WO 2006/037434 PCT/EP2005/009839 1 Drive mechanism for a drug delivery device This invention
relates to a drive mechanism for a drug delivery device that allows the user to select multiple doses of
an injectable drug and for the dispensing of the set 5 dosage of the drug and applying said drug to a
patient, prefe%%%Wﬁﬁ’j‘éétion. In particular, the present invention relates%gé)g)ﬁg%%l%@é’, which are
handled by the patients themselves. Drug delivery devices, which allow multiple dosing of the required
dosage of liquid drug 10 and administration of the liqyid to a patient, are well known in the art.
Generally, such devices have substantially the same purpose as that of an ordinary syringe. Injectors
of this kind must meet a number of requirements to meet user needs. These devices need to be

robust in congidctiRnyRiRASY Jae RRI/EHeIBK:ef the 15 manipulation of the parts and
understanding’ by a user of its operation. In the case of those with diabetes, many users will be

physically infirm and may also have impaired vision. Where the injector is to be disposable rather than
reusable, thgiyesi@nsbauisiabe theafrie mankiackrefand dasy delidisposevidd ihefeatibwstibang
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rotation and?g%ﬁreade%%ngage\géwn Ethe device shell. The threads of the three said’components

are of the sayatigatdiTEREsERSyN of this device requires a body length to plunger length ratio of about
1:1in order to allow dispensing of relatively large doses. However, simple and safe correction of a set

overdose by the patient remains unresolved without either dispensing the set amount_30 of fluid or
dismantling fﬁ%’@éﬁ‘ilﬂ%‘é’. devices, which allow mulliple dosing of the required dosage of liquid drug

10 and administration of the liguid o a patient, are well known in the art. Generally, such

devices have substantially the same purpose as that of an ordinary syringe.

Injectors of this kind must meet a number of requirements o meet user needs. These
devices need to be robust in construction, yet easy to use both in terms of the

15 manipulation of the paits and uncierstanding‘by a user of its operation. In the case of
those with diabetes, many users will be physically infirm and may also have impaired
vision. Where the injector is to be disposable rather than reusable, the injector should
be cheap to manufacture and easy to disposs of (preferably being suitable for
recycling). |
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WO 9114467 A1 discloses a dispensing device, comprising a drive mechanism having
a telescopic piston rod consisting of a first and a second threaded member having
equi-spaced threaded segments with non-threaded segments therebetween. The
device further comprises a dose setting sleeve, which surrounds the second threaded

25  member being coupled for rotation and is threadedly engaged with the device shell.
The threa&s of the three said compenents are of the same lead. The design of this
device requires a body length to plunger length ratio of about 1:1 in order o allow
dispensing of relatively large doses. However, simple and safe correction of a set
overdose by the patient remains unresolved without either dispensing the set amount

30 of fluid or dismantling the cartridge.



2 WO 9938554 A2 teaches an injection syringe for apportioning set doses of a medicine from a
cartridge wherein a drive mechanism comprising a unidirectional coupling (ratchet) is disclosed which
allows correction of a set overdose without dispenging a set amount of fluid or requiring the
dismantling of the cartridge. The device is further designed that an initial reluctance has to be
overcome before the unidirectional coupling can be rotated during dose dispensing. WO 0195959 Al
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carries on its cylindrical surface along a helix a scale of which a number corresponding to the Set dose
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handiNY O AASSTaRIG SRERRES /T BIRSRRCIB v R ) CSH o4 F CAeRo L oh B Ch TR,
Therefgr@amari]gaalb@quﬁ@m%ggﬂﬁ?@ QL@%%?F@%@?W@@QWI@@?JMQQWI r}@tmee@dd\e@ pisteina : nism
to existing technalogies suita or the efficient transmissian o n actuatio orce In dru eliver
AR R el et X e e e
dispenstajeobfavge dose s oitherg cnteaficldfogtior tpeositedahe &dwinmayeinfdnwitigevarid ¢asy to
use COH@@W%@ n@é”%&%ﬂ%@fgp\’ﬂh gfishaspsioldhadesentinvention these ife

provide e mech foradru livery device com?rlsm%: a plunger rod having a non-circular
cross S¥EEE aRRHERYERoRAs S @l %@ﬁ@grw&ch is larger than the axial movement of the nut.

A gear wheel transmission is established between the nut and the injection button such
that the gearing makes the movement of the button larger and the force, which has to be
exerted on the injection button, is correspondingly reduced.

Accordingly, the problem to be addressed by the embodiments of the invention is to
reduce the actuation (injection) force required during drug dispensing especially when
dispensing large doses whilst maintaining a compact design and thereby improving user
handling, and providing the user with a means to intuitively, safely and easily correct a
set dose.

Therefore, the embodiments of the present invention seek to provide an alternative drive
mechanism to exisfing technologies suitable for the efficient transmission of an actuation
force in drug delivery devices, particularly compact devices, e.g., of pen-type shape,
which additionally aliows the dispensing of large doses of drug and which further
provides the advantage of intuitive and easy {0 use correction of a set dose.

in accordance with a first aspect of the present invention, there is provided a drive
mechanism for a drug delivery device comprising:

a plunger rod having a non-circular cross section and being hollow, said plunger rod
being prevented from rotation;



being prevented from rotation; 3 a lead screw engaged with said plunger rod; a dose setting dial
rotatably moving towards the proximal end during gose setting and rotatably moving towards the distal
end during dose dispensing; an inner cylinder being releasibly connected to the dose setting dial, such
that relative rotation between said dose setting dial and said inner cylinder is prevented during dose

setting;huLis @é@wgr%lérérégj %ﬁ?éﬁﬁ?ﬁ lndy @gg;a plunger rod holder, which prevents said plunger

rod from moving towards the proximal "end during dose setting, but allows said plunger rod to move
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the embodiments of the instant invention: The term "drug delivery device" according to embodiments

of the instant invention shall ‘ . o _ _ _
Also disclosed is a drug delivery device comprising the drive mechanism according to

the first aspect of the present invention.

Also disclosed is the use of a drive mechanism according to the embodiments of the
invention in a method of assembling a device according 1o the first aspect of the present
invention.

Aiso disclosed is the use of a drive mechanism or a device according to the
embodiments of the invention for the administration of a pharmaceutical formulation to
the human or animal body.

