VWEARABLE AUTOVATI C | NJECTI ON DEVI CE FOR CONTROLLED DELI VERY OF THERAPEUTI C
ACGENTS Rel ated Applications 5This application is related to and cl ai ns
priority wo2183382s0vi si onal Application Serial No. 61/ 32®/us30,1/083sb€d Apri l
21, 2010, the entire contents of which are expressly incorporated herein by
reference in their entirety. Background Automatic injection devices offer
an alternative to manual | y-operated syringes 10for delivering therapeutic

agents into patients! i | ow t] S - i ni.ster
o ecti ons. - Aat ONEARATE aEE AR 7aC kR OR HERI e kB CoNpatATED

medi cati ons under emer genCPECOVERYI ORTHHRAPEYEIPAGENTS admi ni st er

epi nephrine to counteract the effects of a severe allergic reaction.
Automati c injection devices have al so been described for use in

adm ni st er i ngragfed ADplitatioasl ¢ nmedi cati ons and sel ective 15t hronbol ytic
agents during a heart attack (See, e.g., U S. Patent Nos. 3,910, 260;

4,004, 577;5 4, 689, 0h&; apflichtion £68atc@tfhnd cia8hs Aty toM@B] BYSisibNA@PpREatidalt Omat i c
injection devices are also descri n, for ex , U S. Patent Nos.

hed anpl e
3,041, 130; 4, P84 N6/ 56635 Wabiory 20618 e enifa len'st Whichgre rgmssly
6, 149, 626; 6, 2/Bpd0d habid b§ rdétn@3RincBRdiideRt €r nati onal Patent Publication
No. WO 2008/ 005315. 20Conventionally, an autonatic injection device houses
a syringe andgadBesun@per at ed, causes the syringe to nove forwardly and a
needl e to projec romthe housing so that a therapeutic agent contained in

the syringe is ej eGk@fladcthBctdnRadit@MifeSarSkichati Mo MHnOABL dperatddj s§FhdeON devi ce
typically includes a bung disposed within the syringe that, when actuated,

moves wit Hi n ioh€eliygrneifurapeytiesgsals inh@igmtr Apbeaned abrene P Hé-syri nge
25and into t hﬁln@ﬁ%t&ﬁﬂ}ek@orﬁkAﬂtoﬁHgHﬁ{cﬁon devices have been used to deliver

medications under emergency conditions, for example, to administer epinephrine to

counteract the effects of a severe allergic reaction. Automatic injection devices have
also been described for use in administering anti-arrhythmic medications and selective

15  thrombolytic agents during a heart attack (See, e.g., U.S. Patent Nos. 3,910,260;
4,004,577, 4,689,042; 4,755,169; and 4,795,433). Various types of automatic injection
devices are also described in, for example, U.S. Patent Nos. 3,941,130; 4,261,358;
5.085,642; 5,092,843; 5,102,393; 5,267,963; 6,149,626; 6,270,479; and 6,371,939; and
International Patent Publication No. W(0/2008/005315.

20 Conventionally, an automatic injection device houses a syringe and, when
operated, causes the syringe to move forwardly and a needle to project from the housing
so that a therapeutic agent contained in the syringe is ejected into a patient’s skin. An
automatic injection device typically includes a bung disposed within the syringe that,
when actuated, moves within the syringe to expel the therapeutic agent from the syringe

25  and into the patient’s skin.

Summary

Exemplary embodiments provide wearable automatic injection devices that may
adhere to the skin or clothing of a patient and deliver a therapeutic agent into the
patient’s body by subcutaneous injection at slow, controlled injection rates, e.g., in a

30  single slow bolus. Exemplary embodiments provide methods of assembling exemplary

wearable automatic injection devices. Exemplary embodiments also provide methods of
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Exenpl ary enbodi nents provi de wearabl e automatic injection devices that may
adhere to the skin or clothing of a patient and deliver a therapeutic agent
i nto the watnani3s&eibody by subcutaneous injection at sl ear/useont nsished
injection rates, e.g., in a 30 single slow bolus. Exenplary enbodi nents
provi de net hods of assenbling exenplary wearabl e automatic injection

devi ces. Exenpl ary enbodi nents al so provi de nethods of using mearable
automatic |nject|on Vi ces wor.n . atient for sIomH contr #

Fherapeut i ¢ dOGROAEP Ry RIS RE e Tet BB e R B8k on devi ces
reduce or el ifémpdueic agdauddlivey. Seasaitiyotapbleanohlit iictipedefiey edulyorpat i ent s
who use a conventional automatic injection device. Exenplary mearable

aut omat i ¢ i nj SEHIEH BUPIN SLPSAANHHAP fPlistrmerceivet Y RGNt h‘P H& %W&Y%‘B@Eﬁ ic

agent cont ai Nfoniic IjectiSW Heﬂ&e)ﬁxeﬁbﬁqﬂ@&yam@am@mmﬁ]@cﬁ‘oh labvieapahian easy to
manuf act ure, and/ or éo not qglre aseptic assenbly. The wearabl e automatic
i nj ection %ev‘#l‘éé%ﬂlﬁwf/ihﬁé@f@? %ﬁ%lcamm@frﬁ%dﬁmﬁ)s aggdsyda N Bretfyl t he skin
or clothing ofypidie eﬁ)@/ttb ﬁﬁﬁufﬁ&ul@ea{n'd)‘()?ﬁo ﬁ&)fecm%ra@e%yags&n@ge%e whbeyt aneousl y
including, but not [imted to, bi ol ogi ¢ drug, such for exanple, an
anti body, i nsaylqnpatic jection é@\ncea@wrdﬁéﬁﬁéanlm amb@de@ﬁw axay adhepoditheeshin  a
wear abl e aut chmidtlﬁn$ 0 fE Atﬁ%ﬂt QUGS ah RE Béfdtgedgelft%bcgtraﬂé@ugk N 1@ing, but
subcut aneous injection o erapeutic agent ’'nto a patient. The devi ce

i ncl udes a hdHﬁhﬁ@B@@mpbmk%mgha;gamwedbr@@nmhm@n@@@@Q@ﬁw@@nawable to the
patient. The device also includes an injection assenbly noveably di sposed
in the hoysing hOhﬁh&%nﬂn&%ﬁﬁﬂﬁhﬁbﬁphﬂhﬁﬁkﬂﬁ&mP%%Q%ﬁmk%ﬁmhﬁﬁ@ﬁ&kﬂ&l'nto the
patient, the 15injection assenbly noveable between a retracted position in
whi ch t he i njd&gice drprodéad fer proeding gtsulpnutineeyd énjentios ptiethepedtig ygént gitand an

ext ended posi L L&t t

housi ng. The]5g%?cgﬂ%wgh%P%%ﬁﬁéggbgﬁ}é%s Pgﬁgggmgéa&%%gt r@ 6ﬁéﬂﬁﬁé?br

hol di ng the tthepaipeutlihe dagentlso iaclpdleurageneqntoveabhlylydm@pmsedismaed inehevessel

f or Ej ect I ng tOl?lsell’lt H(%rdl‘% e%t I ¢ em%e Iill’g ectllé)n dpeefor 1N ertel’lon 11 Ot ta@l%ntl hL:eCt I on
assenbly, an unge A HeChani smtor act uat ng the plunger
wthin the Velﬁﬁeﬂl()n a'EMbdi;emomb]albsmeema:taudﬁsd posrt@hruawhlcbmetmjlqumrneecﬂs ponsi ve
to a change o te t he wearable a i nj.ectio vi ce from an

i ect i on st dos® b ribigs bR B G R Tl so B B S S8Rl i o
aut omat i cal | yneedit patitiedutsie thdhdR€ihg. omhea&sfﬁmalsy ifcluas zthﬁseepioemé@dnp@sn tion
inthe injection s the retracted position i post -injection
state upon 2%@?@%%9‘518]&1%@% ‘ﬁ%faPeé’PF agsnf &rP?‘lnlgFfd@%Vrea&y dlspose H He¥srddice with
anot her exerrpdﬁ@w g RRGA IR aged FORE thededss] iRto @MW idREidnQkscHIbRE HABN SIS Y

injecting a therapeutic agent into a patient. The nethod |ncludes provi di ng
a wear abl & alACBRHEPT ReshapisRiPiATgERg Be Plupgqr yaihigha vssrls i PydsaplPsi ng a

patient cont agtRQM rét%t@{e&fgg&%sﬁoﬁs@vettb@ cpﬁgé @psttate Eﬁhtﬁe dexhige a@cbmld ncl udes
an injection 30 assenbly noveably di sposed in the housing holding a

hypodermi ¢ |HP@@WFUWVﬁ@éﬁH@mﬂ@?ﬁKﬁ§@KﬁpéﬁoﬂﬁM@ﬁPnémﬁa@F%ﬂﬁﬂwﬁﬁé i nj ection
assenbly moveghlig,hg tf%ﬁf&nﬂtlga@y @tfatcﬁﬁjg {Ro ?ﬂ]éc'tlgﬁ' assembly from the extended

position in the injection state to the retracted position in the post-injection state upon

25  triggering by the retraction trigger.

In accordance with another exemplary embodiment, a method is provided for
subcutaneously injecting a therapeutic agent into a patient. The method includes
providing a wearable automatic injection device including a housing comprising a
patient contact portion securable to the patient. The device also includes an injection

30  assembly moveably disposed in the housing holding a hypodermic injection needle for

insertion into the patient, the injection assembly moveable between a retracted position
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in which the injection needl e does not protrude outside the housing and an
ext ended position in which the injection needle protrudes outside the
housi ng. Wbeodemss2e al so i ncl udes a vessel provided in Phe/usousiosssos or
hol di ng the therapeutic agent, a plunger noveably di sposed in the vessel
for ejecting the therapeutic agent fromthe vessel into 5the injection
assenbly, and a plunger actuati on mechani smfor actuating the plunger

within the vessel . The.device also includes a.retraction trigger, responsive
to a change o "Gt E Gl it ot fule T BbrgidinRE%  on an

i nj ection st aiwitibn ibwiols the inj@jtiea hedlle gb@ides o@kide the helisiraC tlihedevi@chani sm f or
automatically retracting the injectiaon assenbly fromthe extended position
in the inj ect?ﬂﬂéeéeaye%sekniowﬁ@ 1P&erh£ei1@%9%§gﬂ?ng&ﬁ theripaee ?%?Bb_é‘ﬁ’ﬂinﬁ‘frect i on
state upon trhg@eklyagphkdih@e kekda&idj@and M @@eipeutth@emeionodie vactiugles
securing the wearable automatic injection device to the skin of the patient
or an artitl éNpmiHen HeHEP b0t RelPatiEHIUSTgtIHE [BAF LM ROMEBKE of the
housi ng. The pRiihad valso TheakHEEeIsAHNLMs S tr8Fdcith hiRSertrlebRARRUS hehAgent 1 nto
the skin of the patient using the wearable automatic injection device. 15In
accordance wi¥#c airibe esraldg aripalicinspisadicrientromanigiediaprialcdoe omt i c

i njection devi,eeidnSd AMd ARHaERh fREHLARE QS h¥tdalll RELEM (Be miefgpeuti c
agent into a patient. The device includes a housing and a cartridge

assenbl y novadskgmbdy Sposleckxiwintléd positive ithiba sijeetjon Thie te e ratiadigé postieinudés a
barrel portion. f - I i ent, . a eedle in
fluid con%%nicg{@{ﬁ1@1%ﬁgg%énﬁg%ggéggg#%?%ﬁﬁggggg?égﬁ?ﬁﬁﬁggkﬁgwt erapeutic
agent from t heclangried weporhid ammalieenjeaion dedgetodlhessdin of cheuhesntar buagcle of
sealing the barrel rtion and sel ectivel | yi ng _pressure. to the
her apout i ¢ agentieeR tegree Pt PR eRint it Sk HPREt IRRPRRE M37 | ow need .
The cart ri dgeinéludesadiinisnaing diesthaagputo geht iact thatkan of the pajepl winaghgdr essure to
t he bung, and a %ﬁiﬁger nechani%nmthat actuates the plunger actuator to
apply pressur &8 PN JYUGHER 4 HE cartridge is depressed from a 25ready
position (in a pre-injection state) to a depressed position (in an

i nj ectionistate) ilmsécdalahdreviioamsibegexemipiart emiggianenyachanbdmuaaiatiat es t he

pl unger actuator .such. that t t herapeutic agent is ejected fromthe barrel
ot Lon and | HEbEHE sk PiHans O LSh ST B et e SbER6 R | o or o
bur ni ng sensagaiiem. et tevide ipaidee b Wewhiddyantl Aeam@dge anembilhigovdBlyidspoalis o

i ncludes a fastener |ayer disposed. on tient contact. surface to fasten
the device toV48" fqﬁélog%i‘gn ﬂP Cglit%‘fg}‘?ilﬁ%“dgf 1 S"I‘i’é‘“’ B%ﬁ“P‘éF&r%B]rdmtgéﬁ% CEPTHEl e of
clothing of tfenpatd ttlow Hb&ald agth@n&@mhai@kiof&ith kﬁ&qdaﬁalgaoarbn&dm&tmg for
tenporarigﬁ securing the wearabl e automatic injection device to the patient

at |east d&Uri'Rgherecuisnesimrdhs pyret perten. oFhe RBridasalseieaiides 2 Bgger  The

wear abl e aut aERfdoGhd MirREHdrAh ARVEL&IVeRPPIES Reski@t [AGE IRAPERE Q?@Ht%dn t hat
retracts the cartridge fromthe depressed position to a retracted position

(in a post-i njoeethedherapeatieysenttheovgle edbllew asdinmdie cairijee éribehingedisde al so
includes a refnaet é&&t&rrfbﬁg%mg%ssﬁgw tM@E&}%h&dEFa Gigld ARLABRRENAALEM the

retraction trigger trips elivery 5of the therapeutic agent conpletes,
or tinmes out Wepluager a¢tagiecd aprly prsssust totthaming ghenihe sattidee wedeptesied fipot dmat i ¢
| nj ection,devi6g Joiib e IRY Bk h[Qf N Ré‘%rid Losed RsiD% &R Sriedi6h Q5 del i very
of the therapgﬁﬁﬁ%]égeg? ?s %%h%%%te?. hgﬂme%r§%1% ghtonﬂ%i% |njéction
devi ce oper atiesdathd hdusmet iThagiggnt inechhyistoactngehtanploager petiaied priedaghe i n
conbi ”f’"t I on %érg e?ni? Qgetn gleilegt%d Ifr%%(ﬁlfl: Qarllrei f))orEi(gI?‘g]nscll i}ltlo?lgle Jaﬁ@rﬁ‘ N} Xon%r%ﬁéd‘? (i.e.,
a pre-injection ate; an 1njection

slow rate with little or no burning sensation felt or perceived by the patient. The device

also includes a fastener layer disposed on a patient contact surface to fasten the device to

30 the skin or clothing of the patient or to an article of clothing of the patient. The fastener
layer may include an adhesive for temporarily securing the wearable automatic injection

device to the patient at least during the controlled injection of the therapeutic agent.
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tostate, a post-injection state), and controls the injection rate of the

t herapeutic agent over a tinme period that is selected for patient confort,
conveni erwo 20r1/3882Ber ence, or exceeds a tinme period for PCmjuseailossshy a
conventional automatic handhel d device. In an exenplary enbodi nent, the
time period of the injection by an exenplary wearable automatic injection
devi ce may range between about ten seconds and about twelve 15 hours. In a
preferred enbodi t, the time period . range bet ween about .fiye m nutes
Bnd about thirty mihoaEbt sulOhalic o fice duraiiey S i A Y O et hod
is provided frefractdib€ tiraidgofr6inythd dijpesied PPsidor toarragRediposiagei a psst-0 a
patient. The nethod includes providing a wearable automatic injection

devi ce conpr i 8RSy ‘ﬁ&e?iﬁ&e QUG ipgHonedie AP INGHISRA HUaEaR sposed

wi thin the homgidihat 1R a@iht ide@on MEhbEIQS, (Be RERIBRN RQEE PO whet ddigbgli ng a
t herapeutic agent, and a hollow needle in fluid conmunication with the

barrel porii ﬂ?“?‘tﬁlef_élj’eéléf PG Pl e PEPBRHAUE detg@rtapssddisTiohe’ Bas PEMIEbr ti on.
The cartri dgehalyeahidahitdes ifjePindielRE isseabIdFrdhN@e PAIhHE ForRRAHHIO DR
sel ectively a .Iylng pressure to the therageutlc agent to force the
t her apeuti c asggmryp the tRgFrpeTE Agentliownidde] dhe vhwralle pytpmgirenicgantisyice
25i ncl udes a plHRAGHA AGEMURHS ik §lon ARRhMEATRIGISW & dtilBoPUE. and a
trigger mechanismthat actuates’the plunger actuator to apply pressure to
t he bung whercontielledagactipmigeransitiofefsea ggesiatt (igmapre-auyiopgaitanonedtion a
pre-1 nj ectj on5t atel. b B tndepheaaetRAShE iBibh Pudl AhSEALAD ShRLR) [ nSi de
t he housing.q$ﬁé b}ldgb? ﬁe§h3h|5n1actuaté§ the ﬁﬁﬁnger a PUa?%? such that
t he t her apeutd emapeind tha isslecte thrpatgm ¢dngfotd aqonednignog o1 poefe@nat, prixoeedhe
patient at a 30contralled .slowrate and substantially,free of any burning
. atime PO for 1{1Jﬁcta)n y a convenfional au %matlc andhe (% vicC. Inan .
sensat|1 on. e net'nod also 1 ncludes depressing e cartri dge from
t he ready poséxtinpharyt@ntardhepr,esseae post bf tr injedibh by bihexehplisy wgaratdlepr essi ng
the cartridge ?ut?naticalh .causes tq% k%¥e tion neegle %Ea& i% used to
pi erce the patf VLKA IGCHPD] dege HEHT AROHFERPRE% HIRLABH ng to
penet r at e14 hehddilkl n @brefdtRd Rabbdinknt, B dnRGeHES B8y fahge Wuagaboadtuat or to
S5apply pressure to EQ% Qﬁgg such that the therapeutic agent is delivered
into the patiBRPCREEOBHMIYINBYS sl ow rate and substantially free of any
bur ni ng sensati on. The met hod further includes automatically
retracting the cafhandlige ekdngpnrt baboepesss edhb@isgpréveddddcit @bcypasodsiyon (in a
post-injection state) in the housing whe deIiv&n% %f t he Iherapegfic agent
' compl ot ed, INHIE YRRAERYC Al DB LN Lo eBE BT P RS SR AEE e wnen ¢ he
wear abl e aut ofdnhic iik)b@ich dOIcORMIpESing & howimMwad alchamagt Ageskiyim®ablgl ot hi ng of
20  disposed within the housing. The cartridge includes a barrel portion for holding a

therapeutic agent, and a hollow needle in fluid communication with the barrel portion

for ejecting the therapeutic agent from the barrel portion. The cartridge also includes a

bung for sealing the barrel portion and selectively applying pressure to the therapeutic

agent to force the therapeutic agent through the hollow needle. The cartridge further

25  includes a plunger actuator for applying pressure to the bung, and a trigger mechanism

that actuates the plunger actuator to apply pressure to the bung when the cartridge is

depressed from a ready position (in a pre-injection state) to a depressed position (in an

injection state) inside the housing. The trigger mechanism actuates the plunger actuator

such that the therapeutic agent is ejected from the barrel portion and into the patient at a

30  controlled, slow rate and substantially free of any burning sensation.



the patient, for exanple, before delivery of the therapeutic agent is

conpl et ed. In an exenpl ary enbodi nent, a wearable automatic injection
devi ce i swprou/idsgt3 The wear abl e automatic injection dePCTaSpeiowsites a
subcut aneous injection of a therapeutic agent into a patient. The wearable
automatic injection device includes a 15housi ng having a patient contact
portion securable to the patient and an interior portion defined by a

plurality of walls,and defjning at |east one n.end. o si ng. the patient
contact portion. THE EEAAbPERFoierans i suerEs BAUPEERDY a5 R dy bes
cartridge assdeplkiedposad vitlth $eesedngM Ibdprddsibf theichii@dgde Attoptidallpasés t he

housi ng and vabl e from any. of ready posjtion, an injection pasition,
and a ret ractPHIgstes fﬁeg%.tha¥ﬁé189£farpaﬂa?eéh§eﬁﬁf 116 o PG BEUNER
further includesowinglib feRirattBERRMI 0F MePAERRNIHH Y& Be ARG Ecthlosbat e of the
wear abl e automatic injection device froma pre-injection state to an

i nj ection St atPeLtRsessEE (e bapgsehhgarthe defpewic 2858 pelslverehintorBe paieptat dge

assenbly to begihRo®ideqbl ofle Hd AbiRLAPEN bGind88RIn fLRAsNe cartridge
assenbly, and a retraction trigger responsive to a change of state of the

wear abl e automatic_injection device fromthe 25 injection state to a

post -i nj ection st athe Mmeiod fygther insludesaptamasically rrisgeling the sagider dondheo i ncl udes

a retraction JqBeROISMAIBGPORSINE (1R ﬁom%@tﬁdnasﬁité)%th% hb@Ge wite® delivery
automatically retract the cartridge assenbly fromthe patient when the

aut omati ¢ i nj ¥dhg Beraprays agenel cempleeheor piges ontjue & Ingiansedarcaiod Phimpdr her

exenpl ary ; emboelinMRMN earfbl dRENALicFhjeSIORGHE BN PR W HBMERL iido 1 RLPEF apeuti c
agent into a patient i1s provided.” The nethod includes securing to a patient

a wear abl e auhopgitene fargkaenrls. dafoseddlizery ©b e thesipsuticaghus ¢mgpleiedsi ng a pati ent
contact portion securable to the patient and an interior portion defined by

a plurality of walg g, ar¢hpd®f Lilb&RBmal, 4 $88ib1ONRRRR MnjENdn APRASEK BEhvIARE.
patient contact portion and a cartridge assenbly novably di sposed within

the interior Purtdaeblegflauméc Mitspmgevadsdrodesislsebdupagpruamyecsipnal ¢ eady
DoSLL1 o0, A0 PARRE, S0P A8l S, G LIERA RAFLENO0: R 1 0
st eril e minnerousimybavimg hipndicat conta¢tipottiod secudidsrte gfwi pagent laed gainteripogyetias senbl y
downwardly t Odt\—@ﬁlgc?b); ah;?lurality of walls and defining at least one open end opposing the patient
contact portion. The wearable automatic injection device also includes a cartridge
assembly movably disposed within the interior portion of the housing and movable from
any of a ready position, an injection position, and a retraction position. The wearable
20  automatic injection device further includes a trigger mechanism responsive to a change
in state of the wearable automatic injection device from a pre-injection state to an
injection state to actuate a plunger actuator disposed in the cartridge assembly to begin
ejection of a therapeutic agent from the cartridge assembly, and a retraction trigger
responsive to a change of state of the wearable automatic injection device from the
25  injection state to a post-injection state. The wearable automatic injection device also
includes a retraction mechanism responsive to the retraction trigger to automatically

retract the cartridge assembly from the patient when the automatic injection device

enters the post-injection state.

In another exemplary embodiment, a method of subcutaneously injecting a
30 therapeutic agent into a patient is provided. The method includes securing to a patient a
wearable automatic injection device comprising a housing having a patient contact
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patient contact portion to cause the wearable automatic injection device to
enter an injection state froma pre-injection state to automatically

proj ect awoeedlw3f20m a needl e aperture in the housi ng &ad/ysenatsimsve t he
skin of the patient and expel the therapeutic 10agent into the patient at a
controlled rate. Brief Description of the Draw n2s The foregoi ng
and ot her objects, aspects, features, and advantages of exenplary

et orring. o ARSI PUraREER: P FoH Tk Er PhoeOR) bRkl BT FoRTE AR

acconpanyi ng dfiaite Ageast bie dfewbhd bpposing the patlr_dngbbfrﬁacﬂ.ﬁortld)ﬂ Mﬁital‘ a@ttfggea first end
view and a first side V|e of n,_exenpl ar mearg$ |nclud|n%ba
lﬁ 1B

cartri dge assert PlHVaé’% Agfedityp gle IHPREPOBID Q‘Fé“’usmg and movaipp

illustrates the ofhkditly porstion SWnRBEbH JRitibh M5l a SdtAEH RO, tﬁé"&lrtﬁligé'fm ary
device of Figure 1A before an injection in a pre-injectjion state in which a

needl e cover BtEeReldige thedhqraeniit dsspt 1na@E-dllable andivppidilied sisFilegBanaes on f or
an injection.The method dHodHEI8Id Geprbds g&ﬁ@aaﬁﬁdge%seiﬂbﬁﬁaomrd{y BWaRRGnd he first
side view of the exenplary device o ure 1A during an injection in an

i nj ection staaaéemtﬁomt@ﬁmton@ patd e pearalli promatiqinisetéadlepige toHfateraf ect i on
needl e. Fi gurielion dd b ALRSinidod ldiSto RAMAAN AOhRAL FiSh oSl Vi ew of
t he exenpl ary 25devi ce of I'PI gure during an i njection in an injection
state in whi c&peaulban&lehowmtamdne@tra@hl@ denvif dlee proentandiyng! the thompewic t he

t her apeut t. y within the housing of the device.

Fi gure 1Ellq:| gﬁrlgéotz%d%%ﬁgﬁ%}e?%{n% Igéeew and the first side view of the
exenpl ary device of Fi gure 1A during an injection in an injection state in
whi ch a bung B 1 ¢0 prngsmt ed by a plunger actuator to expel the
dose of the thera )z]g% r

illustrates the fﬁ?lg:f(l)rg |ev(\)/ft%g%ﬁﬂse ?@E%%gﬁ%%@?ﬂ%aféﬁ?@éﬁgﬁeé@ r?]ary
devi ce of Fi gumtedibdengfwidbeamed myre@ppapent pml laaypbrsbettamrﬂwuoodmbsteé&mngw whi ch
the injectio dl [ wi-thi.n t hou the . device.
Figure 2A il ﬁh‘gfrg i de?cfr]ip% é‘ﬁé cl‘g K Wcél%wqﬁfhe S ﬁaﬁln% ra"”%%? an
exenpl ar y1sveawliibi:e devi ce i ncl ud| ng a syringe assenbly in a packaged

pre-injection st atE?gure 1A illustrates a first end view and a first side view of an exemplary

wearable device including a cartridge assembly in a packaged pre-injection state.

Figure 1B illustrates the first end view and the first side view of the exemplary
device of Figure 1A before an injection in a pre-injection state in which a needle cover

20 covering the injection needle is removed in preparation for an injection.

Figure 1C illustrates the first end view and the first side view of the exemplary
device of Figure 1A during an injection in an injection state in which the patient’s skin is

pierced by the injection needle.

Figure 1D illustrates the first end view and the first side view of the exemplary
25  device of Figure 1A during an injection in an injection state in which a barrel portion of
the device containing a dose of the therapeutic agent is deployed forwardly within the

housing of the device.

Figure 1E illustrates the first end view and the first side view of the exemplary

device of Figure 1A during an injection in an injection state in which a bung of the



Figure 2B illustrates the first end view and the first side view of the
exenpl ary device of Figure 2A before an injection in a pre-injection state
i n whi ch wonenrdi3ss26over 10covering the injection needl ePC3/USeNDWaIF04 N
preparation for an injection. Figure 2C illustrates the first end
view and the first side view of the exenplary device of Figure 2A during an
injection in an injection state in which the patient's skin is pierced by
the injection, needle ibqure 2D il]Justrates the first end view and the
st s de viser el BLhghs ssuiit et iy Pl nehRmb G%ah B ot i on
in an injectiwabgtedp@tibm whi ch a barrel portion of the device containing a
dose of the therapeutic agent is deployed forwardly within the housing of
the device. Figure 2E illustrates.the first end.vi ew and e first side
View of the exompitle HeUSbi SR g APt Lt APee Pemtpirtiny

i njection stadeickbf Iineh Asafetinginfktidria aosaxjca®nisaitedia twhadhahe Mjecaorp| unger
actuator to expgl .the dose of the therz]?e tic agent fromthe barrel

portion. FI gutedsps eirgergyithinde ppsing gf e deyiey i ew and the first side view
of the exenplary device of Figure 2A after an injection in a post-injection
state in which thd&igun 28 ilivmateeetisendsiaweindadiredidsvidw of dnleeethgusi ng of t he
devi ce. 25Figure is.a.flow chart of an exenpl ary nethod. of assenbling an
exonpl ary vieal St A R e R A e Bl PR SR SR ow char © o
an exenplary nethod of using an exenplary automatic wearable injection

devi ce. Fi gliguee BB ilBis@atéd thevfishardtviof amithelsnpdaviyw vethhotkngflarysi ng an
exenpl ary wear abl eflg.uto tig i nﬁ ectj.on _device t.o itn' ect . . thergqpeuti c agent
into a patienfcyice Of FEUE2A frelorgiah IySeldt i 4Ras TG U RS ARB P DA AFEK € V4ut omat i ¢
i nj ecti onidevioerirgtihd mfcgorf Medlk isyeAabvddris @rdphation fot on @jepadd.ent in a
pre-injection state.

Figure 2C illustrates the first end view and the first side view of the exemplary
device of Figure 2A during an injection in an injection state in which the patient’s skin is

pierced by the injection needle.

Figure 2D illustrates the first end view and the first side view of the exemplary
15  device of Figure 2A during an injection in an injection state in which a barrel portion of
the device containing a dose of the therapeutic agent is deployed forwardly within the

housing of the device.

Figure 2E illustrates the first end view and the first side view of the exemplary
device of Figure 2A during an injection in an injection state in which a bung of the
20 device is actuated by a plunger actuator to expel the dose of the therapeutic agent from

the barrel portion.

Figure 2F illustrates the first end view and the first side view of the exemplary
device of Figure 2A after an injection in a post-injection state in which the injection

needle is retracted within the housing of the device.

25 Figure 3 is a flow chart of an exemplary method of assembling an exemplary
wearable automatic injection device.
Figure 4 is a flow chart of an exemplary method of using an exemplary

automatic wearable injection device.



S5Figure 6B illustrates the exenplary device of Figure 6A in an injection
state ready to inject or injecting a dose of a therapeutic agent into a
patient. wO2011/1BBgare 6C il lustrates the exenpl ary devi eeTafS2Hi1gs358es 6A and
6B in a post injection state after it has conpleted injecting the

t herapeutic agent into the patient or renoved fromthe patient prior to
conpletion of the injecting of the therapeutic agent. 10Figure 7A

illustrates an exenpl a i/ Vﬁear%gle aut omati c inj C%i on devi cgl suitgame for
rotary insertion i “éieésea-'orﬁ POAT SELPETY REHYT Ly EAE BYRAFATGRERLE
Figure 7B il | dusdniati @gedibe devanpligéy adeyvipeaiicaigektigta®adodei N an injection
state ready to inject injecting a dose of a therapeutic agent into a
patient. Figure 7@%‘1@{’01%1‘1}“&{‘@%5 S CRRBRPY GraP I NARANC JPeqEPy drde sfikatihg 7B i n
a post- 15i nj ®Elihd@PinsdradLin®f 4 Riiehtin Hp%-iGRAWNGLLd i nj ecting the therapeutic
agent into the patient or renmoved fromthe patient prior to conpletion of
the injecting of tHirs féikisEiies the qryamplary device of Figyis G @ gndnjgetiopsigfechart  of

an exenpl ary @E&ﬁ@%j&&oﬁ%ﬁeﬁﬂgdmeaﬁ@éﬁﬁ%haagenm@pdt@n@utorrati c injection
devi ce. "Figure 91s a flow chart of an exenplary nethod of
usi ng an exenpl ar Yigwar@blvetrgerdhe evaniay fevjeef Figred&diapd 6B ina postFj gure 10

is a flow chaple@fn @l %G MRLAEMITBL RRGfe HS IHBpARic SYSITRIAY pWRAL 8b! €
automatic injection device to inject a therapeupl c agent 1nto a patient.
Figure 11 il |wmpreatfean ta patcabplicity cirapletedn qf thetinjoetingrof Wigithdmapguidd ageal end of
t he barrel portion, - 1N ecti t Xt : t pally
along t hell(i ongit ug:il%gﬁéggcgtlrétgdo %h@%&ﬁf%}a%beo@maﬁéHlﬁé&%n ﬁ%%?%us?tgﬁﬂi%

il lustrates alorexapplsatiyn inar predinjgopb btate réady Whrivshbya pitetal end of the barrel

portion bears an injecti needl e that extends at out 90 degrees relative
o the 1 ongi tuai ndtt a4 Al PERdhEel pflarf B FRGT il OMan R IR BE°
il lustrates amadxemfpabyinfretd edrassenthbypdutc whbinc mtanpaixapl ary 30adapt er

couples a syringe needle.to an jnjection needl.e. L,gure 14

Pl bstrates an oxdiirals iRt abEGmm R 7 BIBAGT coupl es a
syringe needli@jet@onaiatd ifjee athaOfbnii@el @jecting the thEtagelie agént idtd s pa@inesr an
LRI KA AP TS I WAV IS AN

Figure 8 is a flow chart of an exemplary method of assembling an exemplary
wearable automatic injection device.

Figure 9 is a flow chart of an exemplary method of using an exemplary wearable

20  automatic injection device.

Figure 10 is a flow chart of an exemplary method of using an exemplary
wearable automatic injection device to inject a therapeutic agent into a patient.

Figure 11 illustrates an exemplary barrel portion in which a distal end of the
barrel portion bears an injection needle that extends substantially along the longitudinal

25  axis of the barrel portion.

Figure 12 illustrates an exemplary barrel portion in which a distal end of the
barrel portion bears an injection needle that extends at about 90 degrees relative to the

longitudinal axis of the barrel portion.

Figure 13 illustrates an exemplary needle assembly in which an exemplary

30  adapter couples a syringe needle to an injection needle.



S5Figure 16 illustrates an exenplary transfer nechanismfor providing a
fluid conduit between a syringe needle and an injection needle.
Fi gure 1wol2bugi3ssBes an exenpl ary transfer nechani sm f @cTarSomil®s3isgs a 1 ui d

conduit between a syringe needle and an injection needle. Fi gure
18A illustrates a perspective view of an exenplary wearable automatic

10i nj ecti on devi ce. Figure 18B iIIustrates a di sassenbl ed vi ew

showi ng the conpo nts exe |ce f Fi ure 8A. F ure 19A
I ust vat s o of ad et WS-SR ERDrRY nislt SEruin Sy S5 bel o

devi ce. 15Figm&pbﬂQQngém&ﬂk&beﬁu@mﬂ@ﬁﬁﬁEEtIVe vi ew showi ng the conponents
of the device of Figure 19A Figure 20A illustrates a perspective

i f I b d 20B
!\ Tistrat os.a top HCGbY of CHHE GRERY Ueire- S0 SopRy i e

illustrates axﬁHMEmywemun®nﬁgmw&ﬂamﬁﬁanmﬁﬁﬁhamuﬂa1of t he device of Figure
20A. Figure 21A illustrates a perspective view of an exenplary

wear abl e tomat i i gn_ devi ce i.ncl udi.n exe Iar cartr.idge
ncsenpl y, o il B b HERSEB IR RR R bR Al

exenpl ary cardonidgetasaantiyeeafeedd idpurieje@iA neaken al ong a | ongi t udi nal
axis. Figure 21Cillustrates a transparent top view of the exenplary device

of Figure 21A re 22 illystrates an exe | a or
cartridge actuator Fl%uﬁe %flugst[rages 4 ex%nl%lfaryté{llsa%rcnéecga a?}f% eP (%lds%/ oﬂlggnd/ or the
cartridge ass&mﬁmyuiwammaynmynﬁaﬂemnumomeummnw&ﬂean 5extended position

within the housing of a wearable automatic injection device.

Figure 18A illustrates a perspective view of an exemplary wearable automatic

10 injection device.

Figure 18B illustrates a disassembled view showing the components of the

exemplary device of Figure 18A.

Figure 19A illustrates a side view of an exemplary wearable automatic injection

device.

15 Figure 19B illustrates a perspective view showing the components of the device

of Figure 19A.

Figure 20A illustrates a perspective view of an exemplary wearable automatic

injection device.
Figure 20B illustrates a top view of the device of Figure 20A.

20 Figure 20C illustrates a side view of the transfer mechanism of the device of

Figure 20A.

Figure 21A illustrates a perspective view of an exemplary wearable automatic

injection device including an exemplary cartridge assembly.

Figure 21B illustrates a sectional view of the exemplary cartridge assembly of

25  Figure 21A taken along a longitudinal axis.



Figure 23 illustrates an exenplary syringe or cartridge actuator including
a first portion, a second portion and a hinge portion provided between the
first andweeeond3g2erti ons. Figure 24 il ustrat epCa/usehaosisoc of a
portion of an exenplary automatic injection 10 device including a plunger
actuation nmechani smthat enploys a fusee and a vi scous danpi ng nmechani sm
Figure 25 illustrates a wearabl e automatic injection device may include a
platform a slideable I coupled to the platfor and. a rtridge
Psently. mount ed SEEha e BT d Bl S ial Bl o8Bl S o Bkl 5

wear abl e automed.i c i njection device may include a platform a slideable
carriage coupled to the platform and a cartridge assenbly nounted on the
sl i deabl e carri age, . Figure 27 is a top view through a cover of an
exempiary aut omat &P et Ra@ syt At AP dey af B e
mechani sm f ortoadtadoed bagl pyttiaC indadritigeadribaegseintblyafr@Q hastretliop@rsition o an
Figure 28 is a side vjiew of the exenplar tomati ¢ injectjon device of

Fi gure 27 5sho%tﬁ?aecgpﬂsﬁgagléﬁﬁﬂﬁh%ﬁ%ioﬁﬁ“yﬁ%fé SATISRAUC Ijetiongeyigh-e 29 js a
perspective view through a cover of the exenplary automatic injection

devi ce of Figure ZITgur@BFFillguirages3f ekdnhplay s@ims ok camdgy acwdsrdhdhati@sa fiisn

inches) of camprofiles for: (i) .the conbinatiqn of spring 1 and a viscous
darper, (1) THETBMSOTAETE BH iR g st e e @eeSBlbotd §S | he
conbi nati on oforsgki Ng 2 and a vi scous danper, and (iv) the conbination of
spring 2 and an escapenent. Figure 31 illustrates a graph of therapeutic
agent flowrates (i.n mJliliters per .mpute) versus tinme (jn seconds
dottvered by () TeRb b eGP e S8 erORS b BERRER ;1)

t he conbi mat | &RicofinchjaingrgplingeBactiaGoOhiscHiaRPanat am@logs £ aResSdalvischisi i ) t he
conbi nati on ﬁ%ﬁfprin 1 and an escapenent, (iv) the conbination of spring
1, an escaper@ftP#iB*h2aUYM spool , (v) the conbination of spring 2 and a

vi scous danper, (vi) the conmbination of spring 2, a viscous danper and a
cam spool , (vii) thercahiiufiaidsaneafabRpiiongiti? ifddoadeveeaafyanaidea (viii) the

IR IR AT & RS RO

on the slideable carriage.

15 Figure 26 illustrates a wearable automatic injection device may include a
platform, a slideable carriage coupled to the platform, and a cartridge assembly mounted

on the slideable carriage.

Figure 27 is a top view through a cover of an exemplary automatic injection
device including a plunger actuation mechanism for automatically actuating a bung in a

20  barrel portion.

Figure 28 is a side view of the exemplary automatic injection device of Figure 27

showing a fusee and a damping mechanism.

Figure 29 is a perspective view through a cover of the exemplary automatic

injection device of Figure 27.

25 Figure 30 illustrates x and y coordinates (in inches) of cam profiles for: (i) the

combination of spring 1 and a viscous damper, (ii) the combination of spring 1 and an

10



substantially constant rate. Figure 32 illustrates a graph of the volunme of

therapeutic agent (in mlliliters) versus tine (in seconds) delivered by
t he conbiwetnons3szB conponents of Figure 31. Figure 33 iPCiramsteianassoa graph
of the volune of therapeutic agent (in mlliliters) 15against tine (in

seconds) delivered using: (i) a G danping nmechani sm having a danpi ng
coefficient of about 10.3 Ibf*s/in with a gear rati o of 4. 1 (ii) a B
danpi ng nechani sm hav rsg[ foef nt. of gbout 1 bf*sll nwith
e oar ot o g e AR o PG i ShERF s BORHG 434

coef ficient cﬁonﬁ)hﬁubnd&pﬁngbﬁﬁcsa{ne@ca{mmbma gear ratio of 4:1, (i v) aV
danpi ng mechani sm having a danpi ng coefficient of about 24. 9 20 I bf*s/in

with a gear ratio cha mhav
coefficient of ab&gﬁm‘z%ﬂilug B%%glglrar?% %'g%aﬁgel} Pgst 1%%@%“%%) a B
danpi ng nechaming) bﬁwsm@ea(lm:xpidm)gieﬁméd b}c (ig the cofmbiab@itt of 3griny 1 hkd™as/in with

a gear ratio of 6. K da chani sm havi ng a danpj n

Cost T oi ort _onatibing () hotorditOfrT i e Jar P fINGY T8 BIPORL T ) a v
danpi ng nechané m&aatioﬂgfaprﬁgmh@gn %@@ﬁfeﬁ! Gy emné c@hbiadiodbof §ing 11 &f *s/in
with a gear ratio of 6.25: |ng mechani sm havi ng a danpi ng

ool 1 o enl GRcipguatt 1nda citpaclh by fqmbana@@ap 1&g § apd 2 Yigeops dfgperg(vVRy

danpi ng mechagé %ﬁlmfxioﬁgf @prﬁlgapa iS00 fhpes bt caf sRBD Ui Af20hmBinigdd oF Wi th a
gear ratio of 16: g c&, a K danpi ng nmechani sm havi ng a danpi ng coeffi cient
AR

of about 303 iPHRE anpseaperieRfetil) th Gopbiatiqpefspring 7.ian egcaperpipidgcam

mechani S”lchaVépBél ﬁldth(pﬂl 1?19&%&&5& H@@Bwﬁ’fhe@ﬁb%ﬂeu&g%ehm dSivkRaW § h a gear
ratio of 16:1, and (xiii) an id low rate In h the therapeutic agent

i s delivered wbstantigliheensiani ratel y const ant rate. Figure 34 illustrates
a graph of exenplary danper torques (that may be back-cal culated fromthe

di spl acement of t gy pl $NQGLrAGLUAHAT tlﬁ%lu‘ﬂﬁ:tof%%@ﬁtl @ﬁféﬁn il Nigpm for G
B, K and V nodel danpers havi ng increasin npi ng co icients. Figure 35
il lustrates aveguapmed se¢pads) deliveeeddty thﬂmwvgw@pn@f&g@n@nemswf Higueei3li t er s)

5against tine (in seconds) delivered by different exenplary syringes using

a V nodel danper hauiries AudlanmRiangaphQe (el veiugltor Herb@iitagédt- (91 thidfiii&) n and an
exenpl ary gear ratio of 4:1. Figure 36 illustrates a graph of the vol une of

t her apeut it a@@]ﬁl@t t(meh(lrmepq)qqs] (ieélp/@’yd using: (1) a G damping mechanism having a damping

coefficient of about 10.3 Ibf*s/in with a gear ratio of 4:1, (ii) a B damping mechanism
having a damping coefficient of about 15.1 Ibf*s/in with a gear ratio of 4:1, (iii) a K
damping mechanism having a damping coefficient of about 18.9 1bf*s/in with a gear
ratio of 4:1, (iv) a V damping mechanism having a damping coefficient of about 24.9

20 Ibf*s/in with a gear ratio of 4:1, (v) a G damping mechanism having a damping
coefficient of about 25.1 1bf*s/in with a gear ratio of 6.25:1, (vi) a B damping
mechanism having a damping coefficient of about 37.0 Ibf*s/in with a gear ratio of
6.25:1, (vii) a K damping mechanism having a damping coefficient of about 46.2
Ibf*s/in with a gear ratio of 6.25:1, (viii) a V damping mechanism having a damping

25  coefficient of about 60.7 1bf*s/in with a gear ratio of 6.25:1, (ix) a G damping
mechanism having a damping coefficient of about 164 1bf*s/in with a gear ratio of 16:1,
(x) a B damping mechanism having a damping coefficient of about 242 Ibf*s/in with a
gear ratio of 16:1, (xi) a K damping mechanism having a damping coefficient of about
303 Ibf*s/in with a gear ratio of 16:1, (xii) a V damping mechanism having a damping

30 coefficient of about 398 1bf*s/in with a gear ratio of 16:1, and (xiii) an ideal flow rate in
which the therapeutic agent is delivered at a substantially constant rate.

11



delivered and the dianeter of the fusee or cam spool (in inches) versus the
time (in 10seconds). Figure 37 illustrates a graph of the vol une of

t her apeutwo 2ager38826in milliliters) delivered versus ti meCTius26iensdsds)
achieved by: (i) a first danper at roomtenperature, (ii) the first danper
at about 40 degrees Fahrenheit (in a refrigerator), (iii) a second danper,
(iv) the second danper at about O degree Fahrenheit (in a freezer), (v) a
third 15 danper havin nuf act ur i variability relative to the first and
second dampers, anietoRd st er oS SRy PSR LT R abi 11 ¢y
relative to tdeufaedStonamd dBpRemetndeiREplSnger actuator) adairgudanpdBspekbdsusi r at es a
schematic of a portion of an ex | ary autamatic injection_device including
a pl unger acﬂBHQ*Hﬁlﬁ%gﬁgﬂﬁ%WP¢ﬁ§Bn@ﬁ%WBV§1&“Wﬁ9§@a Hﬂgﬁﬁg@§9§benent 20
mechani sm Figure 39 illustrates an exenplary plunger actuation
mechani sm t hat enigys3iliasttites ARt hlof teablupicas ikghpawthammtSin hidiljeovi de a
force for expressin t her tic nt fromthe barrel portjon of a

wear abl 6 aut GFPHAHTLRET i FUUTEL0Y SGESTOP AP UerPSeaBe Ay BREMpI ary

pl unger act uadanpr HEGRANasF deltad el dPyBoud 34.0 M Pih D ECeEhPldfy SR Hligs t O
provide a force for expressing a therapeutic agent fromthe barrel portion
of a wear abl gt omati ¢ i njection device. Figure 41 is a schematic of

an exenplary automatic injection device including a plunger actuation

mechani sm t hat enpligys3®imasttites AR Hhidf tHedoRinfeGif itteSapeutic agent (infrhigUit@s)y42 s an
exenplary automatic injection device that enploys one or nore fluid
circuits to p&H¥ge ?WU%G ?%ﬁ?%P@%ﬁ%%@*%CﬁnB@ﬁ@ggﬂph%&§W§§§Wﬁﬂnﬁoﬂose of a
therapeut i agesdsfroma barrel portion. Figure 43 illustrates a
graph of the cunul ative anpbunt of therapeutic agent (in 5grans) agai nst
time (in seconds) as deljvered by an _exenplary delivery systemat an
exenpl ary deliver 1%5?%?5%@”695 aéﬂ%’ﬁt‘)f %.Vg{) io?fﬂigi‘f@ﬁ‘t‘t@ GO diides a
graph of the Gumetb@idrMe ine! Hecdis AOBEAaNt {ifa AGEdHmpe A rfdth tdnlpetalrs)
against tine (in seconds) as delivered by an exenplary delivery system

i ncl udi ng a fiily g1 firgt dampa gt shogt Yt degteartaisndeisgn p religtg il a sgr8ph of t he

cumul ative volafpRr, @) hBesBREGMhfer AABBE ((deBreBFhhrbhtel @S rRA), (Sta thikd™® (i N
seconds) as delivered by an exenplary delrvery systemincluding a second

fl ow rest #i ctdmper having manpfagiyriag y@iapditpreldineivehs Brobandibergd drmes.arénpl ary

automati ¢ i nj &ELIGRHGKEEn IR ATRL QYR PRELRY RS fol i HrsCdraGHidng tO
provide a force for expressing a therapeutic agent 15froma cartridge

assenbl y. dampers.

Figure 38 illustrates a schematic of a portion of an exemplary automatic injection
device including a plunger actuation mechanism that employs a fusee and an escapement

20  mechanism.

Figure 39 illustrates an exemplary plunger actuation mechanism that employs
one or more linear biasing mechanism to provide a force for expressing a therapeutic

agent from the barrel portion of a wearable automatic injection device.

Figure 40 illustrates an exemplary plunger actuation mechanism that employs
25  one or more clock springs to provide a force for expressing a therapeutic agent from the

barrel portion of a wearable automatic injection device.

Figure 41 is a schematic of an exemplary automatic injection device including a

plunger actuation mechanism that employs one or more fluid circuits.

12



Figure 47 is a top view of the exenplary device of Figure 46. Fi gure
48 illustrates a top view of an exenplary automatic injection device which
shows a cwoaoi13sg2apl i ng the master cylinder to a fl ow PeSUS2EO83504
conduit coupling the flow restrictor to the bung, and a conduit coupling
the master cylinder to a 20retraction nechanismvia a valve. Figure 49
illustrates a schematic di agram of the device of Figure 48. Fi gure 50

illustrates a graph of the pressure after. a check. val ve and behi nd a bung
G psi ) ver us ol #4°Ga BT FuBlhLipBagnatyict Hisb fnABfucne of M

Figure 51 il fusd tiadu@s ttpesdpe@ive vRW Diforc@ o & keipabadypraadh®iadse ©f b tieRPtutn
device in 25whi ch the ho sing of the wearable automatic injection device

i ncl udes a ski&i® &H%BPM?%B?ﬁln- Fi gures 52A and 52B illustrate an
exenpl ary needle protection systemthat maintains an injection needle in a
retracted positi OFigird 48 ilugrdiBuSirapl ob theanmeakevgimsut sluha@nfiicadenj @ct i on
system Figures 53A and 53B.illystrate gnother exenplary needl e
oY ot ecti or syEBHAGH I OB s S oy SO R SSETdh Dy st om

Fi gure 54 il lasiprheskliad9bhesurexeimplaiy Reedl e protection system provi ded
in of an exenplary automatic injection system Figure 55 illustrates

anot her exenpl ary needl e. protectio stem pr.ovi ded i n. an exenpl ar
aut omatic iﬂrecty ﬁﬂgﬁéf%ﬁgﬂTﬁa@&ﬂ%fﬁﬁ365@§§PWb?ﬂ eo{hmemm’%%?hé%neous

injection is milPieRPdinelie: @f sebhek ppaMlivgedgeitextaplamelclvaytysienyv ol ves

adm nistering a bolus of a therapeutic agent into a patient. Subcutaneous

i nj ections aﬂédﬂlﬁ%ﬂaﬁﬁﬂ?@é?$¥@“in admi ni stering various therapeutic agents
i ncl udi ng 15i nsulin, vaccines, and drugs such as norphine. Automatic

i nj ectionidevi ces Ffuress5 dlnstadsarghghiol ehetcOmaladyd vodgee dfaherai@luiiy 8genn@n a

t herapeutic agent and allow patients to self-adm ni ster subcutaneous

i nj ections oﬁgﬁWEWé F?%“%ﬁ@h%@@“%ﬁ%&@ﬁ??ﬁhﬁVméﬁFBH%@?@ﬁWﬁY§@Fan devi ces
i ncl ude handjh@h@ngyggaﬁiﬂ@whﬂﬁ@gﬁjon devi ces and patch punps, which are
sel f -adhesi ve, patient-nounted auto-injectors. In use, a patch punp

Sg? It Zln,? ! gg dat rz?;ggl%%ea e%j(%)fs%ﬁ?g%{eﬁic Idr%wrirr%uo tar? gxe%]ptles)ry Elltltgmesltli(cl i?ljegtlioncclegltcg Ithre]lg of a
employs one or more fluid circuits to provide a force for expressing a therapeutic agent

15  from a cartridge assembly.
Figure 47 is a top view of the exemplary device of Figure 46.

Figure 48 illustrates a top view of an exemplary automatic injection device
which shows a conduit coupling the master cylinder to a flow restrictor, a conduit
coupling the flow restrictor to the bung, and a conduit coupling the master cylinder to a

20  retraction mechanism via a valve.
Figure 49 illustrates a schematic diagram of the device of Figure 48.

Figure 50 illustrates a graph of the pressure after a check valve and behind a

bung (in psi) versus time (in seconds) in an exemplary embodiment.

