred interface
arrangement, the proximal end of the interface 200 is configured with an upwardly extending
wall 218 having at least one recess. For example, as may be seen from Fig. 8, the upwardly

extending wall 218 comprises at least a first recess 217 and a second recess 219.

Preferably, the first and the second recesses 217, 219 are positioned within this main outer
body wall so as to cooperate with an outwardly protruding member located near the distal
end of the cartridge housing 40 of the drug delivery device 10. For example, this outwardly
protruding member 48 of the cartridge housing may be seen in Fig. 4 and 5. A second similar
protruding member is provided on the opposite side of the cartridge housing. As such, when
the interface 200 is axially slid over the distal end of the cartridge housing 40, the outwardly
protruding members will cooperate with the first and second recess 217, 219 to form an

interference fit, form fit, or snap lock. Alternatively, and as those of skill in the art will
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recognize, any other similar connection mechanism that allows for the dispense interface and

the cartridge housing 40 to be axially coupled could be used as well.

The main outer body 210 and the distal end of the cartridge holder 40 act to form an axially
engaging snap lock or snap fit arrangement that could be axially slid onto the distal end of
the cartridge housing. In one alternative arrangement, the dispense interface 200 may be
provided with a coding feature so as to prevent inadvertent dispense interface cross use.
That is, the inner body of the hub could be geometrically configured so as to prevent an

inadvertent cross use of one or more dispense interfaces.

A mounting hub is provided at a distal end of the main outer body 210 of the dispense
interface 200. Such a mounting hub can be configured to be releasably connected to a
needle assembly. As just one example, this connecting means 216 may comprise an outer
thread that engages an inner thread provided along an inner wall surface of a needle hub of
a needle assembly, such as the needle assembly 400 illustrated in Fig. 6. Alternative
releasable connectors may also be provided such as a snap lock, a snap lock released

through threads, a bayonet lock, a form fit, or other similar connection arrangements.

The dispense interface 200 further comprises a first inner body 220. Certain details of this
inner body are illustrated in Fig. 8-11. Preferably, this first inner body 220 is coupled to an
inner surface 215 of the extending wall 218 of the main outer body 210. More preferably, this
first inner body 220 is coupled by way of a rib and groove form fit arrangement to an inner
surface of the outer body 210. For example, as can be seen from Fig. 9, the extending wall
218 of the main outer body 210 is provided with a first rib 213a and a second rib 213b. This
first rib 213a is also illustrated in Fig. 10. These ribs 213a and 213b are positioned along the
inner surface 215 of the wall 218 of the outer body 210 and create a form fit or snap lock
engagement with cooperating grooves 224a and 224b of the first inner body 220. In a
preferred arrangement, these cooperating grooves 224a and 224b are provided along an

outer surface 222 of the first inner body 220.

In addition, as can be seen in Fig. 8-10, a proximal surface 226 near the proximal end of the
first inner body 220 may be configured with at least a first proximally positioned piercing
needle 240 comprising a proximal piercing end portion 244. Similarly, the first inner body 220
is configured with a second proximally positioned piercing needle 250 comprising a
proximally piercing end portion 254. Both the first and second needles 240, 250 are rigidly

mounted on the proximal surface 226 of the first inner body 220.
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Preferably, this dispense interface 200 further comprises a valve arrangement. Such a valve
arrangement could be constructed so as to prevent cross contamination of the first and
second medicaments contained in the first and second reservoirs, respectively. A preferred
valve arrangement may also be configured so as to prevent back flow and cross

contamination of the first and second medicaments.

In one preferred system, dispense interface 200 includes a valve arrangement in the form of
a valve seal 260. Such a valve seal 260 may be provided within a cavity 231 defined by the
second inner body 230, so as to form a holding chamber 280. Preferably, cavity 231 resides
along an upper surface of the second inner body 230. This valve seal comprises an upper
surface that defines both a first fluid groove 264 and second fluid groove 266. For example,
Fig. 9 illustrates the position of the valve seal 260, seated between the first inner body 220
and the second inner body 230. During an injection step, this seal valve 260 helps to prevent
the primary medicament in the first pathway from migrating to the secondary medicament in
the second pathway, while also preventing the secondary medicament in the second
pathway from migrating to the primary medicament in the first pathway. Preferably, this seal
valve 260 comprises a first non-return valve 262 and a second non-return valve 268. As
such, the first non-return valve 262 prevents fluid transferring along the first fluid pathway
264, for example a groove in the seal valve 260, from returning back into this pathway 264.
Similarly, the second non-return valve 268 prevents fluid transferring along the second fluid

pathway 266 from returning back into this pathway 266.

Together, the first and second grooves 264, 266 converge towards the non-return valves 262
and 268 respectively, to then provide for an output fluid path or a holding chamber 280. This
holding chamber 280 is defined by an inner chamber defined by a distal end of the second
inner body both the first and the second non return valves 262, 268 along with a pierceable
septum 270. As illustrated, this pierceable septum 270 is positioned between a distal end
portion of the second inner body 230 and an inner surface defined by the needle hub of the

main outer body 210.