Also disclosed is a method of assembling a drug deiivery device according to the
embodiments of the invention, comprising the step of mounting the mechanism
according fo the invention to any components in order to assemble a drug delivery
device.

The terms, which are used in order to define the embodiments of the instant invention,
are generally to be understood in accordance with the general knowledge of the person
skilied in the art. Further, the foliowing ferms shall have the following, optionally
preferred, meaning in accordance with the embodiments of the instant invention:

The term "drug delivery device" according to embodiments of the instant invention shall
mean a multi-dose, disposable, mobile, hand-held device designed to dispense a
selected dose of



mean a multi-dose, disposable, mobile, hand-held device designed to dispense a selected dose of 4 4
Medicament, e.g. insulin, insulin analogues, growth hormones, low molecular heparins, and their
derivatives etc., optionally suitable for self-administfation. Said device is of the mechanical pen-type.
Preferably, the term "drug delivery device" shall mean a disposable, multi-dose, pen-type device
having mechanical dose delivery and dose ?election mechanisms designed for regular inbection by
personY GAEIREB B EHEAT: 131G, A lopugRn & OWEN M N &Sy Weﬂl%ﬁ?%%\?ié@ 61 i
embodimentseof taeiviniiast dtyerdisiivnaypsiseshiechntrigt adicistatiamSaidhdenias estafalhe
formulati N dmigi via g pe pti cartridge helder. ter
"pharm(’j}z{j\‘(%gt,ﬁ"%g4::;1]‘£ %gr%aéba%%ﬁe'shﬂﬁgrgg%b@ r%e(zfl%@ I?cﬂﬂ} r §t%%p%92io%ég{rg her%'l gﬁi:orrﬁ%%edél?\ the
cartridgéseesgbising dldhdeser \eeribiweT e vagy Mewnsormeshenical shese pletepry, Fspstidiassor
small elpeulss Maieh mand e sslgiaisirieregURFURBERSS by ek Wit yBim anmer mare

hormone or antithrombotic, especially selected from the group consisting of in?PuIi#{eBs, hep()%ri es,
derivatie8! g oo REUFHHSub SRS tRercdh S HREIMFRY RN RedBraRy R AR QlilEnts of
the instagtanyentiont&iralbgergiesablyanueatridgee xienioh asdnitelics @indextihaogeatichhdédmusaigpmay be
designe enable th fe, corre n fartabpl ndling.o . iyvery device (e.g., the
drive m‘léﬂengn?saﬁ??%gﬁal f/h'%’tt ?%e es\ﬁéngééj%%{%ugé%bﬁép %ﬁr%)?gﬁfaéé%&,igﬁ%%%%%gage with the inner
mechanism(s) or components of the drug delivery device (e.g., the drive mechanism) by limiting the
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multipart component of tubular or non-tubular shape. Preferably, the "housing" is designed to contain
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subcutaneously. Preferably, the drug I1s one or more hormone or antithrombotic,
especially selected from the group consisting of insulines, heparines, derivatives,
analogous, and substiiutes thereof. '

The term "housing” according to the embodiments of the instant invention shall
preferably mean an exterior or interior ("insert") cover. The housing may be designed to
enable the safe, correct, and comfortable handiing of the drug delivery device (e.g., the
drive mechanism). Usually, it is designed to house, fix, protect, guidé, and/or engage
with the inner mechanism(s) or components of the drug delivery device (e.g., the drive
mechanism) by limiting the exposure to contaminants, such as liquid, dust, dirt efc. In
general, the housing may be unitary or a multipart component of tubular or non-tubufar
shape.

Preferably, the "housing" is designed to contain a cartridge and optionally a cartridge
holder, which is preferably mounted at the distal end of the housing.

The term "engaged" according to the embodiments of the instant invention shall mean
the interlocking of two or more components of the drive mechanism/drug delivery device,
preferably the interiocking of screw structures of components.

The term "screw structure” according to the embodiments of the instant invention shall
mean a full or part thread, e.g., a cylindrical spiral rib/groove located on the internal
and/or external



the interlocking of two or more components of the drive mechanism/drug delivery device, preferably
the interlocking of screw structures of components. The term "screw structure” according to the
embodiments of the instant invention shall mean < full or part thread, e.g., a cylindrical spiral
rib/groove located on the internal and/or external 5 surface of a component of the drug delivery

device, having an essentially triangular or square or rounded section designed to allow continuous
froe 1OUATBRRCE RGP BRENSb i SR AR DGRt S0 e S EERA 6 HERRIHAE b
furthesglesigned ruptee daciationalsiyreedatonaliemepd oficectadn Toepotididsah and/directian.

Scre ruct incor t ween. re ins h e ' ial . inafter

e 11 e S e e R e e R S e

structtperyesat tisiatienaher eadedcreweme thebRETERIP ©eNhengniFd ke direciieRwSstiteture”).

The sgifl iSEieN SHHCHESBEFRIN G ENRR L ROdRRENE 9 thedRStan i@M@nH@@éf@&mngfemly have
n

different screw pitches to allow force transmjssjon from the proximal end to the distal uring dose

delivef§ere et righ e SFBIE FUY BetwBEMERN P & iRnsh dHI deFednSuiRGulEeniSS be
about(h&rakd-Mh2: Isprefefahlycabetiizidrd §: 2dd3iBivitts theHeapretesednbiattheisengey pitches

of the 48 feIpisurute ARdnE R0 sorou aiciie aisdhie pae T et dass oo

Yng,ial
odiments e instant inve referably mean an essentrally tl?bular

compeéneprdiedsntilheiioskant rosssiietioahahngiarabitehexetdtaretigageammiictis hisusing
by meansPk& HEstareW SIS WEm alevingthear e Seiting dilita 'otataRlymaoysdevaritipe

proximal end during dose setting and rotatably move tgwaygds the distal end duringégose dispensing.
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structure are the same.

The term "dose setting dial" according fo the embodiments of the instant invention shall
preferably mean an essentially tubular component of essentially circular cross-section
having an external thread engaged with the housing by means of a first screw structure,
allowing the dose setting dial to rotatably move towards the proximal end during dose
setting and rotatably move towards the distal end during dose dispensing. The "dose
setting dia!" according to the embodiments of the instant invention is designed to indicate
a selected dose of the dispensable product (e.g., a drug). This may be achieved by use
of markings, symbols, numerals, eic., e.g. printed on the exiernal surface of the dose
setting diai or an odometer, or the like.

