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(54) Title: DRIVE MECIIANISMS SUITABLE FOR USE IN DRUG DELIVERY DEVICES

(5§7) Abstract: The invention relates to a drive mechanism for use in a drug delivery device comprising an cpicyclic gearbox. This
drive mechanism can comprisc a housing (2) having a helical thread; a piston rod (20) having a non-circular cross scction and an
external helical thread; a dose dial sleeve (30), which is threadedly engaged with said housing and being rotatable with respect to
said housing; a drive slecve (50), located between said housing and said piston rod, which is threadedly engaged with said piston rod.
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DRIVE MECHANISMS SUITABLE FOR USE IN DRUG DELIVERY DEVICES

The technical Tisld of the inventon.

The present invention ralates to drive mechaniems suitakls for use In drug
delivery devices, In particular pen-typs injectors, having dosage setting mezns,
enabling the administration of imedicinal products from 2 multidos= cariridge. In
particular, the present invention relates o such drug delivery devicss whiere a
user may s¢t the dose.

Description of related art.

Such drug delivery devices have application where regular injectioh by persons
without forrmal medical fraining occurs, i.e., patients. This is increasingly common
amongst those having diabetes where self-treatment enables such persons to
conduct effective management of their diabetes.

These circumstances set a number of requirements for drug delivery devices of
this kind. The device must be robust in construction, yet easy to use in terms of
the manipulation of the parts, understanding by a user of its operation and the
delivery of the required dose of medicament. Dose setting must be easy and
unambiguous. |n the case-of those with diabetes, many users will be physically'
infirm and may also have impaired vision requiring the drive mechanism to have
low dispensing force and an easy to read dose setting display. Where the device
is fo be disposable rather than reusable, the device should bs cheap to
manufacture and easy to dispose of (preferably being suitable for recycling). To.
mest theée requirements the number of paris required to assemble the device
and the number of material types the device is made from need to be keptic 2
rninitnum.

User operated drug delivery devices are well known within the medical field.
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WO 01/95959 discloses an injection device for the injection of set doses of
medicine from a cartridge. The disclosed device comprises a gear wheel gearbox
located between a nut, threadedly coupled to a piston rod, and an injection
button. The gearbox provides a gearing ratio equal to the ratio of the second pitch
of the dose setting drum to the first piich of the piston rod.

Surprisingly it was found that the drive mechanism according to the present
invention provides a valuable technical alternative for the design of a compact
drive mechanism, which allows for a wide range {resp., high value) of reduction
ratios between actuation and delivery, further providing the advantage of saie
dose dialing and dispensing. In addition, the relatively low number of components
reduces manufacturing and assembly efforts. Furthermore, the drive mechanism
according to the present invention has the advantage of allowing intuitive and

easy to use correction of a set dose without loss of medicament.

Any discussion of documents, devices, acts or knowledge in this specification is
included to explain the context of the invention. It should not be taken as an
admission that any of the material formed part of the prior art base or the
common general knowledge in the relevant art in Australia on or before the
priority date of the claims herein.

Summary of the Invention

According 1o a first aspect of the present invention there is provided a drive
mechanism-for use in a drug delivery device comprising

an epicyclic gearbox which comprises a sun gear, one or more planetary
gears, configured to move around the sun gear, and a ring gear,

a housing having a helical thread;

a piston rod having a non-circufar cross section and an external helical
thread; '

a dose dial sleeve being threadedly engaged with said housing and being

rotatable with respect to said housing;

COMS ID No: ARCS-290147  Received by IP Australia: Time (H:m) 15:49 Date (Y-M-d) 2010-08-26
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a drive sleeve beingv located between said housing and said piston rod, the
drive sleeve being th‘feadedly engaged with said piston rod,

wherein the dose dial sleeve is releasibly connected to the drive sleeve by
the epicyclic gearbox so that the drive sleeve is locked to the dose dial sleeve in
rotation during dose setting and so that the drive sleeve rotates with respect to
the dose dial sleeve duringvdispensing.