Figure 51 illustrates a side view of an exemplary automatic injection device in
25  which the housing of the wearable automatic injection device includes a skin sensor

foot.
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the therapeutic agent into the patient. Conventional patch punps are
typically filled by a patient prior to use. In addition, certain

convent i omal20pat3as23punps have an exposed needl e inside Phe/ysamp/03zsnd t hus
requi re secondary sterile packaging to maintain sterility. 25Studi es have
shown that there is a direct correlation between the injection rate of
certain therapeutic agents and the pain perceived by a patient upon

i njection of the era ti ts or S. t her ape gents
calse pain. e g, HEBORA TP SR E A RERLE ped e o e e 2 ol y
into the pat ilﬁﬂhmlnﬂaﬁzuﬁ)@tlan aedRah a@anraa@&pmldnhattm%masmgfofan phyplapy ogi cal
response of the patient's skin to the subcutaneous injection of a

30t her apeut i ca“&ﬁ‘gaﬁ‘fml?_ APYYE-umes of any therapeutic agent, greater than
one mlliliter, wmy also cause pain when injected into the skin.

Anti bodi es, and patigur@SAtdneseBfiljusaite asierpkanplary hesdpautetonagaeahs that are
| east pai nfuI delivered at slow injection rates. Currently, there are
no commer cl aII?rQVlg?ddBIaEe}é HETERAfC IBI‘IP'I&W PielPs that effectively address
the disconfort associated with fast injection rates of hand hel d 5automatic
i nj ection devi ces.Figure 54 illuffradsphathst eeerbpldiymeatls paleetiadesysientpechidealiows wi t h
reference to certain illustrative enbodiments. Wile exenplary embodi ments
are descri bedanvﬁx?lﬁp]la]é’s"’b@&aufHlj?félf”ﬁ@ysé?%ar abl e automatic injection device
to provide an injection of a dose of a |iquid nedication, one of ordinary
skill in the art wWiidure ﬁiﬂlogrﬁtezenmthatexemﬁanylrmcye pnmotﬂd)mstbm pi@aded imad
limted to the i If ustr at i ments and that exenplary autonmatic

i nj ection deVi*¢&8 a%ag}ltod%auﬁélé‘éfut%s}(sﬁ "sct any suitable substance into a

patient. in addition, conponents of exenplary automatic injection devices

and net hods of ﬁ Ki nE and using exenplary automatic injection devices are
not |imted t%e& tive enbodi nents descri bed bel ow. 15A syringe

assenbly of exenplsapdutab@MBibétoniini fGhir9 Asodd 6V iheRFeul Yed0Bdlaks addose of a
TNFa i nhibitor. In an_exenp Iar}/ enbaodi ment, the TNFa_ inhibitor may be a
human TNFa adPY“Bb’G;ﬁd@f‘m%‘?ﬁ“ig@é’ﬁ’ Usiogp H‘ﬁral%‘i‘t’ccl agenLie f 8gfent. | TbGHARRBY DI ar y
enbodi ment, tifRcHuHTRR hTQEﬁef?é&hb@i%@Mmﬁﬁst&H{g'vgﬁéhsbhé?ﬂieﬁ@c ARk h&ﬁhd’h@er eof may
be adal i munab or gol i mrumab. 20Exenpl ary enbodi nents provi de wearabl e

aut omat i ¢! njidgtinoriceiaes eukdregsapchasymegpires eAgtematrdniskiah dsvicey dfehprhg of t he
patient and dgl.jM@le @ a s?ﬁ’ﬁ%@ggﬂ'ﬁe'hge %%Qﬁerb&h@c RRhi HRGLISY pRHRAGYS &leous
injection at slow, contfolled injection rates, e.g., in a single slow

bol us. The slagminiglohtubeitinedusiinjeeitomp ohtherapagic agdmtSe@dV%IyO@@l@meamW devi ces
mnimze the p S 0 c agent
enteri ng i nt o Fhe SEVEE hlyBRAREENRNMC BRI Bt BERPRSMIAT o
del i very achiavedf-bieeye pplearyodew mlnnm:y)rsr a[ngeﬁ,ﬁp@tnh pboptonkimmgpat es to
32?3%?00 {‘hﬁel?rg eélgl”% e%[ & d‘ogl%ﬁ' :oﬂt‘\?te&r?eg tnoortci‘daﬁrgéfea]%'u%‘rﬁt ?hcggered FxmfP' ary
from about O.t8e mefabedtictagasm 1rtt@tmtp®mﬁnt lCdiﬂvlehtldna]t[&tch plntnlps a[eeypmjlly Ifullad b}eai to

this exenpl ar%3 ran ?ﬂg | ar maa/ advant ageousl y
m ni m ze | nf | E{:I?t I‘l’l-Or]IlS? adcthtlon certalnc nventfona patc pum ave an eXpOngie

needle inside the pump, and thus require secondary sterile packaging to maintain

sterility.

25 Studies have shown that there is a direct correlation between the injection rate of
certain therapeutic agents and the pain perceived by a patient upon injection of the
therapeutic agents or agents. Some therapeutic agents cause pain, €.g., a burning or
stinging sensation when injected rapidly into the patient. The pain sensation may be the
result of a physiological response of the patient’s skin to the subcutaneous injection of a

30 therapeutic agent. Large volumes of any therapeutic agent, greater than one milliliter,
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30delivery profile against time of the therapeutic agent. Exenpl ary
enbodi nents m nimze the size envel ope of exenplary automatic injection
devi ces, woadopresszde scal abl e sol utions with confi gurablPeTdskin®s3sod i nes
and delivery profiles that may be used for a range of therapeutic agent
viscosities. Exenplary enbodi ments provi de wearabl e automatic injection
devi ces that 5deliver a therapeutic agent into a patient by subcutaneous
injection at slo controlled.injection rates, .e.qg., in si ngl e. sl ow bol us
wi thout bat t P TP gPoy R nERERIhE S5 SR tHtPIRY ot BefeRelifedu ent or
charge to opesxamplaryEkeapludc yeeanhndarsaedsspaalfsowiphaniideed@sloadsjeaionusi ng t he
wear abl e automati¢c injection devices f(H sl ge\év controll ed therﬁgeuti c agent
del i very. Thefigdalt WLy 4086 AttiOCOMA)cE Y oreb ‘KPPE%O??SBWI&!B‘HHW foexenpl ary
enbodi nent s adtfcivey {ddbdsaik QisPéh@Ft abRcdRl iwBItYst trfectiBraRalol Bitd, helii Nt @i N
sterility of the therapeutic agent and all subcutaneous contact surfaces
(i.e., a hypotéiptie inedign ded¢td one or nore septuns) to avoid the need for
aseptic assenbly and address the perceived patient disconfort due to

i nj ection by conveitinpRal colt@amndiel e @utarabtiow wijheetctbe @aviges. Exenpl ary
wear abl e automatic injection devices include a primary 15t herapeutic barrel
portion that iRt Frabadimagnty. iWE}ﬂeae‘ﬁ‘HmPﬁg’reé‘I‘W%nern&&H‘? fesgribed Wé%‘éﬁ??‘if to
assenbly. ExeqploalWea®a Akingiia ilj@eh usvitdb lvideRn de¥iHe 8 Sr AlRe i SRQSAD! €,
easy to use, pre-fill capable, and may substantially or conpletely

el i m nate t hengsligaiphgng ehardnpgyskikin gy astopdrpeogriadithpiexgmplary rodinkeats uses a
vear abl e gyt offRhdGintifdh @Sk ARsO/NE CRbodiREnVERT AR Re@PhRMREdnfak Hi&EbA ON

devi ces provi ded by exenplary enbodi nents can be used "20to deliver any

t her apeut i ¢ adgaises mivabe yrag toajegleiny veirably subinnge mireopatieyt. ilmeddiiiong, but not
limted to, ' ' e BELC.: - tain
terns are de?él?) @EL%%O%%F%%%@? PJS!HB?% e%gﬁ ?%Vzggfe' ge!MfJHn %ﬁ%gﬁgﬁaﬁagg dltlasx npl ary
25 enbodi nenteemphey antanaioligeaiot derateds erel not baitedte takellbgrtind erebaalimdngy y

enbodi ment's Ny {§hU4S.

15 A syringe assembly of exemplary automatic injections devices may contain a
dose of a TNFa inhibitor. In an exemplary embodiment, the TNFa inhibitor may be a
human TNFa antibody or antigen-biding portion thereof. In an exemplary embodiment,
the human TNFa antibody or antigen-binding portion thereof may be adalimumab or

golimumab.

20 Exemplary embodiments provide wearable automatic injection devices that may
adhere to the skin or clothing of the patient and deliver a therapeutic agent into patient
by subcutaneous injection at slow, controlled injection rates, e.g., in a single slow bolus.
The slow, controlled injection rates achieved by exemplary devices minimize the pain
sensation associated with a volume of a therapeutic agent entering into the patent’s

25  tissue. Exemplary time durations for slow delivery achieved by exemplary devices may
range from about 5 minutes to about 30 minutes, but are not limited to this exemplary
range. Exemplary volumes of therapeutic agent deliverable by exemplary devices may
range from about 0.8 milliliters to about 1 milliliter, but are not limited to this exemplary
range. In addition, exemplary devices may advantageously minimize inflections in the

30  delivery profile against time of the therapeutic agent.

15



a "therapeutically effective amount” or a "prophylactically effective
anopunt” of an anti body or antibody portion of the invention. A

"t her apewpeal3eBf ecti ve amount” refers to an anount eCfraskéne3ssat
dosages and for periods of tinme necessary, to achieve 30the desired
therapeutic result. A therapeutically effective anount of the anti body,
anti body portion, or other TNFa inhibitor may vary according to factors
such as the disease state e, sex, .and wei ght of the tient, and the
2bi 1ty of the andnEBAYD SierEsay TIvro e G Aeisa o eabRb iR o
elicit a desiinptidnakpes end protibesdaRble8alutiold withadoapaititle adlivyryeiieahd ve
anmount is alsp one in which any toxic or detrinental effects of the

ant i body, ant‘%ﬂ)‘ﬁ‘wp%‘tl‘isiﬂﬂﬁﬁ,ma&bekﬁeﬁg?raF"IQP%?qfrtft?ﬁrarﬂe’t‘t&fragﬁ?tewsﬁﬂstlﬂ}%i ghed by the
5t herapeutically beneficial effects. A "prophylactically effective anmount™
refers to an anoumxe@plhscdnbodimats ples@&gesraindadi@natipanjeids doficdsitime

necessary, to achieve the desired prophylactic result. Typicall ince a
br ophyl act] ¢ WOSH & hofepeut fEeniat S By e bageay mietiaparslipy Captled oo oy
di sease, the igjeomityth@¢leioC ah b Yinglk kRGIHMS valUTHaty pbwbeorloggs cdfnetihe

t herapeutically effective anount. 10The terns "substance" and "therapeutic
agent" ref er FEARRCleq! et fghae &) dgratealymaky srebodgeits Al e idi cal

subst ance, chgith®lor 84RSthaResraBlk abloRGhEieadn GRS ARGIBWt Aatroliql capabl e of
being adm nistered in a therapeutically effective anbunt to a patient

enpl oyi ng exchPRREUIC asenbirdivey. IThe Betiip agenpicdgicctBiglypicerifoddsdtyances

!nC| ude, det @;@ﬁpﬁ enllﬂoﬁ]ntle%@ & Opre FUSHE ?ri@)ﬂ}o @eﬁ\jeﬁ}ﬂ)% aﬁ&rﬁ; m§Hﬁﬂl s%ﬁiﬂl S may
i ncl ude, but are 15not limted ]tDo, adal i rumab (HUM RAC1) and proteins that

are in a |iquifdhestberapdugn ageat gnd alifsuequgmepis soripisurtasds @az § repdemiangiliss of
proteins in 5&)@%&%8%6{3%&&%3) t@&ioi&‘{h@ nQRLs As@%fcedgse ly A@g'aﬁ%é’s’{ﬁe (Domase

al fa), Regrane ecapl ermn ctivase (Alteplase), urazyme

(Lar oni dase) , peisrereil petichiMliefoatep tlye toAwjestios py CDerciiemabtand helll fepmaBecapl er m n
Concentrate, .Betaseron (lnhterferon ta-1b)., .B X .(Bot ul i num Toxin 20Type
A B ek ( PChaT eSay IRREE PR i dBRIOE bk ol 2
Enbr el (Etaneheeptuic birad pazigmtha( Mgialagis dasbtybed eereférteugemo(dsatter f er on

al facon-1), Intrgn Interfer al fa-2a), Kineret (Anakinra) oBLOC
(Bot ut 1 mum ToRTRy et als Do B aBiifys SRBSTEE bt P Ve n)
Neupogen ( Fi | ge-disitcapgble, nt aky {ubamitaiiki conghldeély tominate PRGADY Y (degiont er f er on
al fa-2a), Prol eukin (Al desleukin), 25 Pul npzyme (Domase. alfa), Rebif
(Interferon BYErREyien gﬁwam@n{ %@E‘&Bﬁ %Wﬁ%‘rf*@ga‘%é‘%dgléaﬁﬁé‘%‘fﬁa :

Rof eron- A (| nf&dvks ot anj@dtion TNKES §rdvidRn 8¢ e edth@&e mbadithenfs G4 % used
(Drotrecogci n alfa), Arcalyst (Rilonacept), NPlate (Rom plostim, Mrcera
(met hoxypd yePHgiehanghsaeulie perat hat IB@t'%f)d,ehYﬁr?ﬂ JpPeiipnepushsingdiag Quhptthi t or ),

El aprase (i dqgrﬁi@gdft@,sa%)anﬁg\m%z)y{ngl(lggtg.l ucosi dase alfa), Orencia (abatacept),
Nagl azyme 30(gal sul fase), Kepivance (paliferm n) and Acti nmune (interferon

gamma-1b). A protein in solution may al so be an i nmunogl obulin or
anti gen-bi nding fragnent thereof, such as an anti body or antigen-binding
portion thereof. Exanples of L. Definitions

Certain terms are defined in this section to facilitate understanding of exemplary

25  embodiments.

The wearable automatic injection device of exemplary embodiments may include
a "therapeutically effective amount" or a "prophylactically effective amount” of an
antibody or antibody portion of the invention. A "therapeutically effective amount”
refers to an amount effective, at dosages and for periods of time necessary, to achieve
30  the desired therapeutic result. A therapeutically effective amount of the antibody,

antibody portion, or other TNFa inhibitor may vary according to factors such as the
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17 antibodies that may be used in an exenplary automatic injection device
i nclude, but are not limted to, chineric antibodies, non-human anti bodi es,
human antwbadites3s2Bunani zed anti bodi es, and donai n anti [pOWIUS2010102458) . | n an
exenpl ary enbodi ment, the inmunogl obulin or antigen-binding fragnent
thereof, is an anti-TNFa and/or an anti-IL- 512 antibody (e.g., it may be a
dual vari abl e domai n i nmunogl obulin (DVD) 1gTM. O her exanpl es of

i mmunogl obul i ps or anti gen-bi ndi.ng fra nts ereof that may.be used in
the methods siteoiBbek o ahby B et pRAF Lt A B R bt ar e ot
limted to, ldadibddy(p@addn; dilotHe? /TNFodshiling kdaidya ddkatréspbabor @t phticas) A
2.5(E)mgl (anti-IL- 18; pott Laboratories); 13C5.5 nti-IL- ant i body;
Abbott Labor a ‘E)ff‘li’eé‘&?a,]ﬂyfé{ggwi(ﬂt“ﬁmtils- 4l§0 qng;in ﬂiﬂ%fﬂ‘{ly 19&’6&5‘ a‘ftﬁﬂe&téﬁe,]f%ﬂw%i momab
(Fab 2 anti - ThEandbdphhtiteal po@beror 8k THEMnBAbAda bk pae) byAabot t
Laboratories); Campath (Al ent uzumagé'; CEA- Scan Arcitunomab (fab fragnment);
Erbitux (Cot ubsareyiicalibdrencdistal ety A\ tnionhipycal ke rmeynipieesniagn
Pentetate); PFiRshadtdiNe, ((CRRILIBR BendRhi dime RREGEAS altifeltheddRh) ; ReoPro
(Abci xi mab); Rituxan (Rituximab); Sinulect (Basilixinmb); Synagis 15

(Pal i vi zumab)proreclinies{INoFs@tcatn iy a pxehdigticlerreb PrdimpiticnZerapasr at

(Dacl i zumab) ; ,z8MAl thge(dfla[s'ezisH,rfR p@l%@élﬁ/{&ﬁectgetaﬁfgﬁﬁt%ﬁ bl Sthan the )

(Murononab- CD3) ; Panorex (Edrecol ondb); Ml otarg (Gemt uzumab ozogami cin);
gol i numab ( CetheropcwtiyallyCitastiva an@entt ol i zumab pegol ); Soliris (Eculizumab);
CNTO 1275 (usteki numab); Vecti bi x (panitunumab); Bexxar (tositunmomab and
1131 t osi tunomab) ;ThatrdmAavsbstanee? ofdy eheganentiagont” refer to anyNyp¢ off bl exanpl es

of i mmunogl 02&5%1§%§alg°Jcti9J'§gi[e&,eﬁbf?%Q9ﬂ Dked cé‘,%ﬁgrﬂ%%l Oshﬁls‘?e{n%%r bi&JCF;]@ﬁn y be used

in the netho onpositi ons exenplary e Iments 1 nclude, but are
not limted twpstpretiel nsapbleprbsinggdiometcoed inprigraeutidaly tid¢dioekmeunt toee D2E7
| i ght chain var.i

1abl e region (SE D NO . 1). he D2E7 heavy .chain variable
Fegi on_(SEQ 1SR B G PnaRsRub M el s Rt SR Rora’ ( Seo i 0
NO 3), the Da8ddd)benaye whdinied ar, agelnlsan n dguid sta€DRBcH &Fefds nldy NOlutle, but he D2E7
i ght chain vari.able region D NO. 5 he.D2E7 .heavy chain
vari abl e Fsegilboltlﬁ1 0 HB%U@E/Q@M“%@?"% iﬂ&h?reérhfé 1?1‘“@5335“ t %2t ei on
CDR1 ( SEQ | D fi¥¢on pioteitshiad BEdpheh eBxynpldda@if provsi i bbletidnagélode, GldRile {oBEQ | D NO.
8), the 25D4 |ight chain varjable region (SEQ ID 30 NO 9), e 25D4 heavy
ohai n var + abl g Tr e BORe: 465 FCPHb BTG, Ak UmSEhe CORS
(SEQ I D NO  1AMurabfife ERrdRidAsd)] ARbvich@i1Eradeph)] Ah&p@DHBefodtibalkd) NO 12), the
VL10E4 1ight chain varijiable CDR3 (SE% I D NO 13 t heVL100A9 |ight chain

n

Becaplermin Concentrate, Betaseron (Interferon beta-1 5, BOTOX (Botulinum Toxin

20  Type A), Elitek (Rasburicase), Elspar (Asparaginase), Epogen (Epoetin alfa), Enbrel
(Etanercept), Fabrazyme (Agalsidase beta), Infergen (Interferon alfacon-1), Intron A
(Interferon alfa-2a), Kineret (Anakinra), MYOBLOC (Botulinum Toxin Type B),
Neulasta (Pegfilgrastim), Neumega (Oprelvekin), Neupogen (Filgrastim), Ontak
(Denileukin diftitox), PEGASYS (Peginterferon alfa-2a), Proleukin (Aldesleukin),

25  Pulmozyme (Dornase alfa), Rebif (Interferon beta-1a), Regranex (Becaplermin),
Retavase (Reteplase), Roferon-A (Interferon alfa-2), TNKase (Tenecteplase), and Xigris
(Drotrecogin alfa), Arcalyst (Rilonacept), NPlate (Romiplostim), Mircera
(methoxypolyethylene glycol-epoetin beta), Cinryze (C1 esterase inhibitor), Elaprase
(idursulfase), Myozyme (alglucosidase alfa), Orencia (abatacept), Naglazyme

30 (galsulfase), Kepivance (palifermin) and Actimmune (interferon gamma-1b).

A protein in solution may also be an immunoglobulin or antigen-binding

fragment thereof, such as an antibody or antigen-binding portion thereof. Examples of
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vari able CDR3 (SEQ ID NO 14), the VLL100D2 |ight chain variable CDR3 ( SEQ
I D NO 15), the VLLOF4 |ight chain variable CDR3 (SEQ ID NO 16), the LOE5
i ght chawo 20mridafzBe CDR3 (SEQ ID NGO 17), the VLLOG/ | ipgimtusedvaiosssoari abl e
CDR3 (SEQ ID NO 18), the VLLO® light chain variable COR3 (SEQ ID NO 19),
the VLLOHL 5 light chain variable COR3 (SEQ ID NO 20), the VLLOH1O |ight
chain variable CDR3 (SEQ ID NGO 21), the VL1B7 light chain variable CDR3

SEQ I D NG 22). ‘he, VL1C1 |i ght hai i abl e .CDR3 EO | . 3), th
Voo ura 1 gne it ol e e ot bbeat PR e S 4T G Ry mE BT i chias

vari abl e CDRGndf Bined 0, dBneRSintibbdies, h&Efurfanl dngbddi@hiaintan\aati baids chualarded SEQ |1 D
NGO 26), the 25D4 heavy. chain variable 10 region COR (SEQ ID NO 27),

t heVHLB11 heMEé%%sr ?P"E’f?ﬁ}a}a{bﬁn&b‘fé i(gﬁbséDﬁ‘ aoEempiarngboggyent. iife \VHID8 heavy
chai n vari abl gni@ghiepulaRRahEER bl ddiM¥PragdBhs thérber, VHA Addl TRERWY/6hdlafiBr | abl e
region COR (SEQ ID NO 30), the VHIB12 heavy chain varjable re&liMc;n CDR ( SEQ

ID N0 31)  theinvpdrde Be hypydRidalvar iipfaniie g nagiiRu sy P e 32), the
VHLF6 heavy ch@biexiapleabt itnfif8b18PulEPBr 4maEad-biRaiNOradddnis thbRoBGatiaylre heavy
chain variable region CDR (SEQ I D NO 34), and the VHL-D2. N heavy chain
vari abl e regi'pd o pgBly ayd Neonp@gions of exemplygy qneiodimdndfraiudenmgarc not
(abbrevi ated hgrei @ @ NENER-19/1 85 '&Ektﬁédﬁl}i‘ﬂ%urkﬁﬁ&ﬁéﬁés?; B YRR Y. fi0Ki ne

that exists as a 17 kD secreted form and D nmenbr ane associ ated form
t he bi ol ogi cal8; ybhet Laherdiesiem); &3 Cwhi(ehi-Ilsl Tanthode dbbétt hattordteres); §69520

noncoval ept | y(aﬁ’t‘?-tt”-‘i'z;ng?}@gyﬁ@drﬁgg%s‘?%f,eﬁlgtgmgtf (P‘d%%é@tﬁ;ﬁﬁéﬂmﬁﬁf@m&gﬁg' bed

further in, for exanp enni ture 729;
Davis, J. M, BUMIRA ({(d@87inaBi AtiverhaBéah829: A8R6th Gicnlonesd); EAScanet al .

oonbi pant " AR SRESE Pl ERR DA TR SR e

E:;:olnbi nﬁgt qhgci_igﬁsdb('\iﬂ?&nmtd)ﬂ?.sm;ﬂcirm ((E@Inalﬁia&ﬂ?endﬁmter; Rieﬁl%da&e ((I?]ifin%); DTEBIQ st ens,
al 0g . - nn 1 1S . . | So.r.e reea 1o as .

Thet o2 R baR PRkt o bbb Re BT S: Siebe tn Then

acti vi ty. 1sThe(Phevifonadb$ o/ drinfla USeRnaaatabp KXol dve Canllizanl a7 daupa Dadizu el es

(used i nterchangeah herein wt NFa ant i bodi es) an nt.i body portions
descri bed herdi'All @‘&%WPméléT{uﬁﬁt%@; §Eg?ﬁl<?lﬁéﬁq3n&\@f§}10 t@?}{);m?[%& 090, 382;

6, 258, 562; 6, 3ARcObMab)! ME&dard 8dem@NthadQH o2 ei@) BolihimMN@ 0B ITBAL, the
TNFa inhibitor used in the invention is an anti- TNFa antibody, or a
fragment t her@s&foliupab gegohg Sl (Exlivana) Rethl Oddél fustekingmalo M @ik Johnson:;

described in (Haﬁtunl?l%smagmr (tégi%%%n%ﬁ%ﬁc%11@?&%&&@@%%&@& monocl onal

anti-TNF-al pha 1g&4 anti body); 70 (a hurmani zed nonocl onal

ant i - TNF- &l ph&ewszipaly fragnment); an anti-TNF dAb (Peptech); CNTO 148

(goli mumab; Centocor, See WO 02/12502 and U.S. 7,521,206 and U. S.

7,250, 165) ; and adelditipnpessappieneRmornogipheins. of apeabodingdragamenis fgreohnt i - TNF

mAb, descri bef,d e Lol Phe3R4nAR a%@ﬂposﬁé@&%&%ﬂﬁ%g@%o@i%h@ edhgs, t hat

may be used in the invention are described in U tent Nos. 6,593, 458;
6, 498, 237; 6, UEac98BlimikIdoRrA4Bs 8@TPrising can ot Mere o thyddiloveing:, the RN

descri bed | n GETOREETRIROD B Jodhe s AREVE ARl LIRS SOTET. Thra
i nhi bi t or23 s MOrBcrbi2hahightThkEn yamdilang gion CDR3(SER-IPBIO: ), th&PRBhbYavy

chain variable region CDR3 (SEQ ID NO:4), the D2E7 light chain variable region

CDR2 (SEQ ID NO: 5), the D2E7 heavy chain variable region CDR2 (SEQ ID NO: 6),

the D2E7 light chain variable reion CDR1 (SEQ ID NO: 7), the D2E7 heavy chain

variable region CDR1 (SEQ ID NO: 8), the 2SD4 light chain variable region (SEQ ID

30 NO:9), the 2SD4 heavy chain variable region (SEQ ID NO: 10), the 2SD4 light chain
variable CDR3 (SEQ ID NO: 11), the EP B12 light chain variable CDR3 (SEQ ID NO:
12), the VLL10E4 light chain variable CDR3 (SEQ ID NO: 13), theVLL100A9 light chain
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10l n one enbodi ment, the term "TNFa inhibitor"” excludes infliximb. In one
enbodi nent, the term"TNFa i nhi bitor" excludes adal i mumab. | n anot her

enbodi mrerw 20hie138&28m " TNFa i nhi bitor" excl udes adal i munelbTArs@01M83S0Ki Mab.
In one enbodi nent, the term"TNFa inhibitor" excludes etanercept, and,
optionally, adalirmmb, infliximb, and adalinumab and inflixi mab. 15In one
enbodi nent, the term "TNFa anti body" excludes infliximb. In one

enbodi nent, the term"T i body Ilrru

cnbodi ment | 1t RRSHNER B3 oe EKENEED ieriifa: SRR e
T][‘]ef term ?ntmbopb,)d thé ﬁmom light bmr?,lmgbmmmlﬂsm Iﬁ:NldaeEﬁ)gB@EOEB Ihghtcorrﬁr! sed
of four polypeptide ¢ n eav and two t chai ns
i nt er - connect 1“2’(9nwe§ §§|<$1?<§Dé‘> &g) I@awcﬁééﬁ@téhﬂp Marjagle W&&i of a
heavy chain v@gyNebl®, kheyieodoakhi @vindlagghi® EDRIZNSBY IHAR 1(9; tﬁéH)’LI@(Dﬁla heavy
chai n constant region. The heaVﬁQchal n constant region is conpris

three domal nslighiriin Yarigbl SPRAETEQERANOT 10 Hbe XhEPHIY beki shgip W%f%’le&])%3l | ght

chai n vari abl geta® 0. {130k eviBY 8ehiRRIgVABR WSVR 21Q M-koans) @ Migbt chain
constant region. The light chain constant region is conprised of one 25

domain, CL. Tt VH%Y?@WE%@HQ PO fthr h@ﬂ%b&lﬂ?bﬁlﬁé@@ﬁt@ﬁ%gl ons of
hypervari abi | ('Siafbhll)tﬁ@’"@ﬁ (HOTPH TR LAY chbi¥: IRIHR! ADRE ¢k AINRS s (HR)

interspersed w regions that are nore conserved, termed framework regions
(FR). Each VH-QRHAVighi chamonpadetdDE (PR dlé NCDRS), Msﬂlémea%amaflamdﬂ‘ged from

am no-ter F 5%%)
CDR2, FR3518 C%%IBR%@‘%@ED%%U%E%Yqé{sﬁ?fﬁetﬁe&lmﬁ\r}gﬁﬁlgﬁeggp ed%# gcr ed |n
further det aiNOi EB)UhSVHI?EBQnavbe&n varidBOe 882 CDR 3ER), IHAL): %{hdhﬁVHOQ,lDlS
The term"” antl en- bi ndi ortl bod i.mpl vy "ant i body
portion") ref eergsy ?hgmovr%laor Tror'e éﬁr%%?g%ggb)a% w’%ﬁ{)lzﬁegp% er% a?ll?n t he
ability to spegibf COR (SEQADMEOL D) ahe HHI[IEghe‘anehzgn varta"lil‘ell-?aglon EnagREQP of a

L‘n‘l body il €3 SR RRRR T FRL REHPE s R AS LR oW B T
"anti gen- b ndicagy @arm vagable edeicarC PR{SHIDTY NOAghakel thé Via-1Fal hbsagment , a

nonoval ent fragnent c¢ isting of t VL, VH, CL and CHl domains; (ii) a
F(ab')2 frag leéegﬂ?“\@?%FéEch%BWegg) conprising two Fab fragments |inked

by a disulfide br| e at_the hinge region; (iii Fd fragnen onsi sting
of the VH and CH1 Tg‘gﬁe&’inngum(‘? @I)VF% (I"l‘{’/bg 1%5%‘?’(9“@%)]&@?@ |°ﬁ§} ﬁ@\‘}ie]ﬁnd VH
domai ns of a Slam@ngn ayoRiAE thalexkO:aR tai 1D RMYsecrei) fEnmkAR afzsat@rmaﬁbr(aﬂ/&lr d et al.
(1989) Nature 341:544-546), which consists of a VH or VL donain; (vi) an

i sol ated conpiseirERdLPIng yhed%?léglﬁilhf aqHve fogn ehwtllém)com@ﬂwd@w frymeg ofyal

vari abl e Q@Wdﬂcéﬁﬁ%&’%lﬁﬁqb'ﬂb th&Mids I)rhe SHICEASH TN, iddidshened Hudeid wo
domains of the Fv fragnent, VL and VH, are coded for by separate genes,

t hey can be jl6F tragpley ?I}ﬁlg?ar]écétrﬁﬁl(h%ﬁﬁ‘t) N#E‘f%@s”“ﬁ@@@%ﬂ P{b{qtél (19%8Rer t hat
enabl es them 8.0, MRAB2 1326 and Jones, E.Y., et al. (1989) Nature 338:225-228. The term

human TNFua is intended to include recombinant human TNFa (thTNFa), which can be
prepared by standard recombinant expression methods or purchased commercially (R &

25 D Systems, Catalog No. 210-TA, Minneapolis, MN). TNFa is also referred to as TNF.

The term “TNFa inhibitor” refers to an agent that interferes with TNFa activity.
The term also includes each of the anti-TNFo human antibodies (used interchangeably
herein with TNFa antibodies) and antibody portions described herein as well as those
described in U.S. Patent Nos. 6,090,382; 6,258,562; 6,509,015; 7,223,394; and
30  6,509,015. In one embodiment, the TNFo inhibitor used in the invention is an anti-
TNFa antibody, or a fragment thereof, including infliximab (Remicade®, Johnson and

Johnson; described in U.S. Patent No. 5,656,272); CDP571 (a humanized monoclonal
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15 as a single protein chain in which the VL and VH regions pair to form
nonoval ent nol ecul es (known as single chain Fv (scFv); See e.g., Bird et
al . (1988y030iw13se3242: 423- 426; and Huston et al. (1988pcClPruseo11Maish4 Acad.
Sci. USA 85:5879-5883) . Such single chain antibodies are al so enconpassed
within the term "antigen-binding portion" of an antibody. Oher forns of
single chain antibodi es, such as diabodies are 20 al so enconpassed.

Di abodi es are hi n i.specifi j.bodi es.in which YH and VI domai ns
are expr essedang‘h@'glipﬁdg%g‘lﬁ&l??ﬂék&]jj;e]gﬂgﬁ?ﬁ W?alﬁffp I?Pé’loﬁlﬁnala’ilti"ﬁg’gfalr@%at is too
short to all asibady fRghichignkat Wweand Ah@cprach) AONBO NS Qdlitndtabale@ehaise,

t hereby forcing the majns, to pair with _caompl ementary domaj ns of anot her
chain and cr e‘gg} 9?31215%6‘%?1%9%52%?%&“?%& '£i7t2559’1? éé“de?d@ﬁr,nu@%tl QH%FR% al .
(1993) Proc. AsHolt1.ab6abriessaihumdSini@PNBAddy, 644R8beddR PSId,@0,380 adh2E()1994)
Structure 2:1121-1123). The anti body portions of the invention are

descri bed 1 n fddiionet THE prihodiep, thef may psggsachin thghivengiopgrs dggepibeginds . 562-  and

6,509, 015. TheydneNm. ¢/ 593 A59i AR L3 P, 9RBLdnR@UMR 38ET Brafoh& dlbodierBn
anti bodi es that are prepared, expressed, created or isolated by reconbi nant

means, such abe aN bbhiesisexip¥lelisien Piting g ctaaesnbihent Cerpreessicwiibeect or
transfected 'iﬁtv@o®1)®?r§§3 aﬁﬁ'tvlfob§ﬂ§64¢6?eﬂ,a§€[h%ﬂ&ﬂb%81"rneﬁé'ttféVﬁN oﬁgﬂib%?&% £

i solated froma reconbi nant, conbinatoria uman antlbodylil rary

(descri bed f uetdverindpelTDpindmgtprdseidi(eEBP-dolSatoaed). f rom an animal (e.g., a
nouse) that is transgenic for human i munogl obulin genes (See e.g., Taylor
et al. (1992) Nuclnonggmbpdinmas thexermg?BYho mhibgdar ickdades snflixiaphr Bhneexpr essed,

created or i Sé?lllt%hﬁl%np,){heatgr){n Qfl‘lf'lgo[ 1@&&5 egq&]es ia&\fi%u\[rﬁﬁ. ﬁg&ﬂoﬁ-’ep&ngd;%lﬁwn

i mmunogl obul i N gene sequences to ot her sequences. Such reconbi nant
human ant i bodhegrh VB Fy anitalol ecxaludescdalghantb andgiftrisnatier i ved from human germ
| i ne i nmunogl obul i n sequences. In certain enbodi nents, 5 however, such
reconbi nant humbmomrnibbdidieats thatems UbjHaatiebitdroeichdes ¢tampraent, angk npsinglly,or |

when an ani ng|, fransgem.c for n lag.s nc is used, in vivo sonmatic
mut agenesi s) %%%m?%%g%%lgn%nfﬁgggg?am%gﬁﬁgﬁggggg‘ the VH and VL regi ons of

the recomp nant ant.i.be hi%%n%% tér%q@@i%%%uﬁéha*’ exclel SrfGhLY eﬁo%% om and
related to human germ|ine an sequences, may not nat ura |y exi st
wi t hin the humsmdanni, bedyrni OREfaantibody” regedds aidal@nuinmby livanother embdiradnt,

o R e NPTy ! (RRAGHI SyaDiiBgLes con be, produced by

Gescribed 1 PCT U genziianl: R8B! LSahian Ry PETLURSELOBRS R i gRE2

Eur opean Pat efotir pApypleptidrichains, odNbeavi (13) Qs aRGWvol Iizhefl nahdinialer-Betdkétedt i on

No. WO 86/2001 ?3/3ciisullincE:' bolrzl)gst. Egcth hlélg\'/y chain is comprised of a heavy chain variable region
(abbreviated herein as HCVR or VH) and a heavy chain constant region. The heavy
chain constant region is comprised of three domains, CH1, CH2 and CH3. Each light
chain is comprised of a light chain variable region (abbreviated herein as LCVR or VL)
and a light chain constant region. The light chain constant region is comprised of one

25  domain, CL. The VH and VL regions can be further subdivided into regions of
hypervariability, termed complementarity determining regions (CDR), interspersed with
regions that are more conserved, termed framework regions (FR). Fach VH and VL is
composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-
terminus in the following order; FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The

30  antibodies of the invention are described in further detail in U.S. Patent Nos. 6,090,382;

6,258,562; and 6,509,015.
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4,816, 567; European Patent Application No. 125,6023; Better et al. (1988)
Sci ence 240:1041-1043; Liu et al. (1987) Proc. Natl. Acad. Sci. USA

84: 3439- 021138828t al . (1987) J. I mrmunol. 139: 3521- 352P6T/USee11883584 .
(1987) Proc. Natl. Acad. Sci. USA 84:214-218; N shinura et al. (1987)
Cancer Res. 47:999-1005; Wod et al. (1985) 20Nature 314: 446-449; Shaw et
al. (1988) J. Natl. Cancer Inst. 80:1553-1559; Mrrison (1985) Science

229: 1202- 1207; QO..et al. (1986),. Bi oTechnjques, 4:214:. S. Patent No.
5295 530 Jones dPEL PSP KRR SESTES TS ORISR s  1088)
Sci ence 239: Im3din"ptbr8eiodt ef mede fakmeftd 886h)andbodyial fddin thehbilddo3- 4060,
Queen et al. (1989) Proc. Nat]. Acad.. Sci.. USA 86:10029-10033 (1989); U.S.
Pat ent No. 5, %gﬁ%ﬂi bing tg;an axisep @rﬁqﬂé\m 3 %%%f%‘é@?flﬁuﬁﬁe%%"é‘@? Ay, s.
5,693, 762; W BB dRGhiigcdindiheSun&iocd 2P a®3Ribody. Exahiplsbebiflling $@baéked

anti body" refers to an antibody that is substantially free of other

anti bodi es® haffFgPataIrarEhthe S guigee POdgiPPTIONt Pl 4rbeyly indplei(BgiTab ed
anti body t hatrgheail, hinfRbl e g Serdt INERIANG ths vEUPAL @NhhdE Y dbh&&s;0f) a

anti bodi es that specifically bind 30 antigens other than hTNFa). An

i sol ated ant i Bakly? fragarenis peiplenidaaempnisions siRg NFalabejagavie liskedy-4r eact i vi ty
to other antigengqe &M%%aﬁﬁeﬁri earegigg;lqlﬁgla% ffag%ht%ﬂé?&mgeﬁﬁe% aRFgpVer, an

i sol ated antibody nay be substanti al free of other cellular materi al
and/ or chemi cdinguns; (iv) a Fvfipgnteat qpnsiptengtof diei Vi gl W dpiveidy of 4 srglawrnt ¢fni body
that neutrali T YIRS i ipding to
iTRFa T esi t SR BRNY BT e e b Er Gl T19) R SRS R e oA

i nhi bi ti on ofoftaRd1br ¥l.dgmeial (vaciniisaldtgd @inpleniBarigadetdiminbagssges &dDRY and
measuring one _or, hore indicators of hTNEa hiol ogigal activi uch as
nriea | nduced Byt SR SriPR OB aPrp fOOTR BVPHAT FG BT s huen G o2S

cel lul ar act i deataimsrf grdvifmanOVhdhd YL arclvddidaor BCepirak genctiesecanidi cat or s

of hTNFa biological. activity can be assessed by one or, nore of several
standard in vOBPG USRS forouPEn RS WAGKRTRHE ke B enenkiahdn & beiidng no.
6, 090, 382)s Ri’safsﬁfgtﬂ(}ir%teintchﬁn gbi)vhiich yhe]gth afl mmgtadnb@gly td ford @ldhsalldnz ef hTNFa
activity is assesse y inhjbjtion o TNEa- i nduc ytotoxicity of L929
coll s hs an ORI TG HeleaPRAIT " Bh s dr it YO AN SEEADT ty, e

ability of amsanbilogant Pruk@hbbilt(1988NBAx REU ARl 8xPIBASEHR79I53EHAM 1 on
HUVEC, as a neasure of hTNFa-induced cel lul ar activation, can be assessed.

The term "surtustainglegbspantihodish s abse epeoppassed withig thegeing Antighichistdhon t hat

portion" of an antibody. Other forms of single chain antibodies, such as diabodies are
20 also encompassed. Diabodies are bivalent, bispecific antibodies in which VH and VL.
domains are expressed on a single polypeptide chain, but using a linker that is too short
to allow for pairing between the two domains on the same chain, thereby forcing the
domains to pair with complementary domains of another chain and creating two antigen
binding sites (See e.g., Holliger et al. (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448;
25  Poljak et al. (1994) Structure 2:1121-1123). The antibody portions of the invention are
described in further detail in U.S. Patent Nos. 6,090,382; 6,258,562; and 6,509,015.

The term “recombinant human antibody” refers to all human antibodies that are
prepared, expressed, created or isolated by recombinant means, such as antibodies
expressed using a recombinant expression vector transfected into a host cell (described

30  further below), antibodies isolated from a recombinant, combinatorial human antibody
library (described further below), antibodies isolated from an animal (e.g., a mouse) that

is transgenic for human immunoglobulin genes (See e.g., Taylor et al. (1992) Nucl.
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15al lows for the analysis of real-tinme biospecific interactions by
detection of alterations in protein concentrations within a biosensor

mat ri x, fwo 2exizuspd2@ usi ng t he Bl Acore syst em (Phar naci aPBIramsensos3sAB,
Uppsal a, Sweden and Pi scataway, NJ). For further descriptions, see Exanple
1 of U S. Patent 6,258,562 and Jonsson et al. (1993) Ann. Biol. din.
51:19; Jonsson et al. (1991) Biotechniques 11:620-627; Johnsson et al.

20(1995) J. l.. Rec i 8: 125 and Jghnnson et al 1991

ST B b hem R Beg ) ofiehBRie Mgy P p ey e R 4P onst ant
for di ssoci atmains afat @Rolagtsphasky off Huain iiguacplcHO A Yérntdu@eces CONPEENA

The term "Kd" refers to the dissociatioﬁyﬁéggtant of a particul.ar

ant i body- ant i YE¥FHt SPALEFYRPInass yppan 4of e varigplsard fPsiapidegigicent r at i on

of the inhibide@ked REHINGAEN @mi1MBIiRLnddébulh HReical In@BERRERbo@hertft er est
e.g., neutralize cytotoxicity act|V|té. The term "dose" or "dosage" refers
to an anpuht HFvexesinsh fesppBinar) iupan antibogdirgare Syhsaidio in Vigin Pekepresis (or,

admi ni st er ed §QndnRainta® HhnsPEfd £F Bith¥h MSEQBnED & WERTRBNE s@demat i ¢ injection
device of the invention. In one enbodinent, the dose conprises an effective

30 anount, fopuiaseaaptand thyg thgapy, ackilreassaees|of et \dd arbVL a@igngof %9 g, 40 ny,

50 ng, 60 ng,reg(gnﬂﬁbnt ﬁgibgaes 239 sé@@ncé@@a%hil&é&iv%ﬁo&%ﬁd f@ated]t%(ﬂuﬁ'igm 1,40 ng,
150 ng, and 160 ng, of the TNFa I nhibitor adalinunmab. The term "dosi ng"

refers to thegcaddingivVét andtVloseqednces, sapsotaateallyexigt within theruimarmzbodnt i body)

to achieve, a . i jective (e.g., treatnent of rheumatoid
arthritis?% (%Sgggﬁ#%%%gﬁﬁggﬁéginen" descri bes a treatnent schedule for a

substance, such Sag .. h?mgrgke{q%umaﬁn Sha qui SEAAL Qfﬁﬁ%?i%sc&%% bg)dﬁye%r a
prol onged period of tine and/or thioughbut the course of treatment, e.g.
admi ni st er i ngbyarefdanttgnantdbd@ tofhnauENFE@winni thviattofor exanmpdedsing rhahddswedribgd a
second dose of, R ileahaliBih RppiRaSING BRMMESEY 22895 heh® AR Kpplication
No. 184,187; European Patent Application No. 171,496; Furopean Patent Application
15  No. 173,494; PCT International Publication No. WO 86/01533; U.S. Patent No.
4,816,567; European Patent Application No. 125,023; Better et al. (1988) Science
240:1041-1043; Liu et al. (1987) Proc. Natl. Acad. Sci. USA 84:3439-3443; Liu et al.
(1987) J. Immunol. 139:3521-3526; Sun et al. (1987) Proc. Natl. Acad. Sci. USA
84:214-218; Nishimura et al. (1987) Cancer Res. 47:999-1005; Wood et al. (1985)
20  Nature 314:446-449; Shaw et al. (1988) J. Natl. Cancer Inst. 80:1553-1559; Morrison
(1985) Science 229:1202- 1207; Oi et al. (1986) BioTechniques 4:214; U.S. Patent No.
5,225,539; Jones et al. (1986) Nature 321:552-525; Verhoeyan et al. (1988) Science
239:1534; and Beidler et al. (1988) J. Immunol. 141:4053-4060, Queen et al. (1989)
Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989); U.S. Patent No. 5,530,101; U.S.
25  Patent No. 5,585,089; U.S. 5,693,761; U.S. 5,693,762; WO 90/07861; and U.S.
5,225,539.

The term “isolated antibody” refers to an antibody that is substantially free of
other antibodies having different antigenic specificities (e.g., an isolated antibody that
specifically binds hTNFa and is substantially free of antibodies that specifically bind

30  antigens other than hTNFa). An isolated antibody that specifically binds h'TNFa may
have cross-reactivity to other antigens, such as TNFa molecules from other species.

Moreover, an isolated antibody may be substantially free of other cellular material

22



The term "bi weekly dosing regi nen", "biweekly dosing", and "biweekly
admnistration" refer to the tinme course of adm nistering a substance
(e.g., arwanhi/iBd#za 10anti body) to a patient to achi evePaTiuser1aaisns c
objective, e.g., throughout the course of treatnent. The bi weekly dosing
reginen is not intended to include a weekly dosing reginmen. Preferably, the
substance is adm nistered every 9 to 19 days, nore preferably, every 11 to
17 days, even r (preferably, every 13 to 15 days, and nost preferably,
every 14 days@l(ﬂg%ﬁﬁa@hbodinent, the biweekly dosing regimen is initiated

in a patient 15 a ek .0 of .treat t., | n anot her. enbodi.
mai nt enance dose ﬁ?ﬁfawiHﬁngpgaatﬁgﬁyapagggwg“%%g@ﬁaﬂﬁgbgﬁgﬁ?ﬂﬁn one
enbodi ment, betibigt he:fdroadinngtibuig wisbdthiedan e TNISassults & iakifition st @ ed

according to a biweekly dasi regi ... n_one enmbodi ment, biweekly dosing
e den s SRR S T RSP Ty Tt qsror A iy ot RLVES Eirthe

adm ni st ered fsqesqedmHtnhe@Urin@ WRE ¥r 196 @idiMRRKoMANMIHidgeiadl avBel, Leh AN One
enmbodi nent , bimeekjé dosi ng 20 includes a dosing regi nen where doses of a
TNFa i nhi bi t d¥N%ingess! AYePaicy (qitferdn Xitgo; o8 it ViXQIe R NIt dpcedeelldonsecut i vel y

for a given tjcBaReah@RTNEy Qmaling1 ORIy re&p\!é@é? Keheseli@dicBR kB hTRAy Weeks, 26
weeks, 32 weeks, 36 weeks, 42 weeks, 48 weeks, 52 weeks, 56 weeks, etc.

Bi weekl y dosiMglogietlReddtyspebapssessefdycing peprorerpt spvsral sigukrdip3ysey . in Te t er m

"conbi nati on", @5 kbR tRIASE. IR, PALRINAGSHE 342, PRIGAAAOMINY b
25second agent” "I ncludes co-adm nistration of a first agent and a second

agent, whiCh dnghodsiampitalinely Na wtisisolswedssod by imhiitivine 4 TNHo-fheceshme
phar maceut | calhfoaG6AR10) EIRARG b hai@hu I aHCdhEARPbr Rrid &1 Agent

foll owed by the sec agent, or admnistration o second agent’,
foll owed by tthealfilitysf amgeibbdy to inhibit " TNFFindu¢edrempressomod LML 'ondBIYIECt he

phrase "concopni.t ant thg@ﬂ@@utic trq?tnent".30 L el udes .adm ni stering an
. as a measure o o-tnduced celhilar actu;&ltlon can be ssesged .
agent in the presence of ‘a second agent. cdncom tant t herapeutic

treat nent nethod i | ude h in which the first. ond ird, or
Lt onal TS ubat an RS 2zt BECRa] BRGSO (] I i B nd Bt S
t r eat ment 1yret diloes &brsiee dnalykiv desalhtixhdbidspecific whéerehiohhiey ddtecsibn of al@chdibhd ional

agents are adninisteregtin tq Aresence of.afsecon sub%Bag e or qqditiona
subst ances, WHEF&ER R aéoélééﬂ“hgmc?r MR MW TCAGERRS Y e Q%QSF%S,YS% have
been previ ousiPyaradeh Bigte&oedB, Bpsancowideaaid Bithemapenl)i Cot fugkdrment met hod
may be executed step-w b i ff nt ients. For exanpl one subj ect
may adniniste‘”?ﬁm’gbé?ﬁgﬁp¥ﬁqﬁﬁﬂgg%?5@E€5%ﬁ%hén§Eﬂﬁﬁﬂfﬁ@bpggp y to

adm ni st er ed gigl. NG, Pat9; ghtssod s ACAVID)BIbSERNEEs 1 BET-dNeIAddbALSAeri ng st eps
may be executed at the sanme tine, or nearly the same tine, or at distant
tines, so29 ond%%y JtMel Resaghitfilrot akldehinstriCtad dH P batl iophendigesy are after
adm nistration in _the presence of the tosecond substance (and additional
subst ances). The é@?&?maﬁﬁﬂfHﬁmﬁéi@%ﬁﬁ*ﬁﬁﬁmﬁﬁni%%dm“”wﬂonOfanamﬂMdy

from the antibody/antigen complex.

The term “Kd” refers to the dissociation constant of a particular antibody-antigen

interaction.

25 The term “IC50” refers to the concentration of the inhibitor required to inhibit

the biological endpoint of interest, e.g., neutralize cytotoxicity activity.