Additionally, the dose setting dial may be releasibly connected fo the inner cylinder by a
clutch means. To set the dose, the dose setting dial may be rotated and the dose setting
dial and the inner cylinder rotate together towards the proximal end. During dose
dispensing, the cluich means may disengage the dose setting dial from the inner
cylinder, such that the dose setting dial rotates relative to the inner cylinder towards the
distal end. Further, the dose setting dial may comprise one or more stops to limit the
maximum amount of a single dose.



Additionally, the dose setting dial may be releasibly connected to the inner cylinder by a clutch means.
To set the dose, the dose setting dial may be rotated and the dose setting dial and the inner cylinder
rotate together towards the proximal end. During dose dispensing, the clutch means may disengage
the dose setting dial from the inner cylinder, such that the dose setting dial rotates relative to the inner
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relea5|bly co n to the’embodiments of the instant invention shall mean that two
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to the en e t inventjon shall any com onent adapted to operate
throug "L% t’?%“' d’é’g Ft)e'd(e l{biﬁ’?%?‘c{n?c%s O?/Hst't?é’groxmal end to the distal end of the
drug dellvery dewce preferably to the cartridge piston, for the purpose of drug dispensing. According
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has a non- circular cross ction. T er rod be a component of the drive mechanlsm
shall mean that two components of the mstant mechanism or device are reversibly

joined with each other, allowing coupling and decoupling. This is achieved, e.g., by a
clutch means.

The term "plunger rod” according to the embodiments of the instant invention shalt mean
any component adapted to operate through/within the housing, designed to transfer
forces from the proxitnal end to the distal end of the drug delivery device, preferably to
the cartridge piston, for the purpose of drug dispensing. According to the embodiments
of the instant invention, the "plunger rod" is essentially cylindrical, holiow, and has a non-
circular cross-section. The "plunger rod" may be a component of the drive mechanism,
which is prevented from rotation with respect to the housing by means of the plunger rod
holder. The "plunger rod" may abut the cartridge piston at the distal end of the plunger
rod. In a particular embodiment, the "plunger rod" may have ratchet teeth or the like
which interact with the plunger rod holder.

The term “plunger rod holder" according to the embodiments of the instant invention
shall mean any component, which prevents movement of the piunger rod towards the
proximal end during dose setting, but allows movement of the plunger rod towards the
distal end during dose dispensing. Optionally, the plunger rod may alsc be prevented
from rotation by the plunger rod holder. In order to achieve the aforementioned, the
plunger rod holder



which is prevented from rotation with respect to the housing by means of the plunger rod holder. The
"plunger rod" may abut the cartridge piston at the distal end of the plunger rod. In a particular
embodiment, the "plunger rod" may have ratchet teeth or the like which interact with the plunger rod
holder. The term "plunger rod holder" according to the embodiments of the instant invention shall
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dose setting, but allows movement of t unger rod towards the distal end during dose dispensing.
Optionally, the plunger rod may also be prevented from rotation by the plunger rod holder. In order to
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the dispensing end of the device. The term "clutch means" according to the embodiments of the
instant invention shall mean any means, which releasibly connects the dose setting dial and the inner
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respeci{ofhenRousingruhieRde dose SastnshAigh anathedBDRE CYHRLRTi &R ¢AHRY rofhgie both

are de-coupled, allows rotation of the dose setting dial with respect to the housing, but does not allow
rotatiof IBPESINGSNEfhEE ARHT@spect to the housing and allows axial movement of the inner
cylinder. Accordingly, the term "clutch means" may be any clutch engaging for the purpose of

reversiﬁ_}/elqtgllgtiﬁqg,,gi\a%c%omm%%ré%nt%{i:%roé%ig() Mo the embodiments of the instant invention shall
mean any means, which releasibly connects the dose setting dial and the inner cyiinder
and which is designed to aliow rotation of the dose setting dial and the inner cyiinder with
respect to the housing when the dose setting dial and the inner cylinder are coupled and,
when both are de-coupled, allows rotation of the dose setting dial with respect to the
housing, but does not aliow rotation of the inner cylinder with respect to the housing and
allows axial movement of the inner cylinder. Accordingly, the term "ciutch means” may be
any clutch engaging for the purpose of reversibly locking two components in rotation,
e.g., by use of axial forces to engage a set of face teeth (saw teeth, dog teeth, crown
teeth) or any other suitable frictional faces.

The term "periphery" according to the embodiments of the instant invention shali usually
mean the surface of any part, preferably the surface along the longitudinal axis.

The term "original position” according to the embodiments of the instant invention shali
mean the starting position of the dose setting dial, i.e., when the set amount of dosage is
zero ("00"). This is usually the case, when the device has not yet been used, a full
cartridge has been loaded, or the device is in use and the set amount of drug has been
completely expelled, respectively, dispensed.



e.g., by use of axial forces to engage a set of face teeth (saw teeth, dog teeth, crown teeth) or any
other suitable frictional faces. The term "peripherysaccording to the embodiments of the instant
invention shall usually mean the surface of any part, preferably the surface along the longitudinal axis.
The term "original position" according to the embodiments of the instant invention shall mean the
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between the innér surface of the inner cylinder and the external surface of the lead screw, optionally

at the At hiefeeies RF B&daadSrEmisRbPHrstEHRSU IR YRR MRYSBETS BEWRREM to
the pluRgefreedibeldand Whereerelgling sixial anevesmeniHiRivesstithe sseel lackankihedeadezaiew is

not the free lock and the lead screw is restricted.

in a more particular embodiment, the free lock is threadedly engaged between the inner
sutface of the inner cylinder and the exiernal surface of the lead screw, optionally at the
proximal end of the lead screw.

in yet another preferred embodiment, the free lock is fixed to the plunger rod holder,
whereby relative axial movement between the free lock and the lead screw is not
restricted.

Accordingly, the term "free lock” means a mechanism combining the characteristics of

both a clutch mechanism (e.g., a slip ciutch) and a force reduction mechanism.