The holding chamber 280 terminates at an outlet port of the interface 200. This outlet port
290 is preferably centrally located in the needle hub of the interface 200 and assists in
maintaining the pierceable seal 270 in a stationary position. As such, when a double ended

needle assembly is attached to the needle hub of the interface (such as the double ended



10

15

20

25

30

35

WO 2015/036359 PCT/EP2014/069065
-21 -

needle illustrated in Fig. 6), the output fluid path allows both medicaments to be in fluid

communication with the attached needle assembly.

The hub interface 200 further comprises a second inner body 230. As can be seen from Fig.
9, this second inner body 230 has an upper surface that defines a recess, and the valve seal
260 is positioned within this recess. Therefore, when the interface 200 is assembled as
shown in Fig. 9, the second inner body 230 will be positioned between a distal end of the
outer body 210 and the first inner body 220. Together, second inner body 230 and the main
outer body hold the septum 270 in place. The distal end of the inner body 230 may also form
a cavity or holding chamber that can be configured to be fluid communication with both the

first groove 264 and the second groove 266 of the valve seal.

Axially sliding the main outer body 210 over the distal end of the drug delivery device
attaches the dispense interface 200 to the multi-use device. In this manner, a fluid
communication may be created between the first needle 240 and the second needle 250 with
the primary medicament of the first cartridge and the secondary medicament of the second

cartridge, respectively.

Fig. 11 illustrates the dispense interface 200 after it has been mounted onto the distal end 42
of the cartridge holder 40 of the drug delivery device 10 illustrated in Fig. 1. A double ended
needle 400 is also mounted to the distal end of this interface. The cartridge holder 40 is
illustrated as having a first cartridge containing a first medicament and a second cartridge

containing a second medicament.

When the interface 200 is first mounted over the distal end of the cartridge holder 40, the
proximal piercing end 244 of the first piercing needle 240 pierces the septum of the first
cartridge 90 and thereby resides in fluid communication with the primary medicament 92 of
the first cartridge 90. A distal end of the first piercing needle 240 will also be in fluid

communication with a first fluid path groove 264 defined by the valve seal 260.

Similarly, the proximal piercing end 254 of the second piercing needle 250 pierces the
septum of the second cartridge 100 and thereby resides in fluid communication with the
secondary medicament 102 of the second cartridge 100. A distal end of this second piercing
needle 250 will also be in fluid communication with a second fluid path groove 266 defined by

the valve seal 260.
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Fig. 11 illustrates a preferred arrangement of such a dispense interface 200 that is coupled to
a distal end 15 of the main body 14 of drug delivery device 10. Preferably, such a dispense
interface 200 is removably coupled to the cartridge holder 40 of the drug delivery device 10.

As illustrated in Fig. 11, the dispense interface 200 is coupled to the distal end of a cartridge
housing 40. This cartridge holder 40 is illustrated as containing the first cartridge 90
containing the primary medicament 92 and the second cartridge 100 containing the
secondary medicament 102. Once coupled to the cartridge housing 40, the dispense
interface 200 essentially provides a mechanism for providing a fluid communication path
from the first and second cartridges 90, 100 to the common holding chamber 280. This
holding chamber 280 is illustrated as being in fluid communication with a dose dispenser.
Here, as illustrated, this dose dispenser comprises the double ended needle assembly 400.
As illustrated, the proximal end of the double ended needle assembly is in fluid

communication with the chamber 280.

In one preferred arrangement, the dispense interface is configured so that it attaches to the
main body in only one orientation, that is it is fitted only one way round. As such as illustrated
in Fig. 11, once the dispense interface 200 is attached to the cartridge holder 40, the primary
needle 240 can only be used for fluid communication with the primary medicament 92 of the
first cartridge 90 and the interface 200 would be prevented from being reattached to the
holder 40 so that the primary needle 240 could now be used for fluid communication with the
secondary medicament 102 of the second cartridge 100. Such a one way around connecting
mechanism may help to reduce potential cross contamination between the two medicaments
92 and 102.

Dispense interface 200 and needle assembly 400 form a two-part disposable assembly of
the delivery device. During normal use, for example, the needle assembly 400 may be
intended to be replaced after each injection, whereas the dispense interface 200 may be

intended to be replaced after each replacement of at least one of cartridges 90, 100.