The term "drug delivéry device" according to the present invention shall mean a
single-dose or multi-dose, disposable or re-useable device designed to dispense
a selected dose of a medicinal product, preferably multiple selected doses, e.g.
insulin, growth hormones, low molecular weight heparins, and their analogues

COMS ID No: ARCS-290147  Received by IP Australia: Time (H:m) 15:49 Date (Y-M-d) 2010-08-26
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and/or derivatives etc. Said device may be of any shape, €.9. compact or pen-
type. Dose delivery may be provided through a mechanical (optionally manual) or
electrical drive mechanism or stored ensrgy drive rnechanism, such as a spring,
stc. Dioge selection mey be provided through 2 manual mechanisrm or slechronic
mechanism. Additionally, seid device may contaln componsnis designed o
monitor physiclogical propertiss such s bload glucoss levels, ste. Furthermore,
the said davice may comprise a neadle or may be needle-free. In parficular, the
term “drug delivery devics® shall mean a disposaide multi-dose pen-type devies
having mechanical and manual dose delivery and dose selection mechanisms,
which i designed for regular use by persens without formal medical training such
as patients. Preferably, the drug delivery device is of the injector-type.

The term “housing” according to instant invention shail preferably mean any
exterior housing (“main housing’, “body”, “shell’) or interior housing (‘insert’,
“inner bady”). The housing may be designed to enable the safe, correct, and
comfortable handling of the drug delivery device ar any of its mechanism,
Usually, it is designed to house, fix, protect, guide, and/or engage with any of the
inner companents of the drug delivery device (e.g., the drive mecﬁanism.
cartridge, plunger, piston rod) by limiting the exposure to contaminants, such as
liquid, dust, dirt etc. In general, the housing may be unitary or a multipart
component of tubular or non-tubular shape. Usually, the exterior housing serves
to house a cartridge from which a number of dosés of a medicinal product may by
dispensed.

The term "engaged” according to instant invention shall particularly mean the
interlocking of two or more components of the drive mechanism/drug delivery
device, e.g. a spline or thread connection, preferably the interlocking of helical
threads of components (“threadedly engaged”).

The term *helical thread” according to instant invention shall prefzrably mean &
full or part thread, &.9., @ cylindricz! spiral rib/groove, located on the internal
and/or external surface of a component of the drug delivery device, having an
essentially triangular or square or rounded section designed o allow continuous
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free rotational and/or axial movement between components. Optionally, said
thread may be further designed fo prevent rotational or axial movement of certain
companznts in one direction.

The terrn "dose dial sleevs" according 1o instant invention shall mezn an
essentizlly iubular component of essendzlly cirellar cross-section preferzbly
comprising a first part of smaller dizmeter 2nd a sscond part of 2 larger diameter,
preferably the first part and the second pari ars connected by 2 radizlly sidending
annular region of the dose dial sleeve. In a preferred smbodiment the diameter of
the second part of the dose dial sleeve is the same as that of the housing.

In yet another preferred embodiment the dose dial sleeve is designed to indicate
a selected dose of a dispensable product. This may be achieved by use of
markings, symbols, numerals, stc., e.9. printed an the external surface of the
dose dial sleeve or an odometer, or the like,

In a more particular embodiment the inner surface of the second part of the dose
dial sleeve is provided with splines in the form of longitudinally extending gear
teeth designed to engage with the epicyclic gearbox. ] .

In still a further embadiment the outer surface of the second part of the dose dial
sleeve is provided with a textured surface fo serve as a finger grip fo assist in the
dialing of the dose.

The term "drive sleeve” according 1o instant invention shall mean any essentially
tubular component of essentially circular cross~section and which is engaged with
the piston rod. Preferably, the drive sleeve of instant invention caries the
planetary gear of the epicyclic gear box in a journal. In a preferred embodiment
the drive sleeve comprises a first part of smaller diameter located between the
eylindrical parfion of the insert and the piston rod and a second part of farger '
diameter extending beyond the inwardly dirscted flange of the dose dial sleave.
In vet a further preferred embodiment a radially extending annular region of the
drive sleeve connecis the first part and the second part of the drive slesve,

The term “piston rod” according to instant invention shall mean any component
adapted to operate through/within the housing, designed to translate axial
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movement through/within the drug delivery device, preferably from the drive
sleeve to the piston, for the purpose of discharging/dispensing an injectable
product. Szid piston red may be flsidble or not. [t may comprise a simple rod, &
led-soraw, @ rack and pinlon sysiem, 2 worm gear systsm, of the like. The
pistan rod of instant invention may be mads of any suitable matsrial known by the
person skilled in the art.