The term "counter ring" according to the embodiments of the instant invention shall mean
any constructive element, which is in an interlocking relationship to the dose setting dial.
in a preferred embodiment, the counter ring is assembied concentrically on the outer
circumference of the dose setting dial, optionally adjacent to the front side of the
threaded insert. In anothsr preferred embodiment, a positioning collar is assembied on
the outer circumference of the dose setting dial adjacent to the front side of the counter
ring, optionally, the cylindrical positioning collar is integrated into the housing.

The "counter ring" shall indicate one digit of the amount of the set dose by means of
indices along its outer circumference, whereas one or more further digits of the set



restricted. Accordingly, the term "free lock" means a mechanism combining the characteristics of both
a clutch mechanism (e.g., a slip clutch) and a forcg reduction mechanism. The term "counter ring"
according to the embodiments of the instant inven%on shall mean any constructive element, which is
in an interlocking relationship to the dose setting dial. In a preferred embodiment, the counter ring is

asserpled concamEeallyon e e siryrndersnse effigriarsrettino gial riionalymsliagant to

the front side of the threaded insert. In another preferred embodiment, a positioning collar is

asseniBRIE @D Y& Blitee QfdimisRimieTdimde SRl eaahly ateldRe STPaISRE REMRTBRIDPIHE ounter
rirzjg, %M@éﬁ(&lgﬁﬁdﬁﬁd!@@tﬂ@%@ﬂ%’h ' %@J}aﬁé&@ﬁ&ﬁratadiinmmﬁgh@tusing).The "counter ring" shall
indicate one digjt of the amount of the set dose eans of indices along.its outer circumference,
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The term "mter,oc ing relationship” according to the embodiments of the instant invention™ shall mean

any consiriaE SunAeath 6f tAeSCHRNtSTHITEHER I e dHRECEEHIAERE: FRicPAToRSBRHOWR
countesigieLanthiRa e seoseltRaUiliie Hleteswgietalal Rutferabheby imesnselmscraw, sitsture

(e.g., thread, grooye, rib), and also allows_longitudinal axial movement of the dose setting dial with
respeip?oq%«%%c(?&xtt@tgn \ ?\}%g}?‘&%‘i Bs%!!ti'ggi%ng%rl 19 \E/ié% i%@it‘l%ﬁ‘é?%?vv 'r?j%)(?]e g% \Xfallr &
directionjrReefengbiytiadncotaibds imgﬂl@ma'mgwiwbiédw taegﬂﬁmipwndawamdqﬁsdlawuré oét dose
(amougy, ) e, WHaeadbe dasheailing dalds serairen enbih aide ihseigle dose. The term display

windo cording to the embodiments of the instant invention shall mean any opening in the
housing, e.g. a hole, or a transparent section in the housing, which allows displaying the status of the

devicer peeferabhyidifastatitsdahdosecating, tparic dabodiaamountné sekdaseinUbistisrpifanably

achieved, e.g., by means of e} do%e indicator Whir(l:h exhibits one or mO{e numerical or gnraﬁ)hical
symbd@%%@é?B?mng in the housing, e.d. a nole, or a transparent section in the housing,

which allows displaying the status of the device, preferably, the siatus of dose setting,
particularly, the amount of set dose. This is preferably achieved, e.g., by means of a dose
indicator, which exhibits one or more numerical or graphical symbols or values or
characters, preferably two or three digits in order to indicate the set amount of dose. in
another preferred embodiment, the “display window" displays the value of the selected
amount of dose consisting of ane or more digits indicated along the circumference of the
outer periphery of the counter ring, and one or more digits indicated aiong the
circumference of the outer periphery of the dose setting dial.

in another embodiment, the display window is preferably located essentially at the
proximal end of the device.

According to the drug delivery device of the embodiments of the instant invention, the
distal end of the plunger rod abuts the cartridge piston and the proximal end of the
plunger rod is engaged with the lead screw. During dose setting, the lead screw may be
driven to rotate by the inner cylinder towards the proximal end with respect to the
plunger. The plunger rod and lead screw may be configured in a telescopic-like structure,
thereby, reducing the overall length of the drive mechanism.

Further, the piunger rod may be engaged with the piunger rod holder, such that rotationat



characters, preferably two or three digits in order to indicate the set amount of dose. In another
preferred embodiment, the "display window" displays the value of the selected amount of dose
consisting of one or more digits indicated along the“circumference of the outer periphery of the
counter ring, and one or more digits indicated along the circumference of the outer periphery of the

dose setting dial. In another, embodiment, the display window.is preferably located e iglly at the
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rotate by the inner cylinder towards the proximal end with respect to the Plunger. The plunger rod and
lead sEtEDENEPIR g&ﬂﬂj’tﬁ*é‘&in@@el@@@@ﬁi@%‘ﬁb QhrtiguRMRREHIS R @i tREWBUERYFERGH of the
drive mpshaniser Btting tdheendenas ios msydhecngauedreithabe phoyger rod holder, such that
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repeate great accuracy. Proximal axial movement of the plunger rod during dose setting may
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of the pop-circular cross section plunger rod may be prevented by it being inserted in a corresponding
non-ci rpassage way formed in the plunger rod holder. Embodiment 1 of the present invention is
described with reference to the drawings. FIG. 1 to 6 relate to the drug delivery device of embodiment
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FIG. 1 fo 6 relate to the drug delivery device of embodiment 1, FIG. 7 to & relate to the
drug delivery device of embodiment 2 to which the present invention Is applied.

FIG. 1 Is a perspective view of the entire device.

FiG. 2 is a sectional side view showing the drive mechanism of the device in an initial
state. |

FIG. 3 is a sectional side view illustrating a dose setting operation of the device.

FIG. 4 is a sectional side view illustrating a dose delivery of the device.

FIG. 5 is an enlarged scale of FIG. 2.

FIG. 6 shows the plunger rod, the lead screw, and the plunger rod holder of the device.
FIG. 7 is a sectional side view showing the device in a clutched state.

FIG. 8 is a sectional side view showing the device in a declutched state.

FIG. 9 is a sectional side view showing an alternative of the free lock.

An outline of the device (1) is described with reference to Figures 1 to 2.