The dispense interface 200 and the needle assembly 400 both form part of the ejection
channel for gjecting a medicament from at least one of the two cartridges 90, 100 out of
distal piercing end 405. As illustrated in Fig. 11, the ejection channel is in particular formed
by the lumens of the first and second piercing needles 240, 250, of the first and second fluid
grooves 264, 266, of the holding chamber 280 and of the double ended needle 406.
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A blocking of the ejection channel may occur in particular within needles 240, 250, 406
because of their small cross section. If a blocking occurs in needle 406 for example, the user
may fix the failure by replacing needle assembly 400 by a new one. Likewise, if a blocking
occurs in at least one of needles 240, 250, the user may fix the failure by replacing dispense
interface 200 by a new one. The channels inside the dispense interface 200 are also narrow
so that a blockage can happen here as well. In addition, also the valve system inside the
interface can be blocked. Therefore, there are different kinds of causes which may cause a

blocking of the ejection channel.

In case of a failure, it is usually not easy or possible for the user to see or to determine,
which one of the needles is blocked or whether there is a different cause for the failure. Thus,

correction of the failure may not be easy to handle for the user.

Yet, by controlling the delivery device as a function of the actuation step failure number,
failure handling may be improved while at the same time maintaining user safety. An
example of controlling the delivery device by means of the control unit is now described with

reference to Figures 12 and 13.

Figure 12 illustrates a schematic representation of the control unit of the delivery device
illustrated in Fig. 1. The main body 14 of the delivery device in particular contains the

following components:

a. a control unit 510;

b a drive train actuator 520;
C. a stall sensor 530; and

d a storage 540.

Control unit 510 may comprise one or more micro-processors and is configured to control the
functioning of the delivery device. In particular, control unit 510 is configured to control the
drive train actuator 520, which actuates the drive train of the delivery device, i.e. the
movement of the drive train for priming or for ejecting a medicament dose from at least one

of the two cartridges 90, 100.

Stall sensor 530 is configured to detect stalling of the drive train, for example by monitoring
the voltage/current profile of the drive train actuator 520 or by monitoring the signal of an
optical sensor that is triggered by one or more flags mounted on the axis of a motor of the

drive train, which flags alternately direct light to or block light from the optical sensor. The
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stall sensor 530 is connected to the control unit 510 so that the control unit 510 may detect a
failure of drive train actuation steps by means of the stall sensor 530 detecting stalling of the

drive train.

The control unit 510 is further connected to storage 540, which for example may be a RAM, a
hard drive, a flash storage or the like. The storage 540 may comprise commands for the
control unit 510. These commands comprise a control sequence such as the control
sequence illustrated by the flow chart shown in Fig. 13 which is configured to be performed
by the control unit 510. Storage 540 may also comprise variables to store the actuation step

failure number, replacement number ranges, system failure threshold numbers or the like.

Figure 13 shows a flow chart of a control sequence for controlling the delivery device as a

function of the actuation step failure number.

It is assumed that at the beginning of the process shown in the flow chart a variable for the
actuation step failure number is initiated in storage 540 and set to zero (“0”). If a user
presses injection button 74 of the delivery device, control unit 510 may perform a drive train
actuation step 610 for medicament dose ejection, in which the control unit 510 controls drive
train actuator 520 to move the drive train of the delivery device to exert a pressure on the

bung of one or both cartridges 90, 100 in order to eject a respective dose of a medicament.

During drive train actuation, control unit 510 monitors by means of stall sensor 530 whether a
stalling of the drive train occurs indicating a failure of the drive train actuation step. If the
drive train works properly and no stalling is detected (step 612), control unit 510 continues to
control the delivery device according to normal operation (step 614). If however, a failure of
the drive train actuation step 610 is detected, control unit 510 increases the actuation step
failure number stored in a variable of storage 540 by 1 and proceeds to step 616. In step 616
the delivery device is controlled as a function of the actuation step failure number by
comparing the value of the actuation step failure number to different thresholds.

If the actuation step failure number equals 1 or 2, the control unit 510 continues with a
needle replacement step 618, in which the control unit 510 requests or forces a replacement
of needle assembly 400. In other words, needle assembly 400 in this example corresponds
to a first part of a disposable assembly and the according first part replacement number

range comprises numbers 1 and 2.
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After needle replacement step 618, the process proceeds to drive train actuation step 620.
During drive train actuation in step 620, control unit 510 again monitors by means of stall
sensor 530 whether a stalling of the drive train occurs indicating a failure of the drive train
actuation step. If the drive train works properly and no faulty stalling is detected (step 612),
control unit 510 continues to control the delivery device according to normal operation (step
614). For example, the user may then initiate another drive train actuation step for ejection
(step 610) by pressing the injection button 74. At the same time, the actuation step failure

number is reset in storage 540 to zero (“0").

If, however, ancther failure is detected in step 612, the control unit 510 increases the
actuation step failure number stored in a variable of storage 540 by 1 and proceeds again to
step 616.

If at step 616 the actuation step failure number equals 3, the control unit 510 continues with a
dispense interface replacement step 622, in which the control unit 510 requests or forces a
replacement of dispense interface 200. In other words, dispense interface 200 in this
example corresponds to a second part of the disposable assembly and the second part
replacement number range only comprises the number 3. After dispense interface

replacement step 622, the process proceeds to drive train actuation step 620.