- The term “releasibly connecisd” according to Instant invention shall preferably

tnean that twa componerts of instant mechanism or device are reversibly joined
to each ofher, which allows coupling and decoupling, e.g. by means of a cluich,

The term "epicyclic gearbox® according 1o instant invention shall mean a system
of gears, comprising of a central sun gear (“sun gear’) and one or more planetary
gear, and a ring gear. Generally, in such an epicyclic gearbox, the planetary
gear(s) travel(s) around the sun gear, whose axis Is fixed. Additionally, the axis of
the ring gear in such an epicyclic gearbox is identical to the fixed axis of the sun
gear. The 'ring gear” according to instant invention may optionally encompass a
circular arrangement of splines or the like.

Preferably, the epicyclic gearbox according to instant invention shall serve to
transmit the torque from the dose dial sleeve or the dose button to the drive
sleeve or the piston rod.

In one particular embodiment of instant invention the epicyclic gearbox releasibly
connects the dose dial sleeve to the drive sleeve, whereby the ring gear is
optionally located at the second end of the dose dial sleeve.

Opticnally, the epicyclic gearbox is designed to give a radial velocily reduction
ratio between the ring gear and the component carrying the planetary gear(s),
which is optionally the drive sleeve,

in another specific embodiment of instant invention the sun gear is located
between the dose button and the drive slssve,

Ths tarm “first end” according to instant invention shall mean the proximal end.
The proximal end of the device or a companent of the device shall mean the end,
which is closest to the dispensing end of the devies.
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The term "second end" according to the present invention shall mean the distal
end. The distal end of the device or a component of the device shall mean the

end, which is furthest away from the dispensing end of the device.

A second aspect of the present invention provides an assembly for use in a drug
delivery device comprising the drive mechanism according to the present
invention described above.

A third aspect of the present invention provides a drug delivery device comprising
the drive mechanism or the assembly according fo the present invention
described above.

A fourth aspect of the present invention provides a method of assembling a drug
delivery device comprising the step of providing a drive mechanism or an
assembly according to the present invention described above.

A fifth aspect of the present invention is the use of a drug delivery device
according to the present invention described above for dispensing a medicinal
product preferably dispensing a pharmaceutical formulation (e.g. solution,
suspension etc.) comprising an active compound selected from the group
consisting of insulin, growth hormone, low molecular weight heparin, their

analogues and their derivatives.

Comprises/comprising and grammatical variations thereof when used in this
specification are to be taken to specify the presence of stated features, integers,
steps or components or groups thereof, but do not preclude the presence or
addition of one or more ather features, integers, steps, components or groups
thereof.

COMS ID No: ARCS-290147  Received by IP Australia: Time (H:m) 15:49 Date (Y-M-d) 2010-08-26
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Brief Description of the Drawings

Without any limitation, the present invention will be explained in greater detail
below in connection with a preferred embediment and with reference to the

drawings in which:

Figure 1 shows an exploded view of the components of a drug delivery device in
accordance with the present invention;

Figure 2 shows a sectional side view of a drug delivery device in accordance with
the present invention in a first unused position;

Figure 3 shows a sectional side view of the drug delivery device of Figure 1in a
second position when a first dose has been selected and a dispense action has

just been started;

Figure 4 shows a sectional side view of the drug delivery device of Figure 1in a
third position following dispense of the first selected dose;

Figure 5 shows a sectional side view of the drug delivery device of Figure 1in a
fourth position corresponding 1o the setting of a maximum final dose when a

dispense action has just been started; and

Figure 6 shows a sectional side view of the drug delivery device of Figure 1in a
final end of life position when the final dose has been dispensed.