The term “dose” or “dosage” refers to an amount of a substance, such as a TNFaq,
inhibitor, which is administered to a patient preferably using the wearable automatic
injection device of the invention. In one embodiment, the dose comprises an effective

30 amount, for example, including, but not limited to, 20 mg, 30 mg, 40 mg, 50 mg, 60 mg,
70 mg, 80 mg, 90 mg, 100 mg, 110 mg, 120 mg, 130 mg, 140 mg, 150 mg, and 160 mg,
23



sane entity (e.g., human). The term "conbi nati on therapy"” refers to
the admnistration of two or nore therapeutic substances, e.g., an

ant i - TNFaweanniibisesz3and anot her drug. The ot her drug(s) may/useoiasisnd stered
concomtant with, prior to, or follow ng the adm nistration of an

15anti - TNFa anti body. The term "treatnent” refers to therapeutic
treatnent, as well as prophylactic or suppressive neasures, for the

treat ment of di der. .su%hl.as abdi sorder in which TNFa is detrinental,
e.g., rheumat@i'F @%%#‘Pftga aumumanb. - The term "patient” or “"user" refers

to any type of aninal, human.or. non-hunman, 20th be i nject

Subst ancar usi ng. ex D JOtk R AR R oG TRYantE £ bty
"wear abl e autanBbdys td dathieed 4 drag@iticobjec@rde.Waadimbhief aishmbojdesthars). refer to
a device worn by a patient that enables the patient to self-admnister a

t her apeuti cal | y efIhetirinvdodasegiafenaddshetea petetinenagiatuledyr £dubhaticef @sk eni ng

t he wear abl e devi directly to his or her skin ar fastenjng the wearable
ovi co t o an Gt TG of et Sa RS Bt hpSheted R eL Jred Y bodor m ¢
needl e, wher ehfufhRl Weab@td & wethiea cdl ddn@hiSefinOaMiRt CRBVENTNDAathitsit iinge by
the inclusion of a nechanismfor automatically delivering the therapeutic
agent to the PekiOdAtOWsr! by seeand drsaien Nise bl oRiadiw se&lyelogag &#imethe t er ns
"syringe" and "cartridge’ enconpass a sterjile barrel porfion that is

d

30filled with a dod!'gR ekl dpEps Feemgen i Veklydoripe o pet iweEYon or sal e

to a patient QiniRAtERONNRRT IKRHE Gk PSS @SFhANatridoQrsuBALHcB(S4.I AtdngrNafy t he
therapeutic agent to a patient. In an exenplary enbodinent, a distal end

of the batteld0§BPdy) Bri sftient (@ yehicvge esgpenlis AuRsHV e &2 drravabeerths eourgebder mi c

needle. In an.&yfmp! ﬂﬁ%i@é@%ﬁéﬁﬁl@%giﬁeﬂs%ﬁhmﬁﬁ@ Qfncidae a BREEGLoRY tion of a
cartridge may not be coupled to a needle. That is, in exenplary

enbodi nent's, Tagiswni Rgéerardy tresubstenge trddaymsiored Aveay Preladayachsdpissrdbbw needl e
coupled to 5i éev?rg?la}rt{) ?17 d@@ré\)ef? thore referabg),< | A5 VHQ%‘? Eﬂ@ﬁ&& Pfé:?e?%l&,b ed

herein with r ence t0 a syringe ass may al so be 1 nplemented using a
cartridge assorty i dagi. rinloag eiybodarenphabiyeekth debingengigied ésuitinloe cth hipatientn wi t h

;gfs ot |n§e 140 o285 b A9EnaR S RMRbNeBYood R AndiTRLGIERLE R R\ Aderfa SYE ' NOE

biweekly dosing regimen. In one embodiment, both the loading and maintenance doses
are administered according to a biweekly dosing regimen. In one embodiment, biweekly
dosing includes a dosing regimen wherein doses of a TNFa inhibitor are administered to
a patient every other week beginning at week (. In one embodiment, biweekly dosing

20  includes a dosing regimen where doses of a TNFa inhibitor are administered to a patient
every other week consecutively for a given time period, e.g., 4 weeks, 8 weeks, 16,
weeks, 24 weeks, 26 weeks, 32 weeks, 36 weeks, 42 weeks, 48 weeks, 52 weeks, 56
weeks, etc. Biweekly dosing methods are also described in U.S. 2003/0235585.

The term “combination” as in the phrase “a first agent in combination with a
25  second agent” includes co-administration of a first agent and a second agent, which for
example may be dissolved or intermixed in the same pharmaceutically acceptable
carrier, or administration of a first agent, followed by the second agent, or administration

of the second agent, followed by the first agent.

The term “‘concomitant™ as in the phrase “concomitant therapeutic treatment”
30  includes administering an agent in the presence of a second agent. A concomitant

therapeutic treatment method includes methods in which the first, second, third, or
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toThe term"vessel" refers to either a syringe or cartridge that may be
used in an exenplary wearabl e autonmatic injection device for holding a dose
of a therapeotli/Biggent . The term "injection needl eCTSR@ENSH33504 a
needle in a wearabl e automatic injection device that is inserted into a
patient's body to deliver a dose of a therapeutic agent into the patient's
body. In an exenplary enbodi nment the i njection needle may be directly

15coupl ed to or act vvlth g a ca r| d ssenbl
ol ds the dos8ibpRHRERREr AT TR, Gre iR bl R R bitfen:
the injecti onineadhdsmyhoaein widel @ titsy ocldpioas agentd kre adyinisigel iothecar t r i dge

assenbly, for exanple, a rin nee and/ or a . transfer nmechani sm
that provi despr?sleﬁ?ecf)f@é?ﬁ?ﬂﬂ?@’ﬂa%{ %g‘?lﬂié'@gs"t [AnSHrhiigdn BF seeaPd P15 dge and t he

i nj ection neegliRionA A, t@RAMSY,hAIRVEBLM IpRviduslly QHSiniRerad. e esHcBmithhta
wear abl e automatlc injection device that is coupled to or in contact with a

syringe or’a t@%f?‘ﬁeruflﬁaéat%‘%@é?%h%’ mayrbecgerrEiskg-vE sy lfgentpatiensy dipeut | c agent

fromthe syrif@gpRl ofedlibitddgs a@&ﬁf?ﬁ@lté/aPﬂleﬁf‘a fifll £%hd 28 aRELH SubMRt iy
turn, delivers tRe therapeutlc agent into a patient's body. In an exerrpl ary

enbodi nent , ttﬁéd@wat%gthrﬁW@Htu@emﬂ sphsaea; é@ﬂﬁhﬁﬁ@nmﬁ@ﬂpaﬁqe@nv%bebody I n
25anot her exe&@&ﬁwatmgﬂlwﬁ@tmm@ @Y A D SPA R IRUMPE sb PRELL @ 1 nto the

patient's body. I'n an eXenpl dary wearabl'e automatic i njeGtion device
I ncluding a slysispdanas Gadiilditionaheubstypndepigec af@eddrelnrﬁaytlmnéhﬂmse@bemf thectly to

the barr e:; po{eEdn‘a"suﬂ’sftanfc@ﬁné X&dn”c?{%‘d &Bgaﬁﬁébl fie g%mf dntiufh G0 ke/%é‘hl 0N W th

the barrel portion exenpl ary wear autonmati c I njection device
i ncludi ng a caneendgeée.aslsem).y, the syringe needl e may be provided
separately fromthe barrel portion of the cartridge, for exanple, within an
i njection button dihegriraesbigatiomglodigryi’ sefers Buuh'ﬁ a@}niatstrhtﬁrjreﬁtt‘iv@nr mbmge, the

on of

syringe need| E%ra letlf alg)istqg%g;ﬁe%d“ aélnzo P%,an g ofthetr Bnigh%g gtlhelpé)eg(r?eedl e

the cartridge muni ca Tween e syring

and t he bar r ehaylgr ddinomstered concomitant Wi, pmmm,‘bpfce}owmgehet adoministratoa’of eef ers to
a state of_a a]é\?ple. utomati c injection 5device prior to the start of
del i very i av‘\lﬁ aé’d‘g? "agent contained in the device. The term

"injection state" efers‘too s of a ut omati c
et on devi ce by hanaR o bRa Pk Bkt e SR e A Reo i o
t he devi ce. Thppiksivandansts, fdﬂ]tl&:&tda@ﬁbnsbfai(Bsor(ﬂsi‘fﬁélﬁastecﬁlﬁﬁ(m@hIﬁﬁ/hl@lIﬂTDIFa

delivery of a . . ..
y 1s detrimental, e.g., theumatoid arthritis.

The term “patient” or “user” refers to any type of animal, human or non-human,

20  that may be injected a substance using exemplary automatic injection devices.

The terms “wearable automatic injection device” and “wearable autoinjector”
refer to a device worn by a patient that enables the patient to self-administer a
therapeutically effective dose of a therapeutic agent by either fastening the wearable
device directly to his or her skin or fastening the wearable device to an article of
25  clothing that allows penetration of a hypodermic needle, wherein the wearable device
differs from a conventional syringe by the inclusion of a mechanism for automatically
delivering the therapeutic agent to the patient by injection when the mechanism is

engaged.

The terms “syringe” and “cartridge” encompass a sterile barrel portion that is
30  filled with a dose of a therapeutic agent prior to distribution or sale to a patient or other

non-medical professional for administration of the therapeutic agent to a patient. In an
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therapeutically effective dose of a therapeutic agent contained in the
device and to to renoval of the device fromthe patient prior to conpletion
of del i vew9 20f1/@3382Ber apeutically effective dose of the PhEsp@Enisisoagent .
The term"slow' refers to a delivery rate of a volunme of a therapeutic
agent. In an exenplary enbodi nent, a volune of about 0.1 mlliliters to
about 1 mlliliter or nore may be delivered in a delivery tinme period of
about ten seconds, to abaqut vvels}/aﬁ Eﬁ)g{tg 15 Int.a eferred nbodilrrﬂn, t he
delivery ti meoPEPIRBELMEY PAh G SHT ABubarte! DuUR Pt wer M RO PR % y

m nut es. The 4 @érde hgloathiingiedlee leiBexeMpRARyershodinadit,@ dwalend oghObarl pati ent' s
body to which an exenplary wearabl e autonatic ipjection device may be
coupl ed or atROFEHEY 2 CHdgg My doEbgoupled i ?Fﬁg]ﬁa;r{"l‘tﬁ%én?xﬁlmma&h i ntermedi ate
llayer betweenenit@intlew €6y ragdnafiee 20aaldee Ritha pskitdcBatholBy nB&IlLGRHed &
indirectly couple the device to the patient's skin. In an exenplary

enbodi ment3  tiHP2HFREYR® of cl ot hi ng may be snug clothing on the patient's
body, for exanpl e, nylon stockings. |In another exenplary enbodi nent, the
article of clothi rﬁgewa&?%f‘énb&d rqe?%lbﬁ‘ﬁh‘irﬁé “ﬁ'é‘tr?félf‘??@%tos"léi”%ngeﬁéﬂe@alyng, but
not limted tQay eﬁsd”&qm?ﬁzlmeh@@_ﬁsinga Qﬁﬂﬂ?gﬁssmﬁﬂg Sh81aky k&empRryanot her

exenpl ary enbodyl ment, the article of clothing 25 may be a coupling

mechani sm t hatmbediesneglesdiibedibsrpip avithgetefsacqip @xpiiidey apemplyenpyaliodst ' s skin

i ncl udi ng, buﬁanen{eh%ihggs%rﬁrge@ssgllnﬁﬁye that may fit round a portion of the
patient's body, a belt, a strap (e.g’, a Velcro strap), and the like. II.
Exenpl aryEmbodi meil $erm “vessel” referSRS difibih §XEIPL ALY riNR AR b ULANRA C _

i njection devices are described with 30 reference to Figures 1-10. Certain
exenpl ary needeepkpsyeniable huamangynjprsion deded fnr koldinph dpse ohe deaipeeticagedinat i ¢

i njection devices to convey a therapeutic agent are described with
reference to Fi gurlds term-"pgectiop peegdien refgis i agegledn g migaiebla evtomeiioniesyd ems
that may be i ~ I t i, Gk N i i to expel
5 ther apeut i aanpt FHRTRE AR ARBEA LR T 4 e iR
reference to th paicass fly. Blan Gemphiyrenehodimpinarthe ingedinaecpdlomeg bé dirccdy st ens
that may be usedhl SXSTRLAL YR UEALARLE, AHLATRLL b LEERIONNIRYL Gl ©

mai ntain an injection needl eI m 2 et racted 505| ron in a post-i1njection
state are destemfyadc wgenh Inehahargenplaryfenguadiesn theSijection needle xehpl ar y

wear abl e automati g injectign devices enpl syringe. assenbl as

T uetr at od ¢ AOR G RAL B VS Surbty GBS B B r R TR

Fi gures 2A- 2Rndfopn uhodfdinnghanisioser @bvidestrvad @apeniini@tiagbntvedohht symaye ke

delivered i ntc%mald eagnh%t?etinjictg)o%d%ec;lgt hrough an injection needle.

20 The term “syringe needle” refers to a needle in a wearable automatic injection
device that is coupled to or in contact with a syringe or a cartridge assembly for
conveying a dose of a therapeutic agent from the syringe or cartridge assembly to an
injection needle which, in turn, delivers the therapeutic agent into a patient’s body. In
an exemplary embodiment, the syringe needle is not inserted into the patient’s body. In

25  another exemplary embodiment, the syringe needle may be inserted into the patient’s

body.

In an exemplary wearable automatic injection device including a syringe
assembly, the syringe needle may be coupled directly to the barrel portion of the syringe
and may be in fluid communication with the barrel portion. In an exemplary wearable

30  automatic injection device including a cartridge assembly, the syringe needle may be

provided separately from the barrel portion of the cartridge, for example, within an
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Figures 1A-1F illustrate an exenplary enbodi nent of a wearable automatic
i njection device 100 including a syringe assenbly that nay be used to
i nj ect a wogelaf3383t her apeuti ¢ agent into the body of aPpafttsemt/03izvgure 1A
illustrates a first end view and a first side view of the exenplary
wear abl e device 100 in a packaged pre-injection state. 15Figure 1B
illustrates the first end view and the first side view of the exenplary
device 100 in_a t[i)reb-i njection.state in \Mﬂ.ch a. needl e sh%hel d. cover i ng t he
i nj ection needI®E G UHBRBVAG T BB FORNE 8F AU R RS N5 IR §EY 1c
il lustrates thgy bdihsite@mib ¥ sl @adf theeafrelpditioaio the\chetdgafto tdumlisxempl ar y
device 100 during an_.injection in an inj e(fi‘isi on state in which the patient's
skin is pi erc“é)(‘i‘m%'y’“’taﬂ‘é“ Py et eosﬁ’nﬁ%ee‘i‘ﬂegzll.ea GararaBoftiopyst rates the first 20
end view and the fjirst side view of the exenplary device 100 .during an
injection in an i ﬁ'}hﬁéeﬂnoﬁreé’fl&ftéoni FHQHPIER 1 A5 3B PSR LOMSH ng t he
dose of the tdeicapRsitibehed@eiif deBvededl O Epduat Wahttamtametih thetib@cdrousi ng of
the device 100. Figure 1lE illustrates the first end view and the first side
view of the exenpliaeyerievijegiod AQet i@ @b of MoRGHAI&IH b vedfbleR@EkIiON St at e
in which the bung is actuated by a plunger actuator to expel the dose of 25
t he ther apeutIPl?C%Rj‘e‘ﬁf/lc? reing theddiypry of aﬁ%?FEiPF‘&fW. ag?‘i‘tﬁﬂli‘témﬁ‘i:miﬂllq ¥iFfat es the
first end view and _the fjrst side view of the exenplary device 100 after an
injection in a post€isiPe@rioncdicasale g i mpdion ff ¢l Acedli e is
retracted w thidpdunayRuséNg dode drhendlgii@agbAQontained in thd &idvead apl e
automatic injection device 100 may i nclude a housing 102. In an exenplary
enbodi nent? tHEOHIGEhAdevionireraiheaient aoEp soryRleden EdRkYeguPt | on, al t hough
30one of ordi Rabyeufikiilylerleftive R8s tthethdrhpdugC @R ze that the housing 102 may
have any suitable sizé, shape and configuration for housing a barrel
portion containi Ngrha (GRASIRF rders tdLIAREBY S oRYSNEmE Bf pﬁeﬂaﬁéﬁ@?ag&t. }n an
exenpl ary enbodi ment, the housing 102 may be forned of any suitable
mat eri al i nclaidixpigplatymbedimani, givekghetod abqyt Bid mpibiliggagitogbpierl TRINGIT OFEoEY i al s.
The housi ng : r | Cobnjectd A i ncl ude
an 5adhesi ve%ﬁgyy%tde%g%e%\@%p%gléﬁy gﬁ%ﬁgméd %ﬁ? ?%%’E% sjggdr%lfl g@tébg%rt%?lgﬁﬁg%fs't he
bot t om of 11 helnhgugtmeyl ehgRdinkeat, theglepiay ohe peaod may rapngs frdve alylk Avofhinuipe
patient or anto%(gljtgﬁg%%nug%sot hing of the patient. In some exenplary

e

enbodi nents, the a Ive Tayer 124 may be configured to be placed on the

skin of the patie in_ardar t. I 1.0 jent to
del i ver the dose (r)"ﬁh e!tt et gﬁ%@?ﬂ%t&@g esHl &lgg%@g%%%?éde&eﬁta{/%?y ?O;B(hlrgrlgy

i ncl ude a noren ek@mpldtyesiavablet abpni@i6 irtjérarbn devicrohayatetivesplveor dftaehedoithadhesi ve
automati o nj G0t BRaEDr s Tan L s Rhles s B ARG G PP Eat fent
Bef or e t heo waatiah!sekauiho mat ibe uiedjte oidirenlydevple the 18QAcd © tpupatibl’ sk, [eag. , in
t he package state illustrated in. Figure 1A, the adhesive |ayer . 124 nmay be
coverad by a SeprarestRy i duge Bt ey BF oBE FRANEan BERbTER ir o o
t he adhesi ve baaygbr ddfhple] MgoPstodk@diki UeanbihkbnextPlampymboachéhd@hdarti@d®ofl30 whi ch
may be gripped by the patient and pulled 1tdo,r?m,)ve the protecti ved,fi ' m 128
fromthe adheSae gy &F ALWIINFRY Sedriigias tHE %ﬁeé‘?t\}l@f fnedto.pomedicyl | owi ng
the patient t@pahbatdagd Bed MEOURE NG adBeleRelipiary@inbo8imeK iHe aBiicle of clothing

25  may be a coupling mechanism that adheres the device in the proximity of the patient’s

skin including, but not limited to, a sleeve that may fit round a portion of the patient’s

body, a belt, a strap (e.g., a Velcro strap), and the like.

Il. Exemplary Embodiments
Certain exemplary wearable automatic injection devices are described with
30  reference to Figures 1-10. Certain exemplary needle systems that may be used in
exemplary wearable automatic injection devices to convey a therapeutic agent are
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article of clothing by placing the side with the adhesive | ayer 124 on the
skin or the 20article of clothing. The housing 102 may house a syringe
assenbl y wetendizsgr3subst antially along a | ongitudi nal apC3/us2tiewszsen a
proxi mal end (farthest fromthe injection needle) and a distal end (nearest
to the injection needle). The syringe assenbly may include a barrel portion
106 for holding a dose 108 of a therapeutic agent to be injected into a
patient's 25skin. The barrel rtio 6 ey extend substantially along the
ongt udi nal Ssen Sgadeiiegh Blavian e Frip vty PR Rk Rpetufh
needl e) and ahglimdydle vedilin ER@RI QS twehblkehatohijiedjdcomn Meads @)expdlm an exenpl ary
enbodi nent, the barrel FPrtion,lOG may. be a subﬁﬂgntialI%Fc¥andri§fl

menber havi ngDSARIUHE ARt TP dSUIRgE OF FTides preKiBTGROIED Bfergteai Y ek | in
the art wll 3eqegainZehplaly febfBe Pt @bn Sakib Mt hOPbI@RYd AMEmPRAY Sui tabl e
30shape or configuration, In an exenpl ary enbodi nent, the barre

portion 106 mEGATEE B{ARAUSHRPSHORIEHES ¢ HITHELE ACUDReYe thaelrtdh! i nj ect i on
process does nptioh &SHhdst-infeclifsiP¥RMBALIHAS wihfrlefte @ rgelkt 5285106 wi thin
and relative to the housinhg 102. I n another exenplary enbodi nent, the

barrel portion 106 may initially, i.e., before an injection . in a
pre-injection stattécmpRn; Weasable duqmpalic dyjeqhion deiess DAy wEPIPYEARTIBEERITRNY end of
the device 10@s {iRsrdidd iH$tduakad- i oFh BMRBe ddehbDy (asaNchulRY iPEgae! YaLeY
during an injection in an injection state to an extended position toward
the distal en@r bfldipga ders\af @ gherqpgutic agent thahnigy; e dalivgreghigio @iy Pedd at t he
proxi mal end @foubilen ARLGG] nd@Et i 0N 106 to seal the dose of the therapeutic
agent within the barrel portion 106 and to apply a force to the 10 dose to
expel the dose fromthe ban-el portion 106. The bung 110 nmay be noveabl e
within the ban-el TH8resldh!ldEstaang gemplengiaiodimeahal pfearshde YUemEic porti on

106 in order HhRc@RRVicE D6 AOREink b QYRR 8sLABRhat RA b A8a%tO fj Uk h&E 2R
injection in an injection state. In an exenplary enbodlneng, t he bung 110

may be confi gherepputie ageal iy the bestyrof fpaidant-oguie fl A Budtiaies a fiFe cfbyew apdia
squeezi ng theydage Ut ofhe LRERAY | BLuARELIANA0Pa plRu RNMDEF A SEP! ary
enbodi nment , a1 ung nayoﬁ%epro i eg fg seaf phe d%gé %%tﬁ%nlkﬁ%éban-el
portion 106 drigura |Bélbatratethpifist ord vew phdithg éirst sidd viemyo! e epeoplagelivico i npart
a force to thgbyn re'-iﬂ'e?tﬁoqles'iaté Q vﬁﬂéhe Chlatk Ql%eﬂ‘%%?erﬁ’lg ttheolg;e& G R@fs &1 portion
106. The syringe asse y may I nclude, at or near Fts distal end, a syringe
st opper or a minstalin pepbiagen of art ingcgotr. igee 1A Alustaes thadirsi ercl ideaal dyr i nge
needl e 120 and tasi(f[f]:eeéjl & fide STH Sl Bb gEVEL iiQ%ctt nen %r;{ni'e%ﬁg Qegdl e 120.
The needl e cover A hElNT HEMPEEY 5450V (ol B LR Fgnd” gt el e
shi el d, or bowlhich tha paiicnex ekiplsatigteegriyalli iffention debdie SYighed® itieedtee ti:A0stmay be
aligned parallel . to the |Longitudin axis L of 't evi ce .100. The syringe
eedl o 128 meponisvedi L8 Tty 8be Reahune Sty D REPA AT ot 2bl e For
pi ercing a sepfetiin sielinivehidtothe birfel p&@od Corlidiing Ihk dséer AlheBergaad hdvan .

deployed forwardly within the housing of the device 100. Figure 1E illustrates the first

end view and the first side view of the exemplary device 100 during an injection in an

injection state in which the bung is actuated by a plunger actuator to expel the dose of

25  the therapeutic agent from the barrel portion. Figure 1F illustrates the first end view and
the first side view of the exemplary device 100 after an injection in a post-injection state

in which the injection needle is retracted within the housing of the device 100.

The wearable automatic injection device 100 may include a housing 102. In an
exemplary embodiment, the housing 102 may have an elongated configuration, although
30  one of ordinary skill in the art will recognize that the housing 102 may have any suitable
size, shape and configuration for housing a barrel portion containing a dose of a
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25The syringe assenbly may include, at or near its proximl end, a plunger
actuator 112 for selectively actuating the bung 110 forwardly within the
ban- el powoi2on/B83t oward the distal end in order to injPettUS2iIG/033504

t herapeutically effective dose contained in the barrel portion 106 into a
patient's skin. The plunger actuator 112 nmay enpl oy an energy storage and
controll ed energy rel ease nmechanismto actuate the bung 110. In exenplary

30 enbodi t t t 112 d t the b
oo b ey ReAP R BN Rk e TRY e Bod BE FERSR 107 e 221

exenpl ary enbehdrittagy sditaele plawnigeincladihg auonot likdteday pakticiadober iowg 110
directly or indirectly though the use of a plunger disposed between the
bung 110 and P Eﬂﬁ?unger actuator 112. In an exenpl ary enbodi nent,

t he plunger actuator 112 may include a biasing nechanism e.g., a spring,
that is retractedTmeham@gjmpemﬂk&wmahmathMﬁ&Bgaﬁb@aseﬂlduhhngmBMBhﬁction
to actuate the bun rwa within the barrel portion | n anot her
el ary BrOBHRREIE HEONT et spderpomsy o REPoriehof Grealar gas
generator, e. QR thaik @xRapixial ioasskih Bothe baidnnoranRaricxpadedonhase before
injection and that expands during injection to actuate the bung 110
forwardly wi tHtRAL HesoRerxemplananiosdinents. the adissine layedgrpray by centisgtidient s,

the plunger agdgiat@bn %%klmyt@ml&ylnwg@rwma@h &Q%@sﬁ@m t@ftheWatidde o 1 ui ds,
gas pressure of conpressed gases, osnotic pressure, rogel expansi on, and
the |ike. dehverrrsheaqlpsw%thﬁ rapewicsaentmbh adhesiee lﬁyqaﬁé%maamchlé@ 8AOE12 may be
moved foryar dijeddelh md A PR alesROT ’h'lé)ﬁbnlagﬁeswé thb Mémt% ﬁbé&‘bﬂ thbear
manner, i.e., substantially constant speed. This my al e dose to be
del i vered to Ratenipad peivd latenwve Glgs’teaﬁbﬁatmoyla@@cham deyiged@f froprthe kit e. The
pl unger act uafQy ﬂﬁ&@o Y,dddgl ude or may be coupled to a danping nmechanism
that nmay be used abso energy, for exanple, an initial release of
energy, and to prOV|de a nore controlled rel ease of energy during energy
rel ease by the pl dvfe theotegeplsrautpamtic npestigbdavics| 0@ & nubloghse-Hfin dker gy may
result in a [ gp%; antially
const ant ratz&%%%gg Feé%%ao?ﬂ?ﬁémgg?é%gvgﬁgﬁgkggﬁﬁmdmgdmCGW§ revent abrupt
changes i thEO@QB@dmmﬂQBM@wh@hwvﬁﬁwmewﬁwanaGX@npf@ﬁmeWNQBWﬁEHM The pl unger
actuator 112 I I f i and a
danpi ng nech n|sﬂ?%g$ggzgPﬁ¥h%ﬂ%§g&%f5@9§?%% ﬁ%@ggﬂ%ﬁhggy%%ﬁiqpathmay
bet ween t he vmﬂlkd mgefmbud ttle pmchcwﬁefﬂhul?@ fﬂohOthe ladheainalalyarl%xéhpleapqses the

enbodi nent, Iun er Z } uat or t g bla 99 h h@ én1and a
danpi ng nechanl? € a'%p VRSV e§@53 %p Posth 53" PeVé MBSt apenent ,
a runaway esaa@ﬂaﬁhﬂmhagdybhangﬂk@ubhﬂﬂﬂh@ﬁ&@ﬁv@h@ﬁﬁuabyﬂembmdwﬂEnt, a

pl unger act uat or npl oy a stepper notor connected to a gear drive
system t o’ %rdVPﬂ%O%%@gﬁétant | i near delivery profile. The housi ng 102
of the wearable automatic injection device 100 nay al so house an injection
button 116 beari ng'ha hbedidgoM? mysyddesend sgringy eeﬁatrﬂbd))nemﬂdigeuﬂsh&tlhlhaﬂoﬂg&

SOt ST o R L B RE S PPl T RS IRSSIET 1 1,
of the devi cedid@nd krﬂ:arest to the injection needle). The syringe assembly may include a barrel

portion 106 for holding a dose 108 of a therapeutic agent to be injected into a patient’s

25  skin. The barrel portion 106 may extend substantially along the longitudinal axis

between a proximal end (farthest from the injection needle) and a distal end (nearest to

the injection needle). In an exemplary embodiment, the barrel portion 106 may be a

substantially cylindrical member having a circular cross-section, although one of

ordinary skill in the art will recognize that the barrel portion 106 may have any suitable

30  shape or configuration.

29



an exenpl ary enbodi nent, the injection needle 118 may be held in place by
an injection needle carrier (not pictured) provided in the injection button
116 or separatieldgszBrom the injection button 116. The i njpeTttisoni/0essdl e 118
may have any suitabl e size, shape and configuration suitable for piercing
the skin of the patient to deliver the therapeutic agent, 5and is not
limted to the illustrative enbodi nent. Suitable needles nay have a |l ength
configured or selected to,provide an jnjection d h suitable for.the
desirad therapy. StBLceaRkBLeT i BhRSE) pitaf P Buntddtefundhio 6« (o
ten mllinmet eicwsingiO2 donRatsikd iRjectidh poteeX@BPh@ irdsult Be ineahent bhe biyect i on
needl e 118 may have a | ength of about twelve nmand ma e injected to a
depth of abo oriidy D ik RGeS ot bqe%é? B _@a%@ BFifent s,
the injecti onhoadl BordidS 10@MaAURIY,8RYbEGreSHAi ihjBlIoA ifh O preliffet@MIRbe in0t her
subcut aneous, or intranuscul ar therapies. Suitable injection needl es may
have a wall thiCtRHESROSEAN tABrEte Sropten caeolsh doveicd it (GrabrENPS I ISeFengt h, a
di aneter suitphhe) bRd Al BLRuALSIFiRE ad InR\MiSiih &n AjedilR staRRii& &l SderRidpst ance
while mnimzing patient sensation, and a tip geonetry suitable for the
desi red t her ajyitinhiqvergibadigfal vl pla desiee 19&nsati on. 15Sui tabl e i nj ection
needl es may be coated as needed to mnimze patient sensation as allowed by
therapy. The inject b NeafdlBe pARidBY: BepeRMH ech &k vikNfRMicetol B s@sept i c
condition, i.e., sterile condition, by a needle cover 122, for exanple, a
rigid needl e bhfleral thy thegipeutiterganievighi & fara poigr A6 anddo ppahee {rghioblt t on
116 may al$o 4JiCloudBeidnddoRE £EARNELSRPIIHIA BPAREHudo 1h Gy 4V Ldtd Y of the
syringe needle 120. In a pre-injection state, the syringé needle 120 does
not pierce t heitiegredarelipegiongpeiarird the disthl enshahuls kearel roitigetOgeeprdeiie barr el
portion 106 t I - i B i - : i erced
by a needle,q%gﬁlgggﬁ%Fg@gﬁ%gﬁgg%ﬁ%éggﬁggangﬁg%#gt %%gé %%%?ﬁgghgfng/the
dose to | eaveexchelayanptedinpt, thedmng 060 magbeeingiguieh & mylioimbethfeetdbes £20. | n
an exenpl ary odi men ne._ or r ver 15 .2 clo he septumin
a sterility 5%%??&?55¥%%m§3u%¥gg (ﬁ§§mﬁéa%%%$géﬁﬂa%é§gthﬁ§§$%€nge needl e
120 pierces tdxemplptanhodiment, albon@mag keplided/tosndd ol doed1tvithih hige hangkect | on
needl e 118 and t he syringe needl e 120 may he coupl ed and in flui

Communi cati orP W onCaRh f SPnBRTGh origeiyt S phart ead Pl Ba6. 1 o
anot her exenphuag yn @1&adkqieede, thd MBe b Fdicl afel@aing 0618 and 30 t he syringe
needl e 120 may be coupled to and in fluid comuni cation with each other via

one or nore fluid.conduits (n ictured). I n anqgther exenpl ary embodi nent,
ohe T aot T on meodi® st RnbnBh P hE e hcor i30T B Fad X SR R B0 ot
to and in fl udidalgortounif detsyoipevilt khaemahinotuden syringe needlenl 28nAnéx eggalear y
enbodi nent, befor ninjection.in a pre-injection state, the injection
button 1180 ey gdo ongoling haprints Selsd b obieesde rdieht Fouty G b itet ng
ﬁo 2 5such t hadecliBehitld) £64id @fedibhie®]) od Bdh PInQinleéelgs afyle@iBolii@nt, @R s¢findehe
i 102
ousing 102, naé%dle 120 may be aligned parallel to the longitudinal axis L of the device 100. The
syringe needle 120 may have any suitable size, shape and configuration suitable for

piercing a septum, and is not limited to the illustrative embodiment.

25 The syringe assembly may include, at or near its proximal end, a plunger actuator
112 for selectively actuating the bung 110 forwardly within the barrel portion 106
toward the distal end in order to inject the therapeutically effective dose contained in the
barrel portion 106 into a patient’s skin. The plunger actuator 112 may employ an energy
storage and controlled energy release mechanism to actuate the bung 110. In exemplary

30  embodiments, the plunger actuator 112 may be located outside the barrel portion 106 or
partly or fully within the barrel portion 106. In an exemplary embodiments, the plunger
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illustrated in Figures 1A and 1B. In this position, the injection needle
118 may be retracted within the housing 102 and nay not be inserted into
the pati ewmD'28115188823 I n this position, the syringe needl ecIaB2emap3ises al i gned
vertically below the septumin the syringe stopper 114 and may not pierce
the septum At the beginning of the injection 10 process, the injection
button 116 may be pressed downward, for exanple, by a user of t he device or
automatically. Thi i.njection butto rtlcally

opr eased potiBn 1T M8 ph Mind Th G R g Rt P shdin S BrtChibiSh s sii n
such that thedispop@icietvasen imetiuag 1 lilodnie: plongeicopit@tinades fromthe top of the
housing 102, as illustrated in Figures 1C1E. In this position, the

i njection needle 118 rotrude fromthe 15 bott of .t he h usi ng 102 and
may be i nser ted i1 8" PR ppden 2o o i el p PRy nge
needl e 120 rmmedhemahugglea:kmng hhettﬁlﬂe&ﬁ:}tﬁd%fdrélmﬁd&&orﬁe}ﬂdltﬁtg@s sleaepduridgl 4 and

may pierce the septum In_an ex nbdl the s m initially
be” shaced T OHSEHRE At Mo RS Sn R Brishbhiohdi T ERETy i ngo
needl e 120 nBgkepRECENKOAENEE M PTunQr WARKLr NS ndy ichde a Shampagasldeheta@@r i NY
the syringe needle 120 is advanced within the housing 102 tovvard t he

septum That §&;2ngepyidingdpandpadyingmopsxpendrdrhiasy t&f:(ir? Bhecipn i hithe syringe

needl e 120 maphels ARRELHjcbti D LhrBarS BIRIUAY SUCBrFHAY WilhEY (e bareNorfibii d
conmuni cation between the barrel portion 106 and the injection needle 118

coupl ed to thESi hy ebeigampabteaodinents e alyngajaeipohl 2gpat@ploHy dsats el
portion 196 Sﬁ’é(ss@tg\é@%ﬁm’@ i o AP Surb SHSInR esg&zgagégv\@shg)tﬂc hesdistal end of

t he device 100 such that "t hat %he syringe need e 120 may piercé the septum
and est abl i shhydragelexponsimnnindded - bet ween the ban-el portion 106 and the
injection needle 118 coupled to the injection button 116. This fluid

communi cation may ghh W das&iiAlnt BeplLAKE 3REMEI Q2 M nfRed [RWADFyOM t he
ban-el portion 106 |nton%p%y pat i entns sﬁllrilléeetli hr ough tﬁfg@syrl nae neerdlyg 120

and t he i nj ecvittp thghaaedodionl86 yhesibpprtisdy fiaear @aaw,l licgduipsentiflly apggentpy t he
bung 110 duri s%gecﬁnﬂﬁsrﬁlﬁpa{lfomﬁ%@o&@% lBJ‘deﬁg(%]rE(P% Ot l?attlgnt at a sub, tantﬁﬂlfy%()ﬁét now to

Figure 1F, in an exenplary e I ment wear abl e
aut omat i c13 nj @dﬂwr(?)mtdeﬂheqéurrg@mcmyorllh%maﬂmcmds Ri maismple‘ﬂbmdalmng vvhi ch is

a st r uet ure Hﬁ&%ﬁrﬂsﬁ B‘gaﬂ:na)(? be hs@dtt(pz?osgr% M:r {;' fﬁ x%ﬁglehﬂl%ﬁ tlgpreljegé JPER

the injection si ror'to 1njectiron o ra eU|c agent an durlng
injection, t I“zelds«pnovsleame ¢cmat>llék13fale55e|o£ emeed yaduniagd emrg)hlelbambyfthﬂf pienger por ti on
of the undersj de. of tic injection
Gevi ce 100 1 PR afeg MR r s oty b8 R PR sk S eneor
foot 132 may diéryeﬁ)fitlteHowelbbuahtla'myomnCMfrdahweﬁloﬂme ddse ovdrjtieet ko si te.
When t he wear abl e aut matl ectlond?wc s rem)vedfro t he
et i onty va megdl et ettt e I AR TAY SEREIIEd. ¢ he
skin sensor f@@ﬁngbaa’ctma%orh@mela&eﬂ@e@ UeOygtauaE prRchureadtd vaxhﬁgldﬁldaﬂaia projects
out side the periphery of the housi n% 102. This, in tuyrn, trips a retraction
trigger. Wherfapping aechapism HHYP’FIP]@@@ OWSYG%IEFPR/I&?“(?E] in gfluid Pathway between the

working fluid and the bung 110. In another exemplary embodiment, a plunger actuator

112 may employ a biasing mechanism and a damping mechanism may employ a viscous
25  damper, a swiss lever escapement, a runaway escapement, and the like. In another

exemplary embodiment, a plunger actuator 112 may employ a stepper motor connected

to a gear drive system to provide a constant linear delivery profile.

The housing 102 of the wearable automatic injection device 100 may also house
an injection button 116 bearing a hollow hypodermic injection needle 118 that is
30  configured to pierce the patient’s skin. In an exemplary embodiment, the injection
needle 118 may be aligned orthogonally to the longitudinal axis L of the device 100. In
31



retraction nmechanismretracts the injection needle 120 which nmay al so raise
the injection button 116 fromthe vertically |owered position to the

verti cal Iwyoraiigess2posi ti on, so that the injection buttoRrCIAS2@n083504es from
the top of the housing 102 and the injection 15needle 118 is retracted

wi thin the housing 102. Figure 1A illustrates the wearable automatic
injection device 100 in a pre-injection state, for exanple, as packaged, in

whi ch the barrel portion 106 .be prefi]l e and/or. pre-filled wth the
ose 108 of -1 e eREpbsSleteeal e ngsinsedss PR Ral e bhin ksl o
use. The bar rekdipositibRotiEudaypreddddah thetihjectitasaudO B8l cafr séfaencdPtbariapeut i c
agent in the interior space defined between the wall or walls of the barrel
portion 106 alﬁtﬁ‘/c‘f%@“ﬁ%gﬂllﬁe IFCUQRA n&??‘ﬁfo]di Rthave #y spitigdre shapaadtor 112
may store enedogigdri@in sudiifor fleRARAR: sKIRYS (AE pdiRhE@o UOB/ePUB thelabRuticTfent,
injection button 116 may be partially disposed within the housing 102 at
the vertical 13pdigpy élantﬁ%gx e Biysteatigy empethmeny deifabnesilpsmaghiye f@ginj ect i on

needl e 118 nmBynhgurt®rs@et@d whbNidad AR OAURbMG UL fof M dedreRidtdpysi on of
the injection button 116 out of the top of the housing 102 ”ﬁ% provi de a
p

vi sual i ndi catubswianceus iiectiensitgitally peetpiabow sikdp(ca nalliening ine P et Inon
devi ce 100 1 S;NQEmpRryRfoBtAn theFihBUIH nt&d H UL RLES 14106 MGRGARL ve

autonmatic injection device 100 1 na pre- Injection staté in which the
needl e cover m@andnwybhejeegotto mdepily ef abapeseyarmmeanto thaskB0 e gdppixgmplary

enbodi nent s, ;Eg egt.l £ i.ncl ki E r at is
connectedﬁfo t edﬁ%%%F§Eg¥§gPh&%%;4§§3B§g%gﬁﬁﬁgﬁs S@??ﬁgé Hee gog%gers in
t he syringe stubpparcodsldr inffireuscnlmkihergpiee Mv@nrblerayectine hegdles may bieerwalr ot her

| i nkage mechani sm__\We he protective film 128 is repoved, .the |inking
romber of t nansrarsthigs it prRig Bk bl (Rab R L GIRNEE M IT AR, P
sept um and sya desgel fiveeditecoftioviafested sutstagcesyliilengieingviap paienflbdsatibkiagdine 1C

illustrates the wearabl.e to ic |hjection device 100 during an injection
' an | nj oot i GheeSoRTE T AORATARE tsi6e] RBRY 1Bl Bl TEepRE e
verticallys | oswetasld if@sioh hesdledintalibs cobdiel Rawsica® hihdmizk patdieseveribh eal | y

| onered position, the injection butto 6 may be di sposed within the

housi ng 102 af’cﬂoé‘(e‘élébﬁ@??&d%ml?é‘i“ﬁ Il?aqr‘}?ﬁff Bﬁ)ég%‘a)VFr&é é\g)‘? BANGHS & $SHRC
injection sit@ndi@bdl ikhsetiRicefdiliabNeaedR bi& 1MYoPEALPEL a fik@medde 10 bottom
of the hou5|n%»102 througﬁ an aperture in the housing 102 so that it can

penetrat e t heshild. i salf needle shigjleet bW site. In the vertically | owered state,
the injection button 116 may not protrude fromthe top of the housing 102,

whi ch may provi de e Yij&dish bhdshi 108Thia9nalsh endidie apairécaplt séphah disF@e&Vﬁﬁh@m e
automatic injection device 100 is in operation. Fi%ure,lD illustrates the
wear abl e AUt ofefiteof Uﬁ‘f @’é‘ﬂlg‘?ﬁ?e&]@\}?@eInlme'éfﬂ‘?‘i“ﬁﬁ stgtg, the syringe needle 120 does

not pierce the septum, thus prevent fluid communication between the barrel portion 106
and the syringe needle 120. In an injection state, when pierced by a needle, for example,
the syringe needle 120, the septum may allow the dose to leave the barrel portion 106
and enter the syringe needle 120. In an exemplary embodiment, one or more covers 115
25  may enclose the septum in a sterility barrier. The covers 115 may be pierced when the

syringe needle 120 pierces the septum.

In an exemplary embodiment, the injection needle 118 and the syringe needle
120 may be coupled to and in fluid communication with each other via the body of the
injection button 116. In another exemplary embodiment, the injection needle 118 and
30  the syringe needle 120 may be coupled to and in fluid communication with each other

via one or more fluid conduits (not pictured). In another exemplary embodiment, the
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15injection in an injection state in which the barrel portion 106

contai ning the dose 108 of the therapeutic agent is deployed forwardly from
a retractwo 2puogi3ss2en to an extended position wthin thePooas2oig/0sdsos he

devi ce 100. The advancenment of the barrel portion 106 nmay bring the distal
end of the barrel portion 106 or the syringe stopper 114 in the vicinity of
or in contact with the injection button 116. In an exenplary enbodi nment,

the 20syringe needl e ierce th ld.int t opper
114 1o or dor BSERSehF DH TR SEBrTeIaT b bedsak Sl AL A%t o
106 and the idvpeminicaionerdbeh biBr. Figure 1E illustrates the wearable
automatic injection device 100 during an injection in an inj ection state in

whi ch t he pIungerIactuato 112 | B trH%gﬁ%ed t 0.nove the 2 %‘ %
Triggering of the PrURYER aé%‘flﬂ%? orent T PICAALE ARSI %Ih% &3]} fn the

pl unger act uaihpttichlsittbm 1 0 Wey bd i@ amuealtmlsbxuptgltibﬁ@elm\tehb the thbesidparozel
portion 106 to rd the. distal e t he device 100. The venent of the
b 110 iy B bt th BEh ARG S O PE Cagba POM Tietbar r o
portion 106 tlhﬁﬂtégah it PRgufds $hahd G}BdImlstpbﬁtl&ﬁﬁﬁeﬂhjeﬂﬁfntﬂe&ﬂe 106mayry suitable
mechani sm may be used to trigger the plunger actuator 112 30i ncludi ng, but

not |imited t'6iracked YRk g hvesseh02eAdmay goidsipieer nty Laprlisers it da Uy t he

depr essi on of pdftien i §eibORclItIDOMaZ b6 apgfne@yerht@yrbemvtﬁé sépfunt fAendeedl e
cover 122, a trigger button that may be used he user, and the |ike.

Figure 1F illugpecatenpet He ape aruBrieieiat Geatrien X} e brornipeli BeinkOiORf t er an

i njection;dn g,RQS ihelifk&ohiARorst &ifay ﬁe%’res@é%@)n%mdaf&r%iiaﬂlﬂ]é @G LIBG oR
therapeutl cally effective 5dose of the t herapeutic agent or fenoval of the

wear abl e aut othmltvecelqmaet@tnﬁm@llnevhléelaw@shrth@mem@l [paien éht Logefedicelldel i very of
a therapeutic sle%faﬁﬁéﬂ r\éﬁtlg&%‘thé)ﬁou&ﬁlgléi‘a&aep gh gu%&es”stkm dulh t’l\tﬁte &b the

i njection butt Isin the verticafly raise tion

vertically ranEetmbnﬁngmilbﬁmo loiger projreddsifom thetdport thbmumgll(ti’easjlﬂlg;m@éd partly
W thin the hoysi te I Jlon above
the injecti on slgtuges %Batlhl?hli OS?thO%ecgln %Ctlﬁee(}ﬁﬁd?e %ﬁ P@m ﬁlge rfrgﬁ1 acted within
t he housi ny 11@)2tom/bf;r1®rttoummg o2 etnldenayrlnjeems'ert@hntouhet Imueﬂﬂsﬁsknnyn pnsopcemt)nf romthe
top of the ho n rovide.a i ndi cation_.to t|et t hat
e vear bl o draftar peoleloBaiy 55 Sl oI ey GO re® b A 08 e | on
(i.e., in a pasfpiti eelsé@imst at e) . The barrel portion 106 nmay be enpty of

the therapeutic agent and the plunger actuator 112 may no Ionger store

. A ski f f th h
SRSt O, A 5K SR R AR E R by B BREAPL Rl e houst o

injection button 116. In this embodiment, the syringe needle 120 may pierce the septum

20 when the syringe stopper 114 bearing the syringe needle 120 is advanced within the
housing 102 toward the septum. That is, before an injection in a pre-injection state, the
syringe needle 120 may be spaced from the septum such that there is no fluid
communication between the barrel portion 106 and the injection needle 118 coupled to
the injection button 116. In an injection state, the barrel portion 106 may advance within

25  the housing 102 toward the distal end of the device 100 such that that the syringe needle
120 may pierce the septum and establish fluid communication between the barrel portion
106 and the injection needle 118 coupled to the injection button 116. This fluid
communication may allow the dose of the therapeutic agent to flow from the barrel
portion 106 into the patient’s skin through the syringe needle 120 and the injection

30  needle 118 when pressure is applied to the dose by the bung 110 during an injection in

an injection state.
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The housing 102 may include a retraction nechanismthat automatically
raises the injection button 116 fromthe vertically |lowered injection state
(shown i rwbi2gur3823C- 1E) to the vertically rai sed post - iPpajrastélon3zsoat e
(shown in Figure 1F). In an 20 exenplary enbodi nent, the retraction

mechani sm may i nclude a biasing mechanism e.g., a spring, that biases the
syringe assenbly away fromthe injection site when the retraction nechani sm

is triggered. A retraction trjgger, when actiyvat ctrj t he
ot et o mechanReifE APGkRet ThIEER erolbRRy SabdalRt e ARkt abPHEhe  pe
Vﬁir:) t ij_cal ly | omﬁh éﬁﬂhéﬁi(?ﬁ%icﬁlﬁjgc;ﬁbﬁ dwr:]idset i(llc)ahdy}&ncﬁﬁderaadkﬁﬁddn% a&doe 132, !Whaslh iﬁaxerrpl ary
enbodl nent, the bu an or the plunger act or iLbncl ude a

li nking nmembeTUEYHTRRIEdnty of Hehy B‘Bfflg%?ﬂg‘hﬂ?“ﬂnégﬁé PfO’FWE‘% Fqn‘ﬁ?{}%“ﬂ%ﬁ{?er may
include a t et (Ohjedlidtes! thd tﬁ&alg@uera%éaagﬂdsaﬁhn%h@echbm khogtin@ARE fooly2 be of a
suitable I ength such that, when the bung 110 has been noved to the end of

t he ban- el pd? f§tapedrpdin geforpet PHgemCidlmpdele @b g pousingel i NlieAdhenenber

triggers a | af&hatidkomdlictitEdiod AEVitPHOLNR LRI tHeliRRctohisBORId acli N Ot her
exenpl ary enbodi nent, the extension of the skin sensor foot 132 fromthe

bot t om of t hethhglis pangorion IAAay PP free Wemvstbrbieey bheanpagigeby the injection) n an
exenpl ary emhodi ek thet%%rébf‘etaﬁlﬂﬁah@ﬂg@éﬁ%ﬂé@\lic%nﬁom?syrehﬁ%&{?&nﬂa@ i§0diopf dose

retraction trigger that, when tripped, triggers the retraction nechani sm
The end- of - ddserceadlessof wbethenthgdmg delvgrybeastcoinpleend, thhelin sdneontthetrldpeut i cal |y
effective,dos ' ' - 1.G I nlLection
dovi e 1< G Ty SheshPRRART b ARRRL widbrliBf WEELFRL F AL AT bl
retraction trilggdhisnmyuinncipudetactaaticgger.eWgen tha réttaetonriegeplissestivatedhook, t hat

s r el eased ul%&epcti%r? %lcheai[mesgl rdtrrellJ tgee {nlje;ég&y ﬁeeﬂéq%{) \eVEI{‘Cﬁ%al P so.rrrellalgeh[ M pdllioRY al so
i nclude an early-renoval retraction trigger that, whe ripped, trirggers
t he retracti dnutoeth@afiosne vEReabalowgred@otual tortet veatidtallp mided ipggesn, sagrabe

tri pped when the.wearabl e tomati c injecti evi.ce i.s remved.fromthe
1 eetton o ¢ b BurBRE AT sE AT bR el eyt et el PR et apeur o
agent is conpicetiellys detta¢ededhin the Bousxaopl ary enbodi ment, the
early-renoval retraction trigger may include a latch, e.g., a flexible

pl astic hook, that.is l.eased on renoval of. the arabl e. aut omati c
Phect fon_devi co Tt I SATERES P SRkHERR pa® kB RE R S b hani om i s
responsi ve t Oinfebgonendd fordaseple ek hadkhapa@int wiigg@e band poeisponsnyebd gret he
nesenbly 11 orflRl pipEeEi Bk SR e s TR R brany L Bk FHRERY] ng o
the injecti onpdauioh @adyl&h ubd THI®aM@pbital by madtsren pRiotd W8 JTae cause t he

syringe needle 120 to bend upward, thus preventing undesirable reuse of the
syri nge nébdl Beraprytit pEenhisdhapleaonpredelinegd hekyeathonalbavralls of Be frds 2A- 2F

i I'lustrate angxsMmbahy HLHIAA1 BN aPEmBodiyBa Al SluRtt AABdibiCl 12Q1aRisRed | ON
device 200 including a cartridge assenbly that nay be used to inject a dose
of energy that, when released, may actuate the’bung 110. The injection button 116 may be
partially disposed within the housing 102 at the vertically raised position above the
injection site, and the injection needle 118 may be retracted within the housing 102. The
25  protrusion of the injection button 116 out of the top of the housing 102 may provide a
visual indication to the patient that the wearable automatic injection device 100 is not in

operation.