During the needle replacement step 618 or the dispense interface replacement step 622, the
control unit 510 may for example cause displaying of a message such as “Error! Please
replace needle assembly!” or “Error! Please replace dispense interface!” on digital display 80
in order to request replacement of the needle assembly 400 or the dispense interface 200,
respectively. The control unit 510 may also monitor by means of provided sensors, whether
the user actually replaces needle assembly 400 or dispense interface 200 in order to ensure
that the user does not ignore the error message. Alternatively, if there is no sensor for needle
replacement, the apparatus trusts the user that he will replace the needle. In order to
increase the likelihood that the user indeed replaces the needle, needle replacement in this

example is requested twice before the dispense interface has to be changed.

In the needle or the dispense interface replacement step 618, 622, the control unit 510 also
sets the delivery device into a status, in which a further drive train actuation step for fluid
dose ejection (step 610), is only allowed after a successful drive train actuation step for

priming (step 620). This may be implemented as shown in Fig. 13 in that the control unit 510
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directly continues with a drive train actuation step for priming (step 620) after the needle or

the dispense interface replacement step 618, 622.

If, finally, the actuation step failure number equals the predetermined system failure
threshold number, which in this example equals 4, the control unit 510 continues with system
failure step 624, in which the control unit 510 sets the delivery device into a status in which
further drive train actuation steps for fluid dose ejection and priming are permanently
disallowed. For example the control unit 510 may then also cause displaying of a message

such as “Serious error! Please contact service!” on digital display 80.

The term “drug” or “medicament”, as used herein, means a pharmaceutical formulation

containing at least one pharmaceutically active compound,

wherein in one embodiment the pharmaceutically active compound has a molecular weight
up to 1500 Da and/or is a peptide, a proteine, a polysaccharide, a vaccine, a DNA, a RNA,
an enzyme, an antibody or a fragment thereof, a hormone or an oligonucleotide, or a mixture

of the above-mentioned pharmaceutically active compound,

wherein in a further embodiment the pharmaceutically active compound is useful for the
treatment and/or prophylaxis of diabetes mellitus or complications associated with diabetes
mellitus such as diabetic retinopathy, thromboembolism disorders such as deep vein or
pulmonary thromboembolism, acute coronary syndrome (ACS), angina, myocardial
infarction, cancer, macular degeneration, inflammation, hay fever, atherosclerosis and/or

rheumatoid arthritis,

wherein in a further embodiment the pharmaceutically active compound comprises at least
one peptide for the treatment and/or prophylaxis of diabetes mellitus or complications

associated with diabetes mellitus such as diabetic retinopathy,

wherein in a further embodiment the pharmaceutically active compound comprises at least
one human insulin or a human insulin analogue or derivative, glucagon-like peptide (GLP-1)
or an analogue or derivative thereof, or exedin-3 or exedin-4 or an analogue or derivative of

exedin-3 or exedin-4.
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Insulin analogues are for example Gly(A21), Arg(B31), Arg(B32) human insulin; Lys(B3),
Glu(B29) human insulin; Lys(B28), Pro(B29) human insulin; Asp(B28) human insulin; human
insulin, wherein proline in position 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.

Insulin derivates are for example B29-N-myristoyl-des(B30) human insulin; B29-N-palmitoy!-
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-Y-glutamyl}-des(B30) human insulin; B29-N-(N-
lithocholyl-Y-glutamyl)-des(B30) human insulin; B29-N-(w-carboxyheptadecanoyl)-des(B30)

human insulin and B29-N-(w-carboxyhepta-decanoyl) human insulin.

Exendin-4 for example means Exendin-4(1-39), a peptide of the sequence H His-Gly-Glu-
Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-GIn-Met-Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe-lle-Glu-
Trp-Leu-Lys-Asn-Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-NH2.

Exendin-4 derivatives are for example selected from the following list of compounds:

H-(Lys)4-des Pro36, des Pro37 Exendin-4(1-39)-NH2,
H-(Lys)5-des Pro36, des Pro37 Exendin-4(1-39)-NH2,

des Pro36 [Asp28] Exendin-4(1-39),

des Pro36 [IsoAsp28] Exendin-4(1-39),

des Pro36 [Met(O)14, Asp28] Exendin-4(1-39),

des Pro36 [Met(O)14, IsoAsp28] Exendin-4(1-39),

des Pro36 [Trp(02)25, Asp28] Exendin-4(1-39),

des Pro36 [Trp(02)25, IsoAsp28] Exendin-4(1-39),

des Pro36 [Met(O)14 Trp(02)25, Asp28] Exendin-4(1-39),

des Pro36 [Met(O)14 Trp(02)25, IsoAsp28] Exendin-4(1-39); or

des Pro36 [Asp28] Exendin-4(1-39),

des Pro36 [IsoAsp28] Exendin-4(1-39),

des Pro36 [Met(O)14, Asp28] Exendin-4(1-39),
des Pro36 [Met(O)14, IsoAsp28] Exendin-4(1-39),
des Pro36 [Trp(02)25, Asp28] Exendin-4(1-39),
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des Pro36 [Trp(02)25, IsoAsp28] Exendin-4(1-39),
des Pro36 [Met(O)14 Trp(02)25, Asp28] Exendin-4(1-39),
des Pro36 [Met(O)14 Trp(02)25, IsoAsp28] Exendin-4(1-39),