Detailed Description of the Invention

Referring first fo Figure 1 and Figure 2 there may be seen a drug delivery device
in accordance with the present invention. The device comprises a housing 2
within which are located a cartridge 4 containing a medicinal product, means for

selecting or setting of the dose of medicinal product to be expelled and means for
expelling the selected dose of medicinal product. The housing 2 is generally

COMS ID No: ARCS-290147  Received by IP Australia: Time (H:m) 15:49 Date (Y-M-d) 2010-08-26
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cylindrical in shape and is generally divided info two compartments by an insert 6
to be described in more detail below. The cartridge 4 is located within a first part
of the housing 2 while the dose setting means and the means for expelling the
selected dose of medicinal product are located within a second part of the

housing 2.

The cartridge 4 may be secured in position in the first part of the housing 2 by any
suitable means. A needle unit (not shown) may be secured to a first end of the
housing 2. The cartridge 4 further comprises a displaceable piston 10. Advancing
the piston 10 towards the first end of the cartridge 4 causes the medicinal product
to be expelled from the cartridge 4 through the needle unit. A cap may be

provided to cover the needle unit when the device is not in use.
The insert 6 dividing the housing 2 comprises a web extending radially inwards
from the cylindrical housing o define an opening 8. A longitudinally extending

skirt 12 extends from an outer periphery of the web. [n use, the skirt 12 is secured

in position to the housing 2 by any suitable means. A generally

COMS ID No: ARCS-290147  Received by IP Australia: Time (H:m) 15:49 Date (Y-M-d) 2010-08-26
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cylindrical portion 14 extends from the web towards a second end of the device.
A piston rod 20 extends through the opening 8 in the insert 6.

The piston rod 20 comprises an end facs 22 in Uss edapted to dive a second
face of the piston 10 and 2 shaft or generally eviindrical pait 24 extending
lengitudinally towards 2 second end of ihe devics.

A generally eylindrical dose dial sleeve 30 comprises & first part 32 of emaller
diameter dispo#ed betwsen the generally cylindrical porticn of the insert 6 and
the housing 2 and a second part 34 of larger diameter extending beyond the
housing 2. Preferably, as in the illustrated embodiment the second part 24 is of
equal diameter to the housing 2 such that when the device is not in use a smooth
overall impression is produced. The first part 32 and second part 34 of the dose
dial sleave 30 are connected by a radially extending annular region 36 of the
dose dial sleeve 30.

An inner surface of the first part 32 of the dose dial sleeve 30 is provided with an
inwardly directed flange 38. A threaded connection 40 is provided between the
dose dial sleeve 30 and the insert 6. In the illustrated embodiment, a helical rib
42 is provided on an inner face of the first part 32 of the dose dial sleeve 30
between a first end of the dose dial slesve 30 and the inwardly directed flange

- 38, In this embodiment, the helical rib 42 rests within 2 matched groove 44
provided on an outer surface of the insert 6.

An inner surface of the second part 34 of the dose dial sleeve 30 is provided with
splines 46 in the form of longitudinally extending gear teeth. The outer surface of
the second part 34 of the dose dial slesve 30 s praferably provided with a
textured surface to serve as a finger grip.

A generally cylindrical drive steeve 50 is disposed within the dose dial sleave 30,
The drive slesve 50 comprizss = first part 52 of stnallsr diameter generally
disposed between the generally cylindrical portion 14 of the insert and the
piston rod 20 and a second part 54 of larger diameter extending beyand the

-12-
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inwardly directed flange 38 of the dose dial slesve 30. The first and second
parts 52, 54 of the drive sleeve 50 are connected by a radially extending annular
ragion 56 of the drive slesve 80.

The drive slesve 50 and the dose diz] slesve 30 arz hald againet relative
longiudinal displzcement by snap fit faziurss 58 on the first pari 52 of the drive
sleeve 50 that locate the inwardly directed flange 38 of the dose dial slesve 30
between the snap fit features 58 and the annular region &6 of the drive slesve 50,
It will be understoad that relative rotation between the dose dial slesve 30 and
the drive slesve 30 remains possible.