Figure 1B illustrates the wearable automatic injection device 100 in a pre-
injection state in which the needle cover 122 and the septum cover are removed. In
30  exemplary embodiments, the protective film 128 may include a linking member that is

connected to the needle cover 122, the septum and syringe needle covers in the syringe
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a therapeutic agent into the body of a patient. Figure 2Aillustrates a
first end view and a first side view of the exenplary wearabl e device 200
in a packeigedipi3ss23nj ecti on state. Figure 2B ill ustrat epCrhms2diiniisoend vi ew
and the first side view of the exenplary device 200 in a pre-injection
state in which a needle shield covering the injection needle is 25renoved
in preparation for an injection. Figure 2Cillustrates the first end view

and the first side vi f .the exenpl ar evice 200 during an injection in
o’ nject i on wdtaes! M Tk ekid et bl A% & bR ni B ) cori on
needl e. Fi gurwhaDht btoustivaties1 Isherehioved, tenthkitigeménsireof thepibiecsie Hindesvi ew of
the exenpl ary devi ce ﬁgo‘%wringﬂgn injection in an injection state in which
the barrel pdPty EHO¥ORE APHTGY e dBS e SPYH AN HEPgpRuticcougeths s

30depl oyed fo%mw¥é&@@ggtﬂm n the housing of the device 200. Figure 2E
illustrates the first end view and the first side view of the exenplary
devi ce 200 during _an inpjection jn an injection state in ich the bung is
cotuated by a pr oddare HefseSR bbv ERmar i st Gh s ILRloedt: o agent
from the bar rigjeciariha®hjectib@itie iWhich heshjeatos sulidiel 1hiis mtihengiiosilgw and t he
first side view of the exenplary device 200 after an injection In a
post-injecti dRVeirEd PesitiGn Whl%ﬂlethﬁ'ém?grﬂo@cthf R vridedlvdovered Resition: B8 IUFHAR n t he

housi ng of t hudeYiECRa?BOdispilew A RS AULRMRE UepréRbEsitveARaleMieR1 200 My
i nclude a housing 202. In an exenplary enbodi ment, the housi ng 202 may have
4]

an el ongat ed leetiPn gervathicgpicctiamesheigh ts @e%ton@?iﬁl%klr%m@mrwpctifwnt he art will
recogni ze, ¢ halobR& rRUR LR ?(%hfaagh DAMRARYn B Ihb@R L1 08158 Ghat ﬁ@ﬁpﬁeél@t?ﬂe

configuration for housing a barrel portion containing a dose of

t her apeut i ¢ abeskin aighbjechgredteedn the rereplkydesnppdstyie dhbivitichembtutton hEd mMayisi ng
202 may be 1 ' tieh 1.8l . I - Jimted to,
pl astic and g%% gﬁgﬁgﬁﬂﬂgﬁ?§¢§g@§5&mﬂa16%ﬁ@htggghﬁghgganghgﬁgkag%g%ble

aut omat i ¢ i njtbepiatpnt Hevhcee2dl: maymitisdjedien daviedH9S$ wepbayier. 224 di sposed
al ong a patient contact portion at the bottom of the housing 202 that is

pl aced proxi mal t%&i’@lﬁlﬁ?ﬂu&& tﬁ%@/ezﬁ%ﬂa %ﬂ&m?t c éﬂféa ntdegﬂcgﬂm duﬁingfaﬂi ng of the

15 patient. In sone exenplary enbodi nents, esive layer 224 may be
confi gur eth t onjgetiqyl inee thjwhon fate sikivhiclh fhetbhrelpattioan o6 contanige thetdoscatdBath t he

housi ng 202 t ti 1 i 0, ] 1,.C; agent .
The adhesi ve TaaioBal Bl il Rpfi kbl BoAORRuRed MRULRR ARRHRLE, O
adhesi ve. Thepasion adheshykousiaR oP®6 davyge 18®. Jhe pipadcdment dfehqladricepiirtiand pul | ed
to renmove the ar abl e .au tic.injection device 200 fromthe skin 200r
ol ot hing of ¢ HE crad e dTEpA St hEbREL e £ LT heoress et Py T ce. 200
IS put to useyicigitgof oriimcdnkuet palk bhaggesioabettdn 116s I &i edmplanFénghudamedd thd he
adhesi ve | ayer .224 covered by a protective film2 whi ch preserves
The: adhest e Wi egr 1pueeirEe oty dyde B i st pl b YEofrifh 596 may
include a tahkes@Blshwhii€ Eonayni&eiof) betRBaOth Wartdd orlah Il @NdndaARNDinbtigideb@d t o
remove the protective film228 fromthe adhesive | ayer 224. This exposes
t he adhesive ﬂéyer 224, allow ng the patient to attach the housing 202 to
his or her skin or

Figure 1E illustrates the wearable automatic injection device 100 during an

injection in an injection state in which the plunger actuator 112 is triggered to move the
25  bung 110. Triggering of the plunger actuator 112 may release stored energy in the
plunger actuator 112 in order to move the bung 110 within the barrel portion 106 toward
the distal end of the device 100. The movement of the bung 110 may eject the dose of
the therapeutic agent from the barrel portion 106 through the distal end of the barrel
portion 106. Any suitable mechanism may be used to trigger the plunger actuator 112

30  including, but not limited to, a linking member that is coupled to and activated by the
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article of clothing by placing the side with the adhesive | ayer 224 on the
skin or the article of clothing. The housi ng 202 may house a

t her apeutwo 2agersss2art ri dge assenbly ext endi ng 30subst arCiraisbg11abisng a

| ongi tudi nal axis L between a proximal end (farthest fromthe injection
needl e) and a distal end (nearest to the injection needle). The cartridge
assenbly may include a barrel portion 206 for holding a dose 208 of a

t herapeutic a ent to injected i tient' s skin. The barrel portion
206y ext ertrrbsetats wrEGRERh T A bR R SEeRERN A broxt
end (fart hestuifg@mulidrehirmsdeivonl iageley, abd madika di stal end (nearest to the
injection needle). In an exenplary enbodi ment, the barrel portion 206 may

be a substantially.cylinhdr nenber .a.circ s-section,

o though one of on ikl AkfRs FETRRHICR Gl diRie FREE e bar e
portion 206 najeclhamve apoy-isjsidoaklae, Shapenpe, atafihjegingatth@mpeuticallapifexiespl ary
enbodi nent, the barrel portion 206 sta nar within the. 10 housing
202 so that t1iee PHe BB isnEts Sacaged ohde SraehRacHafh aBULE 160 1 he
barrel porti offor?@f pai¢ddbeforRnElivey at d Merap@uitdly dMRtSiciPsc8iZhe thirapsnat her

exenpl ary embodi nent, the barrel portion 206 may initially, i.e., before an

i njection in 3 @ YHighihe jngsetiaq byteon 1hG s ip the VF]é‘tci“lé}’cliaE‘éd pseion; ghthe owar d t he

proxi nal end @hl&hﬁrmybgﬁu&p@lem&mh blisdn Bb@schyive dkbedel partigAvidfa the and nMay
be actuated during an injection in an injection state to an extended

15posi ti on t dWariAS { Preatdn siespiedrigr caicalbhaisgélpcn2bgye the injection $ignpd2o may be

provi ded g tﬁﬁ:ctﬂfn%bﬂ@'l 1861@9)/ O relr e ORHHIR the@i@ﬁstu‘l h22 %%Jr@ons(ﬁéﬁlle ﬁlﬂ@tl(qps e of
the therapeutic agent within the barrel portion 206 and to apply a force to

the dose to ebxpen lihmadpoiect ranmheter ¢fdhe @usq@grl@? ©rPro0d: a Mkl pdisgtiao may be
moveabl e wit h&l@g&t%ﬁt tgﬂrtﬁeg\%ea&ﬁﬁef éu?(ﬂmgg%é] rdgw&%g E%:a 1y R0 €74, if?fo%érgtg)élbar rel

portlon 206 in expe ron1t portio during
an injection (p, am posfieptiorsiat)atlbe birrel aortiex difpinay e @niyp di the therapettie bung

210 may be Confrlltgalflldﬁldtptiunﬁgtaﬁ u%L?HP? Q Il(%'j o%%er%%% f%fe Se% slk e}lso?foo?? and

squeezi ng t he fdose ou arre anot her exenplary

enbodi nments ambmmgﬂnﬂymbmepmnﬂmd@ﬁeh@ms@abzupnnﬂmseﬂmfﬂmtwwwdﬂQOHamreI

portion 206 ap s a{ate pi ston nay be provided to inpart a force to the

bung in order %§W81?ﬁﬂ§eze the dose out of the barrel portion 206.

The cartridge assenbly may include, at or near its proximl end, a plunger

actuator 212 for %hboma’inge]IO;Z nwtinramderageura”uaiommn@amﬁ thachmuxtamdtliqallwiretistmisn t he

barrel portiopn 206 .to r.to. in

{ner apeut i cal 1y T8t reC T8 146 Bl Fy Gl - BR P WER Bt 1 nio a

patient's skin:1Hh@tmbmngﬁnyamkm@m@mmaiﬁnmaw(ﬂmmm@yF@nmamoenﬁmgy st orage
ease nmechani smto. actua

and controlled en r t éh I n
axermpl ar y JenbOATRER S EHE UGG BT E B 1 TR e FYRRPGdTHITS] de t he
barrel porti afg 20&riag, (Rambiasds (B sykidhd 3&sohiI bRayt Men Barihjettidacré et B06. 1 n an
exenpl ary , o
retraction mechanism is triggered.
A retraction trigger, when activated, may trigger the retraction mechanism in
order to raise the injection button 116 from the vertically lowered state to the vertically
25  raised state. In an exemplary embodiment, the bung 110 and/or the plunger actuator 112
may include a linking member connected to the retraction trigger. The linking member
may include a tether or other linkage mechanism. The linking member may be of a
suitable length such that, when the bung 110 has been moved to the end of the barrel
portion 106 (delivering a complete dose), the linking member triggers a latch that in turn
30  trips the retraction trigger. In another exemplary embodiment, the extension of the skin

sensor foot 132 from the bottom of the housing 102 may trip the retraction trigger.
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enbodi ment, the plunger actuator 212 may drive the bung 210 directly or
indirectly though the use of a plunger disposed between the bung 210 and

t he pl ungwo 2acit3ag2er 212. 5l n an exenpl ary enbodi nent, ®Phe/yskangassoact uat or
212 may include a biasing mechanism e.g., a spring, that is retracted
before injection and that is released during injection to actuate the bung
210 forwardly within the barrel portion 206. In another exenplary

enbodi ment, the plunger actuator. .21 i ncl ude, a.chem c as generat or,
o A expandi nd" PSR A PR dbn G h T bR ec | on
and that 10exqaaftsracivhitfigeet thae @heORiphal, &letdtie: thetibuigchidBmi ameandl y
within the barrel portion 206. In other exenplary enbodiments, the plunger
actuat or 212 QWS%%HPWHHWF%PY ke tgppedoiica ﬂEﬂ‘th%ﬁ/ 1?%’3’1‘# ﬁ‘ftﬁg,doifég pressure
of conpressednhgagRtc aQMRhEWRIAISMiAnadd)SeapaldcaxPRasiRd. &ngh the like. In
an exenpl ary enbodi nent, the plunger actuator 212 may be noved forwardly
15wi t hi n the $&PPBIY Pfodinemt sleyeendpf-doseypiaichnn frigeerymayi indade dfakhere- 4 . e. |

substanti al | yn&aaspiadc hooiEe et is TRk SedBontbhBWiddteu dRsiCert OTRErfgdiover ed to
the patient at a substantially constant delivery rate. The plunger actuator

212 may i ncl ubecharisTraay siso drslislc apl 4ty -mesHER g lioRelERemilyin wisaLrinpay be used
to absorb enethgg/ers @ ke R AMh &nafin Thd daBl-ER GRREQlon $&eBMay BOGiphQ PT OVi de

a nore controlFed rel ease of energy during energy rel ease by the plunger
20act uat or 2I1¢henThewewrtls sitdmadicripbdpodedee ismangypd frap themjdctior sitegetore
substantial |y, Li | eI i i - i al. ant rate
of deli ve?dy otP ; %hﬁgd%%}gggﬁ},oé\%rc é{ytepc{r?g% Matﬁ%faé%lgc %%egtvlgg(?ﬁ@g@ p(tﬁhlé%%ﬁggghi n the
speed of the deimplgrembodiment,ite eary-exermpl @irycteomagtempay incladph landee.gact uat or

212 may enplo e or. nore fluid circuits containin working fluid in
i ch tne ydalih e BBOE pid B Rl i S RBLAE B MDRIG 15 ¢ e
bung to nove ddaize hOMGomithichinjectidrsitbalheletrpoivh n@ohanfsnt ik eespartsive ikelte endd danpi ng

mechani sm may enploy a flow restrictor placed in the fluid circuit between
e sourceof - SHERNGRHgh P B Pome g co e A el B ekl ar y
enbodi ments  aaupdntigdlly ragdcy e QYrindt 2sdamplyeigah 0y igeddioasitdlg mechani sm for
exanple, a spiral spring or a helical conpression spring. A danping
mechani sm may enpl

cscaporont | ana A PP C ARBBRER. i Bl e AR R e "
actuator 212 mByd gixplodynag calise ey ingt medle 02Ntk aduivard lgsdievditinge systemto
provide a Conllsr}dgsri]}ablle irguesg' [)f tﬂg L§r¥1§£ Xee%{eognid Ithee'wearable automatic injection device.
Figures 2A-2F illustrate an exemplary embodiment of a wearable automatic
20 injection device 200 including a cartridge assembly that may be used to inject a dose of
a therapeutic agent into the body of a patient. Figure 2A illustrates a first end view and a
first side view of the exemplary wearable device 200 in a packaged pre-injection state.
Figure 2B illustrates the first end view and the first side view of the exemplary device
200 in a pre-injection state in which a needle shield covering the injection needle is
25 removed in preparation for an injection. Figure 2C illustrates the first end view and the
first side view of the exemplary device 200 during an injection in an injection state in
which the patient’s skin is pierced by the injection needle. Figure 2D illustrates the first
end view and the first side view of the exemplary device 200 during an injection in an
injection state in which the barrel portion containing the dose of the therapeutic agent is
30  deployed forwardly within the housing of the device 200. Figure 2E illustrates the first

end view and the first side view of the exemplary device 200 during an injection in an
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5The cartridge assenbly may include, at or near its distal end, a cartridge
st opper 214 that may include a septumand a cover 215 for the septum The
sept um nmewyohe11z13p828r ceabl e | ayer of naterial that is di epodsdoiadpmoent to
the distal end of the barrel portion 206 in order to seal the dose in the
barrel portion 206. Wen intact, the septum nmay seal the dose within the
barrel portion 206. \Wen pierced by a needle, for exanple, 10a syringe
needl e, the septum may. al | t he dose to | eave the barrel tiion 206 and
cnter i he syrTRoER et Bt AT e M Giebi bR A bR 4P efar may
be pierced bythatswmpenigagie@dhahe ParDp@tionTeliglre 2pilairgteckht arsperalesi ikl y
cover the sep%un1fr m .acci dent al Eiercinggp¥ the syringe needl e when the
devi ce 200 i ¢ Hrst e Hariohe X PRy (pues 7t 4y igieqidon 1l A peHRedien PR gur e
2A. In an exeaRndhthEemRethdmplle i BRI itHifge hd®si.QaRes deditd 20y al so

i nclude a cover to protectively cover a syringe needle provided in the

vicinity of the cartrid stopper. 214, ther prevent i accj dent al
Dercing o the st iy RHEREG: intgton e SONABK RRD bEEE BN & i (he
packaged pr e-dxbjnglaty @ibodinddng t@shdubihg S0 @hekhve An Flogihi&l cdAtiguth@nhashgg 202

of the wearable automatic injection device 200 may al so house 20an
i njection but 60! orghapesk] ¥d rhwily YSWgHVBHHé?hFrPEHSFI}ﬁ LMy haredyISEEls t hat

i's configur edsiie?stﬁli@ﬁrﬁl%ohﬂﬁlrﬁﬁﬁlif@lr}{o'u§in§Kbﬂrel béridh cAXESRRL dyserROdi neNt, the
i njection needle 218 may be aligned orthogonally to the longitudinal axis L

of the devi celhgBrrutic azeahtodeenpiiet in apBEAINEEn EMdedBCIineBeystis H2ewy & 218 may
be hel d i, pl @GRV aBPsdifdb18 TlakPiA1 MEBGHE Hobhdt1iflitel ROD1aRECnl L8 kRfwQVi ded i n
the injection button 216 or separately fromthe 25injection button 216. The
i nj ecti on neaditerig?e8 may have any suitable size, shape and configuration
suitable for piercing the skin of the patient to deliver the therapeutic
agent, and is nOtTmbﬁbﬁﬁﬂyﬂﬁcﬁhﬁ\M%EHQQLQ&MM@hﬁ%ﬁ&ﬂ&%ﬁ@hoo§M?h@ﬂh€aﬂeed|eS
may have a quath configured or selected to provide an injection depth
suitabl e for adhesividayer gt diposedujoneSuitstignt sAriac oitiep acthi beitom 9lighekpusipg
penetrate aboh i fiRel BRxhd kd MELGH St hBbRichD& fhibe drYcddnaBr Gxenpl ary
enbodi nent, t et?ﬁﬁgitfoﬁ éeeéle 218 may hag% azﬁeﬁgf% o% a%%uf twel ve mm
and nmay bé& i njadentedn someaexdaplpty cofbodivmots, he véhesimeriay en 234 e bskpmfigutad tot her
exenplary e i e npj.ect | . . uitabl e
for intr adem?ﬁj,la{%?h%%heégﬁgtwgﬁg%éﬁg& dc%?&?él Faétr}rﬁlg{:ﬁg?fsé&a%@edr) g%%tggalt uitabl e

i nj ecti on neetties theedosthafnbe thevspéutictapent k Misalhsdive laydr 824 mapinolndee nenif f i ci ent
mechani sm str th, a di ter suitable to | ow ired flow.rate of the
o oot eq subst s i B BN E kR ARl SRS Sl e rec ry
sui tabl e for pdientdes puled td Ratoaphewhiatadlenuoniati injig tip@dd ver 206 énsiahé in

Sui t abl e injection needl es. nay be coated as needed to m nimze patient
sensat i on’hs AITOUBHOBYC PHEPApy. The injection needl e 218 may be covered
and maintained in a septic condition by a needle cover 222, for exanple, a
rigid needl e shi elRtforatiecfehraneadiomagbingdcdon ddvide@dis fhODhee iery..aatheon but t on

216 may al so bear a hall ow syri.nge _needl e 220 confjqured to pjerce the

sept um and. estapter Satal g biae oA FoatutFR SREHIH R SoH 8¢ 506 1 an
exenpl ary enbgdicomatilmi2e whichipRgerveaBdhdhedvOndtmy obde aliicginethypainal ITeé to the
| ongi tudi nal axis, L of e device 200, The syringe needl e 220 may have any
suitabl e si ze?ro@?ﬂavﬁéﬂ%r%éggﬁﬁﬂcb‘lﬁ]feé‘ttﬁ’o%o 1Gh YD PPy l@’rtgf’ AYerttdsept um and
is not |ipgteghit@idBRove the protective film 228 from the adhesive layer 224. This exposes the

adhesive layer 224, allowing the patient to attach the housing 202 to his or her skin or
article of clothing by placing the side with the adhesive layer 224 on the skin or the

article of clothing.

The housing 202 may house a therapeutic agent cartridge assembly extending

30  substantially along a longitudinal axis L. between a proximal end (farthest from the
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15i I lustrati ve enbodi nent. In an exenpl ary enbodi nent, the injection
needl e 218 and the syringe needle 220 may be coupled to and in fluid
conmuni cawpan1mi3gsz3each ot her via the body of the injecPComnShutiosssoLl6. | n
anot her exenpl ary enbodi nent, the injection needl e 218 and the syringe
needl e 220 may be coupled to and in fluid communication with each other 20
via one or nore fluid conduits (not pictured). In another exenplary

enbodi ment, the injection.needle 8 an he.syrin dle 220 may be

i rect 1y coupPBe st A SR S aRen bt Fustog P Te i drade 'n an
exenpl ary enhgeini@ningy efude @ barel pojies OO héldiag prdesd AR L k iRrapsitAatagentt he
injection button 216 may be in a vertically raised position relative to the
housi ng 202 ZQEBHH“FWHWD@ﬁ@“?ﬁFé@Pi eWﬁ?%%ﬂﬂ?ﬁgxhpgﬁﬁﬁﬂg§&FFﬁﬂﬁthe top of
the housing 20Qehg tBSIohkitudsdal AtEskukEenfal GoNiREI A4 (@RBks2Bom ke ihjebfonpREds)i on, the
injection needle 218 may be retracted wi thin the housing 202 and may not be

i nserted iht oReligEepbieargstdihg injgaiop peedley ok anjegenplpyeibodinkge hieedl e 220

nmay be al i gneghepdriGeddednA R ubdMm s BPE MMkl hBSbGHalin: d98cu3QRREr 214 and
may not pierce the septum "At the beginning of the injection 30 process,

t he injecti orsepfiftny gopaleoneeny orkinapy Bdls mgheiesivirithiieenentze thag the bpire pPoBivna user of

the device or@utQMRLL GRIhidabid Hape SRYnRYHRichhe 1 nj ection button 216 to a
vertically depressed position relative to the housing 202 closer to the

patient's skin such that the injection button 216 no | onger protrudes from
the top of the hodspherepphary grgbodimenssthybaeel portiem iy aay traigipnary pyithiy the

posi tion, |4 he,duRhe6td QNhASRAhREHDroRYs REOhS YAEGI id APWNENRRLE @B bRl t hE.
housi ng 202 and may be inserted into the patient's skin. In this position,

5 the syri ngepaieadile within andyelpevedp thgedsing 2. thh anathe examplary embodimenty i dge

st opper 214 i ~ L0 an oy [rent,
he. ept um e It P S S mRRE AT, betopegm b Qi SHETRLAI FERFITENL o
enbodi nent, tdwetrsyed prgition eedirdeth pdrximeat epd efrtbeddvive 266 pisultnswhed int Figurear t ri dge
stopper 214 19 h eptum i s .adyan within the h g 202t ot oward
the T nj et ort bot ran DB BERMRS BrRELRRRE il E AR L g 2 71N
state, the sypasiige taveedihe dRR0emiyf thradesipace@ from t he septum such that there
is no fluid communi cati on between the barrel portion 206 and the injection

needl e 218 coupl e .0} i ; i nj ect i , the
barrel portion Zog\%%?bggggﬂ%gg§yﬁﬁﬁEH%%ggﬁéﬁgF%%ﬂéggmpgmgg%h?%g%%?% al end
of the devi ceh20&esbththiatrapetne aynt wigeén the datired p22i0n 266 arelyto ppey e €ortde tigept um
and establish,fluid ni cati.on bet ween e. barrel,.portion 206.and the
i cett on noclbe st RETRRL A3 RSl ARER 1B B bhEp Bk RS
conmuni cat i onwittey thelbagel pohin@06 ewaird thh distaheddagiel hacre Bigetidn 206 if baer hr om t he
ban-el portion 206 intgo th atient's skjn through the syringe needl e 220
ond the A copiie e rahdfetikLa o baR hang & GERPoLa S StEHET SebeThir t he
bung 210 durid@mpRry dhRdinhédn thdbung 210 may be configured to perform both functions of

sealing the dose and squeezing the dose out of the barrel portion 206. In another

exemplary embodiment, a bung may be provided to seal the dose within the barrel

portion 206 and a separate piston may be provided to impart a force to the bung in order

25  to squeeze the dose out of the barrel portion 206.

The cartridge assembly may include, at or near its proximal end, a plunger
actuator 212 for selectively actuating the bung 210 forwardly within the barrel portion
206 toward the distal end in order to inject the therapeutically effective dose contained
in the barrel portion 206 into a patient’s skin. The plunger actuator 212 may employ an
30  energy storage and controlled energy release mechanism to actuate the bung 210. In
exemplary embodiments, the plunger actuator 212 may be located outside the barrel

39



20an injection state. Referring now to Figure 2F, in an exenplary
enbodi nent, the housing 202 of the wearable automatic injection device 200
may i ncl e 2a11si88823sensor foot 232, which is a structur@Chasg@d/osssder or in
the portion of the housing 202 proximal to the injection site. Prior to
injection of the therapeutic agent and during injection, the skin sensor
foot 232 25 is retained within or forms a portion of the underside of the
housi ng 202. \Wen wear ab ect device 200 is attached
o the’i o ecthgiong Per HERY BEkfy SHLETR; bl RrSLARC 4P S 550539 rmy b fr e
to nove but naybodencmQniss plaigeestubyor Che manjieet theburgi 116 derWlElI’brﬁIhErerB/ar abl e
automatic injection device 200 js r m)vedfromt ion site,

regar dl ess of' ﬁW%‘tﬂPFe‘FSGPFI%p]GP%dHB‘Pﬁe By e Byiep] gf‘%‘a hetp LECHaCEnsor f oot
232 is 30no |Ipnger constrai ned, and extends and projects outside the
periphery of the housing 202. This in turn, trips a retraction trigger.
When the retracti ri iva retraction ani.smretracts
the injectlon nee Pén?’?g%&?ﬁ’( %e% é%gll"ﬁg%émﬂﬂ%r '121%6%4163%58%% 216 from
the verti cal | ednenigin@de. POSIrihg, ARt idretrit@edvRidré Mlcliyn 4l (BRG PREdell dGng SO t hat
the injection button 21at?gleotrudes fromthe top of the housing 202 and the

i nj ection neg@lcgliontg agt PHRE 219 Ry ik th‘i‘)??é‘feh@o@@‘?m%lip @‘EﬂﬂéeYZA
illustrates t&@ Ar e Rt @{%&mrcgef Nofedr0n nd wcﬁﬂeaQQemleal%a &eralonj €ction
state, for exarrp as packa , I'n which the barrel portion 206 may be
prefillable af‘n&l/@rexmléllrfgquﬂédh%l%lﬁatrﬁé cgsdepigsedtefarp giecHer asehiti ¢ agent
and in a [etrgphed d&@n‘% 15{e%nrt§§g}iat£ e bH§£210Tfﬁﬁvé?@§r WthinRAE bdrRNp&A6, MRy
contain the dose 208 he therapeutic agent in the |nter|or space defi ned
bet ween t he wilol Ibetheygixpryplafy enthedipzenisethe mmn%@w@ﬁr 2iGenayreanigyehyidanlic 210. I n
an enbodi nent TRy r n .. When

rel eased, naypr%%{ﬁﬁg?gu ung‘g%LID éss‘%%éfl nj é%%é’a uﬁr%;}}ﬁc%ﬁ may be

partial |y di spdsedl expadyion, andeéhdilikesi ng 202 at the vertically raised position
above the injection site, and the injection needle 218 may be retracted

Wi thin the housin ut of
the top of the hogg%%éxezé%?yn%g%ﬁlg%gﬂe glfu %\?lgcsdﬁ%{n%l%é& ?5{8 F%Jﬁg@fo&%ﬁg&patl ent
that the Wearwitie thebegeariteoni2Ap ect jubsadally deca2 00Nk, ivotubsmnogr anitan.

Figure 2B ill u ih a pre-
injection st ast&édr ol m%hﬁltowg[ﬁ%g% F}Oe@ec%@g(?r%%zth@%glgéthaggg%% h&ﬁl %ggsrdngr e
renmoved. | n ededingl aaty. ngnmuwtorah%mpy otclde bveay bd muﬁE&tqm@ampmmg ude a

| i nki ng menber that is t 0 needl e C and the septum
R e S e
may i ncl ude aanlled peridon nairdrlmntrblleallqa@&emﬁeﬂmgy d&uiting Whegy telvasqiiyahepiihgee il m

the neod! & corbrs38 ol PsTETS e arar Gy B hab r B dorR ne

cartridge st oppesrypiddile, i.c., a substantially constant rate of delivery of the dose over time, and

may prevent abrupt changes in the speed of the delivery.

In an exemplary embodiment, a plunger actuator 212 may employ one or more
fluid circuits containing a working fluid in which the hydraulic pressure of the working
25  fluid applies a force to the bung to move the bung within the barrel portion of the
cartridge. A damping mechanism may employ a flow restrictor placed in the fluid

circuit between a source of the working fluid and the bung.

In another exemplary embodiment, a plunger actuator 212 may employ a biasing

mechanism, for example, a spiral spring or a helical compression spring. A damping
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25Figure 2C illustrates the wearabl e automatic injection device 200 during
an injection in an injection state in which the injection button 216 is in
t he vertiwel2by/13s8r ed position within the housing 202. pCm/ush@ 1983504 cal | y

| owered position, the injection button 216 may be di sposed within the
housi ng 202 at a depressed or vertically | owered | ocation above the
injection site, and the injection needle 218 nmay project fromthe 30 bottom
of the housi ng 02 throu&h an a ert&lre in the housi n? 202 so that it can
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effective as illustrated in Figure 2A.

The housing 202 of the wearable automatic injection device 200 may also house
20  aninjection button 216 bearing a hollow hypodermic injection needle 218 that is
configured to pierce the patient’s skin. In an exemplary embodiment, the injection
needle 218 may be aligned orthogonally to the longitudinal axis L of the device 200. In
an exemplary embodiment, the injection needle 218 may be held in place by an injection
needle carrier (not pictured) provided in the injection button 216 or separately from the
25  injection button 216. The injection needle 218 may have any suitable size, shape and
configuration suitable for piercing the skin of the patient to deliver the therapeutic agent,
and is not limited to the illustrative embodiment. Suitable needles may have a length
configured or selected to provide an injection depth suitable for the desired therapy.
Subcutaneous injections typically penetrate about six to ten millimeters into the skin. In
30  an exemplary embodiment, the injection needle 218 may have a length of about twelve
mm and may be injected to a depth of about seven mm into the skin. In other exemplary
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dose of the therapeutic agent or renoval of the wearable automatic

i njection device 200 25fromthe patient before delivery of a

t her apeutwoabiwyi3gf2Bect i ve dose of the therapeutic agent PCrrusa#iobssphe
injection button 216 is in the vertically raised position. In the
vertically raised position, the injection button 216 may be di sposed partly
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i nj ection si tEnpemgaEon weh 358 PHseut i cal |y effective dose of therapeutic
agent is conpletely delivered. In an 30exenpl ary enbodi nent, the
early-renoval retnaet &xempldy ggeddimey, behgé hhdmjeatid)ralhmrpre-ﬁg@uon Qate, the

injection button 216 may be in a vertically raised position relative to the housing 202

25  such that the injection button 216 protrudes from the top of the housing 202, as
illustrated in Figures 2A and 2B. In this position, the injection needle 218 may be
retracted within the housing 202 and may not be inserted into the patient’s skin. In this
position, the syringe needle 220 may be aligned vertically above the septum in the
cartridge stopper 214 and may not pierce the septum. At the beginning of the injection

30  process, the injection button 216 may be pressed downward, for example, by a user of
the device or automatically. This may push the injection button 216 to a vertically
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flexible plastic hook, that is released upon renoval of the wearable
automatic injection device 200 fromthe injection site. The retraction
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17200, (1 FLASES RN RGP & 41 80 8P oF By AL 8, Ueh i voT o

i ntradernmal, iaubiintaneons; ndl)lbngempfo&ﬁ&&@tdnﬁﬂhe kdp & CHel HOOSing 20D, adillestargdl ary
enbodi nent, the. barr ortion 106 ma |IIabIe and/ or e-filled
with a vol unemﬁfguﬁ‘“ém Inpls posgiop. WFIH}J‘?%“P\EE‘?%‘ Cartd Dy RRLruge gfomtfl?. liters,

al t hough exenpli@mybfdeMoagsy mzeana@ﬁayluemste@@h iAQtRe Pl QXM Biypdsange of
t her apeuti c agent vol unes. | ary enbodi nents, the wearable

In
aut omat i ¢ 1 nj BetYBAC Beedleda0 iy be .ahgq@fi n@@@lﬁ)@?@@@ﬂ@h@ﬁﬁ#ﬂ%ﬁ@@ﬁf Ftéyrde used
to inject a thgyapeutd.calny. ef fective amount of therapeutic agent over a
period of time ranging fromabout ten seconds to about twelve hours.

Certain other exenplary enbodl ment s pr ovi de act uat| on devi ces and systens
15t hat cause act udh PofiesPlanemaqdinedhniepigemaytnitplly beipaced Eom feor der to

deliver the tRt@Rekbe 2 BOaRthiE AnsbdRadi 8RN sydhe@nceiRWos ﬁia?pw@é@lﬁ@e?ﬁlﬁl sl ow
enbodi ments nmay deliver therapeutic agent volunmes of about 0 1 mlliliters

to about 1 miVihanthe @ytrigge sienper 314 bapdigthg sopiinhis gyassed within Bgthonsing 307

m nutes, g thgugh tﬁ@%ﬁ@ﬂlé‘}{ Bﬁttgﬁblé/ e]!‘ﬁét f: AeBSte 8K H1jddQbn dnlaP ré ffkction Stk Sthe
exenpl ary range. 20ExerrgQ mbodi ments nmay prOV| de a | 1 near delivery

profile for tiyenganeedpddd ngy b@mat:edsf@)m Hatsentiye swl@lthaiéheye is ap ¢luids
substanti all y.q g&%ﬁﬁ&%n S Lentthd B eL@br? 6%t %,mﬂ?t onRERe S ao}@w wperofile

may reduce dis ort experience e patlent n an exenpl a

enbodi ment , ttheinjdrompewni2d6.apemntinjpeipn sated thk ibermel @drtion 2686 mamgdl\@n@l wivhibol us.
The rate of r th her ut i en e ent he

anbi ent 251 enfor SR EET R BESLERS AR R BF FERSASENLIROIC  ocy
of the delivenyy plemethtmarag@eslwe)uim&uﬂd ad)mmumtzh'roaéememanﬂoamqbomkma% ten

percent. r i ons I ar e e e. described with
reference to a‘f‘gx}ll W@eatcé ?@ggﬁée“roum(?ggo t@? I 8?’?1%% ?&g fhlfﬁ Yfhe art will
recogni ze t hadorﬂrﬂmlcex@mmhyaﬁmwduhaammn& tlaerrq)eptﬁcoa/geﬁiad flb@rfrant thudhidt i ve
PSS A T L AT Gor R St h e I8 PR BBt 1 ted

needle 218 when pressure is applied to the dose by the bung 210 during an injection in

20  an injection state.

Referring now to Figure 2F, in an exemplary embodiment, the housing 202 of the
wearable automatic injection device 200 may include a skin sensor foot 232, which is a
structure housed under or in the portion of the housing 202 proximal to the injection site.
Prior to injection of the therapeutic agent and during injection, the skin sensor foot 232
25  isretained within or forms a portion of the underside of the housing 202. When the
wearable automatic injection device 200 is attached to the injection site and activated,
the skin sensor foot 232 may be free to move but may be constrained by the injection
site. When the wearable automatic injection device 200 is removed from the injection
site, regardless of whether the drug delivery was completed, the skin sensor foot 232 is
30  no longer constrained, and extends and projects outside the periphery of the housing

202. This, in turn, trips a retraction trigger. When the retraction trigger is activated, a
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In an exenpl ary enbodi nrent, a wearable automatic injection device may have
an exenplary length of about 4.37 inches, an exenplary w dth of about 2.12
i nches, awo2an/e32apl ary hei ght of about 1.25 inches. | RCRUSexaopisasy
enbodi ment, the dianeter of the barrel portion is about 1.470 inches and
the length of the barrel portion is about 52.520 inches. Tables 1-3

summari ze the conponents of the length, width and hei ght, respectively, for

two exenplary types of the exe ar evi ce, ble 1: Summary. of .conponents

of t he 1lengt e n s F SRR bk 2 Rb e by g TRy iR

t hi ckness 0. 18fof 2 1200:5ett wiicallBBwefkd pédtitie@dhey cdiial) rddked @0si iBar; kethapor t i on
the injection button 216 protrudes from the top of the housing 202 and the injection

needle 218 is retracted within the housing 202.

5 Figure 2A illustrates the wearable automatic injection device 200 in a pre-
injection state, for example, as packaged, in which the barrel portion 206 may be pre-
fillable and/or pre-filled with the dose 208 of the therapeutic agent and in a retracted
position ready for use. The barrel portion 206 may contain the dose 208 of the
therapeutic agent in the interior space defined between the wall or walls of the barrel

10 portion 206 and the bung 210. In an embodiment, the plunger actuator 212 may store
energy that, when released, may actuate the bung 210. The injection button 216 may be
partially disposed within the housing 202 at the vertically raised position above the
injection site, and the injection needle 218 may be retracted within the housing 202. The
protrusion of the injection button 216 out of the top of the housing 202 may provide a

15  visual indication to the patient that the wearable automatic injection device 200 is not in

operation.

Figure 2B illustrates the wearable automatic injection device 200 in a pre-
injection state in which the needle cover 222 and the septum cover are removed. In
exemplary embodiments, the protective film 228 may include a linking member that is

20 connected to the needle cover 222 and the septum and syringe needle covers in the
cartridge stopper 214. The linking member may include a tether or other linkage
mechanism. When the protective film 228 is removed, the linking member of the
protective film 228 may remove the needle cover 222 and the septum and syringe needle

covers in the cartridge stopper 214.

25 Figure 2C illustrates the wearable automatic injection device 200 during an
injection in an injection state in which the injection button 216 is in the vertically
lowered position within the housing 202. In the vertically lowered position, the injection
button 216 may be disposed within the housing 202 at a depressed or vertically lowered
location above the injection site, and the injection needle 218 may project from the

30  bottom of the housing 202 through an aperture in the housing 202 so that it can penetrate
the skin at the injection site. In the vertically lowered state, the injection button 216 may
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2.520 2.520 Advance spring 0.470 0.322 Hydraulic connection 0.113 0.113
Wal | thickness 0.185 0.120 Total 4.370 3.968 Table 2: Summary of
conponentwoah11t13882ei dt h of an exenpl ary device (inch) EPemarsoiTppssod

10

15

20

25

30

not protrude from the top of the housing 202, which may provide a visual indication to

the patient that the wearable automatic injection device 200 is in operation.

Figure 2D illustrates the wearable automatic injection device 200 during an
injection in an injection state in which the barrel portion 206 containing the dose 208 of
the therapeutic agent is deployed forwardly from a retracted position to an extended
position within the housing of the device 200. The advancement of the barrel portion
206 may bring the distal end of the barrel portion 206 or the cartridge stopper 214 in the
vicinity of or in contact with the injection button 216. In an exemplary embodiment, the
syringe needle 220 may pierce the septum held in the cartridge stopper 214 in order to
establish fluid communication between the barrel portion 206 and the injection needle

218.

Figure 2E illustrates the wearable automatic injection device 200 during an
injection in an injection state in which the plunger actuator 212 is triggered to move the
bung 210. Triggering of the plunger actuator 212 may release stored energy in the
plunger actuator 212 in order to move the bung 210 within the barrel portion 206 toward
the distal end of the device 200. The movement of the bung 210 may eject the dose of
the therapeutic agent from the barrel portion 206 through the distal end of the barrel
portion 206. Any suitable mechanism may be used to trigger the plunger actuator 212
including, but not limited to, a linking member that is coupled to and activated by the
depression of the injection button 216 or by the removal of the needle cover 222, a

trigger button that may be used by the user, and the like.

Figure 2F illustrates the wearable automatic injection device 200 after an
injection in a post-injection state, for example, after injecting a therapeutically effective
dose of the therapeutic agent or removal of the wearable automatic injection device 200
from the patient before delivery of a therapeutically effective dose of the therapeutic
agent, in which the injection button 216 is in the vertically raised position. In the
vertically raised position, the injection button 216 may be disposed partly within the
housing 202 at an elevated or vertically raised location above the injection site, and the
injection needle 218 may be retracted within the housing 202. A portion of the injection
button 216 may project from the top of the housing 202 to provide a visual indication to
the patient that the wearable automatic injection device assembly 200 is not in operation
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Type 2 Wall thickness 0.185 0.120 Needl e | ock 1.045 0.935 Ban-el portion
width 0.470 0.470 Syringe lock 0.235 0.235 Wall thickness 0.185 0.120 Tot al
2.120 WO 2011/133823 PCT/US2011/033504

(i.e., in a post-injection state). The barrel portion 206 may be empty of the therapeutic
agent and the plunger actuator 212 may no longer store energy. A skin sensor foot 232
may extend from the bottom of the housing 202 upon removal of the device 200 from

the injection site.

5 The housing 202 may include a retraction mechanism that automatically raises
the injection button 216 from the vertically lowered injection state (shown in Figures
2C-2E) to the vertically raised post-injection state (shown in Figure 2F). In an
exemplary embodiment, the retraction mechanism may include a biasing mechanism,
e.g., a spring, that biases the cartridge assembly away from the injection site when the

10  retraction mechanism is triggered.

A retraction trigger, when activated, may trigger the retraction mechanism in
order to raise the injection button 216 from the vertically lowered state to the vertically
raised state. In an exemplary embodiment, the bung 210 and/or the plunger actuator 212
may include a linking member connected to the retraction trigger. The linking member

15  may include a tether or other linkage mechanism. The linking member may be of a
suitable length such that, when the bung 210 has been moved to the end of the barrel
portion 206 (delivering a complete dose), the linking member triggers a latch that in turn
trips the retraction trigger. In another exemplary embodiment, the extension of the skin

sensor foot 232 from the bottom of the housing 202 may trip the retraction trigger.

20 In an exemplary embodiment, the retraction mechanism may include an end-of-
dose retraction trigger that, when tripped, triggers the retraction mechanism. The end-
of-dose retraction trigger may be tripped when the therapeutically effective dose of
therapeutic agent in the wearable automatic injection device is delivered. In an
exemplary embodiment, the end-of-dose retraction trigger may include a latch, e.g., a

25  flexible plastic hook, that is released upon completed drug delivery. The retraction
mechanism may also include an early-removal retraction trigger that, when tripped,
triggers the retraction mechanism. The early-removal retraction trigger may be tripped
when the wearable automatic injection device is removed from the injection site before
the therapeutically effective dose of therapeutic agent is completely delivered. In an

30  exemplary embodiment, the early-removal retraction trigger may include a latch, e.g., a
flexible plastic hook, that is released upon removal of the wearable automatic injection
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1.880 10 Table 3: Summary of conponents of the height of an exenplary
device (inch) Elenent Type 1 Type 2 Wall thickness 0.100 0.120 Needl e cover
0.431 0. 4302014032231/ 133823PCT/ US2011/ 033504 Sept um 0. 4@0TAIS3®A/033504

device 200 from the injection site. The retraction mechanism is responsive to the end-
of-dose retraction trigger and responsive to the early-removal retraction trigger to

automatically retract the cartridge assembly from the injection site.

In exemplary embodiments, the barrel portion of the wearable automatic
5 injection device 100 (in Figure 1)/200 (in Figure 2) may be pre-fillable and/or pre-filled
with any volume of a therapeutic agent, e.g., a therapeutic antibody, desired for
intradermal, subcutaneous, or intramuscular injections. In an exemplary embodiment,
the barrel portion 106 may be pre-fillable and/or pre-filled with a volume of between
about 0.1 milliliters and about 1.0 milliliters, although exemplary devices are not limited

10 to this exemplary range of therapeutic agent volumes.

In exemplary embodiments, the wearable automatic injection device 100 (in

Figure 1)/200 (in Figure 2) may be used to inject a therapeutically effective amount of
therapeutic agent over a period of time ranging from about ten seconds to about twelve
hours. Certain other exemplary embodiments provide actuation devices and systems

15  that cause actuation of the syringe plunger at a slow rate in order to deliver the
therapeutic agent to a patient at a slow rate. Exemplary slow embodiments may deliver
therapeutic agent volumes of about 0.1 milliliters to about 1 milliliter or more in about
five minutes to about thirty minutes, although exemplary delivery rates are not limited to

this exemplary range.

20 Exemplary embodiments may provide a linear delivery profile for the therapeutic
agent so that the delivery rate is substantially constant over time. In some cases, a linear
delivery profile may reduce discomfort experienced by the patient. In an exemplary

embodiment, the therapeutic agent may be delivered in a single slow bolus.

The rate of delivery of the therapeutic agent may be dependent on the ambient
25  temperature. Atroom temperature, i.e., about 72° I, the accuracy of the delivery time

may range between about three percent and about ten percent.

Exemplary dimensions of exemplary devices are described with reference to
Tables 1-6. However, one of ordinary skill in the art will recognize that the exemplary
dimensions are provided for illustrative purposes, and that exemplary automatic

30  injection devices are not limited to the illustrative dimensions.
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Spring solid height 0.200 0.000 Wall thickness 0.185 0.125 Total 1.316
1.026 In an exenpl ary enbodi nent, the dianmeter of the ban-el portion
i n producwocenivmsgs2Be i ncreased from about 1.470 inches lpgTAlSOW1/08350L5

i nches, and the length of the barrel portion may be decreased in production
from about 2.520 inches by about 0.732 5 inches. Tables 4-6 sumarize the
conponents of the length, width and hei ght, respectively, for two exenplary
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an exemplary length of about 4.37 inches, an exemplary width of about 2.12 inches, and
an exemplary height of about 1.25 inches. In an exemplary embodiment, the diameter of
the barrel portion is about 1.470 inches and the length of the barrel portion is about
5  2.520 inches. Tables 1-3 summarize the components of the length, width and height,

respectively, for two exemplary types of the exemplary device.

Table 1: Summary of components of the length of an exemplary device (inch)

Element Type 1 Type 2
Wall thickness 0.185 0.120
Septum 0.397 0.272
Needle 0.500 0.500
Barrel portion 2.520 2.520
Advance spring 0.470 0.322
Hydraulic connection 0.113 0.113
Wall thickness 0.185 0.120
Total 4.370 3.968

Table 2: Summary of components of the width of an exemplary device (inch)

Element Type 1 Type 2
Wall thickness 0.185 0.120
Needle lock 1.045 0.935
Barrel portion width 0.470 0.470
Syringe lock 0.235 0.235
Wall thickness 0.185 0.120
Total 2.120 1.880

10

Table 3: Summary of components of the height of an exemplary device (inch)

Element Type 1 Type 2
Wall thickness 0.100 0.120
Needle cover 0.431 0.431
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0.120 Septum 0.397 0.272 Needl e 0.500 0.250 Barrel portion 2.520 1.788
Advance spring 0.470 0.322 Hydraulic connection 0.113 0.113 Wall thickness

0. 185 WO 2011/133823 PCT/US2011/033504
Septum 0.400 0.350
Spring solid height 0.200 0.000
Wall thickness 0.185 0.125
Total 1.316 1.026

In an exemplary embodiment, the diameter of the barrel portion in production
may be increased from about 1.470 inches by about 0.125 inches, and the length of the
barrel portion may be decreased in production from about 2.520 inches by about 0.732

5 inches. Tables 4-6 summarize the components of the length, width and height,

respectively, for two exemplary types of the exemplary device.

Table 4: Summary of components of the length of an exemplary device (inch)

Element Type 1 Type 2
Wall thickness 0.185 0.120
Septum 0.397 0.272
Needle 0.500 0.250
Barrel portion 2.520 1.788
Advance spring 0.470 0.322
Hydraulic connection 0.113 0.113
Wall thickness 0.185 0.120
Total 4.370 2.986

Table 5: Summary of components of the width of an exemplary device (inch)

Element Type 1 Type 2

Wall thickness 0.185 0..120
Needle lock 1.045 0.935
Barrel portion width 0.470 0.595
Syringe lock 0.235 0.235
Wall thickness 0.185 0.120
Total 2.120 2.005

10

Table 6: Summary of components of the height of an exemplary device (inch)

Element Type 1 Type 2
Wall thickness 0.100 0.120
Needle cover 0.431 0.493
Septum 0.400 0.350
Spring solid height 0.200 0.000

49



0.120 Tot al

4.370 2.986 Table 5: Summary of conponents of the width of an

exenpl ary device (inch) Elenent Type 1 Type 2 Wall thickness 0.185 0..120
Needl e | ow® 2011043828. 935 Ban-el portion width 0.470 0.59FCT/US2011/033504
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Wall thickness 0.185 0.125

Total 1.316 1.088

Figure 3 is a flow chart of an exemplary method 300 of assembling an exemplary
automatic injection device 100. In step 302, a syringe or a cartridge assembly may be
sterilized and assembled. In step 304, an injection button may be sterilized and
assembled. In step 306, the barrel portion of the syringe or cartridge assembly may be
filled with a dose of a therapeutic agent that is to be administered to a patient. In step
308, a sterile bung may be placed in the barrel portion of the syringe or cartridge
assembly to seal the therapeutic agent inside the barrel portion. The containment of the
therapeutic agent inside the wearable automatic injection device by the sterile barrel
portion and the sterile bung maintains sterility of the therapeutic agent. As such, in an
exemplary embodiment, the remaining components of the wearable automatic injection
device may be assembled in a non-sterile environment after the barrel portion is pre-
fillable and/or pre-filled with the therapeutic agent. For example, in step 310, a non-
sterile plunger actuator, for example, a biasing mechanism may be inserted behind the

bung.

In step 312, the syringe or cartridge assembly may be inserted into a non-sterile
housing. The housing may be pre-assembled with other non-sterile components, e.g., an
adhesive layer, a protective film, a skin sensor foot, and the like. In step 314, the
injection button (with an enclosed sterile fluid path and one or more needles) may be
inserted into the non-sterile housing. In exemplary embodiments, the barrel portion,
the enclosed hypodermic injection needle, the syringe needle, the needle cover, and the
bung may provide the sterility barrier for the therapeutic agent and the fluid path. Thus,
once the barrel portion is filled with the therapeutic agent and the bung is inserted into
the barrel portion, assembly of the remaining portions of the device does not require
aseptic conditions. No therapeutic agent transfer steps need to be performed by the user.
In step 316, the assembled automatic injection device may be placed in an over-wrap, if
necessary, and may then be commercially packaged for sale. Figure 1A illustrates an
exemplary embodiment of the assembled automatic injection device in the packaged pre-

injection state.
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Syringe lock 0.235 0.235 Wall thickness 0.185 0.120 Total 2.120 2.005 10
Table 6: Sunmary of conponents of the height of an exenplary device (inch)
El ement TWpeol/iBgg2e 2 Wal |l thickness 0.100 0.120 PCT/US2011/033504

Figure 4 is a flow chart of an exemplary method 400 of using an exemplary
automatic injection device. The wearable automatic injection device packaged and pre-
fillable and/or pre-filled with a therapeutic agent may be generally stored in refrigerated
storage before use. In step 402, the packaged automatic injection device may be

5 removed from storage. In step 404, the wearable automatic injection device may be
removed from its packaging and any over-wrap, and warmed to room temperature, €.g.,
by leaving the wearable device outside the packaging at room temperature or by
warming the wearable device. In step 406, the patient may confirm that the barrel
portion contains a volume of the therapeutic agent through an therapeutic agent

10 inspection window disposed in the device housing, and may also confirm the clarity of

the therapeutic agent if necessary.

In step 408, the injection site on the skin of the patient may be selected and
prepared for the delivery of the therapeutic agent. In step 410, the patient uses the
wearable automatic injection device to inject the therapeutic agent into the injection site.

15  The steps generally involved within step 410 are described below in connection with
Figure 5. In step 412, after performing the injection, the wearable automatic injection

device may be removed from the patient and discarded in an appropriate manner.

Figure 5 is a flow chart of an exemplary method 500 of using an exemplary
automatic injection device to inject a therapeutically effective amount of a therapeutic
20  agent into a patient. Exemplary method 500 is a detailed outline of step 410 in Figure 4.
In step 502, the patient removes the protective film that covers and protects the adhesive
layer of the wearable automatic injection device. In some exemplary embodiments,
removal of the protective film also removes the needle cover and the septum cover in the

syringe or cartridge stopper.

25 In step 504, the patient applies the patient contact portion of the wearable
automatic injection device with the adhesive layer to the injection site (or an article of
clothing around the injections site) so that the device is reliably retained on the injection

site during the injection of the therapeutically effective dose of therapeutic agent.

In step 506, once the wearable automatic injection device is attached to the

30 injection site, the patient may depress the injection button from a vertically raised
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Needl e cover 0.431 0.493 Septum 0.400 0.350 Spring solid height 0.200 0.000
WD 2011/ 133823PCT/ US2011/ 033504 Wall thickness 0.185 0.125 Total 1.316
1.088 WO 2011/133823 PCT/US2011/033504

position in the pre-injection state to a vertically lowered position in the injection state
within the housing. In the vertically raised position, the end of the injection button
bearing the injection needle is retracted within the housing and is not exposed to the
outside of the housing. When depressed, the end of the injection button bearing the

5 injection needle is moved downward either linearly or rotationally within the housing so
that the injection needle emerges from an aperture in the housing and is exposed. This
allows the injection needle to penetrate the skin of the patient to an appropriate depth for
injection of the therapeutic agent. The downward movement of the injection button in
the housing may be linear (i.e., a vertical downward movement) or rotary (i.e., in a

10 circular movement about a pivot point).

In an exemplary embodiment, the injection button is depressed into the housing
by the patient manually pushing down the injection button. In another exemplary
embodiment, the patient may activate an injection trigger, e.g., a trigger button located
in a conveniently accessible location such as the top of the housing, which causes the

15  injection trigger to automatically depress the injection button into the housing and in
turn, cause the injection needle to pierce the skin of the patient. In an exemplary
embodiment, pressing the injection trigger button may release a latch in the injection
trigger that allows a spring to bias the injection button downwardly in the housing. The
same motion of the injection button may cause the injection needle to be inserted into

20  the injection site to an appropriate depth.