wherein the group -Lys6-NH2 may be bound to the C-terminus of the Exendin-4 derivative;

or an Exendin-4 derivative of the sequence

H-(Lys)6-des Pro36 [Asp28] Exendin-4(1-39)-Lys6-NH2,

des Asp28 Pro36, Pro37, Pro38Exendin-4(1-39)-NH2,

H-(Lys)6-des Pro36, Pro38 [Asp28] Exendin-4(1-39)-NH2,

H-Asn-(Glu)5des Pro36, Pro37, Pro38 [Asp28] Exendin-4(1-39)-NH2,

des Pro36, Pro37, Pro38 [Asp28] Exendin-4(1-39)-(Lys)6-NH2,

H-(Lys)6-des Pro36, Pro37, Pro38 [Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)6-des Pro36 [Trp(02)25, Asp28] Exendin-4(1-39)-Lys6-NH2,

H-des Asp28 Pro36, Pro37, Pro38 [Trp(02)25] Exendin-4(1-39)-NH2,

H-(Lys)6-des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-NH2,

des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)6-des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Trp(02)25, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)6-des Pro36 [Met(O)14, Asp28] Exendin-4(1-39)-Lys6-NH2,

des Met(O)14 Asp28 Pro36, Pro37, Pro38 Exendin-4(1-39)-NH2,

H-(Lys)6-desPro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-NH2,

des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-(Lys)6-NH2,

H-(Lys)6-des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-Asn-(Glu)5 des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-Lys6-des Pro36 [Met(O)14, Trp(02)25, Asp28] Exendin-4(1-39)-Lys6-NH2,

H-des Asp28 Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25] Exendin-4(1-39)-NH2,
H-(Lys)6-des Pro36, Pro37, Pro38 [Met(O)14, Asp28] Exendin-4(1-39)-NH2,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25, Asp28] Exendin-4(1-39)-NH2,
des Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25, Asp28] Exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)6-des Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25, Asp28] Exendin-4(S1-39)-(Lys)6-
NH2,

H-Asn-(Glu)5-des Pro36, Pro37, Pro38 [Met(O)14, Trp(02)25, Asp28] Exendin-4(1-39)-
(Lys)6-NH2;
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or a pharmaceutically acceptable salt or solvate of any one of the afore-mentioned Exedin-4

derivative.

Hormones are for example hypophysis hormones or hypothalamus hormones or regulatory
active peptides and their antagonists as listed in Rote Liste, ed. 2008, Chapter 50, such as
Gonadotropine (Follitropin, Lutropin, Choriongonadotropin, Menotropin), Somatropine

(Somatropin), Desmopressin, Terlipressin, Gonadorelin, Triptorelin, Leuprorelin, Buserelin,

Nafarelin, Goserelin.

A polysaccharide is for example a glucosaminoglycane, a hyaluronic acid, a heparin, a low
molecular weight heparin or an ultra low molecular weight heparin or a derivative thereof, or
a sulphated, e.g. a poly-sulphated form of the above-mentioned polysaccharides, 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.

Antibodies are globular plasma proteins (~150 kDa) that are also known as immunoglobulins
which share a basic structure. As they have sugar chains added to amino acid residues, they
are glycoproteins. The basic functional unit of each antibody is an immunoglobulin (1g)
monomer (containing only one lg unit); secreted antibodies can also be dimeric with two Ig
units as with IgA, tetrameric with four lg units like teleost fish IgM, or pentameric with five Ig

units, like mammalian IgM.

The Ig monomer is a "Y"-shaped molecule that consists of four polypeptide chains; two
identical heavy chains and two identical light chains connected by disulfide bonds between
cysteine residues. Each heavy chain is about 440 amino acids long; each light chain is about
220 amino acids long. Heavy and light chains each contain intrachain disulfide bonds which
stabilize their folding. Each chain is composed of structural domains called Ig domains.
These domains contain about 70-110 amino acids and are classified into different categories
(for example, variable or V, and constant or C) according to their size and function. They
have a characteristic immunoglobulin fold in which two B sheets create a “sandwich” shape,

held together by interactions between conserved cysteines and other charged amino acids.