A threaded connection 60 is provided between the drive sleeve 50 and the piston
rod 20. In the illustrated embodiment, a helical rib 62 is provided on an inner face
of the first part 52 of the drive sleeve 50. In this embodiment, the helical rib 62
rests within a groove 64 extending along an outer surface of the shaft 24 of the
piston rod 20.

A generally cylindrical sun gear 70 is located within the second part 54 of the
drive sleave 50. The inner diameter of the sun gear 70 is sufficient to allow the
shaft 24 of the piston rod 20 to pass therethrough. The outer surface of the sun
gear 70 is split into two portions by a radiaily extending flange 72. Splines 74
extend from a first end of the suh gear 70 to the radial flange 72. A second radial
flange 76 is disposed at the second end of the sun gear 70. The second radial
flange 76 is provided on a second surface with a plurality of circumferentially
extending teeth 78,

The second part 54 of the drive sleeve 80 extends within the first part 32 of the
dose dial slesve 30 aﬁd into the second part 34 of the dose dial slesve 30.
Spring means 80 are disposad between the annular region 58 of the drive sleeve
50 and a first end of the sun gear 70. That part of the drive sleeve 50 extending
into the second part 34 of the dose disl sleeve 30 carries 2 planetery gsar 82
The planetary gear-82 is mounted for rotation on a journal integral with the drive
sleeve 50. The second end of the drive sleeve 50 is also provided with a spring

13-
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feature 66, a free end of the spring feature 66 having an outwardly directed toath
68.

A moulded outeh faature on the drive slzeve 50 operaies batween the drive
sleeve 50 and the dess dial sleave 30, The cluich is formed between the outer
tooth 68 of the spring featurs 58 and the splines 48 on the dese dial sleave 34.
When ths device is not in use, or a dose is baing dizled, the radially sxdending
flange 72 holds ihe tooth 68 in positien to engage with the solines 48, theraby
lacking the drive sleeve 50 to the dose dial sleeve 30 in rotation. During
dispense, axial displacement of the flangs 72 disengages the clutch, thereby
allowing the drive sleeve 50 to rotate with respect to the dose dial sleeve 30.

The planetary gear 82 Is provided about an outsr surface with longitudinally
exiending gear testh.

A generally cylindrical dose buiton 80 has a shaft 92 and a first radially extending
flange 94 at a second end of the shaft 92. The shaft 92 of the dose button 90 is
disposed within shait 24 of the piston rod 20 for langitudinal but not rotational
displacement with respect to the piston rod 20, Canveniently, this may be
achieved by splining the dose button 90 to the piston rod 20. A threaded portion
98 is provided along at least a part of the shaft 92 and a second radial flange 86
is disposed between the threaded portion 98 and the first flange 94.

A first face of the first dose button flange 94 and a second face of the second sun
gear flange 76 are provided with features which when mated fogether secure the
dose button 90 and sun gear 70 against relative rotafion.

A nut 100 s provided on the threaded portion 98 between the doss dial button 80
and the sun gear 70. The nut 100 is coupled fo the sun gear 70 by splines.

_ Operation of the davice will now be deseribed. To set a desired dose to be
delivered @ ussr rotetes the second pert 34 of the doss dial slseve 20. Inthe
initial pasition (Figure 2 or Figure 4) the dose dial sleeve 30, the drive sleeve 50
and the sun gear 70 are coupled together by the spring feature 66 and rotate

-14-
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together as the dose dial sleeve 30 is turned. With the clutch means engaged,
the drive sleeve 50 and the dose dial sleeve 30 are coupled together and the
plenetary gesr 82 cannot rotate. This in turn couples the sun gear 70 to the dose
dial slzeve 30 2nd the drive slesve 30, A chouldst on ihe sun gear 70 locks the
drive sleeve elutch mezns to the dose disl sleeve 30. The spring maane &0
pushes the sun gear 70 inte a posiiion in which the outwardly dirscied toofh &8 of
the drive sleeve 50 is locked for rotation to the splines 46 of the dose dial slesve
30.