The device is of the mechanical pen type and consists of:

a housing (2);

a cartridge-holder (2a) coupled to the distal end of the housing (2);

a cartridge (3), sealed by a piston (8) mounted in the proximal end of the cariridge and



FIG. 1 is a perspective view of the entire device. FIG. 2 is a sectional side view showing the drive
mechanism of the device in an initial state. FIG. 3 is a sectional side view illustrating a dose setting
operation of the device. FIG. 4 is a sectional side view illustrating a dose delivery of the device. FIG. 5
is an enlarge‘g(g&g?g%sﬁﬁt. 2. FIG. 6 shows the plunger rod, the lead scrg\ﬁp’g:ﬁ ﬂﬁ%@%ﬁfﬁger rod
holder of the device. FIG. 7 is a sectional side view showing the device in a clutched state. FIG. 8 is a
sectional side view showing the device in a declutched state. FIG. 9 is a sectional side view showing
an alternative of the free lock. An outline of the device (1) is described with reference to Figures 1 to
2. The device is of the mechanical pen type and consists of: a housing (2); a cartridge-holder (2a)
coupled to tremmitdhg radlighiddAiairsimonia)rdechintrilig e48)jdealeaidigr 44@iston (8) mounted in the
proximal en i 39 11 containing a liquid (4)
drug, moun%g%q E%/eg Bé%rté%%@%%%‘e%é%?? é&%é@ﬁgggﬁ% %%%%gghed to the distal end of the
device; a pistarisipiviadving eausio oM [osesrpradiad thélsraxprinahenst ehéisdusisg (2§25 The piston
driving assembly transfers an activation force from the proximal end to the distal end during
dispensing. The piston driving assembly (21) consists of a dose setting dial (22), an inner cylinder
(23), a free |6BR PRPRIENS AR TIYY epriRer y8aiwHI0R DHTERPTO I RANRATESRG EdRSe knob
(28), a dosedndigalas M:ﬁ@;@@édﬁﬁ%. &ﬁ@%ﬂﬁéﬂ@%@%ﬁ@@&ﬁﬂ?@?ﬂ%ﬁﬁ% @db) ?ézgg’itz_rew )
structures are incorporated between the thre insert t ose setting dia i.e., the
"first screw ﬁ?&?@r@%ﬁ%@t @HQngiﬁﬁQ{q&ﬂ% r?fﬁ%#%&ﬂ@ggre%?mﬁ@“ﬁ(@?we d screw
structure”), aond (#yyeqrithgdeastisukie(25)), a release knob (28}, a dose indicator {or counter)

(29), a counter ring (30) and a threaded insert (31}.

10
Screw structures are incorporaied between the threaded insert (31) and the dose
setting dial (22) (i.e., the "first screw structure”), between the inner cylinder (23) and
the free lock (24} (i.e., the “second screw structure”), and between the lead screw (25)
and the plunger rod (26} (i.e., the "third screw structure”).

15

Operation of the device will now be described. To set a desired dose to be delivered a

user rotates the rotating knob (22a) of the dose setting dial (22), thus moving the dose

setting dial towards the proximal end by means of the first screw structure (35). During

dose sefting reiative rotation between the dose setiing dial (22) and ihe inner cylinder
20 (23} is prevented by a cluich (58}, thus allowing the inner cylinder

When the inner cylinder (23) rotates towards the proximal end during dose setting, the
lead screw (25) rotates integrally with the inner cylinder (23}, with respect {o the
plunger rod (26), by virtue of a pair of splined projections (50) located in a key way (51)

25 in the inner surface of the inner cviinder {23}. When the lead screw (25) rotaies out of
the plunger rod (26) towards the proximal end, the plunger rod holder (27) iocks the
plunger rod (26) to prevent the plunger rod from being displaced fowards the proximat
end thus maintaining the abutment with the piston (8).

30 The rotation of the inner cylinder {23) further moves the free lock (24) towards the
distal end through the second screw structure (44).



and the plunger rod (26) (i.e., the "third screw structure™). 15 Operation of the device will now be
described. To set a desired dose to be delivered a user rotates the rotating knob (22a) of the dose
setting dial (223), thus moving the dose setting dial towards the proximal end by means of the first
screw structut @gﬁf[}fiﬁ%g dose setting relative rotation between the do%g%%%ﬁ%%‘ﬁ@a and the
inner cylinder 20 (23) is prevented by a clutch (56), thus allowing the inner cylinder When the inner
cylinder (23) rotates towards the proximal end duringitlose setting, the lead screw (25) rotates
integrally with the inner cylinder (23), with respect to the plunger rod (26), by virtue of a pair of splined
projections (50) located in a key way (51) 25 in the inner surface of the inner cylinder (23). When the
lead screw % setateswointibk: therphirgrobodin(26) indickitddpronmeieiaainesp(Ghgen ibe holder

end thus MGG RGO BT 6D e T o i S T s

moves the f{€@)lock (24) towards the distal end through the second screw structure (44). WO
2006/037434 PCT/EP2005/009839 12 The set dose in the current embodiment is indicated by
numerical values (66) on the indicator (counter) (29) and the dose settins%dial (22) displayed in the

display vindowaqdauyisier & salamndeiose e Ragnsd18 USHAMRARTIRRSedBRJEiRR &M 18lkase
knob (28) tewadsthe distel end, Unesupling the dlasesettinodkal $22 fisemibennsecgiimster (23)

The nner off0eH RS DR RR A AR SUE AR BINE (RUBT A RG HE T RO ina
proximal dirgsiiaristiseniatetermingtdpeedcindeiu@Bpratiedrariity iogdhesdiiakinmienent of the
e S5 TR s e Al g v 29
10 reducing ratio transferring the axial movement of the inner cylinder (23} to the lead
screw (25) moving it axially towards the distal end. The lead screw (25) thus pushes
the plunger rod (28) towards the distal end. This in turn pushes the piston (8} towards
the distal end expeliing the contents from the cartridge (3) through the needle {§) info
the patient.
15

Details of the device of embodiment 1 are described with reference to Figures 2 to 6.

The threaded insert (31) is concentrically assembled and secured fo the inside of the
proximal end portion {2b) of the housing (2) by suitable methods known by those

20  skilled in the art. The threadad insert (31) is threadedly engaged with the essentially
cylindrically shaped dose setting dial (22) forming the first screw structure (35). The
dose setfing dial (22) is mounted to allow rotational movement towards the proximal
end during dose setting and the distal end during dose delivery. Stops (22d),
prefarably in the form of a pawl, are formed on the distal end of the dose setiing dial

25 (22).