There are five types of mammalian |g heavy chain denoted by a, d, €, vy, and y. The type of
heavy chain present defines the isotype of antibody; these chains are found in IgA, IgD, IgE,

IgG, and IgM antibodies, respectively.
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Distinct heavy chains differ in size and composition; a and y contain approximately 450
amino acids and d approximately 500 amino acids, while y and € have approximately 550
amino acids. Each heavy chain has two regions, the constant region (CH) and the variable
region (VH). In one species, the constant region is essentially identical in all antibodies of the
same isotype, but differs in antibodies of different isotypes. Heavy chains y, a and 6 have a
constant region composed of three tandem Ig domains, and a hinge region for added
flexibility; heavy chains u and € have a constant region composed of four immunoglobulin
domains. The variable region of the heavy chain differs in antibodies produced by different B
cells, but is the same for all antibodies produced by a single B cell or B cell clone. The
variable region of each heavy chain is approximately 110 amino acids long and is composed

of a single I|g domain.

In mammals, there are two types of immunoglobulin light chain denoted by A and k. A light
chain has two successive domains: one constant domain (CL) and one variable domain (VL).
The approximate length of a light chain is 211 to 217 amino acids. Each antibody contains
two light chains that are always identical; only one type of light chain, K or A, is present per

antibody in mammals.

Although the general structure of all antibodies is very similar, the unique property of a given
antibody is determined by the variable (V) regions, as detailed above. More specifically,
variable loops, three each the light (VL) and three on the heavy (VH) chain, are responsible
for binding to the antigen, i.e. for its antigen specificity. These loops are referred to as the
Complementarity Determining Regions (CDRs). Because CDRs from both VH and VL
domains contribute to the antigen-binding site, it is the combination of the heavy and the light

chains, and not either alone, that determines the final antigen specificity.

An “antibody fragment” contains at least one antigen binding fragment as defined above, and
exhibits essentially the same function and specificity as the complete antibody of which the
fragment is derived from. Limited proteolytic digestion with papain cleaves the Ig prototype
into three fragments. Two identical amino terminal fragments, each containing one entire L
chain and about half an H chain, are the antigen binding fragments (Fab). The third fragment,
similar in size but containing the carboxyl terminal half of both heavy chains with their
interchain disulfide bond, is the crystalizable fragment (Fc). The Fc contains carbohydrates,
complement-binding, and FcR-binding sites. Limited pepsin digestion yields a single F(ab')2

fragment containing both Fab pieces and the hinge region, including the H-H interchain
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disulfide bond. F(ab")2 is divalent for antigen binding. The disulfide bond of F(ab')2 may be
cleaved in order to obtain Fab'. Moreover, the variable regions of the heavy and light chains

can be fused together to form a single chain variable fragment (scFv).

Pharmaceutically acceptable salts are for example acid addition salts and basic salts. Acid
addition salts are e.g. HCI or HBr salts. Basic salts are e.g. salts having a cation selected
from alkali or alkaline, e.g. Na+, or K+, or Ca2+, or an ammonium ion N+(R1)(R2)(R3)(R4),
wherein R1 to R4 independently of each other mean: hydrogen, an optionally substituted C1
C6-alkyl group, an optionally substituted C2-C6-alkenyl group, an optionally substituted C6-
C10-aryl group, or an optionally substituted C6-C10-heteroaryl group. Further examples of
pharmaceutically acceptable salts are described in "Remington's Pharmaceutical Sciences"
17. ed. Alfonso R. Gennaro (Ed.), Mark Publishing Company, Easton, Pa., U.S.A., 1985 and

in Encyclopedia of Pharmaceutical Technology.

Pharmaceutically acceptable solvates are for example hydrates.
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Claims

1. An apparatus for automatic ejection of a fluid,

- having a drive train for automatically ejecting the fluid from a fluid reservoir through
an ejection channel, and

- having a control unit (510) for controlling the apparatus, the control unit (510) being
configured to detect failures of drive train actuation steps (610, 620), during which the
drive train is actuated for priming or fluid dose ejection,

- the control unit (510) being further configured to control the apparatus as a function of
an actuation step failure number, the actuation step failure number being the number
of failed drive train actuation steps (610, 620) since the last successful drive train
actuation step (610, 620).

2. The apparatus according to claim 1,
wherein the control unit (510) is configured to detect a failure of a drive train actuation
step (610, 620) by detecting stalling of the drive train during the drive train actuation
step (610, 620).

3. The apparatus according to claim 1 or 2,
wherein the apparatus comprises a housing with a connector for removably attaching
thereto a disposable assembly, the disposable assembly forming part of the ejection
channel when attached to the connector, and wherein the control unit (510) is
configured to cause a replacement step (618, 622) for the disposable assembly or a
part thereof after detection of a failure of a drive train actuation step (610, 620) if the

actuation step failure number is within a predetermined replacement number range.