In step 508, depressing the injection button may trigger a syringe or cartridge
actuator that moves the syringe or cartridge assembly, more specifically, the barrel
portion, forwardly within and relative to the housing from a retracted position (in which
the distal end of the syringe or cartridge assembly is spaced from the injection button) to

25  an extended position (in which the distal end of the syringe or cartridge assembly is
adjacent to and/or in contact with the injection button). In another exemplary
embodiment, the syringe or cartridge actuator is triggered not by depressing the injection
button, but by the user activating a trigger, e.g., in the form of a trigger button. In an
exemplary embodiment, movement of the syringe or cartridge assembly toward the

30  injection button may cause the syringe needle to pierce the septum.
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Figure 3 is a flow chart of an exenplary nmethod 300 of assenbling an

exenpl ary automatic injection device 100. In step 302, a syringe or a
cartri dgewazsants3bszimay be sterilized and assenbl ed. | n SCEMS3O4/033504
injection button may be sterilized and 5assenbled. In step 306, the barrel
portion of the syringe or cartridge assenbly may be filled wth a dose of a
therapeutic agent that is to be admnistered to a patient. In step 308, a

sterile bung may he pl d.in.t ort on of the s n
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an adhesi ve Iayer a protective film Ta ski'n Sensor foot, 'and the |ike. In
step 314, themdm%edwumnﬂﬁumU@ﬁSGWmth an encl osed sterile fluid path and one
or nore needl es) may be 20inserted into the non-sterile housing. In
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injection needl e, the syringe needl e, the needl e cover, and the bung nay
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over - wwap15|faqmﬁessamyesamdmmamﬂyhen be connerC|aIIy packaged for sal e.
Figure 1A illustrates an exenpl ary enbodi nent of the assenbl ed automatic

i njection device i [ e 4 is a
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agent limited to, a viscous damper or an escapement) may be used to absorb energy, for

example, an initial release of energy, and to provide a more controlled release of energy

25  during energy release by the plunger actuator. A flow restrictor placed in a fluid
pathway between the needle and the bung may be used to further regulate the rate of
therapeutic agent delivery, e.g., where the plunger actuator delivers an unconstrained
spring force via a working fluid. Thus, an appropriate plunger actuator and an
appropriate control mechanism may be selected to deliver the dose at a controlled rate,

30  e.g.,in asingle slow bolus free of or substantially free of any burning sensation to the

patient.
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10 i nspection w ndow di sposed in the device housing, and may al so confirm
the clarity of the therapeutic agent if necessary. In step 408, the
i njecti orweizba/1BB828he skin of the patient nay be sel ect edTarsdoiprsises ed f or
the delivery of the therapeutic agent. In step 410, the patient uses the
wear abl e automatic injection device to inject the therapeutic agent into
the injection site. 15 The steps generally involved wthin step 410 are
descri bed below in connection with Figure.5. In.ste 2, after performng
Che i nj ect ion. -t ha" ARaras ol P o Righor ed sy Suetishoved from
t he patient amdadibsartid@idn whish) whpp ridRélcdtreratanieihjection button Ht@thee 5 1S a
fl ow chart of an ex(?rrﬁcl ar%/, met hod 500 of using an exenplary automatic
i nj ection deviwdng §U7 Hjeeat ineclionin A ROHrineef NS4S f ect i ve amount of a
t herapeutic 20agent into a patient. Exenplary nethod 500 is a detailed
outline of step 41Rsieps5H, gpsrededivery bf it eprdpddticallheffqedtd ént, thehmygasd/bhe
protective filmthat covers and roh?@its t he adhesi ve | ayer of the wearable
aut omat i ¢ 1 nj BEPBHT dee" tﬁpélgerﬁé‘ X arr i ehSare fedC4clfbval  of t he
protective fiheohahis9. TREBMESnY/BELEBREALS aBOMEF maGlcluliea BERhdeGRyer in the
syringe or cartridge stopper. 25In step 504, the patient applies the
patient cont aMngy tt?%eaﬂ'of'ﬂ%eﬁ%{é‘fi‘é% HEgfit gh‘ﬁltll?l‘én% fﬁfféléﬂtrp@bil‘?fé‘%ﬁe@e with the
adhesi ve | ayegmbiortolRr [iiia86 tk&anSint ahé AhkiAD nRMbeGhE Hfor @ls@itdbienengat ound t he
injections site) so that the device is reliably retained on the injection
site during t¥e0 ihaj, 8Een BA bere hanecerHapvep suthp erd Plyhenriags prrartddsassmbly
t her apeut j¢ d@€f\ering a complete doseh, ST fkbhe: ane?ﬂ%%elrs R B@RAEREN gipsamat i c
injection device is attached to the 30injection site, the patient may
depress the imjresgipngregbutt on froma vertically raised position in the
pre-injection state to a vertically lowered position in the injection state
W thin the housingpgbfsihendahd éfalldbsd Rirf€dn BRSEL ik Hipped, M6 @Rkush the
injection button bearing the injection needle is retracted within the
housi ng and i®eqhanisa Ry seitict he mrstion by iogapyhrdtindde{bekiusige apheraydepn essed,
the end of the, \Bi-BCLLAR RMdAD il fHeisPohdoRE Rl ELL ARy BRGSOk Moved
downward eit heer} bimenearﬁy l%r r ot al'l[%i or?z; ftevm?tcﬁlhﬁllgt Ee rﬁoﬁs?ﬁg X 8 that the
i nj ecti onlheediceti@rmatyds afl exampary apbediners, thn noeménd & iha énjepticn beftcaxposed.
This allows the. i nj. j t 2SKi f e tent to an
appropriate gig)fnﬁ&?g&t%tg?oe@??géﬁ?nd%&lf) ﬁgtrg%ﬁ%eer%%gg%g‘i% éﬁggﬁlﬁ?’.eél‘hme Cgé’)ﬁ\ivnwar d
novenment of twigch pjoeided arulindanatiomoftthecdngligion@f thasapbeiclapemedelivery. e. , a
vertical downward noyv nt r rotar . e . .| 10ci rcul.ar mgvenent about
2 pivot poi ntyice reuteted: iy inteotin dutlop e cunidelne hotsite AR TR But t on 1
depr essed i ntwsuahadieaisi aichebyatd dfehgatdrend avi@natialihjyctiod slbvicg fade@wmplbe
injection_button. In another exenplary enbodi hent,. th ti.ent may activate
an i nj ect b PIPkYEP of Bogretiis S BeiRprie e Bucaian o e A usHHO dRTBRE |y
accessi bl e | agptii@ntgeich as the top of the housing, which causes the
15injection trigger to autonmatically depress the injection button into the
housing and in . o . .
Howeyver, if the wearable device is removed from the skin of the patient before
the completion of therapeutically effective dose of the therapeutic agent, the skin sensor
foot may extend to the outside of the housing and trip the early-removal retraction
25  trigger of the retraction mechanism. Once the early-removal retraction trigger is tripped,
the retraction mechanism deploys the injection button upward in the housing away from
the patient contact portion so that the syringe or cartridge assembly enters a post-
injection state. In an exemplary embodiment, the plunger actuator may continue to
move forwardly in the barrel portion toward the syringe needle when the device is
30 removed from the patient before completion of delivery of a therapeutically effective
dose of the therapeutic agent.
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turn, cause the injection needle to pierce the skin of the patient. In an

exenpl ary enbodi nent, pressing the injection trigger button may rel ease a

| at ch i n wbeoiwi3eg2Bi on trigger that allows a spring to [pCcagseéwa/osispecti on

button downwardly in the housing. The sane notion of the injection button

may cause the injection needle to be inserted into 20the injection site to
an appropriate depth. In step 508, depressing the injection button may

trigger a syringe . or c ri dge actuator that noves the syri.nge cartridge
hssembl v more opdinet SIg PSR BFat BEk BRESRultGe SRR Baedls g
relative to tpievenot8éphgnichomm ke inRlti@cicedle pOsblilefeedienstidhpokectitie Ihest al end
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button). In another exenpl ary enbodi nent, the syringe or cartridge actuator
i s triggered M6tleiyrkyapy wskiindut He nptjnateditep P&G%{‘t’ BIAC, puetaplate e ligses-
activating a trigger, e.g., inthe formof a trigger button. In an

exenpl ary enbodi maduresINV 60 ERErAE ad BRNPYY AFEMDhert T 4 Hbdade agsaml y toward
the 30i njection button nay cause the syringe needle to pierce the septum
In step 510, W‘?%?P%"r‘i’élcﬁp@({%\]ﬂta@ﬁéoré‘fﬂeatrﬁ@e%‘&}‘ PE? ngsdletintg therkioed 2PaYiAct wi t h

the injecti ongPlifdaPisertifte il HNOLE cAGTIHAAQEMPTRBe e BhhedddsEaatid Bnehfly Ct i ON
(i.e., stiction) between the bung} and the inside wall or walls of the

barrel porti otitindhewingelthevistavl gy eedrnardiopotphdicdceeissgperishe
needl e I n,¢ heyjnheGhieAN NaYE LRI elldeA fGrdReEAREMblafy wASH Vi@ the
injection needle. The plunger actuator may overcone the bung stiction in
one step and ia¢tixatngectineSisntyr ranepls abBahasdt igure pB ibystralethp ey act uat or
may overcome {0, AURg;t) denj;é@timgt@?&svﬁéf&e} 1&!%@9“ Et‘iﬁjé&é‘&' y. Movenent
of the bung may cause the dose to be'rel eased through the 'syringe needle
into the injebtipnutinegdl atenphtititeareldygurn 60 iliteatpathe exenipdarg kiearablg O¢vicean
exenpl ary enbqodi . the for rcLh v t of .the syringe ofr. tridge
assenbry”w  hA eRa Rl e e DGR o BB ROl G i
t he barrels pgraicwnr mayveadkemphameeintprisepapapketict ejpklivdrnofithotheewpewicenpl ary
enbodi nment , thetformard advancenent of the syringe or cartridge assenbly
within the hot¥i'ng and the forward advancenent of the bung within the
ban-el portion may take place in the sane 15step, for exanple,
si mul t aneousl y. The wedilable matomatd infdaeoma@eict 600 agldes delusivg 636 foallowdegend on
the characterjgstics .of the plunger g% tor.. The plu act uat or may take
the form of severEr S aPyEeRShu R ENT sh g B T BEY S Bhd ren o,
the plunger dgtinjatiod subaaeopilpintnepnenofin emetegipl:sy onagkmandhe eltdase, e. g.,
bi asi ng mzaoc hatﬂé: t rf]:’rsap dtlr(]:%!gflflnq Icerl}gidgg lélgser?ﬂglg/ 610 may be provided with one or more ridges,

and the inside of the housing 635 may be provided with one or more grooves or channels

that provide a smooth pathway for the ridges of the cartridge assembly 610 as the

cartridge assembly moves within the housing 635. The one or more ridges on the

outside of the cartridge assembly 610 may take the form of raised lines on the cartridge

25  assembly 610. The one or more grooves or channels on the inside of the housing 635

may take the formed of U-shaped depressed or trough-like lines. The top portion of the

grooves or channels may be open so that the ridges may slide in and out of the top

portion of the grooves or channels. In the linear insertion embodiment illustrated in

Figures 6A-6C, the ridges and grooves/channels may be straight lines. In the rotary

30  insertion embodiment illustrated in Figures 7A-7C, the ridges and grooves/channels may
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20limted to, one or nore springs, for exanple, spiral springs or helical
conpression springs), conpressed gases, chem cal gas generators (such as
expandi ngwbaamsis3s2esnot i ¢ pressure, hydrogel expansion, PETAIS2M18335p4 ng or
control mechanism (including, but not l[imted to, a viscous danper or an
escapenent) may be used to absorb energy, for exanple, an initial release
of energy, and to provide a nore controlled rel ease of energy 25during
energy rel ease he pl unger uator. A flow restrictar placed.in a fluid
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rate of therapemihigcagent delivery, e.g., where the plunger actuator
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bol us free ofmaynsubstaantidgds| yhdfthei@siod oAy hdiding 68§ na e AsiEial ©ihyt @odve€or

pati ent Lp an exenpl ary enbodi nent, depressing the injection

but t on naysar%?Pﬁ ‘retraction mechani sm whi ch, when triggered, retracts the
injection button into the housing 102 after an injection in a
post-injection stamehmhngyﬁémnﬁ&ﬂmyhmnnnmﬁgmvémyMQﬁmﬁheﬂkhgmamﬁﬂticaIIy
effective dose,. t he bung and/.qr 5the act or may tri
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the plunger ambpiadn@icon@yrdiios fatteusding mlpbﬂkgmmelé c@@mmb ad>aira poft®n
end- of - dose retractlon trig g%Fi The | i nki ng i nclude a tether or

ot her | i nkage®ReRHaRTPUTALHHR OF iHiseisdy TH%H‘B‘EW%E?% bBif rged gf 3Pl ngt h

such that ;o Wwhailedid endaling, hasobesited V24t nd Her&Asy R atcRBls S dnd@er Or
cartridge assenbly 10gdellver|ng a conplete dose), the linking nenber

triggers a | atnededineat. Urerherppeytic agepicartideq @0raaychedhmiediog gt compatible | ' st ep

514, once t heygRgh Qhir@RS6: fi&hzasdn 1ﬁ’dlu(§1ﬁ% B8E& 1ot hﬁ‘nt&d’ ﬂopﬁﬁgan@l B@el1gbH@ct i on
mechani smmay retract the injection b on upward inside the housing and

away from t hengeidlent contact portion so that the syringe or cartridge
assenbly enters a post- 15 injection state. In an exenplary enbodi nent, the

novenent of the i njeabi@} d3Yii@RIeS LPMNEHE llajz'dr%@d) 1%pbsSd %6‘% atﬁlatﬂéfﬂtecontact
post-injection state creates an audi bl e soun click,' ch

provi des &h aRfEM of s I@aﬁln@@%thattlh@la@ém@maldﬁtl@fsl%mwéf@p)émrit er éalgvémle

delivery. of clothing of the patient. In some embodiments, the adhesive layer 640 is configured to

be placed on the skin of the patient to attach the housing 635 to the patient to deliver a

therapeutic agent. The adhesive layer 640 includes a non-adhesive tab 645 which is not

adhesive. The non-adhesive tab 645 may be gripped by the patient and pulled to remove
20  the adhesive layer 640 and thus the wearable automatic injection device 600 from the

skin or clothing of the patient.

Before the wearable automatic injection device 600 is put to use, e.g., in the Pre-
Injection state, the adhesive layer 640 is covered by a protective film 650 which
preserves the adhesive nature of the adhesive layer 640. The protective film 650 may
25  include a tab 655 which may be gripped by the patient and pulled to remove the
protective film 650 from the adhesive layer 640. This exposes the adhesive layer 640,
allowing the patient to attach the housing 635 to his or her skin or article of clothing by

placing the side with the adhesive layer 640 on the skin or the article of clothing.

In exemplary embodiments, the protective film 650 (in Figure 6A)/750 (in Figure

30 7A) may include a linking member that is connected to the plunger actuator 630 (in
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Once retracted, the injection button protrudes outside the housing, which
provides a visual indication of the state of the wearable automatic

i nj ecti orwoavigw3s2Bor exanpl e, 20conpl eti on of therapeuPCt/isg@nt3zsed i very
or a visual indication of the device in the post- injection state.

However, if the wearable device is renobved fromthe skin of the patient
before the conpletion of therapeutically effective dose of the therapeutic

agent, the ski.n s may to the outside of usi ng and
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automatic I njection device 600 suitable for “linear insertion of a needle
i nto the skirhage any yathlesiape @ycopfigiaairon; dskungiodh seafsiibe dasg obthe thegameutici dge

assenbly bear] ﬁx@ﬂﬁ@&@%&ugﬁﬁgﬁﬂgésl'”early within a housing of the

wear abl e autormatic I njectio evice so that the needle is inserted 10into
the patient. Mre specifically, Figure 6A illustrates the exenplary
wear abl e devi ce |ﬁhaﬂPﬁ§£WﬁV@@ﬂwéﬁﬂ$ﬁaﬂﬁﬁmbﬁﬂo@wambpéﬂm&§a@@&%ﬁged Fi gure

6B illustrateg BB&@ust g@b B Y AR 6 o@'@éﬂn‘é&edt'a A ih ALRCHhRRnRh@ine ] ust

before, while ter it injects a therapeutic agent Iinto a patient;
and Fi gur & 60vitl, Ithﬁlanaltmthnrféﬁethmmw whigh Wiealosthtaa bd ejeicteéd by mppdyiPpstesskrg ect i on

State after i tﬁla%ng‘éfi’ eteiﬁecﬁéf‘%%é’ﬁggha‘% O;h&tnm@'él%’%ﬂ egl%@g%%% eﬁa&&? the

15patient or renove 0 conp Irvery of
t he t her apeutsugatdgémpiercing the Skll’l of the patient to deliver the therapeutic agent

subcutaneously, and is not limited to the illustrative embodiment. Suitable needles may
have a length configured or selected to provide an injection depth suitable for the desired

20  therapy. Subcutaneous injections typically penetrate about six to ten millimeters into
the skin. In an exemplary embodiment, needle 625 may have a length of about twelve
mm and may be injected to a depth of about seven mm into the skin. In other exemplary
embodiments, needle 625 may have lengths suitable for intradermal, other subcutaneous,
or intramuscular therapies. Suitable needles may have a wall thickness suitable to

25  provide sufficient mechanism strength, a diameter suitable to allow a desired flow rate
of the injected substance while minimizing patient sensation, and a tip geometry suitable
for the desired therapy while minimizing patient sensation. Suitable needles may be
coated as needed to minimize patient sensation as allowed by therapy. Needle 625 may
be covered and maintained in a septic condition by a soft and rigid needle shield

30 assembly 620.
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The wear abl e automatic injection device 600 includes a housing 635 for

housi ng a therapeutic agent cartridge assenbly 610, containing a dose of a
t her apeutwo 2ap¢1388280 be i nj ect ed subcut aneously into a pawiusnel1/083504an
exenpl ary enbodi nent, the outside of 20 the therapeutic agent cartridge
assenbly 610 may be provided with one or nore ridges, and the inside of the
housi ng 635 nay be provided with one or nore grooves or channels that

Phecartri dge assnbey HBYES “WIEHPERE et Fs BN P BRator Tor e i dges
on t he out si dgojefts kdtetas@llyrat ggghtasge rhy 1dngudimy atiakeht Bearhie @vade goal sed
lines on the cartridge 25 assenbly 610. The e or nore _grooves or channels
on the insi _deIncStFl_S F’f?é‘lﬂ?ladlﬁglinﬁ‘ifﬁ@%’ ‘ﬁfﬁ?arfeéR‘émf"ﬁg&le?lH% aprIOWOAHRY depr essed
or tr Oughh i k@(ﬁdnﬂ@_ﬁ%staﬂfﬁﬂy h@@rliglgraﬁgl@a) tﬁ% 1oh§1a1dq¥ap@aé£@f R d&RBBOE! | t?r@yhbe
open so that the ridges may slide in and out of the top portion of the
grooves or’ crfé?hi’éllf%‘?nglﬂ?? ReR@e PEHiE&PNeRs K horbeWB8ai ment il lustrated in

Fi gures 6A-6C, the ridges and grooves/channels may be straight lines. In
thg rotary ?ohi I’ISﬂlfhtak@@raﬂlﬁ%@ﬁ%ﬂﬁﬁ@ﬁlj&iﬁéﬂkﬁ/k@%@@nﬂaﬁ(ijn!augblﬁ@ﬁm%eﬁ\*a&ﬁatoi6@) ][i dges
Fotati on. 1. €0 SRLVGH GopaigaHsuE 6| TarEaE Aot asBonERyghpherpeutic” | ¢
an ?t Eer exe”pig_@ié%aﬁﬁ@qgmt hly 6_1R)h@id@é¢t fﬁlb ?ﬁ:f&@)&uﬁcﬁ_ﬂy @f%ggi{éé adge c@}ﬁ?ﬁﬁ‘éﬁihh ¥he610 may
not have any r es, an e inside o e ho n may not have an

gr ooye\s{ or )écbﬁléfﬁ Sf%‘?n 605 into thPmél tsi!?féugh%l@}uwsaﬁ'gf’;f aay eﬁljﬁgya’t‘ﬁ eé@féhv_gat e)d/
confi guratd onyoh HoaRoARRIe@EncPsy e RAME KAdidm ldhc AR B BunWish b, :meGOINI ze that
the housing 635 may have any suitable size, shape and configuration for
housi ng a hypadaphiycenhodheat, depupinger actuagor §3hanay aiclude p biaging sfeckanishier apeut i ¢
agent to be inje i B I Y SHLE e 10
materi al i ncl(plj i%\gj?iq%’l}gﬁﬁso@{}@éngﬂ% £Og§t§1 J)ém% g@ttflfg 1%5%%;1%%1&21?%[%(@;&%&%% erials.

| n anot her endsodierteniyngtohe fariverdipie tie mrralymmtionc@)bt In dgehe6d@Gmplayy be f or med of
any conpati bl ?nbr(r)%}rr?gni ?1"16: %llljl’ll teielljcltueatgr%g ﬁltae{ iclljd%%tcile nlceillngsl ue%i ng)r ebmannOt
limted to, g‘? ass and others known natert als. the housi n% 545 el Udes an
ﬁdhesi ve%&;ys&m?ﬁljhgfb?mahgds ialao!@g-eiapqmaeci ﬁme lﬁmrea?‘tcttiﬂzﬁamnlhgﬂe@?arﬂﬁ t he

ousi ng at is ace oxi ma e ski e patjient or _an
nrtrers of ol ke e BpR e B R: o f st ehds o hR RS et e | ayer
ﬁ40 i's 0822 | gustgicknd of e tmka@eﬁﬁdagfmtcmi@kiaf]semblytme._ Dﬁdth@l’ékerhlgill_?]@t t gﬁh t he
R M AT RO A I R
non- adhesi ve jraul4ydimyl dpaBionpRedAlymbing nRakdndnt maypet pul taghsé® remove 20
t he adhesgie Iaye(r:ﬁ 640 aged tht,Jth?ét%g V\(/gfara l e gttjtorra,tel c Iqrt:rjé»ﬁ%r' fen dogw ce 600
fromthe ski FI6RYCIHEHIY &1 M He IFEET € eIy, and to Ingyigy g Eiarie)

tate. the adhes o oyohd e R iyl daor 838t e O PR

or eser ves t hel BdHedry B stonplcaskin g LigHESH\EOTeay B newrb: armhies Bretdet | ve
film650 may @PFibfie lowde 12k ﬁfgu@%)%ﬂy% uSBYo PG RF fe@ﬁ’l%@ dRYrafeR® RApLGR and
pulled to renmove the protecti've fIIm650 fromthe adhesive | ayer 640. This
exposes t he aathegielreery.gyearwiganghe plungapiaeipato@ 0t Higue 6487 ¥t (raldRure HA) housi ng
635 to his; or 6L KRR b gf..cl othing by placing the side with the

5 2 de ofistrathe ng force.

adhesi ve layer ngf) on the g{q o% the article of clothing I n
exenpl ary enbodi ments, the protective film®650 (in Figure 6A)/750 (in
Figure 30 7A) may I aeeisawlay pnbodimentbeblenger Agpatorsd30 orde reuneesl t he pl unger
actuat or 630 (i, §0 i QAuf F3h s KLt 1Tdkr mdish, Al lup@efignber may

i nclude a tetiﬁié‘{hrq?l&%e.ree?aigﬁié)ge U%dghrzlani smal %Z]en“%lge .pro@ecﬁ%e film 650
(i n Figure 6An¢chBOsIS, mi¢ingor extFrayl t shervesrppldiutankagc injevkipm devieerfifer maf bet he

proseet ve 1 LIRS, LS SOLIER R O, ool iy Pt

30  connected to a gear drive system. Other exemplary mechanisms for providing a
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5the interior wall of the barrel 605 (in Figure 6A)/705 (in Figure 7A), and
triggers the plunger actuator 630 (in Figure 6A)/730 (in Figure 7A).

The t her ageubiwi3agrent cartridge assenbly 610 may i ncl udecCa/usediosssbarr el
portion 605 for holding a therapeutically effective dose of the therapeutic
agent to be injected. The illustrative barrel portion 605 is substantially
cylindrical in shape, to although one of ordinary skill in the art wll

recogni ze that, th arre ortion. 605 a ita e or

Cont Lgur at 1 orubyitthgefrStan DRk LS il Vs SR eY FaRPhad b v BHRREA ¢ i o

t he ban-el poapHigfcs®@d55. The therapeutic agent cartridge assenbly 610 may

al so include a hollow hypodern c needl e 625 connectable to or connected to,

fhe dose can be e SEPRtE By GaRRYT QY P RE bR BT EO TR e i Wlcar o

625 may have (&mEigSIHI&AafDB@(lﬁF@ﬁre BHaps 1ﬂamt1ecaan1f1dngu1iaﬁbeﬁébrﬁlwtécablﬂea for
pi ercing the skin of thegﬁ‘atl'! E nt to. deliver i C agent

he t he
subcut anecus| AR Tfeger g 8Pt WWelnFIP(IS%%Fﬁ’ﬁW éheé %8Fment. Suitable

needl es may hav@a@shemsd inleQhégbtr @ty O osehe@bletene® sREOMhC&haNthe BigCt i on
depth suitable for the desired 20therapy. Subcutaneous injections typically

penetrat e abdih (@iKigyrs 6A AL Fignrst/dy Bas hepp mol g herpnd phths Sarkidgay)| ar y
enbodi ment, ngegligy @ﬂﬁ(lmgummn@o ligpghie 2f) @Qblind Wt theny be

i njected to a depth of about seven mminto the skin. In other exenplary
enbodi nent s, lH&Ey r@@l@@emﬁa?rs Radeh thatig s UrggithegBirastiph igeeft r ader mal , ot her
subcut aneous, or intramuscul ar therapies. Suitable needles nmay have a wal |

t hi ckness g ui t abl Rek@ri KORIVOWI [8&urS BE fih G h BXMpIRG BABbEMLAL the Ralisthg 35di anet er
suitable to allow a desired flow rate of the I njected substance while

M ni m zi ng paftledRs askinsatsPoipot dwhich g S@l@eﬁ@thoyseé@rlflea@re theportipeoldbsi r ed

therapy whi | endukifh B3 ZprBGnfflol (BNhjcS@RASAL! Phor (SHljdABh B t'ﬂ@ﬁféfa%@ut%rﬁ%n@oat ed
as needed to mnimze patient sensation as all owed t her apy |l e 625

may be cover eduiagijeptiontted skirsensor 08 6 iSéet@@thﬂiﬂ@ﬁr 82 Bofien effle r i gi d
needl e shi el %ﬁ@@ﬁé%ﬁﬁbxo@ﬁ% 6835wr1en'tﬁé AR RX G AL Y f‘c%'ef?ﬁé\ﬂ&'ﬁoo id lustrated

in Figures 6A-6C, the nee projects substanti a at a right angle to
t he | ongi tudi sttathed e the ofjedtihe siveand ablivated ethi slan 6@60r fper %ﬁmyexétﬁrptoanvve

nbodi t, t . d
cribodi Tent L pRELL L BRI RTnBORIFY RIS AR LM R il RahENdS
In this 5 enbiedicaedd is rétheved diedi the ﬁ%twmsueongﬂdle@cbfmwlhetheHlblg\d!elﬁi@?y
The wear abl e autorra

e e T i e BT e
of the therapguijetc oagidthe (panipﬂerﬂgeheaﬁman@ by5. BIHDs, irDtuin) s thet h@oval
t her apeut | cally effective dose contained in the barrel portion 605 into the
pati ent. fﬁh?ﬁ‘@’é@%ﬁ% uat or 630 may enpl oy an energy
Figure 6A illustrates the wearable automatic injection device 600 in a Pre-
Injection State, for example, as packaged and ready for use or as ready for packaging.
The device 600 may include a pre-fillable and/or pre-filled syringe or cartridge
assembly. In an exemplary embodiment, in a pre-injection state, the syringe or cartridge
25  assembly may be in a retracted position ready for use. In the Pre-Injection State, the
therapeutic agent cartridge assembly 610 is partially disposed within the housing 635 at
an elevated location distal from the injection site, and the needle 625 is retracted within
the housing 635. Visual indications to the patient that the wearable automatic injection
device 600 is not in operation may include a portion of the therapeutic agent cartridge
30  assembly 610 projecting outside the housing 635 in the pre-injection state. The barrel

portion 605 contains a dose of a therapeutic agent which is contained by the interior
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10storage and control |l ed energy rel ease nechanismto actuate the bung 615.
In an exenpl ary enbodi nent, the plunger actuator 630 may include a biasing
mechani srwoedg/133&3spring, that is retracted before injecriusnoansssohat is
rel eased during injection to actuate the bung 615 forwardly in the barrel
portion 605. In another exenplary enbodinent, t he plunger actuator 630 may
i ncl ude a chem cal gas generator e g an 15 expanding foam that is in a

non- expanded has ore | ur.i i njectjon to
e S B e TR A e T AT R R
end of the t%r@ﬂﬁﬂﬁﬂ&t,ﬁ@@iﬁngéﬁctdatoﬁigﬁ) asseetelgy. 610. I n other exenplary
enbodi nents, the plunger actuator 630 nmay enploy conpressed gases osnotic
pressure, hydrogel

bsorb 20 oner oy, FoHC R BldPaeht we Iy Ao P TEIRB TR RS FREHSh o ovi e
a control | ed Stekeade oihjeenmi@yngorjinglansiegingaaheaseatidyly thectipt dnger a

actuator 630 (in Fi.gure 6 in Figure 7A). A ro rictor placed in
2TV d pat vl waligatsR. ahkhicE et feEnSaboss st ERGLPE om) 715 (i n

Figure 7A) negphesedpediidm Thuictdepiessee govi@ing tht @rdpatie acgfanttcaﬁﬁ@g@ewemlﬁgent
delivery, e.g., where the plunger actuator 630 (in Figure 6A)/730 (in

Figure 7A) 250i9iit dighasedyiithin s opting oisdt & deprriged Biieh pIAISH Py

enbodi ment, tdie HluURIREIIREIIFLRE B3LideBM hfaeaﬁgimnﬁledgﬁ A MRt Yn ihesi de the
ban- el portlon 605 in a constant |inear notion. Any nunber of mechanisns,

internal or euEpHaPd &Odh%thtecamarre&meéhea%ﬂwﬁteme@mléé%|I@rﬁhed1éuﬁi%@ ¥09, may be

used to pfpvi tﬁ@th@raﬁ&ﬂ§ta céﬂrﬂ%@ﬁss@i‘ﬁgl&%ﬁlo H&%ln'd%raﬁct Rtiaened hdu'.slmg kedto, a
st epper nmotor 30 connected to a gear drive system Oher exenplary

mechani snms f diroyifloy Vidiah gndzcatien todheapatipni|thay thegyegrablstauioiadiamjeeten deviden a
control I ed fagf0 gik/o%@ugﬁsﬁ{gl gewf&{ato& @§ TRl uE ao}éthérgfto%%mﬂé the, The bung

615 (in Flgure /or t pl unger ~"act uat or 0 (in
Fi gure 6A)/ 73®ngioms. Fftgu¢®p€m1)lverm9vern¢oﬂ afdlee Iduﬂgenmtwgarrﬁé@rbmthcbmefdﬁed to the

5 retraction etécltsqtgg [Pﬁ p(fu ic a?en%ﬁnqgﬁggnn?ﬁanlgrgg0§ (?u? hrgi he%ht eeted oo 8r ot her

| i nkage mechani sm engt h such
that, when the bung 615 (in Flgure 6A)/715 (in Flgure 7A) has been noved to
the end of5 t he carttigurelgfe ilissaershy wedrapl¢ autoimitguniect®R)devito6( in aFogfur e 7A)
(delivering t | q h that in
R e
exenpl ary enbbenpaarit agdnh@f rhmuwl ngth6 Bbamblc Iautdmatlanﬁ:kmcm ®ems 600 froontthe660,

which is a str sed under t he housi ng 635
rox b o (LSRR RIRE of B Ri Rt  B b AN f B aR: o - agent
and during i nykich iho meratphﬁlcsigem cﬁﬁﬂﬂ%@rassfe@lbly @60s ins rétﬁcmdmeduw tthitie or forns

?njpgz:i : 82 ngevr;[ tgrgct nd%:ilérll qge tgerapeu?lc Qgelflltséarr]t%dgg E?S'SGII\M)? 21(} 1s s\[l)vgsea ?‘V?tknn tfliLIt omatic

housing 635 at an elevated location distal from the injection site, and the needle 625 is
retracted within the housing 635. A portion of the therapeutic agent cartridge assembly
610 projects outside the housing 635 to provide a visual indication to the patient that the
wearable automatic injection device assembly 600 is not in operation (i.e., in a Post-

25  Injection state). The barrel portion 605 may be empty of the therapeutic agent, and the

plunger actuator 630 may no longer store energy.

The housing 635 includes a retraction mechanism that automatically raises the
therapeutic agent cartridge assembly 610 from the Injection State (depressed position
shown in Figure 6B) to the Post-Injection state (retracted position shown in Figure 6C).

30  In an exemplary embodiment, the retraction mechanism may include a biasing
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15attached to the injection site and activated, the skin sensor foot 660
may be free to nove but nay be constrained by the injection site. Wen the
wear abl e woOtone38823i nj ecti on device 600 is renoved frompPChAS2eNLA33ISNON Site,
regardl ess of whether the drug delivery was conpleted, the skin sensor foot
660 is no | onger constrained, and extends and projects outside the

peri phery of the housing 635. This, in turn, trips the renoval 20retraction

trigger. Fi.gure 6A illustrates the wearable automatic .i.njection

devi ce 500 1 PSRN g-dbirrin T b e pna iR SRR IR NS Sy or
use or as r eaglyenfthy repagioa@ictighnisihie uti@uetede 600 may include a pre-fillable
and/or pre-filled syringe or cartridge assenbly. In an exenplary

enbodi ment, in a e-itn'tectiOﬁstate1 the s r%% e or gargriqutZ assenbl y
may be in a retract&f Blfsé?“tff‘%c AR YT A A Ol RS R gReBPR g WSt at e

t he t her apeutitrippaigenters detrétradgen assanibhy TOA bhd- & -Joad tetradtioy tikigs PO SGthet t hi n

t he housi ng 635 n elevated | ocation distal fromthe injection site, and
the neodl o 6o8hnds EERRETM RN PHTHUUSRl 195 P UieoUaT RacERET ons. « o
the patient tiiptidnhRvisear®ileeduhanBidngldrdp@B6diABnd@Y bEBo6@ie fefradidh i N
operation may |include a portion of the therapeutic agent cartridge
30assenbl y 616HT Sjaddnglyly aduitlsicde tlsaibligiietin “%%ﬁmfﬁ“ﬂﬁ@“ﬁﬁ@PFWP%EF?on

state. The bafii@helReft A0 r&AXiHANARISN AsSBSRAIG anatNRIAREBUEIrsiBFENt Whi ch
is contained by the interior space defined between the wall or walls of

t he ban-el pdfigesshasodieafiprehdrigashghergaction mashaiiss diheeatly-ranab) unger

actuator 30 3t-Q4i6R tr?@@{ i9¥%ipped whedthdWeaBBabibihdGlihREGS delRe WaahaRle
automatic I njection device 600 in an Injection State ready to inject,

i nj ecting or fremtheappeionisiig baferey theraprakicals gffeetrk gseef thesapbwtic adotids of a

5t herapeutic ggg hQivahich, fhs ;ﬂﬂﬁ% i GENL,16: J ; %%%g 610
is in a depress gﬁ%%g§?¥%H:ﬂ1% teépg{presgg%mgositng%ﬁéﬁggﬁﬁgégpe t?c
agent cartri dge iaslsderblaychsil®, 4 Bexdhls pos@chonk.tthdt s releese opwi o635t tie a

depressed | ocat.i roximal. to the injection.site. .and.the needl e 625
proj et out sk EPNs" B b0t Q0 BRhLAR LB b ReOBs P g g5 5o
that it can peedhhsiahds kipenskd wo tat entld-dosy recdciomtrgigéreand kgspddseveltmjhect i on

State, 10the therapeuti ent cartrjd senb 610. does npt .project
st e he T RSk dRE Mt Bl bl DR E D ST B BiRE BN emRY SREPhEC ¢ ha
t he wear abl e iautwsmitec i nj ecti on device 600 is in operation. The plunger

actuator 630 releases its stored energy to actuate the bung 615. This
cooperative movengnt of

! &b dhe pLunger actyat or, 630, and. Lhe bung €15 e ects
the ther apeut | o adeirei-(naRbEr BERITL A RO aTE b Gugh FhE Rectr e o25.
15Fi gur e 6C iihjetsdnr d@vies 70(haitwea rabbierydndeaivatol the ina¢ddcintoahe gleév olCepdheft. i n a
Post 20 Inrotary insertion, the end of a therapeutic agent cartridge assembly 710 bearing the

needle 725 descends in a rotary fashion about a pivot point to insert the needle 725 into

the skin of the patient. More specifically, Figure 7A illustrates the exemplary wearable

device in a Pre-Injection State, for example, as packaged with a pre-filled and curved

sterile hypodermic needle and barrel portion holding a therapeutic agent; Figure 7B

25  illustrates the exemplary wearable device while in an Injection State just before, while or
just after injecting a therapeutic agent into a patient; and Figure 7C illustrates the
exemplary wearable device in a Post Injection State after delivery of the therapeutic

agent into the patient or removal of the wearable device from the patient prior to

completing delivery of the therapeutic agent to the patient.

30 The therapeutic agent cartridge assembly 710 is rotatably movable within the
housing 735 about a pivot point 765 in the housing. In an exemplary embodiment, the
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Injection State, for exanple, after injecting a therapeutically effective
dose of the therapeutic agent or renoval of the wearable autonmatic

i njecti orwOewigw3RE0 fromthe patient before delivery ofCa/ush@napisoti cal |y
effective dose of the therapeutic agent, in which the therapeutic agent
cartridge assenbly 610 is in a retracted position. In the 20 retracted
position, the therapeutic agent cartridge assenbly 610 is disposed within
t he housing 635.at an el evated | ocation dista romthe .injection site, and
the needl o sostid i Bebit R iRt He wSuEIRg Che Reriundl S R rpe

t her apeuti c ageltridgal ind thgsids sefbhyustmkT3phay @6 bfovild sitdent hendreusi ng 635
to provide a visual indication to the patient that _ the wearable automatic
i njection dev%IE‘éVeéglé‘é]ﬁmeis %ﬁ@r?Vé‘?er?diaﬂ}“ﬁ‘yéﬂé QEfE5H O ﬁﬁ1? gartriqep, 7H) g54a¢

251 nj ecti on sdagti@e mdee WA B hdRQink 79N 80 sBY vaRue kY Bfinbha therapeutic
agent, and the plunger actuator 630 may no | onger store ener The

housi ng 635 i§TeMalBsenzpodmienh dhq sideed Mierfirerifgerfatendlt Oipes frewf%g%ﬁ%s t he

therapeutic agenkideaf tht hegeha3s Rl 8lfdvEs RRhidAEIs| nj ection State
(depressed position shown in Figure 6B) to the Post-Injection state

(retracted positiqgn shown in Figure 6C). 30 In an exenplary enbodi nent, the
retraction mechani“$hinthshrispsuligascnt prrigider gssepiply Hihissppregsedinto Be Bgsingy  t hat

bi ases the caristinddRrapeSRMREM caNRge haiseiblya 0 intiveCblaamlySddwiwihieibotinge
retraction nechanismis triggered. The retraction nechani smincl udes
an end- of - dosEVet@PIg RS wah that thgasedienyap beghen cxnosgsirad pergtiatgs e skinpb the

retractiop, mMechali $ihis tREMFRL - RftodaR At HRIHARE 78 pehltA98he idh S thPREEnOWNEN
the therapeutically effectivé dose of therapeutic agent in the wearable

aut omat i ¢ i njaenpeale ofésel Gemi98°. demilgidy, edhen (he thgrapsxemsieniroprtadgscdiendht , t he
end- of - dose 18ohaCth QL el G9FTuflPYoehMGHHES Rsnif Raft) G3bRL e

pl asti c hook, :Oﬁat r%13 r’e]{eetasgdc?uﬁpcgﬁ cor%p?i%t e%flng)r}ﬁg Od{tz,[‘?‘ig\s/reortyffl {ll'ﬁél,ret raction
mechani sm al sabontibé¢ pideipoam 7€asucly thagtimo weddlea BSrreteacisorithin thg fewsingtvdd ., Thhen
tripped, tri LS..the retr .on hani The rly-r val . 10retraction
trigger is t?llgig)%%&gn\}\ﬁ%lr?l I{I%ng%&gl%rrgglﬁénaamoggrga?fi tge tlh%j% %L%(IICS errrlg(é%%ng “is renoved
fromthe 1] estdndry 31 eayotefsinglet 4vd nhdrercbpe ulianciad hychedife cdquired fboge of

t herapeutic 3 ent. is.co et el y &glai vered. I n an exenplary enbodi ment, the
ear | y- r enoval TFRHPETIGH TS GeF O ray i nclude a latch, e.g., a flexible

pl astic hook, that is released upon renoval of the wearable automatic

i njection devi ce @O ntedbnT2Shecurnjdewith @ madsustdeflinéfiy thepiva@oind A6Loelxhani smi s

responsi ve to.the end-of-d traction.trli r and responsive.to the

o y-emovar s HOR 8 AeARGHER BEPLLERTEEERRs B i BRRRTRAY BLb, | dge
assenbl y fr onhdukiag 73q. elHeicarvasird &.the needle 7B gurees:s hA-céifirt dflisd paic s daring
exenpl ary_enbodi ment. of a wear abl omatic Lnjection device 700 suitable
for Totar i nOsFeagH nerle NEorae Tl GO ReDSieRA ghY Sepit Mfiche SOn r of ar y
insertion, thge@Bdpofosat tohrs gpaybint76gent cartridge assenbly 710 bearing

t he

Features in Figures 7A-7C similar to those illustrated in Figures 6A-6C are

described above in connection with Figures 6A-6C.

In exemplary embodiments, the therapeutic agent cartridge assembly 610 and
25 720 of Figures 6A-6C and 7A-7C, respectively, may be pre-fillable and/or pre-filled
with any volume of a therapeutic agent, e.g., a therapeutic antibody, desired for
intradermal, subcutaneous, or intramuscular injections. In an exemplary embodiment,
the cartridge assembly 610 and 720 may be pre-fillable and/or pre-filled with a volume
of about 0.8-0.85 milliliters, although exemplary cartridge assemblies are not limited to

30  these exemplary volumes. In another exemplary embodiment, the cartridge assembly
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needl e 725 descends in a rotary fashion about a pivot point to insert the
needl e 725 into the skin of the patient. Mire specifically, Figure 7A

i Il ustratwe 2bhie138seenpl ary wear abl e device in a Pre-|njeeCirars28uasisy4 f or
exanpl e, as packaged with a pre-filled and curved sterile hypoderm c needl e
and ban-el portion holding a therapeutic agent; Figure 7B 25illustrates the
exenpl ary wearabl e device while in an Injection State just before, V\/ni | e or

just aft t t t
et THE Il TR Sn BRSO BT BT S 1C
delivery of tikeret herapeutic agent into the patient or renoval of the

wear abl e device fromthe patient prior to corrpl eting delivery of the
t herapeutic agent .to th The t euti c .agent. car |dge
hosenbry. 730 e o Srcy? BbbaBhin S e RSk Ty 9EE e AT o1

poi nt 765 in Tip@e bAayson@a Fllgﬁrem)@@mﬁhl@d’d)to ﬁijél@diemﬁﬂﬂatp,eutidaﬂy Gitectiotirsouade of
the therapeuti ent cartridge a 710 .may be ovi ded th one or
more 1 dgds. R e R SR DS FHES SS A LB SEOUE AW ¢ one. or
nmore grooves @hklvenams: ehﬁantdaahplafytbvﬂtﬁamamp afehM@¥pehi@r adehemiy bgREve@éd dthe
cartridge 710 _as the cartridge npves within the housing 735 armngst t he

various st at e&xcdiraie 5 gelpkyersdRe RhPAYSFIERYY divreRtulesRg byt igemipics e
cartridge assp¥ildarablOutciakit @fe@bn 1&:842ED0 @Nodrh6A )/ 760 8 FRhir 72 nhigWwsi ng 735

is free of grooves or channels When the therapeutic agent cartridge
assenmbly 710 lisgd@eﬁlﬁ@sas@amerﬁféhqr%u%%mngamsle stoMebAlwter apeut i ¢ agent
cartridge assenbly 710 noves rotatably downward about the pivot point 765

such that ¢ he need raA28f RECAIBSHEXRLPEGAHIEN ROV lIap@er BE tRknibidf t he
10patient. In this exenplary enbodi nent, the needle 725 penetrates the skin

of the pati enfMagrafs- AHgpEn Biurg. g pitet 7 Bilhiheaerujacyhdis deheery W apeut i ¢

agent cartridgg, ﬁﬁg%e&mzéénzlﬁ&nkﬁeé;?e&éeﬁ@én@%o&t%ﬂeﬁ%ﬁtapellt' c agent cartridge
assenbly 710 m)ves rotatably upward about the pivot point 765 such that the

needl e 725 retracts wi thin the housing 735. The nechanismto inplenment this

rotational notion H&§ure i iy dpeot P’&e’ﬁg@ﬁ?ﬁ’y pgthed By asssnbliag Abey Py may be

si npl er and méﬁam%@ﬁatk%&t&h%emr&sm r'eg E%@g thObartchSortidd\@R1705,
insertion of Fi %ures A- The needle 725 is curve with a radius

defined bys t hee P\@%’i”%’bﬁnﬁtne%@héﬁ%6%%@0cﬁf%%t%l’ﬂl?édf%?ﬁpt%@v (hedIcbPTIS { o t he
pivot point 7637k g iR ARGL bUHE fdfa F@tfﬁ'c%g(%ft HaDR (DAL RINGisiéR 10 hRE

curvature of the needle 725 increases the confort of the patient during
patient. In step 815, a sterile bung 615/715 is placed in the barrel portion 605/705 to

seal the therapeutic agent inside the barrel portion 605/705. The containment of the
therapeutic agent inside the wearable automatic injection device 600 or 700 by the sterile

20  barrel portion 605/705, the sterile bung 615/715 and the needle shroud 620/720
maintains sterility of the therapeutic agent and the needle 625/725. As such, the
remaining components of the wearable automatic injection device may be assembled in
a non-sterile environment after the barrel portion 605/705 is pre-filled with a therapeutic
agent. For example, in step 820, a non-sterile plunger actuator 630/730 is inserted

25  behind the bung 615/715 in the therapeutic agent cartridge assembly 610/710.

In step 825, the therapeutic agent cartridge assembly 610/710 is inserted into a
non-sterile housing 635/735. The housing 635/735 may be pre-assembled with other
non-sterile components, e.g., the adhesive layer 640/740, the protective film 650/750,
the skin sensor foot 660/760. In exemplary embodiments, the barrel portion 605/705,

30  the needle 625/725, the needle shield 620/720 and the bung 615/715 of the therapeutic
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20i nsertion of the needle. The needle 725 may be preferentially oriented
with the sharp needle tip closest to the pivot point 765. Features in
Fi gures AWo2@1si3ss2Bar to those illustrated in Figures 6RCGTSana/ossscri bed
above in connection with Figures 6A-6C. In exenplary enbodi nents, the

t herapeutic agent cartridge assenbly 610 and 25720 of Figures 6A-6C and
7A-7C, respectively, may be pre-fillable and/or pre-filled with any vol une

of a therapeutic agent, e. er apeut i ntj bod esired for

Chit s ader mar btk aRERs S o B D HRBE Sl bRl M desns1 ar y
enbodi ment, tda dessubedtahgeusass@eislisfaddd 0TiaRdoné the mmayellperton &o$/703 @lsilied and/ or
pre-filled with vol unme, of about 0.8-0.85 mlliliters, although exenplary
cartridge ass‘@%ﬁ?&f’m&?‘&lcﬁ@?mi ‘gﬁPlﬂlB%Frtﬁgs/ﬁgsfSHB%eéw%MF B?leﬁl’lt‘g?res. I'n

anot her exenpdgrys ard®d inBRIN shrdud@26/ard isiiglgiecassemblyyr (18 nands fadommy be
pre-fillable and/or pre-filled with a volune of about 1 ml]l i%lter or nore.

I n exenpl at y Yisolsmatis asenherrtfidas aptebly UMt and apsaBltaf dis leeYnEe 600 (in
Fi gure 6A)/ 70855(7438 a5 hQUEGuirtAlepliB ¥orRBidAS Eflo 1R rdpBhiRChee f MBNnBQPP RIS BE | Y

effective amount 5 of therapeutic agent over a period of tinme ranging from

about ten sectH@ENYPyABONCT t Miesroechaut &) illusrancrenpisy apiodsrtsdeiiéht, t he
therapeuti c agentoR¥enifedRidnf Sledibn Bevil @R 70848 PRINRERId¥Ery time of

bet ween about five mnutes and about thirty mnutes. The wearabl e automatic
i njection device 600 (in Figure 6A)/ 700 (in Figure 7A) may be used to
inject a vol ume ofln tHRPIp st mhlydntearahleaumals Bjestionddyie $80/79Qmaede at e of

delivery of thRclRRIARRHYED, RUBRLsRYnDS UIRREAERLIG DS ATPLAN!

tenperature. At roomtenperature, i.e., about 72 F, "the accuracy of the
delivery time may range between about three percent and about ten percent.
Figure 8 is a fl oWi@&¥a?ts gfovashagoéapeeriplaneikibad 8¢poiapings8 sHHIRIHY an

exenpl ary weayablfe AiRRAjEcHoRIIEAEd @) HONh. CEheBAQrdBle alfhatit higtieR 805, the
barrel portion 605/ 705, 15needle 625/ 725 and needl e shield 620/ 720 are

sterilized. I4¢vise&p0/8packiged prekpredfillpbwith o theepsytizosentds ganpaByisifet i a dose

of the thera I I 1, Nl t i . In step
815, a steri Frg u%gtgeﬁ%%%g%tfgﬂ {resﬁsg'l g{gsé e%oggﬁgé%g%dg%a%glretapgjr@ g%lSH é%l%n to seal

t he t her apeutdeyicageM?0( insingdwed fremisgnrage] Iipgien 9 dnthe GBATRDE auPheticmyjpcadmnent  of

the th tic. i .nsi i ; ¢ 600
708 bye{ ﬁgeg tdeer%}cggg@%d 1@ ?éIﬁioQ/e(tl Hgm%%ﬁaagﬁg gﬁ'& %&Eﬁwfagjaﬁg’ Wa%dqg Ydo?r? or

temperature, e.g., by leaving the wearable device outside the packaging at room
temperature or by warming the wearable device. In step 915, the patient confirms the
therapeutic agent cartridge assembly 610/710 includes a volume of the therapeutic agent
20 in the wearable device 600/700 through an therapeutic agent inspection window
disposed in the wearable device housing and may also confirm the clarity of the
therapeutic agent, if necessary. In step 920, the injection site on the skin of the patient is
selected and prepared for the delivery of the therapeutic agent. In step 925, the patient
uses the wearable automatic injection device 600/700 to inject the therapeutic agent into
25  the injection site. The steps generally involved within step 920 are described below in
connection with Figure 10. In step 930, after the wearable automatic injection device
600/700 is removed from the patient, the removed wearable automatic injection device

600/700 is discarded in an appropriate manner.

Figure 10 is a flow chart of an exemplary method 1000 of using an exemplary
30  wearable automatic injection device 600 or 700 to inject a therapeutically effective
amount of a therapeutic agent into a patient. Exemplary method 1000 is a detailed
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20barrel portion 605/705, the sterile bung 615/ 715 and the needl e shroud
620/ 720 mai ntains sterility of the therapeutic agent and the needl e

625/ 725. We 28uct33s28he remai ni ng conponents of the wear alpCe/tsati0/083s50€
injection device may be assenbled in a non-sterile environnent after the
barrel portion 605/705 is pre-filled with a therapeutic agent. For exanpl e,
in step 820, a non-sterile plunger actuator 630/730 is inserted 25behi nd

t he bung 615/ 715 | t cartridge as 1 710.