A cylindrical rotating knob {22a) having a diameter equat to the outer diameter of the

housing s attached to the proximat end of the dose setiing dial (22). Serrations (22b)

are formed on the outer surface of the rotaling knob (22a) to improve grip for the user.
30

The inner cylinder (23) is assembled concentrically within the dose selling dial (22) and

is reieasibly connected fo the dose setting dial (22) by a clutch means (56). An



the distal end expelling the contents from the cartridge (3) through the needle (5) into the patient. 15
Details of the device of embodiment 1 are described with reference to Figures 2 to 6. The threaded
insert (31) is concentrically assembled and secured to the inside of the proximal end portion (2b) of
the housing &?@%Gﬁ?ﬁf}l@ methods known by those 20 skilled in the art. 'Fﬁg’!ﬁ?r’é'gﬂ%(gﬁ??sert (31) is
threadedly engaged with the essentially cylindrically shaped dose setting dial (22) forming the first
screw structure (35). The dose setting dial (22) is mdginted to allow rotational movement towards the
proximal end during dose setting and the distal end during dose delivery. Stops (22d), preferably in
the form of a pawl, are formed on the distal end of the dose setting dial 25 (22). A cylindrical rotating
knob (22a) haseniaiidiaylieteicatinahrptikiongs gkimtds enhedrddbngriexdmathad (83hkgbroximal

end of the dgaeseltingidial (223) SRTHINBERR) BIeHOMBRYLRLe Buer suifacephihegtating knob

(22a) to improve grip for the user. 30 The inner cylinder (23) is assembled concentrically within the
dose settind%ﬁﬁD(ZZ) and is releasibly connected to the dose setting dial (22) by a clutch means (56).
An WO 2006/037434 PCT/EP2005/009839 13 essentially cylindrically shaped flange portion is formed
at the proximal end (235?%%%1‘ the inner cylinder (23) Iz%gd inserted into the hollow recess (22c) of the

rotatinknob TABNR S HHREE e SR 00K 74 i dRERAoa [ENARISG NI G ARRSF FHIERS Foner
surface of e iRRer eylinder (28) fomiingithessecandserave Sty eAdd )T b adeetaae{349 is free to

d iall ds the distal end h imal ithin the | inder (23). 10
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end of the essentgiipd@mnZIcular cross section lead screw (25). The free

10 The inner surface of the free lock (24) is threadedly engaged with the outer surface of
the proximal end of the essentially non-circular cross section lead screw (25). The free
lock (24) is free to rotate on the outer surface of the lsad screw {25) and move axially
towards the distal end and the proximal end of the lead screw (25).

15  The distal end of the iead screw (25} Is threadedly engaged with the proximal end of
the piunger rod (28) forming the third screw structure (47).

The essentialiy non-circular cross section, preferably a square ube shape, piunger rod
(26) has small pitch ratchet teeth (38) on its outer surface, praferably on two opposing
20  faces of the ouler surface.

The plunger rod holder (27) is secured to the inner side of the distal end of the housing
(2) by any suitable means known by a person skilled in the art. A square passageway
(37), having a dimension equal to the outer diameter of the piunger rod (26) is formed

25  inthe centre of the plunger rod holder (27). The plunger rod {(28) is engaged with the
square passageway (37), such that rotation of the plunger rod (26) is prevented by the
plunger rod halder (27).

A plurality of pairs of flexible ratchet teeth arms (39), preferably two, is formed on the

30 plunger rod helder {27). These form the ratchet mechanism (40) of the device. Further
embodiments could be envisaged where three or four raichet teeth arms are formed on
the plunger rod holder (27} having, for example, 80° (e.g., 4 arms)or 120° {e.g., 3



lock (24) is free to rotate on the outer surface of the lead screw (25) and move axially towards the
distal end and the proximal end of the lead screw (25). 15 The distal end of the lead screw (25) is
threadedly engaged with the proximal end of the plunger rod (26) forming_the third screw structure
(47). The ess‘gﬂt%gﬂ?/ Hotitircular cross section, preferably a square tube%ﬁ%@?%ﬂf%@??od (26) has
small pitch ratchet teeth (38) on its outer surface, preferably on two opposing 20 faces of the outer
surface. The plunger rod holder (27) is secured to thejinner side of the distal end of the housing (2) by
any suitable means known by a person skilled in the art. A square passageway (37), having a
dimension equal to the outer diameter of the plunger rod (26) is formed 25 in the centre of the plunger
rod holder (ZfndhefpbtngetHedi6) is engaged with the square passageway (37), such that rotation
of the plunger rod (26) is prevented by the plunger rod holder (27). A plurality of pairs of flexible
ratchet teeth arms (39), preferably two, is formed on the 30 plunger rod holder (27). These form the
ratchet mechawisaiof)roé themdeviqd O i thregagetbeitinthetsstchad thetrrigBraemavbeie;iraior four

120 (o 3 100 T DA R oA o o O G M reaaor
mecharfism [y ssiendagarinitmavemechet tee wiyagyviot d 30y tayerndsdth@Ejsachrthat axial
movement ofjihgplunger rod (26) towards the proximal end is 5 prevented but axial movement of the

plunger rod (26) towards the distal end is allowed. A plurality of spline grooves (49), preferably two, is
formed on the inner surface of the inner cylinder (23). A plurality of splined projections (50), preferably

two, is formed il tbespuies srtaes pidhepsdimal aRd of tHeleadbatn{RS) sTihe splingh

projections éSO) engage with the spline grooves (49) of the inner cylinder (23) permitting axial
movement of'fhg @%8%%‘?@%\%2@) SRR SHRR IR PERBHIRIHE Drdihaiatiid Wik is formed on

10 the outer surface of the proximal end of the lead screw (25). The splined projections
(50) engage with the spline grooves (48) of the inner cylinder (23) permitting axial
movement of the lead screw {25) towards the distal end and the proximal end with
respect o the inner cylinder (23}, The spline grooves (49) and the splined projections
(50) together form a splined structure (51).

ey
th

A release knob (28) of essentially cylindrical shape, cpen at the distal end and closed
at the proximal end, is assembled concentrically in the hollow (22¢) on the inner side of
the rotafing knob (22a). An annular rib (53) is formed on the outer circumference of the
reiease knob (28) and is engaged with an annular groove (52) on the inner

20 circumference of the rofating knob (22a). The release knob (28) is thus free 1o rotates
and move axially towards the distal end and the proximal end with respect to the
rotating knob (22a). Movement of the release knob (28) towards the distal end and the
proximal end is limited by the width of the annular groove {52).