4. The apparatus according to claim 3,
wherein the disposable assembly is a dispense interface (200), in particular with a
needle hub connector, so that a disposable needle or a needle assembly can be
attached thereto, a needle assembly (400), or a dispense interface with a needle

assembly attached thereto.
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The apparatus according to claim 3 or 4,
wherein the apparatus further comprises a user interface for outputting messages to
a user and wherein the replacement step (618, 622) comprises outputting of a

replacement message by means of the user interface.

The apparatus according to one of claims 3 to 5,

wherein the replacement step (618, 622) comprises setting the apparatus into a
status, in which a further drive train actuation step (610, 620) for fluid dose ejection or
for priming is only allowed after detection of a replacement of the disposable

assembly or a part thereof.

The apparatus according to one of claims 3 to 6,
wherein the replacement step (618, 622) comprises setting the apparatus into a
status, in which a further drive train actuation step (610) for fluid dose ejection is only

allowed after a successful drive train actuation step (620) for priming.

The apparatus according to one of claims 3 to 7,

wherein the control unit (510) is configured to cause a replacement step (618) for a
first part of the disposable assembly after detection of a failure of a drive train
actuation step (610, 620) if the actuation step failure number is within a
predetermined first part replacement number range,

wherein the control unit (510) is configured to cause a replacement step (622) for a
second part of the disposable assembly after detection of a failure of a drive train
actuation step (610, 620) if the actuation step failure number is within a
predetermined second part replacement number range, and

wherein the first part replacement number range differs from the second part

replacement number range.

The apparatus according to one of claims 1 to 8,

wherein the control unit (510) is configured to cause a system failure step (624) if the
actuation failure number is equal or greater than a predetermined system failure
threshold number, the system failure step (624) comprising setting the apparatus into
a status in which further drive train actuation steps for fluid dose injection (610) are

permanently disallowed.
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The apparatus according to one of claims 3 to 7,

wherein the control unit (510) is configured to cause the following as a function of the

actuation failure number after detection of a failure of a drive train actuation step

(610, 620):

- a first part replacement step (618) if the ejection failure number is within a
predetermined first part replacement number range, the first part replacement
step (618) comprising: outputting of a first part replacement message to the
user by means of a user interface of the apparatus and, optionally, setting the
apparatus into a status, in which a further drive train actuation step (610, 620)
is only allowed after detection of a replacement of a first part of the disposable
assembly, and setting the apparatus into a status, in which a further drive train
actuation step (610) for fluid dose ejection is only allowed after a successful
drive train actuation step (620) for priming;

- a second part replacement step (622) if the ejection failure number is within a
predetermined second part replacement number range, the second part
replacement step (622) comprising: outputting of a second part replacement
message to the user by means of the user interface and, optionally, setting
the apparatus into a status in which a further drive train actuation step (610,
620) is only allowed after detection of a replacement of a second part of the
disposable assembly, and setting the apparatus into a status in which a
further drive train actuation step (610) for fluid dose ejection is only allowed
after a successful drive train actuation step (620) for priming; and

- a system failure step (624) if the actuation failure number is equal or greater
than a predetermined system failure threshold number, the system failure step
(624) comprising: setting the apparatus into a status in which further drive

train actuation steps for fluid dose ejection (610) are permanently disallowed.

The apparatus according to one of claims 1 to 10,

wherein the apparatus comprises a button to initiate a fluid dose ejection step.

The apparatus according to one of claims 1 to 11,
wherein the apparatus is a medical device, in particular a medicament injection

device.

The apparatus according to one of claims 1 to 12, wherein the apparatus is hand-
held.
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A system comprising an apparatus according to one of claims 1to 13 and a

disposable assembly attachable to the apparatus.

Method for controlling an apparatus, in particular an apparatus according to any one

of claims 1 to 13 or of a system according to claim 14, the apparatus having a drive

train for automatically ejecting a fluid from a fluid reservoir through an ejection

channel, and the method comprising the following steps:

- detecting of failures of drive train actuation steps (610, 620), during which the
drive train is actuated for priming or fluid dose ejection; and

- controlling of the apparatus as a function of an actuation step failure number,
the actuation step failure number being the number of failed drive train
actuation steps (610, 620) since the last successful drive train actuation step
(610, 620).



WO 2015/036359 PCT/EP2014/069065

1711

0
—



00000000000000000000000000000

o  Fig3



WO 2015/036359 PCT/EP2014/069065

3/

|
|
|

48—
21 7—‘\
] 200
216
——
[ 420

\400

Fig.4



WO 2015/036359

48

L/1

|

|

|

|

|

l

! /“\..40

——200
420

\400

._(_________

Fig.5

PCT/EP2014/069065



PCT/EP2014/069065

WO 2015/036359

5/1

A A R A A A R A A N A R AR R A AR AN AR A AR AR AL I

N A N A N NN TN Y N AN NN M A AN AR AT B A WA M AR BN R MAIA AN AN N

Fig.6



WO 2015/036359

240

244

PCT/EP2014/069065

6/1

212

226 519 200
218 -

—250

214



WO 2015/036359

244

/M

Fig.9

PCT/EP2014/069065

212




WO 2015/036359 PCT/EP2014/069065

8/1

244

240 226
254

250 220

224b

Fig.10




PCT/EP2014/069065

WO 2015/036359

9/

266

400

s

) :
LAY 7

~F
N

Fig.11



WO 2015/036359

10/11

PCT/EP2014/069065

510 520
/ /

Drive train
actuator

530
Z

Control Stall
unit sensor

540

Storage

Fig.12



WO 2015/036359

610
N

1/1

Drive train
actuation step
{ejection)