I step aos. B harnial BTRAEE L BOR A buaB S RS B nger e
into a non-st&0i15e aousicRigGind fitelBahe ddhesiveoldgdr Iﬁgl)/mﬂ%wémablé)ﬁtomatlc
pre-assenbled with other non-sterile copponents, e. t he adhesive | ayer
640/ 740, the PEOLRHLY \9%69907% 85 8mSHenp "é&‘?oﬁhf%%gﬁmof@d{f RegBPl9EHe | n
exenpl ary enmb@gi 688158 alsb REndIag the hedd®y dhicRe BPHH 40P expdQshie: meddkes/F25Hor 25

the needl e shield 620/ 720 and_ the bung 615/ 715 of the therapeutic age
cartridge assBisplsr- da srreiaepPin dePadHeensy Empavikas heaprptpgive figp 6p¢éS0 also
therapeutic agemt s@fdiicién §ub§ﬁ&1@ﬂp&u§eeﬁ%@ﬁg 65417 fAmA%he ifI3HS, wANGERd he
barrel portion 605/705 is iiled with the thefapeutic ent, the plunger
615/ 715 is sl eBF 0 andtigeers BrmiwgeiisipionA3E /msxearrpgﬂry habediments shroud
620/ 720 1S 1 bl RGRiivARSEIIK0 ey i STRKAL Atbnfbef hhlS mBlied By her apeut | ¢
agent cartridge assenbly 610/710 and assenbly of the housing 635/735 do not
requi re aseptplengebantiatir®ae/73(NolteHmk g eneniber maemclutle awdfeerr ghapiskagsed to be
per f or med, by r e i ments
ot he ekt anr et rh ShTER.a: M ehrid i KAh e IR Aep DR

Pre-1nj ecti orprsteettve.film 650/750 relieven setiefyicB30be e éxam th@@mgiﬁllé’dlmth@inemor
automatic |nje dev. 0/ 7 over-wap, if
necessary, andﬁfmq@%éﬁmégﬁ%ggt¥gﬁP%¥ﬁxhi%ugﬁg %?gggﬁengﬂlgure 9is a flow
chart of an exenplary nethod 900 of using an exenplary wearable automatic

i njection device Gmgﬂpﬂoﬂnmmpmhmtmﬁﬁﬂemtemsnt@mmuﬁumﬁqqqﬁmdwmmﬂmwice

600/ 700 packa N fille h. h e [

stored inr efégll?ognéa%g? g‘:tl%{l 8evécee&)lgwp E(?)rw ét%tﬂléee%edh%ﬁveq%ye? 6%8%{&? % 1%%f1 Oél%ét%l

wear abl e autdnam1nndapédbmogaﬁﬁﬂéﬂwcmeﬁﬁﬁéﬁ&@yﬂﬁmnbmwmadMéd@mmssmhagg I n
step 910, the we |nject|on d %ﬁ from
Tt packagi ngrY SRy BE e Rl Gelbiseirt S HedBramahigy st S e TREGT 'Ly

| eavi ng the weanghtieagdvi ce outsi de the packagi ng at room tenperature or by
warm ng the mearable device. In step 915, the patient confirns the

t herapeutic agent cart ge enbl 610/ 710.i.n

her apeuti o agent 15800 b BRE IR IR REL BB e s Y B Bonsh B e s
agent Inspectmoﬁm&WQMQMYﬁbﬂmﬁ@adwm@mﬁhenmﬂ@mabhbhdﬂ@ﬂ¢@mhﬁp&hﬁ@ﬁaﬂdinHy
also confirmth It eut nec a In step
320, Lhe Fhj dEbBOR LS & h B S OF G HEPERR dtiioLindEt BEEGE SHHA pr epar ed
for the deli vgiipin &fe Hotignd dmnspeutﬂhsr@gyamsmdnnthsteﬂpofgﬁétheﬁab@upagdnent uses

t he wearabl e automatic injection device 600/ 700 to |n!ect t he therapeutlc

agent into 25°ftHdes eﬁf“?‘é@é}f W/ gbgaringipe raedls OS2 dmnts Aptragted piInBYIHSIRI n st ep

920 are descré3edshed RWol &p6RAMREHE bORiIAWLE fhe Eblg;u{ge Wi depre&t@&RhO3Q.of af t er
the wearabl e automatic injection device 600/7 is renoved fromthe

patient, the th%%%@ﬂ\ﬁé&%ﬁﬂﬂ@ld@aﬁ@ﬁlablwé1i)/ﬁil%ftarla&tha@wdéfe6?éé7@/5 TOOoYed
di scarded,d N @RynARRT QLS lﬁfegﬂ};@‘}aﬁﬁonaﬂy within the housing 635/735 so that the needle

625/725 emerges from an aperture in the housing 635/735 and is exposed. This allows
the needle 625/725 to penetrate the skin of the patient to an appropriate depth for
injection of the therapeutic agent. The downward movement of the therapeutic agent
cartridge assembly 610/710 in the housing 635/735 may be linear (i.e., a vertical

30  downward movement) or rotary (i.e., in a circular movement about a pivot point).

Figures 6B and 7B illustrate exemplary embodiments of the wearable automatic
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Figure 10 is a flow chart of an exenplary nethod 1000 of using an exenplary
30wear abl e automatic injection device 600 or 700 to inject a

t her apeutwoabiwi3gf2Bect i ve anount of a therapeutic agent PCHtus2@1f0aisoent .
Exenpl ary nmethod 1000 is a detailed outline of step 920 in Figure 9. In
step 1005, the patient renoves the protective film 650/750 that covers and
protects the adhesi ve | ayer 640/ 740 of the wearable automatic injection

devi ce 600/ 700. nts i of the tective
1) m 6507 750 Biegioh BIET 60 FHE R BRERCTR Rub i TR Sutiadsbealidiie eed o
625/ 725 for 561I0m16@épr®s‘sed into BORR1siERX GOPT 35 Hice BbP Ui I pSforfedoval of the
protective film650/750 al so breaks static friction (i .e., stiction)

bet ween the bung 15/ 715 and t arrel. 6 and
Priogers. the i andBat SeTwivorASEPSTht PR by (AR H-Fanb 207 AR
protective fiikae&eédind thalousing loBE@35byl thnhati@gt rﬁﬁmbnypashalg dbsndennected to
the plunger actuatar 630/ 73 The Ilgmg %ﬁll ncl ude..a tether or
ot her | i nkhageM48PSYEE ASERT A %fésﬁent‘tﬂﬁ e effﬂ‘ R FPRINEnt Bhpy e,
the linking reabemfactiie risdeatdnl iigoek,iel gnaﬁmk&féﬁ gkt BN@E I&h@lica friction
bet ween the bung 615/715 and the interior wall of the ban el 605/ 705, and

triggers the SPUHYEEY accctrtiolocymnssdis thafor plife hepsme 63Nd 3Hahidrfausspat i es

the patient caq@tuipQktd Qf?or@eftlcﬁlgf'd @bhRr butmg&ﬂt%aﬂtﬁug@q;sb% devi ce
600/ 700 with the adhesive | ayer 640/ 740 to t e injection site 15 (or an

article of c|@@Wlﬂgltaﬂwnepllﬁgq@ﬁﬁﬁée@mdn@ %ﬁuﬁf‘et}leﬁ‘%?dief@?”tzﬁ@ﬁf\%fﬁ?%l e device

is reliably r&iaiMRodQBnd REad Kefi ?fabpé}nlﬁidhﬁenglﬂfésﬂgg Eh'@?ns%fﬂﬂoﬁ%%g@ﬁb&t%nt he
therapeutically effective dose of therapeutic agent n step 1015,

once the wearai ieleasetadnta incthe mseten mg@éw@]éompm@gtq Rjasgihe epstidee t o t he
I nj ection si taﬁsexﬁ@g d?ﬁo%%%ﬁl Q%thoﬁélh 635%3% 453 SR ééot%odfmeo I's

depressed froma y positi n inthe Pre-Injection State to a depressed
position in tderiligy aemibdno By ADenay cahkenhe tpedlh ORFT 2igto®8 tis¥iB5l intorthe he r eady

position, the e he th agent cartridge assenbly 610/710
beari ng t he ne]é%?ons Egol %ggrtgltz%pé@t ed within the housing 635/735 and is

not exposed to the outside of the housing. Wen depressed, the end of the
t her apeut it agent le ar excinghlpey eisbahbeny, BpGASTIOhY Bwrapagictapent naerdige 625/ 725 i s

moved 25downwg g;rb% é@@éﬁ%ﬁ% tbygﬁﬁ%r%tﬁ‘&tbr%@ 7 té"ﬁetgﬂl' IH?\L%HJ‘&LE@&% 635/ 735

so that the nee om an a er ure ousi n %35/ 735
and i s exposeﬁiﬂﬂﬁnmwbd:mml;tm;EctrthedhleapﬁJZBﬂwz&fetmveg@n@mtcahepathet skl n of the

atient to an, | at th for injectian tic agent. The
Gownar d. movenaneogh of fe Bl besth BiESH Elnfre T LOSLTRT Y e567 950

t he housi ng %ﬁiam&@mso tb@rdakﬂ&a;taué ifricdion (iee. \Sé&ttdnﬁiﬁdtwafﬁl tH@bmmg&ﬂdﬁmaminent)
or rotary (i.e., ina-circ nt a a pivot |nt ures 6B
and 7B il ?%sttﬁ%l{néldgivé‘]r]rﬁf g?@s %W@Fﬁ@%@o@%ﬁhg %‘Péﬂotfl a&ﬁgﬁ i nj ection
devi ce 600 angovQOrviandifRowanj 86 heclle EA5ADS imiht thetdpeutcngeaperuidge adg@bly
cartridge 610/710 de(ger]ﬂessed into the housing 635/735 after step 1015 is

performed.  610/71Pp dekivendhniherapsptic gl vindir 1eedln 823/ ey alb ilungergg@aer
cartridge assgphy %%&&&n&&e@ﬁ@&&ﬁ&ﬁn'oﬁ&ﬁeﬁElﬁld&ﬁid&'tﬁ@blﬁ%%z35 by the

patient manually pus down th
subsequent step, or the plunger actuator 630/730 may overcome the bung stiction and

25  actuate the bung concurrently. In another exemplary embodiment, the plunger actuator
630/730 is triggered not by depressing the therapeutic agent cartridge, but by the user

activating an injection trigger, e.g., in the form of an injection trigger button.

The rate of therapeutic agent delivery may depend on the characteristics of the
plunger actuator 630/730. The plunger actuator 630/730 may take the form of several
30  exemplary embodiments. In some exemplary embodiments, the plunger actuator
630/730 may employ means of energy storage and release, e.g., biasing mechanisms
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5t herapeutic agent cartridge assenbly 610/ 710. In another exenplary

enbodi nent, the patient may activate an insertion trigger, e.g., an

i nserti orwOnoggess2button | ocated in a conveni ently acce®sirhiseolnsisbs on such
as the top of the housing 635/735, which causes an insertion trigger to
automatical ly depress the therapeutic agent cartridge assenbly 610/710 into
t he housing 635/735 and in turn, cause the needl e 625/ 725 to pierce the
10skin of the ient. In an ex ar odlnent sin e insertion
e gger but t Gy P biesh Su RS B R EhelPerBR T GeEratdiSt ol ovs.a
spring to bi a®ahfeosdatit pred@ee, AsEesdd kypaadiod, 40 Adanmpt@grldéqhamsmtxﬁne beaksi ng
635/ 735. The sa not i on_of the cartrld e asienbl 610/ 710 cause the
needl e 625/ 7282 g%ﬂb‘éneif%%{s@ﬁéf’dn ?\@B”P‘Ff’ér et ‘tI‘B‘i%ysﬁ}nfléon&V‘étﬁa topri ate

depth. 151 n apne¥eaRkiadsy oLoRes dBRt endd@PeRESRIDYIhd fendehRiiReWhL3RaeNt
cartridge assenbly 610/710 triggers the p Iunger actuator 630/730 to begin

novement of tiRy t?ﬁtﬁl@toemle?eﬂfsaﬂelddtﬁswew?wet enpdicandiipeebung 8 {peutieal Iy

effective dOS& ds@d @ (bR r RatiaRNhe raEURSHeQt RbntdBvdNRIARGE Ge @gﬁ%&
cartridge assenbly 610/ 710 causes the plunger actuator 630/ 730 eak the

static frict |4§ﬂ1a(0ir 680/730qeliggrs ahyncpBiiAEet sRTHE fpigh g 18 5IMRPBropHde PINER i nsi de
wal I or wall Sacﬁfatotr %%/%Jnﬁlang rBf)rQA'tE @&M&Q@m@ﬁﬂ %@E@@ctéﬁh@ dQ%ﬂtb@%{e MS5 to
nove forwardly toward the nee 625/ 725 1 n the t herapeutic agent cartridge
assenbly 610/&qotoleddate] /er mtatselgtehséwalp@uﬁt firee cdigesubstaitzlly e pbag|berm@s/ 725.
The pl ung O may overcone the bung stiction in one step and
actuate tﬁ% g%%%ﬁ§%&gﬁ§8tSQQUent step, or the plunger actuator 630/ 730 may
overcone the bung stiction and 25actuate the bung concurrentl I n anot her
exenpl ary enbodi ménen exenwlasy einplimert t deatcotinGBO/EROCY IS ageritg d not by
depressi ng thg.d gy é‘R)‘?Hb'a?so%ﬁﬁ@&l? CafabidndBGny RYh vﬂ%htxbﬁenLtﬁgg cr@ChhNating an
injection trigger, orm of an injection trigge

The rate of tmertapeunlcagagemld@ehssvmbly o/ 1 lmpethe haning 985/ Bhar act er| stics of
t he plunger actuator 630/ 730. The plunger actuator 630/730 may take the
formof several SQ, exemplany ieahed: @ttscartﬂl SRR Ao SRR PNt S

t he plunger actuator 630/ 730 ma neans of ergy storage an

rel ease, & g.the dépasssalgpomtion ard Iemctf(dsn@@tmoam st Ing@)lon Sorprédss E@r@méess

chem cal gas gengrgt f?cgu%mgigg%é&d% ﬁ: %95/“79531%ét%1c8§ W?th Gndh %%ﬁlg

hydr ogel expansi on, n ani sm ma used to absorb energy,
for exanple, @ﬁfﬁﬁbrmawmwebe&&ehmhmaneﬁgy@iﬁmmcmbmnrﬁwmde6@amb7@ controll ed
rel ease of en durl ase b nger 630/ 730. A
5 flow restri @’tl&l?/ate qxglgggry w Og%?en% Bap a“mt% (%&éﬁ ¥ RY neg@’be and the bung
615/ 715 may hespEStesdlyt n 4 etridiel pos@ghl hﬂftretep heztr B nfzoummpaw ditheraglent
delivery, e.g,, Where. the plunger uat or. 630/.730. del S an

inconst a7 hedn pirRy oo Ese Sahatihnriears dophgal Mhr Bvsrsor 720
and an appr operutcaltaetctﬂjéwoﬁ astitd @000 MRYmbedTRIne Gk @fediion ¢ied be¥@t tHehe dose at a
controlled rate, in a single slow bolus free of or substantially free

of any burn|Hﬂmﬁﬁ?éﬁgﬁﬁﬁﬁﬁ“FHoﬁﬂeaﬁﬂt?@%9d“@m

Upon delivery of the therapeutically effective dose, the bung 615/715 and/or the

plunger actuator 630/730 trips the end-of-dose retraction trigger of the retraction
25  mechanism. The bung 615/715 and/or the plunger actuator 630/730 may include a

linking member connected to the retraction trigger. The linking member may include a
tether or other linkage mechanism. The linking member may be of a suitable length
such that, when the bung 615/715 has been moved to the end of the cartridge assembly
610/710 (delivering a complete dose), the linking member triggers a latch that in turn

30  trips the retraction trigger.
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In an exenpl ary enbodi nent, depressing the therapeutic agent cartridge
assenbly 610/ 710 also arns the retracti on nmechani sm whi ch, when triggered,
retracts wbeotihssspeut i c agent cartridge assenbly 610/ 7P0Tiust@ 1i0bgsohousi ng
635/ 735. In step 1020, the therapeutic agent cartridge assenbly 610/ 710 is
retracted from 15t he depressed position to a retracted position in a
Post-Injection State so that it protrudes outside the housing 635/735 and
the needle 625/ 725 is retracted within the. haousing 635/ 735 or protected by
Lhe Skin sensor T oUECHEGIYEOIGE NN e eerae SR meioy pibefiye

exenpl ary enmb@gioye it shepdpeaitt @M ichtriddajagehbBi 106N ) apwHQAOnsatedhe/iidsing
respectively, in retracted position after step 1020. Step 1020 is
performed ei t‘??’éf733A4%‘£a‘ﬁ%¥thfEn f‘ﬁ@ﬁ‘%‘i%ﬁ‘fﬁw&él)‘?rﬁ}%ﬁfoftg%tttlﬁfgera%%g Bgent fEridpeut i ¢
agent is deliyuematy 610/ moeitetNepisericbbesaut o@t ixemphheshbsaindevhee 600/ 700
is removed fromthe in%ection site before the therapeutically effective

dose i's cohpl BYEPPER|the/ Bragputic agent cangidee dermRep i/ o) tde henwFdivaseiccal |y
effective dosg.nd6:-RBGEIRd ddReARduaibletBEPLBNG L RELMALAI0AYaA30 trips
t he end-of -dose retraction trigger of the retraction 25 nechanism The bung
615/ 715 and/ oural ffsliqgtigmefethe epppnieitonof BBoPTB© ageny dplivenudenca rqtrapkilibe menber
connected to {08 duGL hAGE LRRabd 4Gy 6 1810 driil RYITBIDGE hBRYne! d36/798 Eis@

tet her or otﬁégg?fnkégé nech%nfsnl.%he !i&ting n%nber may 5§|o§ a §ﬁitable
| engt h such tdhawn imKewres ¢fe aiglif{g), §hish prosideas vigesd mdmatiedoftthe stife obthd of t he
cartridge,ass B ol Qi i I ot i nking nmenber
triggers gﬁléfgﬁh%%%t I%%?n%%Bhg%ﬁ%%g@pﬁgﬁ?g@%g%g?%ﬁﬁ?%rgégﬁphb&hk Once

t he end- of - dogentrdetiveag bii visuat indgetion  therdepipe th the RestlgegtimotStabn mechani sm
depl oys the therapeutic agent cartridge assenbly 610/ 710 upward inside the
housi ng 635/ 735 a y:of I i the

t herapeutic agentQ%ﬁ?&@}ggggg%%gﬁgﬁgkg?@yyggggﬁﬁé?gﬂg&ﬁggi- ?ﬁéﬁ%ﬂ%ﬁ% St at e.
I n an exenpl drejore tisedinplenon oftthaafsmocdprefitctot dodeef tHedhameutid azealgtrtskin
cartridge assgnbl 0. from the iniectian he. t-i;nj ection
state creat esS%ggr%l)r g.ol,(l) g %@C@é@s@g&e&%{ totét.lego.u,m% Q%télfeﬁlé) I%aﬁga éﬁsl/?ﬁ a%?l gr\lﬁg eeseag?ﬁ aur al

i ndi cati oms ofretnheal coraptiet trigger of tht IeraaeuhéchadgenOndethe valyywemOnde retract ed,
the therapeutic

ent cartrid assenbl 10/ 71 rotrudes oqutside the
housi ne: abe) psBacE Mae B oSl RRE TR e o B o R R | oo
i ndi cati on of catthi@gesdsadn1vH 10/'Ne upGuelan afelheuand BHI35 awanfettthopatidayvi ce

600/ 700, for exanple, conpletion of therapeutic agent ivery or a visual
"ndi cat | on of “BHE! RABIANGE Uhah eaeTpRgLc JERpGaRTLH SSebDy o b ¥t

retracted position. In an exemplary embodiment, the plunger actuator 630/730 may

20  continue to move forwardly in the therapeutic agent cartridge 610/720 toward the needle
625/725 when the wearable device 600/700 is removed from the patient before

completion of delivery of a therapeutically effective dose of the therapeutic agent.

In step 1025, upon retraction, an automatic needle lock engages with the
injection needle 625/725 to prevent redeployment of the needle 625/725 to provide
25  needle-stick protection. The needle lock may be a member that prevents the needle
625/725 from exiting the housing 635/735 once engaged, and may be located in the
housing 635/735 near the needle 625/725. Exemplary needle locks may include, but are

not limited to, a plastic plate, a metal plate, a clip, etc.

30 Il Exemplary Needle Systems
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However, if the wearabl e device 600/700 is renoved fromthe skin of the
patient before the conpletion of therapeutically effective dose of the

t her apeutwo 2ap¢138823t he skin sensor foot 660/ 760 extendsPrCo/ush@ 1083584 de of

t he housing 635/ 735 and trips the early- 15renoval retraction trigger of
the retraction nechanism Once the early-renoval retraction trigger is
tripped, the retraction nmechani sm depl oys the therapeutic agent cartridge
assenbly 610/ 710 ypward in .the housin 5/ 735 a fromthe patient
contact por t1 on st et B ot S e A BT OB e 0 710 1 s
returned to ainjeefingacdoeelofOdtthpanic agont Mo Lpxdiemt saskin. enbank eenplaryt he pl unger
actuator 630/ 730 may 20 continue to nove forwardly in the therapeutic agent
cartridge 6109“%?61“9%‘\9%?161“%%%0%8‘3%08@18‘? *P?Sba%ﬁﬁﬂ?f‘f%eor}\ﬂéé?‘%q@y AupmaEe

600/ 700 is refpv@sh dekRBtIMEniARH e, BRAY B8 fis&RARE tHeGALiST sARhiY Bt @F a
therapeutically effective dose of the therapeutic agent. In step 1025, upon
retraction, afSaOREPIEhEE NGk EHTPAGESTMIE R hE SYHSS S BhIALRY| e

625/ 725 to prevsil uJ £oeRl %ﬁr&ﬂ@on&iniﬂ e 8RU oriRR/ 2R st QutRF MY ibdRe125

needl e-stick protection. The needle T1ock may be a nmenmber that prevents the
needl e 625/ 728 o prdasiiticapntsedinetypledde BS5YTITES neienshagedcd tititheay be
llocated in the;RAUSkRT, B34 d3ARGRL hdibRedkf 625/ 725. Exenpl ary needl e

| ocks may include, but are not limted to, a plastic plate, a netal plate,
aclip, etc. 30I1l. Exenplary Needl e Systens ~ Exenpl ary enbodi nents
provi de different lexEpEERplapeaodingdeppillpgteldn Fighes d pithla2dudeof a

therapeutj¢ aganhciud SoBroPAliENindSindKbdon nBeBOMTRpRA &IPHiRLVen@FR A IHIRAL S, an
i njection needl’e, coupled to a barrel” portion of an exenplary automatic

i nj ection devitagiéone dire aiierting neddée oyshe, ingergd éo thppetienegskimogletivas apat i ent ' s
skin to inje : [ g0t ' ! [ ry
enbodinents,qgméegpgggﬁﬁgg%%%d#gée%g&%gg%?gg§¥%ggnggf?g ﬁ%ﬁﬁéﬁ%ﬁhgontaining
t he dose to comdeectlighdint dosariteblt angle ek v Birthelonpiordinabaxis @liibe bamrel pgreet | on
needl e coupl ed t. h ri\nge..n | e inserted into the patient's
skin to injec%n$ﬁ%ﬁ%§§§%Fp?%gFﬁ§8%%I%en ¢3E§‘in. In sonme exenpl ary

enbodi nents, as illustrated in Figures 11 and 12, a syringe 10may include a
barrel potiion andigme I hillegtatesnanaeaday spingkdd0d witablelfausd ingndxahplatie

barrel por ti ofy o, Fg iR AL AR £ IR PRAASSTRES LI HD2oRRLLRET " S

rapeuti c agen ai ne arrel "portirron of the
syri nge. The tohpKctdosnofiabehpuriaygdneardlexgndidg bdtweenya puxitabénd aadgldstat el ati ve

to the longitudi pal axis of .the barr.el rt.i,on rangin m about Q degrees
to about 180 SoghBee Melfh el 11 SReLP! LE Ry AadRg A TG 160

sui tabl e for idgetionmeadie @K@intpdtaktgnds along the longitudinal axis L.

20 Figure 12 illustrates an exemplary syringe 1200 suitable for use in an exemplary
automatic injection device. The syringe 1200 includes a barrel portion 1202 configured
to hold a dose of a therapeutic agent and extending between a proximal end and a distal
end along a longitudinal axis L.. A distal end of the barrel portion 1202 may include an
elbow portion 1204 that extends substantially at 90 degrees from the longitudinal axis L.

25 A distal end of the elbow portion 1204 is coupled to an injection needle 1206 that
extends substantially at 90 degrees from the longitudinal axis L. One of ordinary skill in
the art will recognize that exemplary automatic injection devices may include injection
needles that extend along the longitudinal axis L of the syringe or that extend at any
suitable angle relative to the longitudinal axis L of the syringe. Exemplary angles may

30 include, but are not limited to, about 70 degrees to about 110 degrees.

69



automatic injection device. The syringe 1100 includes a barrel portion 1102
configured to hold a dose of a therapeutic agent and extendi ng between a
proxi mal wodoand3dg3di stal end al ong a | ongitudi nal axi sPCT/UA2@li1983b4 end of
the barrel portion 1102 is coupled to an injection needle 1104 that extends
along the longitudinal axis L. 20Figure 12 illustrates an exenplary syringe
1200 suitable for use in an exenplary autonatic injection device. The

syringe 1200 inclydes a barrel portion 1202 configured.to d a.dose of a
Cher apeut 1 o agent T excanirnytEeIan HoME BB PELRS hAu B e B end

al ong a | ongihugdincialle @bdree] portidn ghidsinahje@ivd neddld dvaplatd £distpioentioOthe b2HA May

i nclude an el bow portion 1204 shat extend$,substanti |1y at 90 degrees from
the | ongi t udiRPEomaxihg ijection Accdiegpay bedpgrigt if kPl IR IF o 2204 i s

coupl ed to annémpRat b@Rt ANesHa iﬂ%@@aﬁa%t;r@ﬁbmegyra@es Tﬁ@ﬁl%e@ﬁ(lnyne@ﬂle90
degrees fromthe | ongitudinal axis L. e of ordi narY skill in the art wll

recogni ze 1 hat®eXethsnea any sudaRle poels fiadive foghe leagit ey Ol e Pasgbreyiect i on
needl es that @xdignHolapRd oldlgelababsds@leraxi s L of the syringe or that
extend at any suitable angle relative to the |ongitudinal axis L of the
syringe. Exenplary angles may 30i nclude, but are not limted to, about 70
degrees to about %&@Prﬁf‘eﬁ%‘l’@@g‘?y embodimenis, asifxgiraieddppigdicy LéAbH: ASHIES as
illustrated ifafinBMiEsbatd] pittorshd oA i§¥¢don GCedlBbubRE Uitelely r RalE&ly (PRr ti on
and an injection needle coupled to a distal end of the garrel, portion. The
i nj ecti on needitel cadof the bprrd @pitign I Brigeqreedle maysorvey 4 thesanguliq 42ept g
therapeut¢ agaRined HNhabafd pbitioh BEMP&N L tPRE Hj@AoRhechR€ardhd M@Btion NE

i njection needl e 5nay be aligned at any sui tablle angle relative to the

| ongi t udi nal nerdls may deliwer dgthesipepior agepirinte amgiiong s PkinmAaioopRlingdedegn des t o
about 180 de - - [ 3 ted in

Fi gures 13 ag%lﬁﬁ e,negdlgf/lrrlcll %gélﬁ%gg“ ?%?%@I%é p%%@?%lb@%g% t§ 1; %lﬁr%éfrl]tgﬂ H%%Ia?eﬁj ection
needl e coupl esnghonentt. | An exemphdi eogplingromporentingy alclvdndoodxampke, eadapter,
portion. The r.i, nge. needl e.. NRY her apeut i C . n contained in
Phe barrel  poitiumHEpRER ey TR GOREE iyt HORLERR. fudBFlhe-dRE The
injection needle may deliver the therapeutic agent into a patient's skin. A
coupl i ng bet ween tHgirs 7 illngetayae dkanpday syringe il Ajewithdn (areedinan wagmpery

provi ded by o [. r N LJred). at ¢ ! : I iy ng
conponent rraya[&l?orlllg tlﬁgrg%%f)lcl)rﬂ E‘§§<e<’31rrp gg,q?né%qa alg? 1('[31%1%% ap@%%%gt blgp %@%ﬁfg?{% di st al
end of the baprelnpomiagnoxama entie 4 diptelcind @long e éaligaudidb kkiglraad E&nfigufedst r at es

A U R T
configured taocahbBowd sfringemeedpy B304 Nithe Snidgd weedled3&4 8] ineurd, @hpladtoa

| ongi tudinal axis L. and configu 0 hold a dose of a.therapeutic agent. A
i sl enth or NP PereB g e R sbBur P B e FBRRE L ge noed o
1304. The syrvogepas@alle, alprédmuabportich df diehdafOuB08 dogplad @Anhdhypiager m ¢

i njection needle 1306 thr ouqh an exenplary internedi ate adapter 1308. More
speci fi cal |y, 150151 &% 3pdi2 G PPRian of the Adapied A gais caupdpg! ip Sedpjgdioadesde t he

syringe needl g0430% ARpe1 WigHhadcsBihiaQlb@nihineoBEBRE Al ABbdrFedalpl €d to
the injection needle 1306. The adapter 1308 may establish a substantially

90 degree al ilgrgiedinabsisdealihe brsrel Bergpr 2rad thexiyeodergir iRjersiop apgdl 13961 t i on
1302 and the hypoderm c injection needle 1306. 25The exenpl ary adapter 1308
i's a conmpenent thathekeRGhpIgesdaidriiBed is RREMp&RndBdGncludes a first portion 1310

that extends from the barrel portion 1302 substantially parallel to the longitudinal axis L,
and a second portion 1312 that extends from the first portion 1310 substantially
perpendicular to the longitudinal axis L. More specifically, a proximal end of the first
portion 1310 is coupled to a distal end of the barrel portion 1302. In an exemplary
30  embodiment, the proximal end of the first portion 1310 may envelope the distal end of
the barrel portion 1302. A distal end of the first portion 1310 is coupled to a proximal
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that extends fromthe barrel portion 1302 substantially parallel to the
| ongitudinal axis L, and a second portion 1312 that extends fromthe first
porti on MOQoswMsss2antially perpendicular to the | ongitu@CmaiS2@xios3sh4 Nore
specifically, a proximal end of the first portion 1310 is coupled to a
di stal end of the barrel portion 1302. In an exenplary 30 enbodi nent, the
proxi mal end of the first portion 1310 may envel ope the distal end of the

barrel portion . 1302. A dist.al d of. the first portian Qis led to a
roxi - end g el BRth TR ohinshSa oRbgiseBR bl HhiebiRy
portion 1312 prexid@lyglded tHeGnjactiphaxddidl 308Nth af extlplaiyndnetedingsh, nigeike 1306. I n
an exenpl ary enbodi nent, the first porti 1310 and the second portion 1312
of the adaptémeﬁdéqﬁﬁVi@%S?BW%@H“@ﬁF@éFgﬁFﬁgm”GQBS%Hmy?&gﬁﬁggwggﬁ@&pters
may be formed of a rigid material including, but not limted 5to, plastic
materi al s, steel, EReBaphiieadapt’ mapbe i@h@d i a6 gid netaiamayluding drunadilvmeley be

fornmed of a flexible material ingluding, byt not limted to, .rubber and the
| Tkeed OF & T orBhRE Rl R LS an it ety Wbt Bovgorel Prled act | o
needl e 1306 adflaqwsibidi@atbi] @elddaiz, head! enilaQb, isbeexiemeling. about 90 degrees
relative to the longitudinal axis L of the syringe. This configuration

sinplifies the manufacturing of 10t he rabl e automati.c injectjon device
25Tt ol i i nat es. e cruirpdp Lot adaper B DR RbEEelSaRhEdT ar v

i nj ection needioes RAHedRinHAilNS308 tb oMenr Dhbdue 9@gaIds telithe tpati ent whil e
allowing for praoper insertion into the patient's skin during an injection
in an inj ectigRgigimalaxischal (B Syélﬁla‘?-n"éh@“g’tﬁlﬁﬂa“‘i’nrﬁﬂﬁlﬁ]éﬁeérﬂ%e RiufackE@gghi ze t hat

exenpl aryd nj @€ kaiblp 8Reh ek iNRYidIRIDRA LS it EIakBenE anal thiidbddinjados of the
syringe to any suitable angle not 15limted to about 90 degrees,

e.g.,
about 70 degri®edlet dhagrsplaininicgégyyisedle 1306 maintajng adeyprarofifcigpingrtiye patient

enbodi ments, ORE AowHREr frbpbr thsCABH HId Be PRYenPEsIGh dRASE DSBS he Syringe
needl e and the injection needle to allow a flow of the therapeutic agent

from t he bar rigiectsdrstate rOnepliopdingry, pkald i1 thp ar gdldiresognivedhay Bxanpdarg yii¢age needl e.
Any suitabl e fLudyeoRetint noh dfd il (ERGRAN Ty BYBE tEHh t O
establish the‘%ne or 20n8fé fuidgggng%its bétmgeﬁg?ﬁe syffnggﬁ%eeéle and

t he i nj ecti onlimigaldp ebouk RO degress.angpl oyt Ordogdeste abqut 41 (pilegraseabl e septum i n
its intact state nmay separate the syringe needle fromfluid conmunication

from the injection, QeRdlEempMREInidiGndyd, bASSG MEEHLA BhEHiE ‘1%1%%/ bOGisp&ReE UM

during an injection in an injection state, fluid comunication nay be
est abl i shed bwtwesathe syangynepdigandibe dijestiamaeetlivdo plitjvee tlpw ot Aeditaveutn ough t he

fluid 25C0ndueig%%t flﬁrrllg%%a&é} phitdol % 8 §&iBn Rl RIBu mB QA3 E TRl YaRut omat i ¢

i njection devi
suitable fluid conduit or fluid transfer mechanism may be used to establish the one or

20 more fluid conduits between the syringe needle and the injection needle. In an
exemplary embodiment, a pierceable septum in its intact state may separate the syringe
needle from fluid communication from the injection needle. When the syringe needle
pierces the septum during an injection in an injection state, fluid communication may be
established between the syringe needle and the injection needle through the fluid

25  conduit.

Figure 14 illustrates a portion of an exemplary automatic injection device in
which a fluid conduit couples a syringe needle and an injection needle. The device
includes a syringe or cartridge assembly having a barrel portion 1400 holding a dose of a
therapeutic agent. A distal end of the barrel portion 1400 is coupled to a syringe needle

30 1402. A transfer mechanism 1404 is provided in contact with or in the vicinity of the
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which a fluid conduit couples a syringe needle and an injection needle. The
device includes a syringe or cartridge assenbly having a ban-el portion
1400 hol awogora/desee of a therapeutic agent. A distal en@Cofuscéia/obisns el
portion 1400 is coupled to a syringe needle 301402. A transfer mnmechani sm
1404 is provided in contact with or in the vicinity of the syringe needle
1402, and also in contact with or in the vicinity of an injection needle
(not pictured The &»§4§% chanis %404 ch udqs g fluid conduit or
passageway 1498"$HEFIRJY F“i‘ds ELNEPRPG G TE SN Ob#t WESHC HET Sy r i nge
needl e 1402 amok didieretn] @@ tiatdlerngeditsm D403 iadludx @ MRl ddoydendrgdisagsstay t he
transfer necha ism 1404 i nc¢l udes a pierceabl e septum 14 at separ ates
the syringe n]e gihat ?Lsﬁf’g’ﬁsheis Hidtcﬁgmf“lng?‘tbo%%‘ﬁ‘iﬁ‘lt hersyfBes I}‘?e‘%ﬁéﬁ(ﬁrf’é‘ﬁé@
nechanisnil4Qﬂeagﬁquﬂan injection in a pre- injection state. In an

exenpl ary enbodinent during an injection in an injection state, the

syringe or_cartri noved toward t etransf nism144so
that the Syringe ﬂ@aﬂ?@@%@zﬂm@i@@g b iR bT 98 O SAEEeR | i o
conmmuni cat i onseptahlm@mgse&)hiatebafersgeﬂmga@ieédi@moﬂﬂﬂl tht igidfdondik opdnE 1406 of
the transfer nmechani sm 1404 and the injection needle. The therapeutic

agent may t heF@Blr PEAPise 4B Deitis ap Ariccdion Bt RTEGHCA 20 612teh A By CIRES y r i nge
needl e 1402 igtafone,fduih arplgréeiiuntm&& ctidfakbNBE ARRYL biCcanB8MmAEL t hen be
transnitted through the f conduit 1406 into the injection needle for

delivery of trn@veflii@iwa%iﬁttiaesf@sa@émlsm &G yodbat dersyrimgegigpdle 1492 nigrepseheat es an

exenpl ary§ rag tfuﬁlr14@@%@&t§¥h&1§@9mﬁﬁhlc&[dﬁ\ﬁaﬁi Ahn@ el kel foRiUigho, 1R02
bet ween a syringe needl e (not pictured) and an injection needl e (not

pi ctured). Thiu PQHddlté@Pﬁﬁfiﬂtle uHeRr peghaping| ldekb apd &lemmeqalpnyeeéﬂ@t éidi ng channel
1504 t hrough r dle to
g \‘i%\’&[%é&u& F nf R&Y FREHY h8w%9f<ﬁtthef HaPp %Jr& ‘?nr&)ég;t]l cf%ﬁ'nﬂ £

the injection , and raised wa portions ong the
edges of the whdlnid)2 ihBG0He flmd oomiert 1406. cBresharaientic dgent thay Wert ke trdnemitiednnel

1504. The fl 2 n i Qr.m and di |on I n
the illustr atutihl\d?e e%%%&drrcé)ﬁ?mt {%X #tﬁ 1%céclglr(i) LIII %Cﬁl %85 lhverg O?q}etgerflpeu
subst anti & | yagstirtah @lienporti on 1508 al i gned at about 90 degrees from a

second substantially straight portion 1510. 25The fluid conduit 1502 nmay

yringe needl e, and s 1 I GheRat gl RFereEPARRNY 0 FRERLARE TS

i nto the injeshidonliééedivecn Tkyeinge oeedlel (n¢tqﬁct615d)zndayirﬁ)®tiomnq@tlkedncdi rectly or

indirectly to the Xi e a_syringe nee n,.ex ry
enbodt ment, - P er Lok PR SRRt s f DT Y he 11 ui
inlet 1512 tOthmuglvehichtﬂeuhdaﬁehmgenomn\ﬁsifﬁ)rﬁ@sycymnggaeemiaaatdltlee infeetiont he septum

< piercedt by<e Eyriger o’ Tl Frtinge Dt FEETuESE hEy el oo™

order to constrain the fluid to the channel 1504. The fluid conduit 1502 may take any

suitable form and dimension. In the illustrative embodiment, the fluid conduit 1502 has
a first substantially straight portion 1508 aligned at about 90 degrees from a second

substantially straight portion 1510.

25 The fluid conduit 1502 may include a fluid inlet 1512 for entry of the therapeutic
agent from the syringe needle, and a fluid outlet 1514 for exit of the therapeutic agent
into the injection needle. The fluid inlet 1512 may be coupled directly or indirectly to
the proximal end of a syringe needle. In an exemplary embodiment, a pierceable septum
(not pictured) may be provided at the fluid inlet 1512 to prevent fluid flow from the

30  syringe needle when the septum is intact, and to allow fluid flow from the syringe needle
when the septum is pierced by the syringe needle. The fluid outlet 1514 may be coupled
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directly or indirectly to the distal end of the injection needle in order
to establish a fluid flow path between the fluid conduit 1502 and the

i nj ecti orwoeedl 3823 Al ternatively, 1512 may be usedPag/ush@1foBisod out | et
and 1514 may be used as the fluid inlet. In this exenplary enbodi nent,
fluid inlet 1514 may be coupled directly or 5indirectly to a syringe
needl e, and fluid outlet 1512 nay be coupled directly or indirectly to an

i njection needl e o he transfer chani sm 1500 may be -nmed., of two
houst ng_por ¢ Sireteriadisest b AL SRR RE i s BesssPy it
enbodi nent, tiev pdibelweande fbid LoARiEY2 bel thomedoietiloe surface of portion
1516, and portion 1518 may be stacked over the fluid 10conduit 1502 so as

to seal the edges the fluid copduit 1502 in order revent fluid

| cakage Trom the PRSI HddIs meBhird et PefulteleaRt s BENEBh I
portions 1516fhadchiek5 kSihRryetygameawbdia@dn)Yluidhigeolrs 14 berealpaididiattly or

i nterlocking mechagnism for exanple, one o re fasteners, snaps, chem cal
bondi ng, i £ rEUGHITE Wy e ik et bR Biag o PoHR G Y CFSBieRY) e
formed on theoshidj@een aéediche housi ng portion 1516 using any suitable

technol ogy. In an exenplary enbodi nent, the raised wall portions 1506 of
the fluid conduit 1502 g&y bF f or of .a | ow durongter nateriﬁ# nol ded as
a gasket to seal t'H& PPOWPALHIE RN DS Qe BYHYERne PPHORh 6t AR

exenpl ary enbd sReked h@BRf. ah dkdigplirRymbediksadiht Aluidrasduial Pahlaydeound t he
perineter of the 20 chanpel 1504 in g%agr to ?inultaneously crﬁghe,a seal

around the chRARE! OMBYHrHGOlRgHPn:IRE POTHOR I HG PrRcishRec iy veiha Hd1518

together. o condii BOR&o dbtolskdl st ddadses uRBXeMRLRN 502tk BRRE @prévBaTRMI SM 1600
for prOV|d|n%>a fluid conduit 1602 between a syringe with a syrlgﬁg needl e
£

1604 coupl ed edkage Bam e flypdeqndgiy GopBresin R Seh e P SAUSTIERITEONE A

pi ctured). Thggtisashehe pGIRAITH M6 A rdmYchhfied WHERRAg hldRdnisP s on 1608
having a septum 1610 provided i'n the vicinity of the syringe needl e 1604.

The first por@R@nplel@gdr giorg faglenars Arapa cherichdanding. rdoeomayeldigl ade an
internal hollqu.space for acconmodating the therapeutic agent and an inlet
port 1612 coupled to one end of a hollow tube 1614. Another end of the

hol | ow tube 1614 is coupled directly 30or indirectly (for exanple, through
a second portion éﬁhﬁiﬂw&rcw@uﬂﬁo%tmapjéqurmd BB )suKseOh e higusing portion

1516 using any suitable technology. In an exemplary embodiment, the raised wall
portions 1506 of the fluid conduit 1502 may be formed of a low durometer material
molded as a gasket to seal the flow path of the therapeutic agent. In another exemplary
embodiment, laser welding may be used to trace a path around the perimeter of the

20 channel 1504 in order to simultaneously create a seal around the channel 1504 and bond

the two housing portions 1516 and 1518 together.

Figure 16 illustrates an exemplary transfer mechanism 1600 for providing a fluid
conduit 1602 between a syringe with a syringe needle 1604 coupled to a barrel portion
1606 and an injection needle (not pictured). The transfer mechanism 1600 may include
25  afirst portion 1608 having a septum 1610 provided in the vicinity of the syringe needle
1604.

The first portion 1608 of the transfer mechanism 1600 may include an internal
hollow space for accommodating the therapeutic agent and an inlet port 1612 coupled to
one end of a hollow tube 1614. Another end of the hollow tube 1614 is coupled directly

30  orindirectly (for example, through a second portion similar to first portion 1608) to the
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i njection needle. The hollow tube 1614 provides a fluid path fromthe
syringe needle 1604 to the injection needle. The hol |l ow tube 1614 may t ake
any suit awbeofiorssg23dal i gnment and di mension. I n the ill ugCratseee/ogsshodi ment ,
the holl ow tube 1614 extends substantially at right angles to the

| ongi tudi nal axis of the barrel portion 1606. 5In an exenplary enbodi nent,
the transfer nmechani sm 1600 may be noveabl e upward and/ or downward al ong

the vertical axis. In this enbodi before.an injection in a

-1 ect | oriepRraepr TR IR A AP ERLEL S PR g BE e Yy e Bsdied by a
needl e cover)1604 etht irgasibe hesdRC NAB hSIOWL GO 1 GEymDaakaung siieiblel fomh,| y rai sed
position above the syringe needl e 1604 such that the ringe edle 1604 is
not aligned Wﬁ%ﬂm?ﬂézggﬁ%ﬂﬁ?&0@6@UﬁFﬁmpﬁ%m?V¥H§@%ﬁnﬁﬁﬁ%éﬁF@thgGﬁ?mFhereby
preventing fldubdaftRMuin kR bek Waehudild agly bi kg BaRs peien 1664 and the
transfer mechani sm 1600. At the beginning of an injection (for exanple,

upon renoval of the syringe cover fromthe syringe needl e 1604), .the
Panst o rechani it 1eE6 TR BB ¢ E T HeaRn D8 i DEREV B

| ower ed posi tipdardandivridbahwirbalony teRgRicaead] én hetmdemnE seftd gned Wi th the
septum 151610 i n the transfer mechani sm 1600, thus allow ng the syringe
needl e 1604 tiBICHHWIRA PFRHBICSEM At dientrampleewpindhy sysngorictisnt ©VrEd Pprovi de

any suitabl e RelibabiePNho®eRad fdthiNm h Quahdyne ih BeclitanShiedd pREbARNSA 1600
fromthe vertically raised position to the vertically | owered position at

t he begi nni ngth®fyrage pesdiscloPbprch thpt dis sesinespeeds | @rtorit ghgned wikdhessepiupge

needl e 1604 gy oRemk Bhid@nltnGRHPI @B, AOLOy Rlvatiy HFadomRAL @S Uvaf] acent
to the first portion 1608. I n another enbodiment,; the syringe may be in a

retraction pob¢sirgae agedlsi 1904 hed the bianskir acghipnisinatop. Phjhedegiomngleldnce and t he
syringe needl.e. it i tion 1608
of the t ransflejreé%eglgﬁ%%&ﬁ@%é%gﬁ }e?-lr? k%(lhoﬁglgggg%%%ﬁg%? mﬂt@ (S)}Er%al{ggheelg%'r ection in
a pre-inj ecti s thettepsteirecchyrismdelhvedberut@idicahylowercd gpaveaticety f r om t he
septum 1610 in the 25.fir i.on 160 Not;. i | ui
comuni cat i onlomglieﬁ p?sﬁtéonts}l gﬁn%lg tgtglé ?’?[%51 %%eglr%al%@bg@g% ® %lﬁgg%‘é/{ghil &lﬁislquun&f an

i nj ection}s t hiel8yn ihagensfeayndokanimny &&0f tnwatosiling thy syaingandedledge4 arpiaye i nge
actuator to ap, ext en sition hin the device an% t he syringe needle
1608 mmy pi er Lo PHET LG v et e g e e SR BB (ot ow
from t he bar rigéchpgish if@nodaQ therinber measikar 60e abanhsverdd0) raided pogpliar y

enbodi nents may 30 provjde any suitable syringe or cartridge actuation
mechani sm fortoétéf\/@ﬁ@?ﬁ»’@iof"ﬁlé@%tb’a?lP‘ér} atgleﬁ‘feﬁ g RUADIVECH cartri dge assenbly

wi thin the housing between the retracted position and the extended
position in order Ihanpkangerytch®dodiaphiheathge apaiy 160dendylve i@pdlitdoaplagent t o

UG FEN T T I N T T M
1604 and the thojeebé 0y BeRH euaiion fes@inpliafn ao e chRBiRpeERAE infdcad
device and the syringe needle 1604 may be initially separated from the first portion 1608
of the transfer mechanism 1600. In this embodiment, before an injection in a pre-
injection state, the syringe needle 1604 may be separated from the septum 1610 in the
25  first portion 1608 and may not be in fluid communication with the transfer mechanism
1600. At the beginning of an injection, the syringe may be moved forwardly by a
cartridge or syringe actuator to an extended position within the device, and the syringe
needle 1604 may pierce the septum 1610, allowing the therapeutic agent to flow from
the barrel portion 1606 to the transfer mechanism 1600. Exemplary embodiments may
30  provide any suitable syringe or cartridge actuation mechanism for advancing the barrel

portion and/or the cartridge assembly within the housing between the retracted position
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5 each other. For exanple, the mechani sm coupling the syringe needle 1604
to the inlet port 1612 need not take into consideration how this coupling
woul d af fwotzotie3seat | et of the transfer nechani sm 1600 ecwiSed 1t08350he

i njection needle. Figure 17 illustrates an exenplary transfer
mechani sm 1700 for providing a fluid conduit between a syringe having a
syringe needl e 1704 coupled to a barrel portion 1706 10 and an injection
needl e (not p| ransfer nmech ude an inlet
portion (not ‘B’u ge)&?edc%oﬁlﬂj‘io%} @dgrgo P‘r%cez‘%ﬁ%eﬂtﬁ@ 315‘888‘?‘@ éFY%Pr?H“C FBut | et
portion (nottpm&ﬁunad%sﬁmumbaghﬁem@xhﬂemmﬂkect|on needl e. A hol |l ow tube
1708, for exanple, a junper tube, nay be used to couple the inlet portion
of the transfer negch the o rti sf er. hani sm
The ol | ow tube 1709 e Pl Tyl S bl LP R g8 aledi o 1704
to the injecthosyringeddcdle [6heamiht ﬁwctlmbﬁeeaﬂmﬂe dmgfupﬂ@lk"ﬁdaﬂiyfpeﬁ’ldbﬂt&bhﬁ form
al i gnnent and di nension. In_the ustratiyve nbodlnen M/tube
1708 oxt e b STEnd PhP P e b el e RO AR PR of the
barrel porti osrdiédd neddmoaﬁk@pﬁw%hawa@mw tAB RbuplinB &voulil AfectiBy duitRNofof t he
transfer mechani sm 1700 20may i ncl ude a septun1(not pi ctured) provided in

the vicinity Bf Uphér &erhagia @&Pﬁ?%VGEWI@F@F@ﬂﬁﬁj%f the septum by the
syringe needle 1704 may establish fluid communication between the barrel
portion 1706 and tHi@ird I'AiMs{Rites A8 e l&NridP&. mdcRanddin €XRTPE @oyid@paodidrent ,

t he outl et portlon of the transfer nmechani sm may include a septum (not
pi ctured) pr oPEELPSHCPRSYYRES Y ing 2 gyrings @cqdly Q@f‘FB‘?Pl‘ﬁjet@&Ibé“elFﬂogw& %%éjof t he

sept um by ¢ heandaniihé@ich h@dld{ﬁ@ﬁﬁ@mﬁ&)}/ 188 Lahlidriechdniingd 1 mOMAYNhARL AN bet ween
the transfer nmechani sm 1700 the patient's skin. I'n an exenpl ary

embodi ment ,  tIAKL RIEPSEEY PiRREHBITUBIDIE FOe MEyreB iy FaBRR! WAL PAHEY or

downward al oNGolt fiQuN8y Jo'uﬁl@l!ale %ﬂh@ 1njécﬂoﬂ Héeﬁleemml'o%ﬁ%e 1708 r6f &aﬁi@le' nj ection
in a pre- |nj ection state exarTP when t he Syr|n9e needl e i s covered

by a 30need| gugpeidnbe, mtahbe tl&eéﬁswp erm:lmfhp@ﬁ@mcrfobem chacghanigmethei cal |y
rai sed positi QNS orliR& ﬁyﬁfﬁ%aﬁ%d:{ﬁ ﬂ(ﬁ%tﬁ oﬁg?chl&ek‘ﬁﬂﬁ aﬁSe need e

1704 is not a g ed wth t e septumin e trans nlsn11 t her eby
prevent i n@ f | fngrd theopmgeincedlé b?O%ethmmﬁcttOh@e@l}fr |T1@é1011@edibe 11(78)12161)&'1&@6 t he

transfer ha%? ?ﬁgggﬂe?fgﬂn mﬁé}{? alchF lngﬁgl Ithheqﬂusjtlgh\% € %Hmﬁe?gﬁﬂe%?ﬁw e,

upon renoval S rlng cover ron1 e syringe nee

transfer nechah:EN%E%@&BmaVﬁ&ﬂa&pMo@htmg&bkmhéhmgmemmﬂ@mathwaﬁﬁlIy

| ower ed p05|t|on SH®€ that the syringe needle 1704 becones aligned with the
septumin thé¥t%h mechani sm 1700, thus allowi ng the syringe needle
1704 to pierce the septum Exenplary enbodi ments may provi de any suitable
actuation nechani§mnm@wnmmmnﬂhNanhelh¢amxpemmmeﬁhanmgﬁﬂn%@@nBHDWWOhe

ver tical |y, ra| %/el%clﬁ&sé ée'g%m £ 5&%@’153 bR o V‘%(‘:"l’% oSk é@é’?{%‘%é het% 1e6}t70£. he
begi nni ng ©f & exenp € syringe
needl e 1704 nEyrcimg of thetsepaluh py dewpti gk rte@dl@ﬂ7(}31rr@ai§i aﬂadhshrﬂmdjmamtmhrycaadjl acent to
the first porgét\ng:rgzn t7e arref prz)rtlon 1%68 ancF tlﬁb transrtn% mechanism 1700. In an exemplary
embodiment, the outlet portion of the transfer mechanism may include a septum (not
pictured) provided in the vicinity of the injection needle. Piercing of the septum by the
25  injection needle may establish fluid communication between the transfer mechanism

1700 and the patient’s skin.