25  The release knob (28) moves such that it can be brought in and out of abutment with
the flange portion (23b) of the inner cylinder (23).

A wave-shaped annular (54), e.g., as teeth, or the like, is formed on the distal end face
of the flange portion (23b) of the inner cylinder (23) and is engaged with =

30 corresponding wave-shaped shoulder (65) on the dose setting dial (22). The wave-
shaped annular (54) and the wave-shaped shoulder (55} together farm a first clutch
(56) releasibly connecting the dose setting dial (22) and the inner cyiinder (23) such



respect to the inner cylinder (23). The spline grooves (49) and the splined projections (5D) together
form a splined structure (51). 15 A release knob (28) of essentially cylindrical shape, open at the distal
end and closed. at theg‘roxmal end, is assembled concentrically in the hollow 22(: o the inner side

of the rotatlng(ﬁno(b 353 a An annular rib (53) is formed on the outer circdmfeFEAL 0“ 6P release

knob (28) and is engaged with an annular groove (52) on the inner 20 cwcumference of the rotating
knob (22a). The release knob (28) is thus free to rotates and move axially towards the distal end and
the proximal end with respect to the rotating knob (22a). Movement of the release knob (28) towards
the distal end and the proximal end is limited by the width of the annular groove (52). 25 The release
knob (28) méiveisrsiativairatatioan bedvernght in pretenitoftabingndrdevitstiitie flange portion (23b) of
the inner cylinder (23). A wave-shaped annular (54), e.g., as teeth, or the like, is formed on the distal
and face of the flange portion (23b) of the inner cylinder (23) and is engaged with a 30 corresponding
wave-shaped sieaiie e85} dAhis Buseeddwhyetinlti@2)r Frialanst @h’é}@ei@ m&n@ai&ﬁiwﬂﬁb

wave-shapegshAHIa5E Y ateibRE o adavunh L50) 5 eamllyeanoscion Maggse seting dia

(22) and the inner cylinder (23) such WO 2006/037434 PCT/EP2005 ative rotational
movemént iSBrEREREA N NG rsEarat Rpnlaidcsina s trefhebyrsformfipueatins ahdhsrikamal end

of the inner gyHRERr 643handidhiiRAsh ety ahidsalenseiiel28i The second clutch (60) consists

of two 5 complementary wave-shaped configurations, teeth-shaped conflguratlons or the like, located
on the release knob (28) and the inner cylinder (23). In the present embodiment the set dose is

indicated as ia Hiwneksahyaivd adirtient tosBierding (SMdinditicdasaisetingtiali(én the set dose is
viewed throu h a 10 dlsélﬁiy ﬁ!{%’d%‘ Sf?) loc ted %‘ﬁﬂ? mal d of the .hous Fﬁé’é‘? The display
window (625 BPIIETgTRRARE bAIBOIENTS Hh e S ATSEYE to
10 display window (62) located at thm prommal end of the housing (2). The dispiay window
(62) of the present embodiment is open, although a transparent lens could be used fo
cover the display window (62) o prevent the ingress of dirt, dust, liguid, sic., into the
mechanism and/or act as a magnifier.

15 The counier ring (30) is engaged with the dose setiing dial (22) by means of a plurality
of rib groovas {64} formed on the outer circumference of the dose setting dial {22) from
its distal end to its proximal end, and a corresponding number of ribs (63) formed on
the inner surface of the counter ring (30). The counter ring (30} can move axially
fowards both the proximal end and distal end of the dose setfing dial (22). To prevent

20 axial movement of the counter ring (30) with respect fo the dose setiing dial (22), a
positioning collar {65) is assemblied on the outer circumference of the dose setling diaf
(22) and secured to the inner surface of the housing (2) adjacent to the proximal end of
the counter ring (30). A cylindrical positioning collar {858}, integrated info the housing
(2}, abuts the distal end of the counter ring {30). Thus the counter ring (30) is able fo

25  rotate with the dose setling dia! (22) with respect to the housing during dose setfing

and dose delivery, but is prevented from axial movement with respect to the housing

(2).

in the present embodiment the counter ring (30) displays the “unit” values for the set

30 dose from "0" {0 "2". The "{ens” values are indicated on the dose setting dial (22) such
that during on complete revolution of the counter ring (30) the corresponding “tens”
value is continuously displayed.



cover the display window (62) to prevent the ingress of dirt, dust, liquid, etc., into the mechanism
and/or act as a magnifier. 15 The counter ring (30) is engaged with the dose setting dial (22) by means

of a plurality .];}r%o%/r(%%\{ﬁs (64) formed on the outer circumference of the dose s%t]tjﬂ} digl (22) from
its distal end to'Its proximal end, and a corresponding number of ribs (63) ForHiEd B "thE nner surface

of the counter ring (30). The counter ring (30) can move axially towards both the proximal end and
distal end of the dose setting that (22). To prevent 20;gxial movement of the counter ring (30) with
respect to the dose setting dial (22), a positioning collar (65) is assembled on the outer circumference
of the dose setting dial (22) and secured to the inner surface of the housing (2) adjacent to the
proximal endiibthtbe soravestring (3Q)initiey ikditeabpositionrg taltan{Gmyeittiegted 35toitheahdusing
(2), abuts th ‘ﬁ; tal end.of.the counter ring (3Q). Th c r ring (3Q).is.able [ with the
dose seting A0 N IS T P Aot S o B R el
prevented friva sed@inthddémend Withtréshewets sieitioisidy () ahotis frdsénoateb tulmebiavibe

counter ing {SQLARYEINBHIE WEINERIOR I el 36058 fOmEIRia cfi Therdes” values are

indicated on se setting that during' on complete revolution of the counter ring (30)
the corrésparidiflirésns" value is continuously displayed. WO 2006/037434 PCT/EP2005/009839 16
All three screw structures in the device according to instant invention (i.e., 35, 44, and 47) have

differing screw pitches. The ratio in the screw pitches between the first (35), the second (44), and the

third screw SHUBRRENGT4ChHA8YICe (IH rqestoitRANTB SFRERGRAR [dBHERSH 8PFdhsmission
forces ("spegdgedustiananabdaarasieifoiasiv esodincaadintenhea ffshedenices(] bissesarthed with

g&rzgzet rt\(()a é%%rge%gﬂan ‘ﬁ?ﬁé@% gga %ﬁtgﬁrﬁrwﬁéﬁiﬁ%ﬁé?g;des a modification to the first clutch (56),
10