Relative rotational movement between the dose button 90 and the sun gear 70
causes the nut 100 to advance along the threaded portién 98 of the dose button
shaft 92. When the nut 100 reaches the end of the threaded portion 92 (as in
Figure 5) the user is prevented from rotating the dose button 90, that is from
dialing any further dose.

The threaded connection 40 between the insert 6 and the dose diel sleeve 30 has
the same lead as the threaded connection 80 between the piston rod 20 and the
drive sleeve 30, This means that when the dose dial sleeve 30 is rotated the
piston rod 20 remains in contact with the second face of the cartridge piston 10.

To dispense a selected dose, a user depresses the dose buttpn 90 (Figure 3 or
Figure 5). Displacing the dose button 90 towards the first end of the device
couples the dose bution 90 to the sun gear 70 to lock the sun gear 70 in rotation
to the dose button 90, The longitudinal movement of the sun gear 70 causes the
spring means 80 to be compressed. The shoulder on the sun gear 70 locking the
clutch means between the drive sleeve 50 and the dose dial sleeve 30 is
disengaged, thereby allowing the drive sleeve 50 fo rotate with respect to the
dose dial sleeve 30. The planetary gear 82 then creates a gear ratio between the
sun gear 70 and the dose dial slesve 30.

Further depression of the dose bution 20 causes an axjal load to be applied to

the sun gear 70. Under this axial load the dose dial sleeve 30 rotaies against the
thread of the insert 6 towards the first end. The sun gear 70 is locked to the dose

-15-
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button by means of the circumferential teeth 78 and therefore causes the drive
sleeve 50 to rotate at a different angular velocity than the dose dial sleeve 30 by
action of the epicyclic gearbox. The rotation of ths drive sleeve 50 causes the
piston rod 20 fo sdvance towzrds ths first 2nd by mezns of the threadsd
engagement befween the drive sleeve 50 and the pisten red 20.

-16-
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THE CLAIMS DEFINING THE iNVENTION ARE AS FOLLOWS:

A drive mechanism for use in a drug delivery device comprising
an epicyclic gearbox which comprises a sun gear, one or more planetary

26 Aug 2010

gears, configured to move around the sun gear, and a ring gear;
5 a housing having a helical thread;
a piston rod having a non-circular cross section and an external helical
thread;
a dose dial sleeve being threadedly engaged with said housing and being
rotatable with respect to said housing;
10 a drive sleeve being located between said housing and said piston rod, the

2004228940

drive sleeve being threadedly engaged with said piston rod,

wherein the dose dial sleeve is releasibly connected to the drive sleeve by
the epicyclic gearbox so that the drive sleeve is locked to the dose dial sleeve in
rotation during dose setting and so that the drive sleeve rotates with respect to

15  the dose dial sleeve during-dispensing.

2. The drive mechanism according tc claim 1 wherein the said dose dial
sleeve is releasibly connected to the said drive sleeve by the said epicyclic

gearbox.

3. An assembly for use in a drug delivery device comprising the drive

20  mechanism according to any of claims 1 or 2.

4, A drug delivery device comprising the drive mechanism or the assembly

according to any of claims 1 to 3.

5. A method of assembling a drug delivery device comprising the step of
providing a drive mechanism or an assembly according to any of claims 1 to 3.

25 6. The use of a drug delivery device.as defined in claim 4 for dispensing a
medicinal product comprising an active compound selected from the group
consisting of insulin, growth hormone, low molecular weight heparin, their

analogues and their derivative.

COMS ID No: ARCS-290147  Received by IP Australia: Time (H:m) 15:49 Date (Y-M-d) 2010-08-26

17-




26-Aug-2010 03:46 PM WATERMARK 61398196010 14/18

26 Aug 2010

2004228940

14

7. A drive mechanism, drug delivery device, assembly or method
substantially as herein described with reference to the accompanying drawings.
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