In an exemplary embodiment, the transfer mechanism 1700 may be moveable
upward and/or downward along the vertical axis. In this embodiment, before an
injection in a pre-injection state (for example, when the syringe needle is covered by a

30  needle cover), the transfer mechanism 1700 may be in a vertically raised position above
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the syringe may be in a retraction position wthin the wearable automatic

i njection device and the syringe needle 1704 may be initially separated
from t he woanslfess235nechani sm 1700. In this enbodi nent, Po@fuse@1a8350Hj ecti on
in a pre-injection state, the syringe needle 1704 may be separated fromthe
septum and may not be in fluid communication with the transfer nechani sm
1700. At the beginning of an injection, the syringe may be noved forwardly

by a cartrid or. syri tuator to an exten .position within the
dovicer and- SRRt RdRaRGHER R e s P AET R P ST e b RS0 ¢ ne
t her apeuti c aigetit tranefef heokahis@m7o®) ehdaasy padve rdietfivdncohifimidation bawtdnanst er
mechani sm 1700.. Exenpl ary, enbodi nent s . pr.ovi d ny suitabl e syringe or
cartridge actﬁ?(&f‘geo‘}‘i’gﬁlé&ﬂ%%nélﬁ]ilq‘tﬁarns HW‘S‘EF@%H@‘ I/ ﬁ@ ‘gta‘ﬁ? é‘?g”ﬁ’é?gt(?f&ﬂ EPBr t he
cartridge ass@ikymy pof rdniRaNTus HeinRRINEGRON M8 s§ifigt acdardi PAgiitd on and
the extended position in order to pierce the septumand convey the

t her apeut it affEnier mechepamgdby way beawmpaicelly Wirgrrd it vy dledewicdmitien) e,

I n the exenpl @y e Bl 1708 béBhRHaidhed witd the septhi@hthe Afc&el | abl e
fluid path conveys the therapeutic agent fromthe barrel portion of a

syringe or capreahpeige 170 Swghlleyips breeringsapeditd Aldo Bictcabe ssp@hannel in a
transter mechanism-a8fp&MGEH ALY ¥rolidk ﬁnﬁﬁithﬁlb 8Ghdi9R g{&a%ﬁﬁsﬁl for [WwRring

configuration all'ows the syringe needl € assenbly and the 30i nj ection needle
assenbly to nthe waisfrd apelrdsnt 140 dfonethe Merbedile raisadiviosiiof wahd varadady lavesredact i on
of the injection I Nt - SLNg in a post-injection state after an
injectionhfaékgggﬁggg%?%*ﬂ%@?haﬁfﬁgyﬁgaving the syringe needle in a
position in which it pierces the septum Figures 18A and 18B illustrate an
exenpl ary wear abl elnantesenplin ephpdinrenio hedpinse ac¢dhe | 19dinmy be iriyallyrgeplathd an
exenplary tr i I ~' r S | vi ew of
the devi ve. Brotr s TEB T oy St E R B S o REl R e
conponent s ofth¢ keindewiag be infhetrawbo peditia widjietk ivearatliewiomald8diciiorc| udes a

housi ng portion. 1 h incl n hesive | ayer. 1804 pati ent
cont act regi6%Vgﬁ§@?%%§%%§epéﬁ%Ve 4?gy§?g§%ﬂwsﬁ%@%%£?%§ eégéﬂ%%tient's body
or clothing. féwhameudieny Iparit erobodi8OR, Heblrdsn @jesyon ingerdB@Btiomstae.shat | onary

or noveabl e 10 .manner. i he device gOO. The syri.nge 1g06 Q@%gs a dose of
2 ther apeut i cVEBEHE ol et S pied B PuYinidet b Rube 2 Tts
di stal end. Tdensynidangewne asluansk&QSechmyisre xT@n dhshitskmning @k hiyinfdcomg tehe
| ongi tudi nal axis of the syringe 1806. In a packaged pre-injection state,
the syringe rdBAREMBtEREY B EBLRY BirBYeSoty ArsigsinBsa 1 5ot 1a05,
whi ch maK be pRioN Sthhth@ddidle] StthdstiasEneadlc i1M)LEhY SlBrce tH sftui YIRGAAON
state, the syringe
20 ythe th%rapeutic agent to flow from the barrel portion 1706 to the transfer mechanism

1700. Exemplary embodiments may provide any suitable syringe or cartridge actuation

mechanism for advancing the barrel portion and/or the cartridge assembly within the

housing between the retracted position and the extended position in order to pierce the

septum and convey the therapeutic agent to the patient’s skin through the injection

25  needle.

In the exemplary embodiments illustrated in 15-17, a tight and reliable fluid path
conveys the therapeutic agent from the barrel portion of a syringe or cartridge through a
pierced septum and a tube or channel in a transfer mechanism and eventually into an
injection needle. This configuration allows the syringe needle assembly and the
30  injection needle assembly to move independently of each other, which facilitates

retraction of the injection needle into the housing in a post-injection state after an
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15 needl e 1808 may be uncovered. In an exenplary enbodi nent, renoval of the
adhesi ve | ayer 1804 may al so renove the syringe needl e cover 1805. An
i njecti orwbubtion33gek810 is provided in the vicinity of thecsuseogasiseedl e
1808. The injection button 1810 includes holds an injection needle 1812 at
substantially 90 degrees relative to the syringe needl e 1808, and i ncl udes
a transfer nechanismthat 20provides a fluid conduit between the syringe

needl e 1808 and the inpjection nee 181 I n. a packaged pre-.injectijon
Ctate. the i mpBeion’ REReSRsIo R enikany uPade BHOLATR Ry B bAHRELI o
cover 1813, whércds thageptuen.r enoved by a patient before an injection. In an
injection state, the injection needle 1812 nay be uncovered. In an

exenpl ary enbodi nent, r val .of the adhesivye |ayer 1804 nay. al so renove
the Injeetion needigrssBi 15§ iyttt 3 Sxgiplary NRlghle BioWHIT B0 al so
i ncludes a sefiemint8illingtadsgtinger #d ant Senipiery syuisfar@echaedl. eih80 83 A ilsirates

establishing fluid communication W th t fluid conduit in the injection
but ton 1810 SPuVERe TR RS Fisdiecal by A eRen e b ASTE | n o
pre-injecti onhstahpnemhbliie BBNcebahE eiBMett iBpc@oniRYice N§ooedlades adbudidy ect i on.
In an exenplary enbodi nent, the septum cover 1813 and the syringe needle

cover 1805 meRPTERE (302 Hrebiclidesinadhasiviiayar 18Of aphBAliSPISoniag FARiR% ety Reher |

In an exenpl agyoealedidBMe dehide & @ﬁa@ieﬁ&%oﬁ?%ﬁclbﬂﬁir%?ti on state, the syringe
needl e cover 1805 may cover the syringe needle 1808, and the injection

button 1810 may be in 5a vertically raised sition as displaced by the
syringe needl e coJ@FhT@§§I?ﬁ&ﬁ¢§ﬁ%gdﬁﬁ%gmﬁﬁ£@¥mdﬁaﬁ@@ﬁ@@”?é%?@ﬂgeretracted

within the hquﬁin@ﬁnll%o&vichns@dnifhes;,yﬁ{g@,18©61&;1§seapadwbﬂ§aqaragéuutcIa nk BjeCt i on
button 1810 may be vertical |y above the syringe needle 1808, In addition,

the syringe 1B886s sRaplegéo 3 tyrig2e peefledBBRatiyslistal spfl- alhsriyringsdcedandfBuenal axi s
of the asserrbéxyena%9&_taﬁgafyeﬂoﬁélrt%hgﬁldﬁﬁpamfl%ﬁﬁge tdo6. 1 @ﬁkag@@ pRuUt t on

1810. 10Wien the syringe needl e cover 1805 is rénoved fromthe syringe
needl e 1808, nigetianiaie thegnripgeincede 18Bonayshe covigrpely @ eyrmes aeedlecariry8pwer ed

posi tion suchgt. (M ' : - ot j . housi ng
1302 1 nto t he" aar el HEbi e PRDRTRIGR: HEbioRi 1 U ER O Sheant SFnfe
i nj ect i onlhutteodle 1830maplye dneowmtdo ati exxhipjary eweedsderiyyrempenl petpediiesioé t he

syringe need!ﬁwﬁqg@[mégﬁgj$h%V§%§%£ﬁ@egé§%R%g&y86§bodinent, t he 15i njection

button 1810 is’ I owere pushi owhward on the injection
button 1810. In an exenpl ary enbodi nent, the | owering of the

i nj ection button ¥8uigjcatidnggion h@llgypioniged metbavieinkBoBthoktringe heedkel¥08m 1811
of the injectypn, UYL udP o iddifiel RYE! QQ'thiontJégdlé %1%& 's&)@tagﬁ%l_]g%g 1810

al so triggers a s&rlnge actuator that advahces the syringe al ong
its | ongitudidegteearciasive vbe ghrinpensdietldng, b8d incluflest dgansfa] methagimmishett on 1810.

Thi s causes toe.syri Naf 08edl8, 1908, (001 SLAR e, RARL ML Aot seat bl i sh
fluid confruni'cation w e injéction needle :

In a packaged pre-injection state, the injection needle 1812 may be covered by an

injection needle cover 1813, which may be removed by a patient before an injection. In

an injection state, the injection needle 1812 may be uncovered. In an exemplary

embodiment, removal of the adhesive layer 1804 may also remove the injection needle

25  cover 1813.

The injection button 1810 also includes a septum 1811 that prevents the syringe
needle 1808 from establishing fluid communication with the fluid conduit in the
injection button 1810. A cover 1813 may be provided to cover the septum 1811 in a

pre-injection state, which may be removed by a patient before an injection. In an

77



Figures 19A and 19B illustrate an exenplary wearabl e automatic injection
device including a syringe and an exenplary transfer nechanism Figure 19A
i Il ustratwe 2BBz13382de vi ew of the device. Figure 19B il | reTrzsb@s/033504

per spective view show ng the conponents of the device. The automatic

i njection device 1900 includes a housing 1902 holding a syringe 1904 in a
stationary of noveable manner relative to the housing 1902. An injection

but t 1906 i i ded i h [ in the vicinjt f i
ARk L R TR R
i ncl udes an 3RQadbgsd wethhay@sval S0hefab rahdvactig®ier.at a pati ent contact

regi on. O her conponents in the device 1900 simlar to the
conponents in the device }800 ?r d%scribed mﬁ%h.rqfer nc&gto.Fi ur £s 18A
and 18B. Figures 20A! SHEPHTY P IAPETAR * R IIPR Y RE P a5 1% MGt ohs e

i nj ection devioger 1808 hiaglicongr eheGgtingeindgRe 8RSl tye iajedi@buense nMPlOanyy teriansf er
mechani sm_Figure 20A 5illustrates a perspective vjew of e vice. Figure
208 111 st at ESEfig il G ST bew BAne prigay ecdleoeh bt vusf st §55; e
view of the tinposinafeede ¢k fMatibd WiRind@Mictsing T8 authayadit,¢hd Rp@GL i on

devi ce 2000 includes a housing 2002 havi ng an adhesive | ayer 2003 for
attachment at“%lBE@F@HF*@BHW&Pﬂgﬂ%Bpﬁﬁ?VqﬁﬁﬂW6H§Fﬁﬁ3%@B@aﬁﬁﬂﬁ§8@ié§rtridge

2004 in a st aidaRialie YrinB®YSBRhE EBARBIirab Bl PoikR d@gliRSoNuaindthx2QR2. The
cartridge 2004 is 10confirgured to hold a dose of a therapeutic agent.

An i nj ecti on BategRPIZ OB sPacedritn hedentym 4 il Hépsipisetiordagor Bl0he vicinity of
the cartridge 2004. The injection button 2006 may hold or be coupled to an

i nj ectionineedl e 20R8 Bx$yened AGdRLBRraRLI BhdrYovall 18R Beghiagsndegleakhy/e to the
| ongi tudi nal axis of the cartridge 2004 and a syringe needl e 2010 extendi ng

subst ant i al | yhpHyeHpbutiog I8 Hais Jeyvarghigiatvgeicaldl logkied pofitigneck Brtthe dge 2004.

The injeCtiOWQQHREQQaﬁgggﬁﬂﬁMnﬂﬁf&hﬁﬂeﬁ@ﬁ&BQ%]@0@hﬁ@§£§hﬁﬁﬁ&ﬁﬂ@h§gbﬁhat
establishes fluid communi cati on between the cartrld%e 004 to the injection
t

needl e 2008 tlhraggtnnlae cayppdipgel. the édctiop buteon 1810 may g autpmptecally owersdt t on

2006 may i ncl ' <0 1 th, a
housi ng porti nﬁ%%?EQ%Egﬁgfﬁgggﬁﬁggg%gﬁpE%Ft@%%g%%éggéﬁﬁfg%gggﬁgﬁgﬁﬂe

20duri ng &n iinjeetedni wtton h3 ldns lomjeredtbly dlre ptienteushing dorwneeshql the jeshibiodi ment
illustrated iﬁmfhgﬁﬁﬁ 20C, the engagenent between the housi ng engagenent
portion 2012 and t e housing portion 2014 causes the housing portion 2014
to nove parallel to the longitudinal axis of the cartridge 2004 toward the
distal end of thelgan Qxein@@éy obalimertyy fge lowering of the injection button 1810 aligns

the syringe needle 1808 with the septum 1811 of the injection button 1810. The

lowering of the injection button 1810 also triggers a syringe actuator that advances the
20  syringe 1806 along its longitudinal axis toward the septum 1811 of the injection button

1810. This causes the syringe needle 1808 to pierce the septum 1811 and establish fluid

communication with the injection needle 1812.

Figures 19A and 19B illustrate an exemplary wearable automatic injection
device including a syringe and an exemplary transfer mechanism. Figure 19A illustrates
25  aside view of the device. Figure 19B illustrates a perspective view showing the
components of the device. The automatic injection device 1900 includes a housing 1902
holding a syringe 1904 in a stationary of moveable manner relative to the housing 1902.
An injection button 1906 is provided in the housing 1902 in the vicinity of the syringe
1904 and holds an injection needle (not pictured). The housing 1902 includes an

30  adhesive layer 1908 for attachment at a patient contact region.
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all owi ng the syringe needle 2010 to establish fluid comunication wth the
ban-el 25 portion of the cartridge 2004. |In another exenplary enbodi nent,
t he engagwoent1/i3a828een t he housi ng engagenent portion 20C2/tsad10BEs0housi ng
portion 2014 causes the cartridge 2004 to nove parallel to the |ongitudinal
axis of the cartridge 2004 toward the syringe needl e 2010, thus all ow ng
the syringe needle 2010 to establish fluid communication with the ban-el

portion of the cartridge 2004. . er .co nents int evi ce 2000
PP lar 1o the combHetetentinie devr N5 EFERGE D rilaIfs SF94f or ance
to Figures 18Woaaft dt&dBibed with refére@ei@BigdtA 24 and 1dBUSt rate an exenpl ary
wear abl e automatic injection device including an exenplary cartridge

assenbly. Figure Aillys e erspective view of 5.the exenplary

toar abl & aut ot | TGO HET PR BT et S it BT EEER o

vi ew of the cacludihggearatigendsbibly akem aleoptirardmfeghictttinRal. Fagurs20A41 gure 21C
illustrates aHt ransparent top vi g%%f the t rag&l%ﬁ{]fénechani sm of. the device.
The aut omat i c'PH{EE £PEHPEEVT YEW D FAEY udes® g Y3ty an
adhesi ve | ayedevizd OBighenoatil@aechi@entidabied op&el tRRifeiGORhatim bE@E Advicel M@ehousi ng
2102 holds a cartrjdge 2104 in_a stationary or 10 npveabl e manner_rel ative
to the housi nagltozlf’élé.1nlqﬁ}ﬁ‘8n€%1‘fl?er%088é“cﬁli]8%la h@swéﬁp@?gliﬁ”@@ an3disive layerfdle of a

t her apeuti ¢ agemtachfled® aOXpdiih SEc(QE i&rherlﬁ%bﬁﬁh%jmz%éﬁéabﬂﬁidg@@@oﬁntaung
2106 and a distal end of the cartri dgge 2104 includes a septum 2108 t hat
cooper at i vel yt&i@ary OhBowssle ngnpef tplati Yedo gherhopsipgy 20021 Jhe comiidep P41 on butt on
2110 is provi QgflodrBd (1 PHRE DG AdQBediB i@ Vicinity of the 15cartridge
2104. The injection button 2110 holds an injection needle at a proxi mal end
that extends substantially at 90 degrees relative to the |ongitudinal axis
of the cartridge Z¥oaicctiebuitap d16ippropided Brihohorging 0¢uinshedciayy of the ansf er
nmechani sm 211d,diBat2000! ¥8e Rjceiiéd RS PERALS old-ér HeolbNEd Ml a8l f)edidon Abedidre
cartridge 2104. e syringe needle 2112 eXtends substantiall'y parallel to

t he | ongi t udi #&B carpdingfubsipriialy pt 30 degecorebuive Pribe opgifglinal axpofkchani sm 2111
i ncludes a flui [ i L oh Icat | tyween the
cartridge Zlo%!rt'%1 ggetoﬁ)gu ia;rlfj1 %%@g{%}ﬁ%gg?mé %#%1%1@%%%&%%&?@& ?F)r%\% needl e
2110. | n & prlengindimel 4xgrpf shegtagridgeR04y Fhaigrcivmduikten 20002nayelfpre st isplddpar t | y
into a distal ! I . fr. eptum
2108, 1 an 1 eet fpetifh i bbb K P o SRAGEE B0 S8 S
cartridge 210die sjrehon atllet?hes thranghl thprsessgerneedla2@ite 25 cartri dge 2104 noves
the septum 2108 forward toward the syringe needl e 2112. This causes the

syringe needle 21 : i t [ '

communi cati on bet \/;]Tégtrlllﬁ% 183%%?%nr%6§%§%25%? dgﬁg\g%sﬁ%dﬁng?éggtg#ﬂo@ﬁﬁ%ggh%[htqhr ough

t he syringe ngades wth hhousing portion 201@when the ompaioe tison 2006 seprebesd dvevn2100
simlar {9, tne Gompanenbeil A iiaicdSulSsn 0AAMAr EnFERSLL RRLILI ) Tef erence
to Figures 18 and” 188. Efgure 22" i PUSErat €87 an ex_errpﬁ ary syringe or
cartridge actHigiro20Q200ertighgimeaialyethe:nubelbubing ankuaanaent posiph LOiPeand 22 or a

cartridge assenbly fr.o retraction.positio 0 an extende osition

Wt hi n he: oty patione dhust b btRarrion Ty & B THETREEHA ot oxi mat end
of the barr ellopafutlin@raxand gy catthégecDY tivégetha asanbidofmeycahed@moph epust 0 a

5bi asi ng nmenb 2204, for ex I a drive spring, .that applies a force on

the barrel poa(r:ﬁlrolwé)‘}i‘lg 1B syrige %%?3@8@0 té?rfﬁtf‘g’ylﬂS\ﬁt CRERGYen %tg Al o nove t he
barrel posdi ofpr@snddr@ic dahRA&ALE | HOROASSEERbMT GMRKIAndht, SIRndMehidn@ t r ansf er

mechani sm (not pictured). The syringe or cartridge actuator 2200 nma

y
counter the bich¥ieAghshoMEBe efagtienbPYEPhe Isit e housire RREYOEN 4 catier hock t he

barrel porti oR@Ag B4 t8oeBsatdilefGenEBREMRINI X0\ & KElaFiAGSLBH0d RRASA fhkon I n a
stable and reliable manner.
syringe needle 2010, thus allowing the syringe needle 2010 to establish fluid

communication with the barrel portion of the cartridge 2004.
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When triggered, the syringe or cartridge actuator 2200 may all ow t he barrel
portion and/or the cartridge assenbly to nove forward toward the septum
under thewbante3sd23t he bi asi ng nenber. I n an exenpl ary echasom083504 he
syringe or cartridge actuator 2200 may be configured and/or set to a
certain distance to control the level of 15triggering force required to
advance the barrel portion and/or the cartridge assembly fromthe retracted
position to the e nded An) ble tri chanl sm nmay
e used to tr1 goer EHe SyPRleh BF deups 200G BE A Fw by BT BT

exenpl ary enbmd) arRdescribB@with rdd@eicen®biaks $8A ary 18Ut omat i cal | y trigger the
syringe or cartridge actuation systemwhen the wearable 20 automatic

i njection device ves ro re-injection sta injection state. In
an exenpl ary errbodrEo %‘ﬁt ‘ﬁ&a 8@ teal"] X%]?lﬁyc‘%qmﬁ?ge\f"élﬁ?é‘}?f écglﬂn Rj%Sct i on
button wit hi nn&lb@n@musxengla&pcmﬂge geerablf | Bﬂgdreaatxhlhlmaﬁmeepertsﬂwu&ymmge or
cartrldge ass ndtheln ection. need] e atrl orce to
Cr1 gger & o BrEREUITRC FEEIETS AV CYRaRiea T RSt HUE e ARy ShBE TNt . ¢ he
forward novengay obthe tARidRY hisBigBly Akef alohg h umgu&ﬁnaaaﬁe NBibire Wil € Ml RrhbBea housi ng
to establish a fluid path between the syrl e or cartridge assenbly and the

i nj ection ned@nEPARE LRGN eldhatransfeggerhanismed thegleyicr g s autgrpatic ynipqligd or

cartridge sysde®f: 20 @&1@&4@@@@%@0@%@@&9%@&% 1ayérb¢0§w hRGBmOt afAr t ri dge
system may be nmanual ly tri glahp by a user Before an injection in

a pre-inject i RsHeRcapact regione dldie owsinget 02 hglds petrisiee 2104 is gptatigmanef ri gi d

needl e shi@l dyaa@ERlaYind: QR RIG I HEHing B0OVIrREd @ligd R4 &ﬁlﬁlfvur%‘% la the
syringe may protectively cover the syrl nge needl e. At this stage, since the

syringe need|#&ddsg oboleinpditigigdnt.t herareedicad eberartridge 2 Hldgnandeg aduest t he
syringe has anfOB ﬁ& %lﬁ%nﬁ @He%giec‘ e’ 216@1&1&8& aﬁfeptﬁm fl@@?ﬁc&%oo ﬁ

i ncl udi ng the septumls nmntalne na vertic y raise fio above
t he needl e coeelrthe dvd withim theptrwided 310dot al i gned with the syringe needl e.
When the needl e cover is renoved fromthe syringe in preparation for an 5

injection (for exagph cudﬁad?ﬁ:{@ﬁb}’ ghé’%l%vfdgffntﬁéh&%m m(%m ifi®Ghani sm,

the transfer nechanismis al | ower toav rtical ovvere position
since it Is nottifgnyéd. Mj@il@ﬁ?@t@ealIﬁ)yhOﬂdseanrilijgltldnme@éﬁEéaspmxelhd enénd t he

septumin the Sl e%%g{]sesqlb%%Qﬁ\{n%]tu c# %re@sj IleﬂPﬁgtovt\ﬁe lgnégﬁﬁlnﬁ%& sr&ﬁle%gﬁg%%%ﬁ The

renoval of the needl e cover Wer's tran anlsm
rai sed positi2if4t dhe mgseclimtenlzpms toupied (dheahsbowandchanisof 211Hehdt halds er

10nechanism in turn tr| gr faorce,t e syrin artridge
2ot uator 2200 Mt TsBue 2PELNTR Pribt AGLerRESHIR, IhFudh: RETGOIIR5e. o
cartridge actaxainas suBﬂ@ﬂlally parallellfd) Gul@ngR3dindl hiis bf @t estralge e x@npihatynsytr i nge
or cartridge actuator, 2300 inc afirs on 2302 a, secon portion
5506 and & nimgemuRe! Brnuid kil fai b GhuR ki g SEESe
portions. Thecahtinge? 109kd iho thjR30SnekdleanBs thidugh itlicSdyridgiches@e onmh. pRE HeONs t 0
15rot at e about the hi n%geqrel ative to each other. In different rotational

confi gur at i on&ieciMesta. tacysyripge neadle AH 298Pt 5x61d PR iHaddisakeMdhs angl es of
bet ween aboutc.8ridegr1eesudisl Rhpiled 130 He@pars2 IRt WealinRacdh ®iteke buhhe
actuator 2300 nmay be coupled to the syri ng
06 may be moved within the cartrldge 2104 such that the fluid pressure in the
25  cartridge 2104 moves the septum 2108 forward toward the syringe needle 2112. This
causes the syringe needle 2112 to pierce the septum 2108 and establishes fluid
communication between the cartridge 2104 and the injection needle through the syringe

needle 2112.

Other components in the device 2100 similar to the components in the device

30 1800 are described with reference to Figures 18A and 18B.
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and to the septum and/or the transfer nmechanism Wen the septum and/or
transfer mechanismis in its first raised position, the actuator 2300 may
hol d t he woronge3s2a pl ace 20in its retracted position. WIEUS2ég/033ps um
and/or transfer nmechanismis in its second | owered position, the actuator
2300 may rel ease the syringe so that the biasing nenber may push the
syringe forward to its extended position in order to pierce the septum 1|V.

Exenpl ary Pl unger  Actu stem; nd Needl e tract enpl ary
sl BRI 1 SR O i e A R (Nl
barrel porti oedfo advaran ainge aDO0srat dafiridde] R@MIbDNrElR W ir@fc G fddidibn tdvn bung
noves forwardl cthln t he H]ihrel or%lon @d ex‘ﬁels a dose of g

t her apeutic & tign wathin the hapsing of ¢ dearglf pyigRaticaRiccdqn dexise-eAt r i gger
nmechani sm maypbanmdba[ of thetbair@gRFtidnad/pt U B8 tridae hddahbi9 'ﬂla%)b‘éfc&ﬁﬁied tba an
exenpl ary enbodl ment, the trigger nechanismmay automatically trigger the

pl unger act uatitie Bsakes A7 &1 CRHEP kA Plémgufﬂlmtﬂil% agpicR p%éﬁbaﬁeldev. ce

nmoves from a [Rﬁrt%n' d?ltl?e%fyhﬂgb bRk ﬁlechnﬁJgelaEHeﬁl%i t@?no%& ﬁfe%anél%oﬁi&n%ﬁ@@' ary
enbodi ment, the downward vertical novenment of an injection button within

t he housi ng ttBe prrBidgeiassgmiply anair%aﬁeﬂ?tv@etwaé@@SRGh@eﬁsanlﬁmg@t@rct@%)t dheige
assenbly and {RRod §c8GhdRNRARBHI R0 TRY BlAV tﬁ'@bléslﬁg R QR (He ML hRnitet, 99€T

t he pl unger act uatl on system |In another exenplary embodi nent, the forward
movenent of tdnd neayrhokipad deckdlar bareippatiensandfob thy caittidgenssehélyrio agfrtwgtetl o

establish a ‘;A‘éugnﬂ?‘ﬁﬁaﬁ?ﬁ epidGa syt i nge or cartridge assenbly 5and the
4l ga

i njection ne may provi atrigger force to trigger the plunger
actuation system In anot her exenpl ary enbodi nent, the plunger actuation
system may be man¥hdnyiriggerqge e springy oncargigge actuator 226% mpaovol éprrdxenpl ary

embodi ment s gtednda%d}%k H{é%{mc%g LUALHRN ARVE RER QNG SY rﬁ%‘%@&u&*ﬁgﬁﬁr‘iﬁus €

actuation of syringe p er at asowratelno er to iver the 10
t herapeutic agentf the b&Spgmeaﬂwr dt an esdngary ambodir@ntbe ayrings bowrt@rdiodi nent s

may deliver t h ra%?%%d I% co fl%ure&J fgl%?or?et t(?1 g.) chg%ng(%lgt%%le lt(]l% éolnltrE)FtE1§ levg ?bOUt 1

mililiter or*‘more-in abe utes although
exenpl aryi1del tngmt)ng ﬁ@t@&qw@l to adlvah¢enhe Badref portiba a;ndéofelnerﬂaanygeraamly

Exenpl ary enb, ) q%alln ar.delivery profile for the

t her apeuti c 1@%@% t&%%ég{){l?lht@ eelxltei?g?@porsgltog is substantially constant
over time. In sone cases, a linear delivery profile may reduce disconfort
experi enced by the\nyatiteit trigger mechanism may be used to trigger the syringe or cartridge

actuation systems. In an exemplary embodiment, the trigger mechanism may
automatically trigger the syringe or cartridge actuation system when the wearable

20  automatic injection device moves from a pre-injection state to an injection state. In an
exemplary embodiment, the downward vertical movement of an injection button within
the housing to provide a fluid path between the syringe or cartridge assembly and the
injection needle may provide a trigger force to trigger the plunger actuation system. In
another exemplary embodiment, the forward movement of the syringe or cartridge

25  assembly within the housing to establish a fluid path between the syringe or cartridge
assembly and the injection needle may provide a trigger force to trigger the syringe or
cartridge system. In another exemplary embodiment, the syringe or cartridge system

may be manually triggered by a user.

Before an injection in a pre-injection state, a needle cover, for example, a soft
30  and rigid needle shield assembly (not pictured), provided at the distal end of the syringe
may protectively cover the syringe needle. At this stage, since the syringe needle is
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Figure 24 illustrates a schematic of a portion of an exenplary automatic

i njection device 2400 including a plunger actuation nechani smthat enpl oys
a fusee aw02a1vi33820us danpi ng nechani sm The wear abl e aRCo®Lé1G/0BIBHLCt | On
devi ce 2400 includes a 20 housing 2402 having a platform 2410 that is a
mechani cal structure for holding a syringe or cartridge assenbly 2404 in
pl ace within the wearable automatic injection device 2400. The syringe or

cartridge 2404 includes a harrel portion.f hol di .dose of . a

Cher apeat i o dguHEs AT BeflgcoRbaRrivEa by et B R i sar o
portion. A plangen, taclramdfer MBcHIBGMEAEISdM PO Septsn prvathdiaed fnarvefilng t he bung
2408 within the 25 barrel portion for expelling the dose fromthe barrel
portion. A dafSFhPstHoR ARy o4 EFO‘fe&ranéﬁ‘ir?ﬁEPtléf,% ISNQ} UG YRR s

provi ded to rggubaneich iR ndBilé &Verk rdii® cbos B4QBingOintphearaibe drhAgr apeut i c
agent is delivered in a linear fashion, i.e., at a substantially constant

flow rate.5 A igisgiont fogierampiomanial SRy aR§eiotidy oh anMatgasshanizmy hsdasisyi ded t o

coupl e the plyngekisasd HRWLOD BRENBANVSARAEWERd bbGi HATRE RGs AR RGB! IRP 2422.
The 30 gear train 2420 may include any nunber of suitable gears to provide

any suitabl e Yehicedhy harigsl nerie siglds angd thp sertrm ipthettraasipimechpnien Halignet i c

i nj ection devy£eme4QthoiRYedR B AhQAPEMhOfiecREEAR Hifts 1dWLrofRe BARIR! ATy
enbodi ment, the platform 2410 may be a substantially box-shaped or

cylindrical snedpanismdrow itstraiggsl posttion krails lowereé posiifonaddo tavdiag phige trhestesyr i nge
or cartridge 2404 . ripher.al. r i - j ace may
be confi gg(?edrg %Cglé 1%%,2‘35&{;1‘,)# ﬁg@q}é éQ%H(ggerttg lrdlgedsggg%s(ggﬁ%{b%e%éltgéfgllrir?%glaa(ge. The
pl at f or m 241 0opewyesian tie udigzeomechanismdpthe $yaimeé nigeanedgraasiwtor 2202 f or hol di ng

the syringe or cartridge 2404 in place. The platform 2410 may al so incl ude

a flange bearing ' L.OX] ' . or
cartridge 2404. A%lel a%g%ﬁ%%tgdg%éggxém%rﬁéﬁ@;gﬁ %?gllmqéﬁ%c%a tzﬁgd lé‘?/lrg‘?lr?gé or
cartridge 2404drstpytical 1308 arachvgpdion Gagfandsthingdegoftioages rewidedippt@d:hahe

In an exenpl af di prent., t | at f or.m 0.may..hal e i [
cartri dge 2aghfIeRonaRy i ffis RbboLPhERbd PY pdins shd RS RREH ¥ |
anot her exenploareabentibdhingniclativdie cpthatthar n @ftOnnatatiadal cwfightionst thage or

cartridge 2404 to nove.rel.ative to the platform.2410, for anpl e, toward
or oy F rom A RANGORS RITLP By e kT ot TBPer it PR Sdoxenpl ary
enbodi nent, tdveud IBDEEHAds Bpaee cah oitee PheadchatorMIDayycoupied wdRe QfiggOr NOr e
grooves, tracks or channels for facilitating e venent of the syringe or
cartridge 2404 ‘thﬁiS?P“EfHén‘%?r ?H?ﬁe‘éﬂlfﬁ‘?an}sﬂl- a‘&ﬂ‘“é%g‘??iﬂp%a‘\é‘%ga? nt, the

pl at f or m 2410meamyniki &J M ae fidst Yided @usidshl fhe af QROEXIMAE hoRl BEIEYRIAbe Bfpldte

transparent portion, in order to allow the patient to view the syringe or
cartri dge20240‘21.1t52%’®%t€d BYSIHRAy éVltﬂnd]i‘Fg??PmH’cftnG/é’F Hf‘%Sf@ZMShW B %%%Wlﬁed in the

vicinity of t@ered position, the actuator 2300 may release the syringe so that the biasing member

may push the syringe forward to its extended position in order to pierce the septum.

1V. Exemplary Plunger Actuation Systems and Needle Retraction Systems
Exemplary embodiments provide plunger actuation systems for actuating a bung
25  in a barrel portion of a wearable automatic injection device so that the bung moves
forwardly within the barrel portion and expels a dose of a therapeutic agent contained in
the barrel portion. Any suitable trigger mechanism may be used to trigger the plunger
actuation systems. In an exemplary embodiment, the trigger mechanism may
automatically trigger the plunger actuation system when the wearable automatic
30 injection device moves from a pre-injection state to an injection state. In an exemplary

embodiment, the downward vertical movement of an injection button within the housing
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syringe or cartridge 2404 for storing energy and providing a force for
driving a bung 2408 within the syringe or cartridge 2404 toward the di stal
end of thwoyrvige3or cartridge 2404. In an exenpl ary embodiSa®nioi3ses pl unger
actuat or 2406, for exanple, a helical conpression spring, nay be used to
drive the bung 2408. The plunger actuator 252406 may be provided at |east
partly within the syringe or cartridge 2404. Before an injection in a

pre-injection state, th I er actuator 2406 ma intained in a
Ponpr escod orapioidia fErd SRR S rRkn0s G Bted Bl THPHBIERN o ect i on
in an injectiadshayprovidea tpisengete @atigat ok pRAQE athytidisyabmoweshother expand
fromthe conpressed state to a released state. The expansion of the plunger
act uat or 2406 FRY AU g Heenh ODH H@ﬁﬁ%%?ﬁ‘h? FINgF 8 Gfriderpsgmblne syringe
or cartridge Rdi0f hetldudnLsRE@EIEhAGIidWH hewanend yeinadanhrdfidRmkdch®syri nge
or cartridge 2404. Advantageously, the configuration of the plunger

act uat or 2406 (RN WY PiHYBIOBIIC AAHSACT HYE O HopcHibBRBIUASY A&t ¥ t he

I ength of theyhemsimehdiRAB hRthrd OmPRlidledtNBe SRR d8uRTon SR hﬂg 8e 2404.
However, in sone exenplarg enbodi nents, the plunger actuator 2406 may not
provi de a condtmatly rigeered Poadicfve the bung 2408. 51 n another exenplary
enbodi ment, a spiral spring may be used to drive the bung 2408. The spiral
spring may be provicaad oieh StHHIRYEMBbRNGH ﬁ%viﬂ@Eluﬁydrla&Gﬁidﬂrdeﬁ@éstahﬂdge 2404
of within the platform 2410, which may add to the space requirenment of the
housi ng 2402.SYBEMpHBL ¢sq asfusbien ¢frih¢ YA pPlEvIcARECH IO RIS AET (G ddVYPhd ng may
be mai nt ainedyiB,&ic ARl 8SSRleR be] Gow Mle. LB NPEGY ADREHOAINRRs Ay @EfivePN OF
during an injection in an 10injection state, the spring nmay be allowed to
expand from ttheaptp peeasedunesat @beuy Od midilisers opbewtalt millilipreor gyopaimgibowt of t he
spring may p : d ' : [

cartridge 24g§2rkﬁﬁ§pgg%?é§@§%gﬁt é’?E@?%ggﬁ%?k“gggﬁg&F%gﬁFg éjggggﬁée or
cartridge 240his eAchvdmyageeous| y, the spiral spring nay provide a
substantially constant force to drive the bung 2408. 150ne or nore danping
mechani sms may be 1o ovi, ARG Hmd R ARbNG § iRt &188SSr&Te fRHDerhRutibe

pl unger actuat or 2406¥%ﬂﬁ0r egnfb c8ﬁ%r§?3tﬁ§”de|§§§?§ r%te gn%? r the

del i very t3 meagtnirsodiel ihgaelivegy tateas subetanipalychestangever limen Imypnexcasss) alingar
enbodi nent, to;. i 0/ C r ol [ very, the plunger

act uat or 2406(96912&2}) goﬁen‘?%%}e? &gﬁﬁgg@feﬂn& g%éeﬁéédﬁm%ttﬁgéﬁlu\éfg%si stance fromits
conpressed state to a released state. The 20 novenent of the pl unger

act uat or 2406 nmay Heirad dlusiaesd sehenztic ohspearhen dfpasdemplaly agtoanrpé mjechon
providing lin ' . A [ R ' sed to
provi de resi§%g%82%g§ggﬁg¥g%E@ﬁ%g€§¥g§§f%%ﬁ&g tggggﬁﬁﬁég?%ggﬁagtor 2406.

I n an exenpl aviscoendrogiimgemtchamsmolbe yearitde ausndanmpectiod42dcargdpObeluked t o
resi st the accel.eratiqn. of t I actuat.or. 2406, The viscous danper
Ak R S L N B L e Rt L e A
provi de resi siraac@dge hkemblyseiod s ol acepearhi?d & camlyle iatohadeingcsdradevionar y

housi ng hol di a.solid rotatin b ment. c IIeF a."rotor." Tge out er
ci v cunt er ence G- #RePBEOH AR THS eyt o] pEjorPr Flien2 dBwe dur ed to
be engaged bythéhgutieeddat £d sbugean0d for {daknO@atosk aidhih tBd Biirel phi€ioi.ohor may be
surrounded
plunger actuation mechanism 2406 is provided for moving the bung 2408 within the
25  barrel portion for expelling the dose from the barrel portion. A damping mechanism
2422, for example, a viscous damper, is provided to regulate the motion of the bung
2408 so that the therapeutic agent is delivered in a linear fashion, i.e., at a substantially
constant flow rate. A gear train 2420 including one or more gears may be provided to
couple the plunger actuation mechanism 2406 to the damping mechanism 2422. The
30  gear train 2420 may include any number of suitable gears to provide any suitable

gearing ratio.
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by a thin filmof a viscous fluid that is seal ed inside the housing. The
rotation of the 30rotor nay provide resistance agai nst the accel eration of
t he pl ungwo 2atit13a828r 2406 by shearing the viscous fl ui dPCrusan1e3zsopl ary
enbodi ment, the viscous danper 2422 nmay be replaced with a different

vi scous danper providing a different |evel of danping. The force required
to turn the rotary viscous danper 2422 is described with reference to a

coordi nate syste at the free |engt f .a i n If mis
o e g Yot e BDED B TD dr et ik SRR P Pl 2R e s e
spring const adtdtionif@ninoveakk= IDarrexemplary €mbodiWnt,lthd plht{ckin 24(1@)nay beker e

nat ur al frequeg?éyaﬁ and where anpln I f the danping

is driven by ¥ %bﬂ%ﬂﬁﬁ?hﬂfﬁ@“¥ﬁ@dH@“T’W@ﬁﬁ?ﬁ@ﬁé@%mﬁﬁrﬂrthe danpener
may be assunmegcé®mb@ihk GRAYNNeeRE 0RAIdl 0N, The ptiishe AN U AJurréei G hy by some

constant C. = . . . .
5 internal space may be configured to hold a syringe or a cartridge assembly 2404 in
place. 'The platform 2410 may include one or more clamping mechanism 2412 for
holding the syringe or cartridge 2404 in place. The platform 2410 may also include a
flange bearing 2414 provided at the proximal end of the syringe or cartridge 2404. A
flange provided at the proximal end of the syringe or cartridge 2404 may slide backward

10  against the flange bearing 2414.

In an exemplary embodiment, the platform 2410 may hold the syringe or
cartridge 2404 stationary within and relative to the platform 2410. In another exemplary
embodiment, the platform 2410 may allow the syringe or cartridge 2404 to move
relative to the platform 2410, for example, toward or away from a fluid transfer

15  mechanism (not pictured). In this exemplary embodiment, the internal space of the
platform 2410 may include one or more grooves, tracks or channels for facilitating the
movement of the syringe or cartridge 2404 within the platform 2410. In an exemplary
embodiment, the platform 2410 may include a window 2416, for example, a cutout or a

transparent portion, in order to allow the patient to view the syringe or cartridge 2404.

20 One or more plunger actuators 2406 may be provided in the vicinity of the
syringe or cartridge 2404 for storing energy and providing a force for driving a bung
2408 within the syringe or cartridge 2404 toward the distal end of the syringe or
cartridge 2404. In an exemplary embodiment, a plunger actuator 2406, for example, a
helical compression spring, may be used to drive the bung 2408. The plunger actuator

25 2406 may be provided at least partly within the syringe or cartridge 2404. Before an
injection in a pre-injection state, the plunger actuator 2406 may be maintained in a
compressed state. At the beginning of an injection or during an injection in an injection
state, the plunger actuator 2406 may be allowed to expand from the compressed state to
a released state. The expansion of the plunger actuator 2406 may push the bung 2408

30  toward the distal end of the syringe or cartridge 2404, thus expressing the therapeutic

agent from the syringe or cartridge 2404. Advantageously, the configuration of the
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15(5) If the rotary danper is coupled to the plunger actuator by a
gear train of reduction N and a spool of dianeter D, then. = D and 2N
(6) wol2n11zmsst2Ber exenpl ary enbodi nent, an escapeneRCTrsyobA3iseed to
resist the acceleration of the plunger actuator 2406. The escapenent nay
use a known period of oscillation of a balance wheel and a spiral
hairspring to incrementally rel ease the energy 5 of a main spring. An

escapenment ma ovid bl e .desi gn I arity ase of
Che-oner gy. | IO Q40T BAR ST e 2 F A g bt B b Enb Ry be
used to resi ste h(blﬂln@@@(@ﬂu@dl a;thahﬁheﬁyrtnlgeopéamggdzmt HI@W@Ver,Zﬂ@@me bxengpney her
exenpl ary enbocL ment | ever escapenent may d to res st the

us
accel erat i on BFOWREs E]i’ﬁ@ g%{(?tc'ﬁétf)’b%o?ﬂ?é’ noi@ﬂ“&‘ééf‘orﬂaﬁ? %rcﬂ(?én
provided for w@uphkigig the plunger actuator 2406 to the regulating deV| ce

2422, i.e., the vi scous danper or the escapenent. The gear trai n 2420 may
i ncl ude a shaft 2 may be oup%gd to the, h usi n(ﬂ}a2402 ﬁe rabl e
aut omatic 1 njecti TSIy CRPLHmEn (et ?Pél@ Pripg Mgy pe ugeq g 1@)@ ?T% Hr&r y

enbodi nent, timess’rmé $pird¥ispfin gy B&IPOIdEd ButSidié bindlongade ®E bimbbibecalfidee for
exanple, a spool or a shaft. and a gear 15 2428 that is provided bel ow the

spool 2426. %Oéﬁfe(%]é‘ﬁﬁl?ed%l?}foé‘ﬁ‘%m h maypdd é‘b%ISPa?ﬂ%uﬁ‘ﬁye%é &€ cam spool

or a fusee. QuRsiAE 2402 Befd?@Rn fnjddGSn R%A3e- L 1BEsttS Qe {P; %%a?'b@n{ahﬁalﬁd@po'
2426 and the gear 2428 on the shaft 2 24 The spool 2426 and the gear 2428

may be provi déd campispgd she- ﬁﬁ&?etbeammgeﬁwnieﬁ%&n REripeHt igjestiffinapt at i on of

the spool ;2426 .amh sthR@ t19: ﬁ%ﬁgﬁb@élﬁ)w%h't&%ﬁlnd’\fr&ﬁ (RAGMpRENALANG W th the
shaft 2424. The spool and the gear 2428 may be cooperatlvely

coupled to eareha&@fl Kiate. &:h@l emn@moféhwmmgm pathicthe bungt240hwowgehthe 4828 and t he

spool 2426 h
eﬁbodi ment , elOgglgtgﬁr%%%g)g&ﬂﬁ@gg)g%@gglgg%ézsglﬁééé t%&gbeg%e%)éwﬂﬁ%m t he
shaft 2424 arﬂinnm@@e@dgm%w aAdhanhtfagromsly, hespinaf spsipg olag parnvdlegeabgantighe

pl unger actuat : 0 to the gear train, for exanple, the
spool 2426, Ogtargg%gegg%lrvgﬁrr%?neﬂgg érs or cables 2442. In an exenplary

enbodi nent, the spool 2426 may be any suitable rotating
15 One or more damping mechanisms may be provided for regulating the release of

energy in the plunger actuator 2406 in order to control the delivery rate and/or the
delivery time for delivering the therapeutic agent. In an exemplary embodiment, to
achieve a slow and/or controlled delivery, the plunger actuator 2406 is prevented from
accelerating without resistance from its compressed state to a released state. The

20  movement of the plunger actuator 2406 may be maintained at a constant speed, for
example, by providing linear damping values. Any suitable mechanism may be used to
provide resistance against the acceleration of the plunger actuator 2406. In an
exemplary embodiment, a rotary viscous damper 2422 may be used to resist the
acceleration of the plunger actuator 2406. The viscous damper 2422 may use one or

25  more viscous fluids, for example, silicon grease, to provide resistance. The viscous
damper 2422 may include a stationary housing holding a solid rotating element called a
“rotor.” The outer circumference of the rotor may include a plurality of teeth configured
to be engaged by the teeth of a gear in the gear train 2420. The rotor may be surrounded
by a thin film of a viscous fluid that is sealed inside the housing. The rotation of the

30  rotor may provide resistance against the acceleration of the plunger actuator 2406 by

85



mechani smincluding, but not limted to, a constant dianmeter spool, a cam
spool or fusee. If a camor fusee is used, the outer dianeter of the camor
fusee nmaywoany/msg28 | i near di splacenent D. Taking t he equaatuisee1/083504 he

| i near danpi ng coefficient and 5hol ding the gear reduction N and the rotary
danpi ng coefficient constant yields: (7) where a i s constant.
Substituting the above into the equation of notion and assum ng that the

first derivative. of x.is constant, vyields: 521 aX -7, = ( ere Cl,
" and' b ar o LHTRA W PRSI e PaPe TR R e R R G
appr oxi mat el ybeaopladedith aRliftigeitRgcdliidamparprabidiag b aiferdnhRva@iaimgng.of noti on
and solving for x as a function of time, x nmay be substituted into equation

(8) to determ ne as a function of tinme, .D. The i nt aneous velocity may
bo. r epr esent ad as 11 orfe et Rl e a5 vic s TiFm RO RYTRET e Carn o
fusee. Dt andefegenth® quobalinacagsdinkaiiese 00 it Behe e lphgh bf €spring. If m is the

5  inertia of the system, c is the damping coefficient, and k is the spring constant, then:

mMi+ex+hky=0>2>¥=— [— X — fi:x;f]
I (1)
¥+2lox+m, x=0
T ()
where natural frequency:
'{Q(} =4
\ 3)
10 and where damping ratio:
i £
L=
2k @

If the damping is driven by a rotary damper, the torque T required to turn the
dampener may be assumed to be linearly proportional to the angular velocity by some

constant C:

15 -E (5)

If the rotary damper is coupled to the plunger actuator by a gear train of

reduction N and a spool of diameter D, then:
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Exenpl ary enbodi nents may coupl e the plunger actuator 2406 to a bung in the
barrel portion of a syringe or cartridge using any suitable nmechanism If a
conpr essiwO 201ri3dg23i s used as the plunger actuator 2406 PCOMS2@N/08350€
tethers or cables may be used to 20coupl e the plunger actuator 2406 to the
bung. If a spiral spring is used as the plunger actuator 2406, spur gearing
may be used to couple the plunger actuator 2406 to the bung. The torque
generated the spiral sprlng b‘ may be coupled to the bung using a pinion to
push a flexibl.e rde ro d £hex comer jof the syringe or cartridge.