Figure 7 indicates an alternative clutch (57} that is located at the proximal end of the
inner cylinder (23}, The clutch (57) consists of conical cam faces (67a) and a plurality
of equidistantly spaced first engaging portions (54a). Through the axial movement of
the release knob (28) either towards the distal end or towards the proximal end, the

15 clutch (57) can be compressed or expanded to cause the first engaging portions (54a)
to engage with or disengage from the corresponding second engaging portion (54b)
formed on the inner face of the rotating knob (22a}. The first engaging portions (54a)
and the second engaging portion {54b) are engaged, e.g., by the spring force of a pair
of spring acting portions (not shown).

20
During dose setting, the first engaging portions (54a) and second engaging portion
(54b) are engaged under the spring force thus coupling the inner cvlinder (23) with the
dese setting dial (22) and preventing relative rotation between the inner cylindar (23)
and the dose setiing dial (22}.

During dose dispensing, the release knob (28} is pushed in the distal direction
disengaging the first engaging portions (54a) from the second engaging portion {54}
thereby disconnecting the dose setting dial (22) from the inner cylinder (23) and
allowing the dose setling dial {22) to rotate with respect o the inner cylinder (23).

30
The mechanism and the device of the present invention is not limited to the

ambodiments 1 and 2 described above but aliows various effective alierations based



10 Figure 7 indicates an alternative clutch (57) that is located at the proximal end of the inner cylinder
(23). The clutch (57) consists of conical cam faces (57a) and a plurality of equidistantly spaced first
engaging por\t{i%nzsh 5/f}1a7)431hrough the axial movement of the release kno% éZE/B% ezitp_e‘{{togvards the
distal end or toWArds te proximal end, the 15 clutch (57) can be compress & ?3xﬁaﬁagd to cause
the first engaging portions (54a) to engage with or disengage from the corresponding second
engaging portion (54b) formed on the inner face of the rotating knob (22a). The first engaging portions
(54a) and the second engaging portion (54b) are engaged, e.g., by the spring force of a pair of spring
acting portions (not shown). 20 During dose setting, the first engaging portions (54a) and second

engaging periitine (edhniart idpgagedeunasethénspritigriofcs thuswadaphing. theshves sylinder (23) with

the dose setting dial (22) and preventing relative rotation en the inner cylinder (23) and the
dose seting WAMCADF SahStHg Beeu g d e e (Rt e Bar B BRRAT, e reta
direction disetiyageseitibdisstrewgitsingaiostiosvEaajifeont 1RE" srebRt sergayisin pbrtesnars4b)
thereby dis o\jt!ggﬁhe dose setting dial (22) from the inner cylinder (23) and allowing the dose
setting dial (22) to rotate with respect to the inner cylinder (23). 30 The mechanism and the device of
the present invention is not limited to the embodiments 1 and 2 described above but allows various
effective alterations based WO 2006/037434 PCT/EP2005/009839 17 on the technical idea of the
present invention. For example, FIG. 9 shows an alternative solution, wherein the free lock is fixed to
the plunger rod holder. In this case, the screw pitch ratios between the 1st, 2nd and 3'd screw
structures are about 3:3:1.



518 Claims 1. A drive mechanism for use in a drug delivery device comprising: a plunger rod having
a non-circular cross section and being hollow, said plunger rod being prevented from rotation; a lead
screw engaged with said plunger rod; a dose setting dial rotatably moving towards the proximal end
during dose setting and rotatably moving towards the distal end during dose dispensing; an inner
cylinder being releasibly connected to the dose sefﬁ’ng dial, such that relative rotation between said
dose setting dial and said inner cylinder is prevented during dose setting but is allowed during dose
dispensing; and a plunger rod holder, which prevents said plunger rod from moving towards the
proximal end during dose setting, but allows said plunger rod to move towards the distal end during
dose dispensing. 2. The drive mechanism according to claim 1 further comprising a free lock having
both an extéiahand internal thread and being threadedly engaged with the inner cylinder and
threadedly engaged with the lead screw. 3. The drive mechanism according to any of claims 1 or 2,
wherein ratchet te?ht1 are for ccessively alg%the said plunger rod and one or more ratchet

eds
teeth arms are fofmad %W?ﬁ%rﬂﬁ% A MRS B SR R EM 8L ER €85 Ehgaged with said ratchet
teeth for inkipiinganovemrmdEsadtolniigraodtessids tre drargnadiend. stidmliogadetidery device
comprising %grﬁy&mﬁg@%ﬁ%gﬁg@ﬁned in any of claims 1 to 3. 5. The device according to claim 4
containing iralsrulln, hee%arin, or %deri\éative or agalogue thereof.

ead screw engage h said piunger ro
a dose sefting dial rotatably moving towards the proximal end during dose setting and
rotatably moving towards the distal end during dose dispensing;
an inner cylinder being reieasibly connected to the dose setting dial, such that relative
rotation between said dose setting dial and said inner cyiinder is prevented during dose
setting but is allowed during dose dispensing; and
a plunger rod holder, which prevents said plunger rod from moving towards the proximal
end during dese setfing, but allows said plinger rod to move fowards the distal end
during dose dispensing.

2. The drive mechanism according to claim 1 further comprising a free lock having
both an external and internal thread and being threadedly engaged with the inner
cyiinder and threadedly engaged with the lead scraw,

3. The drive mechanism according to any of claims 1 or 2, wherein ratchet testh are
formed successively along the said piungsr rod and one or more ratchet teeth arms are
formed on said plunger rod holder for being successively engaged with said ratchet teeth
for inhibiting movement of said plunger rod towards the proximal end.

4, A drug delivery device comprising the drive mechanism as defined in any of
claims 1 to 3.
5 The device according to claim 4 containing insulin, heparin, or any derivative or

analogue thereof.