PCT/EP2014/069065

620
N v
Drive train
actuation step
(priming)

612 I‘
N

Failure
detected ?

614
N

S

Normal operation

YES
6

61
>=4 Ac’rua’rlon step
failure number ?

618
N

Needle replacement

> =1or =2

622
N

624
N

Dispense interface
replacement

P System failure

Fig.13



International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2014/063065
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/069065

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61M5/145 A6IM5/168
ADD.

A61M5/20

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61IM

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A page 3, lines 5-17

X WO 2007/015836 A2 (CARDINAL HEALTH 303 INC
[US]) 8 February 2007 (2007-02-08)

1-7,9-14
8

A WO 2010/076275 Al (SANOFI AVENTIS 1-14

DEUTSCHLAND [DE]; BRUEGGEMANN ULRICH [DE];
PREECE SCOTT) 8 July 2010 (2010-07-08)
cited in the application

page 2, line 19 - page 3, line 9

page 11, Tines 19-31

page 4, lines 7-14

A WO 96/27398 Al (MINIMED INC [US]) 1-14
12 September 1996 (1996-09-12)

A WO 97/33638 Al (NOVO NORDISK AS [DK]; 1-14
KLITMOSE LARS PETER [DK]; HANSEN HENRIK
EGESBORG) 18 September 1997 (1997-09-18)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

23 September 2014

Date of mailing of the international search report

01/10/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Krassow, Heiko

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2014/069065
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2007015836 A2 08-02-2007 AT 446780 T 15-11-2009
AU 2006276170 Al 08-02-2007
CA 2615940 Al 08-02-2007
DK 1907029 T3 15-02-2010
EP 1907029 A2 09-04-2008
ES 2333546 T3 23-02-2010
HK 1116110 Al 04-06-2010
JP 4971322 B2 11-07-2012
JP 2009503373 A 29-01-2009
NZ 565331 A 30-09-2010
PT 1907029 E 13-01-2010
US 2007074596 Al 05-04-2007
WO 2007015836 A2 08-02-2007
ZA 200800747 A 28-01-2009

WO 2010076275 Al 08-07-2010 CA 2748381 Al 08-07-2010
EP 2384207 Al 09-11-2011
JP 2012513786 A 21-06-2012
US 2012116311 Al 10-05-2012
WO 2010076275 Al 08-07-2010

WO 9627398 Al 12-09-1996  CA 2187094 Al 12-09-1996
DE 69625294 D1 23-01-2003
DE 69625294 T2 29-01-2004
EP 0758253 Al 19-02-1997
JP 4188414 B2 26-11-2008
JP H09512472 A 16-12-1997
us 5647853 A 15-07-1997
WO 9627398 Al 12-09-1996

WO 9733638 Al 18-09-1997 AT 315414 T 15-02-2006
AT 494027 T 15-01-2011
AU 718205 B2 13-04-2000
BR 9707986 A 27-07-1999
CA 2248053 Al 18-09-1997
CN 1213320 A 07-04-1999
4 9802769 A3 13-01-1999
DE 69735089 T2 31-08-2006
DK 2062606 T3 18-04-2011
EP 0918554 Al 02-06-1999
EP 1666080 Al 07-06-2006
EP 2062606 Al 27-05-2009
ES 2257767 T3 01-08-2006
IL 126028 A 17-09-2003
JP 4459306 B2 28-04-2010
JP 4885790 B2 29-02-2012
JP 2000506054 A 23-05-2000
JP 2007244891 A 27-09-2007
NO 084187 A 02-11-1998
PL 328653 Al 15-02-1999
PT 018554 E 31-05-2006
RU 2209639 C2 10-08-2003
us 6277098 Bl 21-08-2001
WO 0733638 Al 18-09-1997

Form PCT/ISA/210 (patent family annex) (April 2005)




International Application No. PCT/ EP2014/ 069065

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 15

Claim 15 defines subject-matter considered by this Authority to be
covered by the provisions of Rule 67.1(iv) PCT, and no search report has
been drawn up on said claim. In particular, said claim defines methods
for treatment of the human body by preventive therapy, i.e. the detection
of medicament delivery failure during the fluid dose ejection, which is
directed to avoiding health risks or harm for the patient.
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