In an exenpl arfy=¢ spé@1i2426 may be in contact with and/or
coupled to a ratche 2434 an gamﬁ 2436. A torsion spring (not pictured)
may be provided belo e pawl 2436 to pﬁeyb@d the pawl 2436 against the
rat chet 2434. }V%en—Lﬁg_spedL}242Q{[s@beuﬁg_mnﬂn@ during assembly of the

wear abl e aut om&tTic i njection 5 devite 2400,3the torsion spring may be held
in place. After the spool, 2426 is wound_and before an injection in a
pre-injection st thy iaIchet 2434 4N pawl 2436 nay hold the spool 2426
in place and pre enF: Aal-~mSweTrent _of the spool 2426. This hol ds the
tether 2442 in place whi h in turn, mai #t ai ns t he pl unger actuatgf 2406 in
its conpressed state, preventing novenment of the plunger. At the begi nning
of an injection 10or during an injection in an injection state, the paw
2436 may be rotat é@lam%hqﬁﬁmnjfa‘gemb%m@twgapzmsmmay&e%ﬁmsetthﬁy a user
or automatic ws the
Spool 2426 £ o oA a e RS 20 e oy el B e by
the spring fotrscléla'nﬁn af hé)abh@mzi@ﬁl adtasatrdhashdieg Wliherempntplygrefeareghe afergyhe

pl unger actu r e dist.al, . t he
syringe orglg%%r &ng }y%ggn&ﬁh%ﬁgﬁ%éé%l%@%%gﬁ hagn%waéggggpﬁéﬁjbe
provided in crehaaﬁ thMemrganHJ/anpthemxpinetdr}t@nﬁohen@earrumaplemparmnt ey bpool
2426, thus for ear. tr 38. Eac a ear train 2438 may
e provi ded ab Sy B seth Rl B bR e R o B RSB o “The
wear abl e autonﬂkﬂﬁmmnMSGMSmneﬂ@VMEEmQAQQtmh@xanngmeﬁﬁhamyxamh@d&nent, t he

gears in 20 égeg%ear tr%h§52438 may be taken off fromtheir correspondi ng
shafts and r PYHEEE W VRY > di fferent set of gears. One of ordinary skill in
the art will recognize that other exenplary devices nmay include fewer or

nore gear s zvgemgaaa4ﬂ}mhwb@ﬁﬁﬁdahMrbﬂmhmy@bemngﬁamhanyﬁgbomsmdanper
2422 or an escapenent th i

resi sts accel erati of th i's
Che- goar tr ai NI RdbURT o3 HBe UrStouTisanbEr <SGt i debdmiinel (o
the tether 2442 includd z[lglafthﬂ%bmﬁlgbe?éﬁﬁle&ﬁ) thb BbysingtPa02 bihde b/b‘liﬁﬂbl@éﬂ&nht‘ﬁc moved
under the force of the ctu 2406, accelera ion of 1 unger
act uat or 2406negliqngleyice 260%0@“11% ORFi® ng‘hsInd‘aﬁbeéPplﬂfﬁl ) m]FWeS‘EéQBg‘p%“
I n an exenpl ahyy &ppsadi agamtmcau Etalcgﬁ@m%r R Bxadip38 aRB0] BLa GRHPIMKAE o an
encodi ng 30devi ce 2440, exanp a rotary encoder, that detects and

| ogs the 5hgu¥Q§ﬂ&i§§%ﬁ@%ﬂéﬁ®“@?eﬂE@l%?énhb¥“¥ﬁ@PB§e¥mPﬂQFﬁt&WdPWHe

correspondi N 4ok MRy b a HMIRMII BLa fusee. One or more snap rings 2430 may be used to retain

the spool 2426 and the gear 2428 on the shaft 2424. The spool 2426 and the gear 2428
may be provided around the shaft 2424 such that the centers of rotation of the spool
2426 and the gear 2428 are aligned with each other and with the shaft 2424. The spool

20 2426 and the gear 2428 may be cooperatively coupled to each other and to the shaft
2424 such that the gear 2428 and the spool 2426 may rotate together on the shaft 2424.
In an exemplary embodiment, the spool 2426 and the gear 2428 may be taken off from
the shaft 2424 and replaced with a different set of spools and gears. The plunger
actuator 2406 may be coupled to the gear train, for example, the spool 2426, using one

25  or more tethers or cables 2442,
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device may be associated with the wearable automatic injection device to
determ ne the position of the syringe plunger based on the data obtai ned by
t he encodwogodemss2e 2440. The computing device may al soprdeiuseeninassohe fl ow
rate of the therapeutic agent fromthe syringe or cartridge 2404 and the
corresponding time based on the data obtained by 5 the encodi ng device
2440. The conputing device may be provided integrally with the encoding

devi ce 2440 or separately.fromthe encodin Vi ce 2440. ri assenbl y
and testing of ¢ ndnapsubie SbaleT R eal G R, e ulfed ng devi ce
2440 may be usethaiiom ercildital But@bf ligit@inb, geastadtdainisr spdosaaum sgastper s and

bi asi ng el enents, validate mathemati cal podel s.and account for variabl es
not addressed"t Efr?ecawaqrﬁ%wﬁw%&@wg@ Bﬁj‘ﬁ?ﬁﬁnﬂl‘sfé‘sﬁfmﬁtywé‘rw% abl e
autonati ¢ i nj@fhi BplAeMERD. 'IKRRIAOSML@ ofihe Ghéd Bampile e gl devi ce
2440 may be used to indicate one or nore conditions to the user, for

exampl e, the FYpe thaeerrsrductien N At Bp ity dampian rocthieeit GarstanbYiclds: t he devi ce
(for exanple, if the flowrate is too high or too low), and the like. In an
exenpl ary enbodi negt~i | lugtrated in Figures 25 and 26, a wearable

15aut onati c i ] ecti-op~device may include a syringe assenbly noveabl e
relative to a platfldrmi A.the device. The wearabl e automatic inj%g}ion
device includes a platform 2500, a slideable carriage 2502 coupled to the

pl at f orm 2500, and a syringe 2504 nounted on the slideable carriage 2502. A
di stal end ofwhdiea sypnshape BEUtuirgthh abaye i gt ctieation of mongeandasen®512. The
syringe 2504 | e tJ.Qn.2506 20 containing a dose of a

t herapeutic aggﬁ%!@%%#%gm§§Q§&%U%BQ§@6@$&h pl unger actuator 2510 nay be
provided in the vicinity or in contact with the bung 2508 for noving the

bung 2508 forwardly W thin the ban-el portion 2506. In an exenplary
enbodi ment, t Bk pliunger “aetuat 6rC 2510 may include a bi asi ng mechani sm
coupled by a tethér %to a gear train and thereby to a danpi ng nmech&ni sm
25The device may al so include an injection button bearing an injection
needle (n I edy i I her t be pierced
by the sy?%ng%&%ggagga@@%%&Q§k%g§§%?3%$§§98€§9%gﬁ%Fgﬁﬂﬁ%&%%%%gﬁ%r t hrough a
condui t to thapimjreattly ornsheedilezgsngahisvhable intkvehe giveti@ed nipyion hed syvingrge

needl e 2512, the _septum est.ablishes fluid conmuni cat tween, t he barrel
por t1 on- 2506 ha* AT IS RACE: &P bR T BT A LR RERBER AT, T o
pre-inj ecti onfusétahef timhd)s Yhe ngantasedt ecl@dd 2nayey rglresemdy api er ce t he sept um
and be in fluid communi cation with the injection needle. 90 During an
injection in an njection state, .the dose of the therapeutic agent nmay be
expel | ed fronﬁghgiggguggjﬁbgggog;ZSQ@.when the plunger actuator 2510 is
activated to nove the ‘burfg, 2508 fiapwardly within the barrel portign 2506.
In this enbodi nent, the carriage 2502 may be stationary on the pﬁ } form
2500. 5In anot her exenplary enbodinent, in a pre-injection state, the
syringe needl e e . & ,
15  where ¥ is the angular position of the cam or fusee. D;and * are the polar coordinates

of the cam profile.

Exemplary embodiments may couple the plunger actuator 2406 to a bung in the
barrel portion of a syringe or cartridge using any suitable mechanism. If a compression
spring is used as the plunger actuator 2406, one or more tethers or cables may be used to

20 couple the plunger actuator 2406 to the bung. If a spiral spring is used as the plunger
actuator 2406, spur gearing may be used to couple the plunger actuator 2406 to the bung.
The torque generated the spiral spring by may be coupled to the bung using a pinion to

push a flexible rack around the corner of the syringe or cartridge.
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2512 may be spaced fromthe septumand may not be in fluid comunication
with the injection needle. During an injection in an injection state, the
syringe 28040nmng382e¢ noved forwardly within and rel ati vePCo/ush@1pB3b4 or m
2500 toward the septumin order to pierce the septumw th the syringe
needl e 2512. In this exenplary enbodi ment, the 10 carriage 2502 nmay be
noveabl e and may nove relative to the platform 2500 toward the septum In

an exenpl ary enbodi nent tether 2 na used to coupl e the plunger
St uator 2530 to. dhgbampfiey FnBsim e e ML P0E AEF e bR Ry ifast D
coupl ed to a @appi at ARBO@ABSMIZRRA0 243, Alodidntprifig aol pivwakl) thay byery profile
of the therapeutic 15agent. In _a pre-injection state, a | ockout nechani sm
2522 may hol dPPHECHS: W&‘Faﬁ‘ﬁlzﬁﬁ? prhlopd the ga lr?d‘%ﬁ%f\}‘é*h{herr%}fl};?ﬁg%ﬁ- oY 'Phe
gears. This chegRs! 1428 il ®ikyekouvha bbrifOashahly bhlie ReMAIE hurdMbitdhREHdD10 1 n

pl ace and prevents rel ease of the plunger actuator 2510, thereby preventing

novement tfricpaty Sscarsiopspinggnaybeit]dde Plagh Merdbe SpAPledey brivapded t he

| ockout nmechafisEhg RdtibBM AdBeBda8s Qbke, thOFat@X@mBY &nd datd YaPhol@mdser or
20aut omati cal |l y, thg%%By aﬁﬁ%&fﬁ% t he 5ear§'2518 tonrgﬁgte ungg%)the

bi asi ng f or cesPe?! XtReintlifsged Prarenh stgionglsneenteriof theespod 2t dw thiehaidnibabl e
carriage 250280 Ub YRLLGAHiH i OME i AVAEnd HEnRERLMI 2006 flys" esul ts in the

syringe needl e 2512 piercing the septum The bung 2508 nmay al so nove w thin
the barrel potonipss@306, prwenrtide tiveeweqolihe phaeer. 1t éhedicgioning of orioicadn t he

pl unger actu - 0. . BX 1. ' e 2512.
Fi gures 27- Zg(gr?]flfl%é%nr%{egmgﬁg %kénﬁr%tlfngag?’ t%@%%%i%ﬂ%&nﬁlg ﬁ%{]&ﬁgﬁﬁé glr?%?g%ut omati c
i nj ection devihemtdhhed43ddyr ¢xavipledey ausy pi qugyenaisdbrdpoy thelpadssing okdnat | onary

rel at ive to FipleeFtri]oOL{)suittglg. fis glpo%/sqgvsi 861.' 2458 ?0 10 a%ﬂ%%éret g #}J&lfi)n E&toirc% oif ﬁjeeCt ion
devi ce 2800 i'ncfudes a pl'unger act ation mechani smto aﬁ%onatlcally
actuating a buthgr 2802aised by thasprivlg fpoe bf tha pRE8QA actBLoR49tr Eh@spring facd afp vi ew

2600, *Fi qur o 9Pk STuREOE PO Bt wlhPAIGuGRod Bl % YL Rout 0F 2500,

The plungey agitiagd B4nmechani sm may i nclude a biasi ng mechani sm 2806 t hat
operates as the plunger actuator. In an exenplary enbodi nent, one or nore

e T R N R
mechani sm 2806e pér expdado thd spsdl agxs, Thud sy 228@8iraifi 0433 XA indhd/ §REOUS
danper or an t?asll’? g%%”n?arg/tb’e prroe éjfjd%%eetsco}rgs%onding shaft coupled to the housing 2402 of the
wearable automatic injection device 2400. In an exemplary embodiment, the gears in
20  the gear train 2438 may be taken off from their corresponding shafts and replaced with a

different set of gears. One of ordinary skill in the art will recognize that other exemplary

devices may include fewer or more gears.

The gear train 2438 may be coupled to the viscous damper 2422 or an
escapement that resists acceleration of the bung 2408. That is, the gear train may couple
25  the viscous damper 2422 or an escapement to the tether 2442 holding the bung 2408 so
that, when the bung 2408 is moved under the force of the plunger actuator 2406,
acceleration of the plunger actuator 2406 is resisted by the viscous damper 2422 or the

escapement.

In an exemplary embodiment, the gear train 2438 may be coupled to an encoding
30 device 2440, for example, a rotary encoder, that detects and logs the angular
displacement or position of the gear train and the corresponding time. A computing
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novenent of the bung 2802 during an injection in an injection state in
order to achieve a linear flowrate of the therapeutic agent. One or nore
stage 2 gwaneiiares2pi ni ons 2814 may be used to coupl e thecstmg@1®3zear 2810
and the stage 1 danper 2808. Table 7 summari zes exenplary features of an
exenplary stage 1 danper, an 10 exenplary stage 2 gear, an exenplary stage
2 pinion and an exenplary stage 3 gear that may be used in exenplary

automm 0 ek Ol RS R T80 Sl BB A R B
Stage 1 DanpegositoabBtht 8yrindk plingef Dadea@h hidd dataiohidigatbly/thaendddidbddveethdd.n 31. 75
teeth/in The computing device may also determine the flow rate of the therapeutic agent from
the syringe or cartridge 2404 and the corresponding time based on the data obtained by
5  the encoding device 2440. The computing device may be provided integrally with the
encoding device 2440 or separately from the encoding device 2440. During assembly
and testing of the wearable automatic injection device, the encoding device 2440 may be
used to evaluate different gear trains, viscous dampers and biasing elements, validate
mathematical models and account for variables not addressed in the mathematical
10 models. During use of the wearable automatic injection device to perform an injection,
the encoding device 2440 may be used to indicate one or more conditions to the user, for

example, the flow rate of the therapeutic agent, malfunction of the device (for example,

if the flow rate is too high or too low), and the like.

In an exemplary embodiment illustrated in Figures 25 and 26, a wearable

15  automatic injection device may include a syringe assembly moveable relative to a
platform in the device. The wearable automatic injection device includes a platform
2500, a slideable carriage 2502 coupled to the platform 2500, and a syringe 2504
mounted on the slideable carriage 2502. A distal end of the syringe 2504 may be
coupled to a syringe needle 2512. The syringe 2504 may include a barrel portion 2506

20  containing a dose of a therapeutic agent sealed by a bung 2508. A plunger actuator 2510
may be provided in the vicinity or in contact with the bung 2508 for moving the bung
2508 forwardly within the barrel portion 2506. In an exemplary embodiment, the
plunger actuator 2510 may include a biasing mechanism coupled by a tether to a gear

train and thereby to a damping mechanism.

25 The device may also include an injection button bearing an injection needle (not
pictured) and including a pierceable septum that may be pierced by the syringe needle
2512. The septum may be coupled directly or through a conduit to the injection needle
such that, when pierced by the syringe needle 2512, the septum establishes fluid

communication between the barrel portion 2506 and the injection needle.

30 In an exemplary embodiment, in a pre-injection state, the syringe needle 2512
may already pierce the septum and be in fluid communication with the injection needle.
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Nunber of teeth 50 teeth 18 teeth 16 teeth 11 teeth Face width 0.100 in
0.100 in 0.050 in 0.118 in Tooth profile 14.5 deg 14.5 deg 14.5 deg 14.5
deg Mat erwal20iNyi38823 PCT/US2011/033504

During an injection in an injection state, the dose of the therapeutic agent may be
expelled from the barrel portion 2506 when the plunger actuator 2510 is activated to
move the bung 2508 forwardly within the barrel portion 2506. In this embodiment, the

carriage 2502 may be stationary on the platform 2500.

5 In another exemplary embodiment, in a pre-injection state, the syringe needle
2512 may be spaced from the septum and may not be in fluid communication with the
injection needle. During an injection in an injection state, the syringe 2504 may be
moved forwardly within and relative to the platform 2500 toward the septum in order to
pierce the septum with the syringe needle 2512. In this exemplary embodiment, the

10 carriage 2502 may be moveable and may move relative to the platform 2500 toward the

septun.

In an exemplary embodiment, a tether 2516 may be used to couple the plunger

actuator 2510 to a gear train 2518. The gear train 2518 may in turn be coupled to a
damping mechanism 2520 for providing a linear delivery profile of the therapeutic

15 agent. In a pre-injection state, a lockout mechanism 2522 may hold the gear train 2518
in place and prevent rotation of the gears. This causes the tether 2516 to hold the
plunger actuator 2510 in place and prevents release of the plunger actuator 2510, thereby
preventing movement of the bung 2508. During an injection in an injection state, the
lockout mechanism 2522 may be released, for example, manually by a user or

20  automatically, thereby allowing the gears 2518 to rotate under the biasing force of the
plunger actuator 2510. This may allow the moveable carriage 2502 to automatically
move toward the septum, which results in the syringe needle 2512 piercing the septum.
The bung 2508 may also move within the barrel portion 2506 toward the septum under
the biasing force of the plunger actuator 2510 to expel the dose through the syringe

25  needle 2512.

Figures 27-29 illustrate a schematic of a portion of an exemplary automatic
injection device that may include a syringe assembly that is stationary relative to the
housing of the device. The wearable automatic injection device 2800 includes a plunger
actuation mechanism for automatically actuating a bung 2802 in a barrel portion 2804.

30  Figure 27 is a top view through a cover of the device 2800. Figure 28 is a side view of
the device 2800. Figure 29 is a perspective view through a cover of the device 2800.
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Nyl on Nyl on Acetal Pitch diameter 0.694 in 0.250 in 0.504 in 0.346 in
Circular pitch 0.044 in/tooth 0.044 in/tooth 0.099 in/tooth 0.099 in/tooth
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10

15

The plunger actuation mechanism may include a biasing mechanism 2806 that

operates as the plunger actuator. In an exemplary embodiment, one or more tethers or

cables 2812 may be used to couple the biasing mechanism 2806 to a stage 3 gear 2810,

for example a fusee, that unwinds to allow the biasing mechanism 2806 to expand. A

stage 1 damper 2808, for example, a viscous damper or an escapement, regulates the

movement of the bung 2802 during an injection in an injection state in order to achieve a

linear flow rate of the therapeutic agent. One or more stage 2 gears and pinions 2814

may be used to couple the stage 3 gear 2810 and the stage 1 damper 2808.

Table 7 summarizes exemplary features of an exemplary stage 1 damper, an

exemplary stage 2 gear, an exemplary stage 2 pinion and an exemplary stage 3 gear that

may be used in exemplary automatic injection devices.

Table 7: Exemplary features of exemplary plunger actuation components

Stage 3 Gear | Stage 2 Pinion | Stage 2 Gear Stage 1
Damper
Diametral 72 teeth/in 72 teeth/in 31.75 teeth/in 31.75 teeth/in
pitch
Number of 50 teeth 18 teeth 16 teeth 11 teeth
teeth
Face width 0.100 in 0.100 in 0.050 in 0.118 in
Tooth profile 14.5 deg 14.5 deg 14.5 deg 14.5 deg
Material Nylon Nylon Nylon Acetal
Pitch diameter 0.694 in 0.250 in 0.504 in (0.346 in
Circular pitch | 0.044 in/tooth | 0.044 in/tooth | 0.099 in/tooth | 0.099 in/tooth
Yield strength 11.8 ksi 11.8 ksi 11.8 ksi 10.2 ksi
Lewis form 0.346 0.270 0.255 0.192
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Lewis formO0.346 0.270 0.255 0.192 WD 2011/133823PCT/ US2011/ 033504 fact or
Torque 8.5 0z-in 3.1 oz-in 3.1 oz-in 2.1 oz-in Tangenti al

WO 2011/133823 PCT/US2011/033504
factor
Torque 8.5 0z-in 3.1 0z-in 3.1 0z-in 2.1 oz-in
Tangential 1.53 Ibf 1.53 Ibf 0.76 Ibf 0.76 1bf
force
Radial force 0.39 Ibf 0.39 Ibf 0.20 Ibf 0.20 1bf
Safety factor 3.71 2.90 6.25 9.62
Total gearing 4.04

Failure analysis was performed on the exemplary plunger actuation mechanism.
In an exemplary embodiment, the gear train (including the stage 2 gear) is designed
assuming a Lewis bending failure mode which assumes that the gear tooth is a simple
5  cantilever with tooth contact occurring at the tip. The results of the failure analysis
summarized in Table 7 indicate that the minimum factor of safety for the gear train is 3

and that the total gear ratio is 4.04.

Different combinations of different types of plunger actuators (spring 1 and
spring 2), spools (constant-diameter spool or cam spool), and damping mechanisms
10 (viscous damper or escapement) were tested to determine their effect on the delivery rate
of the therapeutic agent. Figure 30 illustrates x and y coordinates (in inches) of cam
profiles for: (i) the combination of spring 1 and a viscous damper, (ii) the combination
of spring 1 and an escapement, (iii) the combination of spring 2 and a viscous damper,

and (iv) the combination of spring 2 and an escapement.

15 Figure 31 illustrates a graph of therapeutic agent flow rates (in milliliters per
minute) versus time (in seconds) delivered by: (i) the combination of spring 1 and a
viscous damper, (ii) the combination of spring 1, a viscous damper and a cam spool, (iii)
the combination of spring 1 and an escapement, (iv) the combination of spring 1, an
escapement and a cam spool, (v) the combination of spring 2 and a viscous damper, (vi)

20  the combination of spring 2, a viscous damper and a cam spool, (vii) the combination of
spring 2 and an escapement, (viii) the combination of spring 2, an escapement and a cam
spool, and (ix) and an ideal flow rate in which the therapeutic agent is delivered at a
substantially constant rate. Figure 32 illustrates a graph of the volume of therapeutic
agent (in milliliters) versus time (in seconds) delivered by the combinations of

25  components of Figure 31.
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Figures 31 and 32 show that a substantially linear flow rate of the therapeutic
agent may be achieved by the use of a cam spool or a fusee. The use of an escapement,
versus a viscous damper, may be used to improve the linearity of the flow rate. The total
delivery time of the therapeutic agent may be controlled by configuring the gearing

ratio.

Different combinations of exemplary dampers and exemplary gear ratios in
exemplary plunger actuation mechanisms were tested. The exemplary dampers
included: (i) damping mechanism G, (ii) damping mechanism B, (iii) damping
mechanism K, and (iv) damping mechanism V. The exemplary gear ratios included: (i)
4:1, (ii) 6.25:1, and (iii) 16:1. Figure 33 illustrates a graph of the volume of therapeutic
agent (in milliliters) against time (in seconds) delivered using: (i) a G damping
mechanism having a damping coefficient of about 10.3 Ibf*s/in with a gear ratio of 4:1,
(ii) a B damping mechanism having a damping coefficient of about 15.1 1bf*s/in with a
gear ratio of 4:1, (iii) a K damping mechanism having a damping coefficient of about
18.9 Ibf*s/in with a gear ratio of 4:1, (iv) a V damping mechanism having a damping
coefficient of about 24.9 1bf*s/in with a gear ratio of 4:1, (v) a G damping mechanism
having a damping coefficient of about 25.1 Ibf*s/in with a gear ratio of 6.25:1, (vi) a B
damping mechanism having a damping coefficient of about 37.0 1bf*s/in with a gear
ratio of 6.25:1, (vii) a K damping mechanism having a damping coefficient of about 46.2
Ibf*s/in with a gear ratio of 6.25:1, (viii) a V damping mechanism having a damping
coefficient of about 60.7 1bf*s/in with a gear ratio of 6.25:1, (ix) a G damping
mechanism having a damping coefficient of about 164 1bf*s/in with a gear ratio of 16:1,
(x) a B damping mechanism having a damping coefficient of about 242 Ibf*s/in with a
gear ratio of 16:1, (xi) a K damping mechanism having a damping coefficient of about
303 Ibf*s/in with a gear ratio of 16:1, (xii) a V damping mechanism having a damping
coefficient of about 398 Ibf*s/in with a gear ratio of 16:1, and (xiii) an ideal flow rate in

which the therapeutic agent is delivered at a substantially constant rate.

Figure 33 shows that increasing the damping coefficient for the same gear ratio
increases the delivery time of the same volume of therapeutic agent. In some cases,

increasing the damping coefficient makes the delivery rate more linear. For example,
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Failure anal ysis was perfornmed on the exenplary plunger actuation

mechani sm | n an exenplary enbodi nent, the gear train (including the stage
2 gear) iwodesi/gesed assum ng a Lewi s bendi ng fail ure noe#eTwiseaih/oazssunes
that the gear tooth is a sinple 5cantilever with tooth contact occurring at
the tip. The results of the failure analysis summarized in Table 7 indicate
that the mninmumfactor of safety for the gear train is 3 and that the
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gearing ratio in an exemplary embodiment, for example, the V model damper and a 4:1
gearing ratio. Figure 35 illustrates a graph of the volume of therapeutic agent (in
milliliters) against time (in seconds) delivered by different exemplary syringes using a V
model damper having a damping coefficient of about 24.9 1bf*s/in and an exemplary

20  gear ratio of 4:1.

After adjusting the computer models to reflect the measured damper torque, a
fusee was designed to linearize the delivery rate of therapeutic agent. Figure 36
illustrates a graph of the volume of therapeutic agent (in milliliters) delivered and the
diameter of the fusee or cam spool (in inches) versus the time (in seconds). Since the
25  diameter of the fusee changes over the delivery, the angular position data was
numerically integrated along the fusee curve to yield the linear position data of the

plunger actuator at each data point.

Figure 36 shows that the actual measured delivery rate is about 10% slower than
that predicted by the model but is nearly constant as evidenced by the high correlation

30 coefficient (0.9995). The discrepancy between the measured and predicted data may be
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D fferent conbinations of exenplary danpers and exenplary gear ratios in
exenpl ary plunger actuation nechanisns were tested. The exenpl ary danpers
i ncl uded:woip11dizsg2sng nmechanism G (ii) danpi ng nmechani ®TRS2¢1Li0B3s0danpi ng
mechani sm K, and (iv) danping nechanism V. The exenplary gear ratios
included: (i) 104:1, (ii) 6.25:1, and (iii) 16:1. Figure 33 illustrates a
graph of the vol urre of therapeutic agent (in mlliliters) against tinme (in

seconds) delive sin nmechani sm havi a .danpi . ng

cootTi o) ent oroaggly s Bl SRy 16 SRR IR B0adinns PRUS%s
danpi ng rrecharna}stm daavasn;ga@ cHagpd inglope af the gﬂapmtTmfdlﬁb@uﬁcykﬁaylalslobfe s/in with
a gear ratio of 4: iii) a K danpi mechani sm havin

coefficient offXPE‘H{?éPY ghf} t‘i%ersyoﬂﬂlrngg‘% Pge\‘fvit? %&%{rac%*ﬂ Otngan%fech% aVv
danpi ng nec halmesmmgypmggeaaaam Blgh@qﬁnglrae Bfthe ﬁlﬁmgéa@&thataﬂbe%gl 18%&shin With
a gear ratio of 4:1, i ng_nmechani sm havi ng a_ danpi ng coeff| ci ent

of about 25. 1replyy ihap Fﬁcwtﬁ% %eg@ s plihe gusFe o6 cosr, 1edu‘{1% the spredaisl Hg
nmechani sm ha\éﬁlﬁ&%e@adﬁ?&%'b[?gb&f?@wm@ §104uceh nalPetre? borlldiPh(8H).N Wi th a gear

ratio of 6.2 (vii) a danpi ng nmechani sm having a darrpl ng coefficient
of about 46.2 20 Ibf s/in wth a gear ratio of 6.25:1, éfVIII a V danpi ng
mechani sm havi ng &' H&Rpi HgMRaRdemengipechinisiportre Boicd af dieren ¢RErayes gear

rati o of 6. 25 Hetefrhife h@ effed IPRLDBraMBCHAME A NAY b, 3 e daPinBGicceehé i ci ent of
about 164 |bf*s/in wth a gear ratio of 16:1, (x) a B danpi ng nechani sm

having a danpichyers 8Efeiherapeticoreribdie visans FEy Spppingdrgieds depapdangen o of
16:1, (Xi)pa @%H%itﬁﬂgftﬁgﬁﬁé’d?ﬂ g?éHs@Ha‘éﬂd@&le%t‘Q@rHahlBQr Ci%fvfsbé‘s'lt?'a? i@kiibput
25303 I bf*s/in wth a gear ratio of 16:1, (Xil) a V danpling nechani sm

havi ng a danpireaje dershds igipaiypn te (eThRSUALUIBORhE prragniling wptitpnaegie dhifferanti o of

16: 1, and (xi ' ~ | ' agent is

del i vered at %{Ie}sngggct%gfp?ﬁagl %‘%/Cﬂ%{:\lg%@% ‘g%ljte Q¥S£@5g8|@%g?r{aﬂh%§ i(‘Sji\t?\/{s&ft hat i ncreasing
t he danpi ng cosfuficoiregtvarfiability heth@amig@mmhamsm@on the damplrngaﬁets ittheéhedel i very
time of the f .t Se ncreaS| ng
t he danpi ng ?%g? 3 %Ik gﬂﬁeﬁrva e P%&g%é?uﬁl\clg %ﬂatlrorgsrlg%f &ﬁea{lﬁdnu otru rle anp

for the 61525.riha3g:£f&|ctthatasist;ingtbeluhpgjvelgdb;zlmmhamgercoeff| cient of about 60 7

| bf *s/in yields linear delivery rate than the | ower danping coefficients.

Figure 34 illustr f [ t y be
back- cal cul at ed %ﬁe ?hﬁ;ﬁl Mt]esg c@%me%mpﬁ%wﬁr g%?caagg‘?[d%t%@;ht ai nst
garrper spee?fsde@ivae&vermr}t]mfec(m s@(;onBs) alﬂnavmilw mydﬁﬂst Mppeattsochmﬁ:mpgratme;(rj eaﬁ i ng
anmpi ng coe The i cat tual..tor al ues .and the
ot Pea’ I  nes. FEE g LT IER Pl e B AR Tt Bt SR tes, WA o
i ndi cat es t hatanipoe (uvamafsmhdmaemmval abes Owkepee Ualdedhes (inreteeckr), he thiat a

|nd|catethat t he tor | ues vver subst.anti al | i.near .i.n the range of
bot woan. 0 ndlEUEe 58 rfedhne VRLSuG REHELE B i aho vippar abfon

10coef fi ci en_t(Vf)qrfoﬁrhﬁialrﬂpeﬂ@rvuﬂ‘glrﬁanaﬂluahh@{masﬂi@mlahmq tohRe Gfsega.seddating t he
new linear fit equations for the danper torque provided by the linear fit
adj usts the dSHPFiig coefficient and includes a static torque val ue.
Substituting these new values into a conputer nodel allows for a close
approxi mati on of tHgirsyBsiem (RS IAASS in BhipeRtikhaid abedubgardtian g rgect Siemul ti pl i ed
by the gear ratio and subtracts direct
y g amp?ng effect, i.e., the fneanty of the cle}ivery o%n he therapeutic agent. However, the
25  delivery rate was affected in some cases by decreasing the temperature, for example, for
the first damper. Similarly, manufacturing variability in the damping mechanisms did
not substantially affect the damping effect, i.e., the linearity of the delivery of the
therapeutic agent. However, the delivery rate was affected in some cases by
manufacturing variability. The damper torque values varied by about 5% in the sample

30 group tested.
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15t he spring force, it may be desirable to choose the highest rate danper
and the | owest gearing ratio in an exenplary enbodi nent, for exanple, the V
nodel damperoarid3se34: 1 gearing ratio. Figure 35 illustraCeasacigoagshs of t he
vol une of therapeutic agent (in mlliliters) against time (in seconds)
delivered by different exenplary syringes using a V nodel danper having a
danmpi ng coefficient of about 24.9 Ibf*s/in and an exenplary 20gear ratio of
4:1. After a ustln t he .c ut e o reflect the sured
Gamper tor que. a BEMHES G GRRHLY be FTRewd beeepful Belnli MRAT e of

t her apeuti c adpginéry rdté gitthe th3fapédtic ugént aicasling, Gt aphiimitedithahd/gdatirio ahe

therapeutic agent (in mlliliters ivered and the digneter of the fusee
or cam spool Wq?m%ﬁ9ﬁé§$n%€P@H§xW%§‘EVWE“FHHﬂ§é@@ﬁﬁ%¥mmgfﬁ%ggfﬁ@a2§B|aneter
of the fusee ighNIGRcPMAatdrNBIUR] liETYadditlA, ARGUhARcBRGLS bAR: slakr Was

nunerlcal inte ated al ong the fusee curve to yield the |inear 05|t|on
data of t pacmag%maaé@ M%H%‘rm gideig cAntERd he 1eRiHY : and/or the rate Githg it dghshows
that the actuglrapRastsgd delivery rate is about 10% sl ower than that

predi cted by the nodel but is nearly constant as evidenced by the high

correlation 30 coeff|0|ent (0.9995). The di screpancy between the neasured
and predicted datéﬁ%%? %QMMB%ﬁPéﬂﬁQHHBV 3 PrIfien f@ﬁ%@%@mWﬁuPH@“@€%¥Pﬂb for

exanpl e, ar eagvibes®) hhnPRAk h dGebhnds e@@?erﬁ@ﬂt%@lﬁhn?sﬁl shRldeviehagmges i n
slope in the g ﬂ»gg The di screpancy nay so be explained by the tether
inely

coupling the atwngwcwu%g@?cha@mé@rcwm@flcaéléuaﬁ@atﬁ@raf%g PYO8 n line with

the plunges achtéina Wnn%@@r c%Rﬁ!i 408t f tﬁé edelp1 h’lﬁﬂ&? a@64éat or being
|l ower in 5Sreality than calcul ate Re ardl ess of the source of error,

reduci ng t he Bgrhamigmygupavety esmelpmﬁg%?_rm@)cbw@w 1pystalivongeelgvy anenf thy oduce a
near perfect a@&ﬂcﬁ' f c%a'té}%éﬁlb rovidin 11narfd£1§éft?1gt ISl E SR fpia¥ gagm}ng mechani sns

were tested erent te ratu es to rmne t ct ‘of
t enper at ur e onciphwet oI, ng eghpewheel is peovidetthevihg mebzralm}yofoéetlu breitdel i very of

the therapeut | nt.., rhe, vi us . I n ependent on
10t he i scosi 15 BT EAPHL FEEHBIECH PR GETTRE% Lk Py By RuRrPRISH
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Cest ed 1o der e ndenareapy bbEG SN Bef GRS BT Pab R TR T HS B ng
mechani sms  on42b&iadaepi myregiehi® Cdrming £gear AL, In amaasmplyry@inbbmmedehl very of
the therapeutic agent. Variations [n da r nuf act uy i 15may affect the
resisting tor%ﬁ%m%?BQP%%H H@yﬁﬂ@iﬁhﬁﬂ@Pﬂﬁﬁ6“yﬁﬁFﬁﬁP%wéyngP‘ﬁ@?rates a graph
of the vol umeexein Iaﬂegeaﬁ@glﬂan@s Iagetsﬁuséd NTHE Jaliédrhdy@iasd ardi@ljisv@lcathsy lofidht ti ne
(i n seconds) achleved by % i rst danper. at roon1tenperature (11) the
first danper Atinestifbin wae %%@‘ﬁ@ﬁhﬁé%W@ﬁﬁﬁqwﬁh%wéWPEWﬂﬂﬁéﬁaﬁbﬁy?eéﬁﬁl) a
second danpenkm@;ﬁ st he second danper at about O degree Fahrenheit (in a
freezer), (v) a third

In operation, when torque is applied to the escape wheel, the escape wheel
rotates and a tooth of the escape wheel imparts an impulse torque on the pallet such that
the kinetic energy of the pallet is reversed. The tooth pushes aside an arm of the pallet.

25  This causes the pallet to oscillate which frees the tooth of the escape wheel,
simultaneously bringing the alternate arm of the pallet into interference with a second
tooth of the escape wheel. As such, as the escape wheel rotates, its movement is arrested
by periodic impact with the pallet, thus allowing the escape wheel to rotate only when
the pallet is free to oscillate. As the torque applied to the escape wheel increases, the

30  escape wheel imparts a stronger impulse to the pallet, thus increasing the oscillation

speed pallet and therefore allowing the escape wheel to move more rapidly.
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20 danmper having manufacturing variability relative to the first and second
danpers, and (vi) a fourth danper having manufacturing variability relative
to the fiwetomndisgacond danpers. Fi gure 37 shows t iraf/ush@ngasosd n
tenperature did not substantially affect the danping effect, i.e., the
linearity of the delivery of the therapeutic agent. However, the 25delivery
rate was affected in sone cases by decreasing the tenperature, for exanple,

for the first damper. Simlarly, .manufacturing variability in the npi ng
rechant s, di d- noreiibe Mt ey SRLRCh i dih i Abottee! oI
l'inearity of drbpercbelly viadty, té pilkkeatishek apesich on@mgent . However, the delivery
rate was affected in sone cases by manufacturing variability. The danper
torque val ues varied by about 5% in the sanple 30group tested. Thus, one
or nore factofs=ndy"be configured to control the linearity and/or the
delivery rate of the therapeutic agent including, but not linmted to, the
gear ratio, the danping coefficient, manufacturing deviations in the
danper, manuf act urlibsgodendisstrrdensofitee ratlet ipfijergs Propettigatdthe fiamgnehel 1i ke, In
addi tion, ot herineha Fetefalistd 6&at thbeolRlisRIREur PRGIHR I bsddBYwh& ] ¥R hed i n
order to control the linearity and/or the rate of the flow of the

t her apeuti ¢ atdgitfor Eiegiaseillagon qfthesalelt ddug schematic of a portion of an
exenplary autonmatic injection device 2600 that enploys a fusee and an
escapenent neghgng%g}ﬁihe devi ce 2600 includes a plunger actuation
nmechani sm f or4 attofr&t%'cal | y actuating a bung 2408 10Ocontained in a syringe
or cartridge 2404. In the exenplary plunger actuation nmechanism a runaway

escapenent 2602 n‘%/ssﬁﬁing' af gnﬁu@sertr?&i of tzeﬁ),hs‘?nd%(iﬁéeéoﬁ[sﬁ;ng R p@ﬁe&l@%la@ﬂié;‘ fer
actuator 2406 by providing |linear danping. In the exenplary’runaway

escapenent 2602, ;8. GEARSuMDET cil SERE M A6 A YS 09 s E’At%?'eﬁété’d @f teeth on
its circunfererntial periphery an Ya péWIet 'S prOV|§b& 'R he vicinity of
the escape whgel . In 15 an exenplary enmbodi ment, the escape wheel nay have
30 teeth, 1@l t hotlighHthexensr disyanedetpen ahibgbss (arrdiae) niay b repiesesed®y: t eet h. The
escape wheel may be coupled to the spool 2426 via one or nore gears formng
a gear train.gJQ_@qﬁgxenplary enbodi nent, a gearing ratio of 50:1 may
couple the sp ol 2%%6ut0 t he escape wheel, but other exenplary gearing
rati os may be used. The pallet nmay have an adjustable mass nonent 20 of
inertia by way of&&%g hol es that may be filed with one or nore pins, for
exanpl e, steel do 'pi ns.

P - ﬁ,,_f{?_}' gﬂma:-:

15  and the oscillation frequency ® and may be represented as:

The rotational speed of the escape wheel is related to the number of teeth n

s 2o né&
¥ Y -
L i
Thus,
T 2 3 H\
{32 Fa e
P A max °
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In operation, when torque is applied to the escape wheel, the escape wheel
rotates and a tooth of the escape wheel inparts an inpul se torque on the
pal | et suwb 2bhat3382Be ki netic energy of the pallet is reperTasdo11/ibisod oot h
pushes aside an armof the pallet. 25This causes the pallet to oscillate
which frees the tooth of the escape wheel, simultaneously bringing the
alternate armof the pallet into interference wwth a second tooth of the
escape wheel. As such, as the escape wheel rotates, its novenent is
arrested by periodic iRpadi #ith the pallet, thus allow ng the escape whee
to rotate only whe¥he pal et fo5aFisews f¥aydampitate. As the torque applied
to the escape wheel increases, the 30escape wheel inparts a stronger

i mpul se to the pallet, ghiz%increasing the oscillation speed pallet and

therefore all ow ngfghe ‘esciépe wheel to nove nore rapidly. Assumi ng
that the coll {3i® Ty the teeth of the escape wheel and the pall et
are perfectly el astic,zrthe pal |l et absorbs, for each inpact: T The power
di ssipation of the pallet is directly proportion to the frequency of
Soscillation of the pallet to because two collisions occur between the
escape wheel and the ppalhet:"for eyery oscillation of the pallet. Thus: P =
Assunmi ng an inpuESe:ﬂLHBigf ;ﬁpqt‘FfHQQ;LM§_§;#k&sions are perfectly
el astic, the magni'tude @ the ahgul ar vel oci'tymay be assunmed to be constant
and related to max 10, the“angul ar di stance between collisions (in radians)
may be represented by: = trzax

which creates a non-linear differential equation.

5 In another exemplary plunger actuation mechanism, a swiss lever escapement
may be used to resist the acceleration of the plunger actuator. Assuming a coordinate
system in which 0=0 is at the equilibrium of a coil spring attached to a balance wheel. If

damping is negligible in this system, then:

Jo+ k=0

10 Where k is the torsional spring constant of the coil spring and J is the mass

moment of inertia:
J= |r*dﬁﬁ

Where r is the distance from the center of rotation and m is mass, the natural

frequency of the system is:

15

If the escapement wheel has n teeth and a spur gear train of speed reduction N
couples the escapement to a spool of diameter D, then the spool rotates at angular

velocity:
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Thus, max The rotational speed of the escape wheelis related to the nunber
of teeth n 15and the oscillation frequency to and nmay be represented as:

7C9 =.> (Q0=2011/1BB823, LI P =12113X p =2 Sincefor &CTitsecaud3isot ary
danper: (n , max - 4 faax * = cx H

. 2FE

P=—"

“ N

Taking the derivative of the equation relating 6 to x:

a : i R B
el g D
which yields:
. 2y
= —
. D
Thus,
. abe, gD ik
X = — =——,—
N aN \ J
The components illustrated in Figure 38 that are common to Figure 24 are
described with reference to Figure 24.
10 Figure 39 illustrates an exemplary plunger actuation mechanism 3900 that

employs one or more linear biasing mechanisms to provide a force for expressing a
therapeutic agent from the barrel portion 3902 of a wearable automatic injection device.
The barrel portion 3902 extends longitudinally between a proximal end and a distal end,
and is configured to hold a dose of a therapeutic agent. A distal end of the barrel portion

15 3902 is coupled to a syringe needle 3904. A bung 3906 is provided moveably within the
barrel portion 3902 to seal the dose of the therapeutic agent.

One or more linear springs 3908 are provided for providing a biasing force upon
the bung 3906 in order to move the bung 3906 within the barrel portion 3902 toward the
syringe needle 3904 during an injection in an injection state. A distal end of the linear

20 spring 3908 is in the vicinity of and/or in contact with a plunger 3916 having a plurality
of teeth configured for engagement with a damping mechanism. The plunger 3916 may
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which creates a non-linear differential equation. 5In another exenplary

pl unger actuation nmechanism a swi ss | ever escapenent nmay be used to resist
t he accelwoaviion3g t he pl unger actuator. Assum ng a co@caiusatia/033s84 em i n
which 0=0 is at the equilibriumof a coil spring attached to a bal ance
wheel. If danping is negligible in this system then: toWere k is the

t or si onal spring constant of the coil spring and J is the mass moment of
inertia: r d||

he. di stance fr t@ nt rotation

and m 15 mass’ PR (T helintagn5p TR G el GehdSr BN Hunisih T
escapenent mhﬁammhaﬁJbr&@&@& adttbransbdll igeaigst3oa.n of speed reduction N
coupl es the escapenment to a spool of dianeter D, then the spool rotates at
angul ar vel ocity: 3 T1RKLRY G A8 1G9 ardb e S AYILL00 o ELAL NG O to x:
which yields: 0 =

contact with the bung 3906 such that the biasing force of the spring 3908 is transmitted

5  to the bung 3906 through the ball bearings 3910. The ball bearings 3910 may be

enclosed in an enclosed track 3912 that restricts the lateral or sideway movement of the

ball bearings 3910. That is, the biasing force of the spring 3908 causes the plunger 3916

and, in turn, ball bearings 3910 to move substantially in a back or forth manner, i.e.,

toward or away from the bung 3906. The use of the ball bearings 3910 allows

10 redirection of the biasing force to the bung 3906 and allows minimization of the size of

the device. When actuated, the spring 3908 exerts a biasing force in the direction of the

bung 3906. The biasing force is transmitted by the plunger 3916 and the ball bearings

3910 to the bung 3906 and causes the bung 3906 to move toward the syringe needle

3904 within the barrel portion 3902. This causes the therapeutic agent to be expressed

15 through the syringe needle 3904 to the exterior of the barrel portion 3902.

A damping mechanism 3914, for example, a rotary viscous damper, may be
provided and associated with the spring 3908 and/or the plunger 3916 to regulate the
rate of delivery of the therapeutic agent. The damper 3914 may include a hub and a
plurality of teeth that extend in a radial manner about the hub. The teeth of the damper

20 3914 may be configured for engagement with the teeth of the plunger 3916. The damper

3914 may provide a force proportional to the speed of movement of the plunger 3916 in
order to regulate the delivery rate. As such, the exemplary system 3900 may be used to
provide slow controlled delivery of the therapeutic agent by configuring the force

provided by the spring 3908 and/or the properties of the damper 3914.

25 Figure 40 illustrates an exemplary plunger actuation mechanism 4000 that
employs one or more clock springs to provide a force to a bung in a barrel portion in
order to expel a therapeutic agent from the barrel portion. A biasing means 4002 is
provided by a compression helical coil spring characterized by spring coils of
progressively increasing diameter, such that when the spring is compressed, the coils

30  nest one within the other in the manner of a clock spring, thereby taking up the
minimum of space. A portion of the spring 4002 is in the vicinity of and/or in contact
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5D Thus, ; Do,k = AT The conponents illustrated in Figure 38 that are

common to Figure 24 are described with reference to Figure 24. 10Figure 39

il lustratwe 2an/w382apl ary pl unger actuati on nmechani sm 3900Tiusat11083300ys one

or nore |inear biasing nmechanisns to provide a force for expressing a

t herapeutic agent fromthe barrel portion 3902 of a wearable automatic

injection device. The ban-el portion 3902 extends | ongi tudinally between a
s. copf. to ho

proxi mal end a and d a dose a

Pher apeut o anaht teshodicSieafPEhe Becbisi R bt uftd pisBe o dhup ed 1o
a syringe neegkieg 39024s cdvbiridnd A0meirSligpraoshehe df ﬂhi@\ﬁ%&lﬂniéast;aﬁbbﬂeﬁthE barr el
portion 3902 to seal e e of the therapeutic a One or nore
linear spri nglge%‘ﬁ)‘%mélft’)& é&@ﬂ%@ﬂm}a})?%ﬁ}ﬁwpfdﬁféﬁ%s%g@gﬁ Y bopde ‘G‘ﬁﬁlﬁ’ t he
bung 3906 i n QTad@br i@on@M SvithiBe R Gu IR (W Rikkid fHRe oP@B s§ingPPnt ison 3902
toward the syringe needle 3904 during an injection in an injection state. A

di stal end oftranpaitied agglineapdisplpqygrenigp gejbang Hirgygh the metigniaf ﬂ%?fmeéhﬁ}’“&l in

contact W th ackhBgeficcBhliEn DMl NYads, Rhididgt @ br ﬁl@@ﬁﬁhg‘l@ﬂi bauEade f or
engagement Wi th a danpi ng mechani sm The pl unger 3916 may be provided in

the vicinity B¢chamien srcapiineapmedenisi 404 i \pstsabstandallom adaflpercierth r ansmi ssi on
mechani sm f 0f, GXATD! BwaRiG aBhy FBMEhORIk. PRAEII eI Wt anjcal escapeﬁlem stal end

of the ball bearings 3910 may also be in the vicinity of and/or 1 n contact
wi th the bungnddassmdobd alleas redwectiyings ihedifsmegdercofo thhbungmng ﬁ]@PV@QOB is

transnittgp mﬁﬁn&aﬁmQH s§%§§&£%58&9h t he ball bearings 3910. The bal
91

beari ngs 0 may be enclose an encl osed track 3912 that restricts the
| ateral or sideway novenment of the ball bearings 3910. That is, the biasing
force of the spri WghagoBacdubewrinkdl( enger bidgnslogydhativronyarisd babick

bearings 3910, h%ﬂt’f?f()‘?ce?,gglzetﬁ%l}hgﬂ&lﬂésdaﬁen?eﬁ%bﬁ ﬁls @bﬁﬂtﬁ@%&g tﬁe’ toward

or away fromthe bung use o eari ngs
bung. The biasing force is transmitted directly or indirectly to the bung and causes the

bung to move toward the needle within the barrel portion. This causes the therapeutic
15  agent to be expressed through the needle to the exterior of the barrel portion. As such,
the exemplary system 4000 may be used to provide slow controlled delivery of the
therapeutic agent by configuring the force provided by the spring 4002 and/or the linear
displacement provided by the mechanical escapement mechanism 4004. The
mechanical escapement mechanism 4004 may be configured to control, for example, the
20 amount of advance per cycle. The spring 4002 may be sized to predominate over stick-

slip forces.

Figures 41 and 42 illustrate an exemplary automatic injection device 4100 that
employs a fluid-based plunger actuation mechanism in which the fluid pressure and/or
movement of a working fluid is used to move a bung within the barrel portion of a

25  syringe or cartridge. The plunger actuation mechanism includes one or more fluid
circuits to provide a force to a bung for expressing a dose of a therapeutic agent from a
barrel portion 4104 of a syringe or cartridge. Figure 41 is a schematic of the exemplary
automatic injection device 4100 and Figure 40 is a perspective view of the exemplary
automatic injection device 4100. The wearable automatic injection device 4100 may

30  include a pressure element 4106 that stores an incompressible working fluid that

provides a fluid pressure. Exemplary working fluids may include, but are not limited to,
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10 redirection of the biasing force to the bung 3906 and al | ows
mnimzation of the size of the device. Wen actuated, the spring 3908
exerts a WwDasimg3g2erce in the direction of the bung 390@CT/Niseo1hioassnfng f orce
is transmtted by the plunger 3916 and the ball bearings 3910 to the bung
3906 and causes the bung 3906 to nove toward the syringe needle 3904 within
the barrel portion 3902. This causes the therapeutic agent to be expressed
15t hrough the syri.n needl e 3904 to the exterior t he. barrel portion
3902. A B g HECRS e shie e T Einss 4% porarfad PuclRiduanper
may be provi dadit@ing, Aas&ecs Bh@ldr, WiniRtet B@in8@1 & §8ing 90Be@ndings, abtepikunger 3916
to regulate the rate of delivery of the therapeutic agent. The danper 3914

may include a hub.and a pluralit f teeth that extend jn adi al . manner
Sbout "the hub.  Thd T afrRiTE ik et S5t edR B BRTclhe Rl PEb i
engagenent w410t ke fleeidridfor #hEs phyegect (BOA6w oflihe woakipefuidSdthandy provi de
a force propo t.glonal to the %pﬁ%g of novenment of the pl. n&er 3916 in order
Lo regul ate il BER AR & o QiR e ndn Mg BREMS000 may be
used to providsynStr@w crars Nek tedictel TveNyy fktriche 4 103ah apattdcanagiint oby
configuring the force provided by the spring 3908 and/or the properties of
the danper 39iametorpging omgboyt pég%’rné]tl BraboHt B eingt Bry e figReiers oAct uat i on
nmechani sm 400QetpRty @5W}0Yis10P DEMQE afRHoELGIQLE 1S PERPSar) Anpd. OMcdgifide bOT CEe tO
a bung in a barrel portion in order to expel a therapeutic agent fromthe
barrel porti ofe flawpisHiiad [heaashaedmeihs rgeogiltpatahept ) BeppkdsPORhel i cal
coi | spring chRRGLHRIHs2L k1S bR JestiflitdrDriBbesPOYt By ﬁﬁs)/exlefﬂgfa%h%&g

di aneter, such that "when the spring is conpressed, the coils 30 'nest one
within the other in the manner of a clock spring, thereby taking up the

i ni num of space. HAcpHBRDI eéfﬁb@éﬂnetnﬁémsvmorlﬂglr%ewg@ of pharaeleTilisiohthey of and/ or
I'n contact Vﬂe‘iiber?sf@&@ﬁ%oﬁ%l (ESHAP&IRAY (FRCHAN BMMARA4 a2 tNRpldie rotary
bi asing force of the spring 4002 is converted into a |inear displacenment of
t he mechani caimbedangatsipat alypeconbgiirs arnyo of qipeacipsistcs of thaldelbwanpysivant

mechani sm 40 1 L Gl Ak / I i e bung
such that th%%% tﬁg”'? C(r)a)rS it(t:)zgfc}# gzhlgﬁ glru?é]%@z%é%rqﬂgg%ﬁ? ?%%gl%‘i%egn la%)g a |inear
di spl acemént dheratteastiss ngy itvhgagdht aaontptitadrio.dhe dibpetmedamirdak. thslbaghnent
mechani sm 4004... T i 1 he. biasi I € i 4 c t he
mechani cal es(ifatt%eegrf}g%\cf ’ t?r%?:l %ﬁﬁt)génﬁﬁ%%%kin% fﬁrlg%gﬂ%%gg( %ﬁférg%?%pqgﬁhea&%g% " or
forth manner, ofitheeorifict ofvdie dlowrresanvayr thaydm detreasod ngincrédse thegetabdelivére timechani cal
escapenment mechani sm 4004 allows redirection of the biasing force to the

R e (T

actuated, the spring exerts a Dbiasi ngO
back and f ort Whémthe @obkying fhed meckaxi tah thspaperehitmene¢amiasthe 4004 i n t he
directi on,of L0e.BHNGs J0G.HLASLAGL B §84% (ARSI IS direebiVuiln
indirectly to he ]bung and"'causes” the unggto nmove toward the needl e within
t he barrel pah¢barel pdifibs40EUS eslet loexpdl d@reajoetidfithe thBapeait agant remekyraass ed

t hrough the needl e the exterior of the barrel portion. As such, the
exenpl ary systEM™4U8G may be used to provide slow controlled delivery of
the therapeutic agent by configuring the force provided by the spring 4002
and/ or the |inear Idhspecapimpeoanbgiinwitdetrdyn infretioreinhagne-oglictiesgapahent

echani S 400 TS T AR B2 i SREARSITER TR ED AR SITA00 4 Y RS G 1 9 o
25  embodiment, a delivery trigger (not pictured) may be coupled to the pressure element
4106 so that, upon activation of the delivery trigger, the working fluid is released from
the pressure element 4106 into the tubings 4110 and 4112. The fluid pressure of the
working fluid advances the bung within the barrel portion 4104, thus injecting the dose
into the patient’s skin. Thus, the fluid circuit established by the flow of the working

30 fluid and the flow restrictor may provide a regulated force to the bung.

103



20 amount of advance per cycle. The spring 4002 may be sized to predom nate
over stick-slip forces. Figures 41 and 42 illustrate an exenplary

aut omat i cwonpact3dg2a devi ce 4100 that enpl oys a fl ui d- baget/yshangassos
actuation nmechanismin which the fluid pressure and/or novenent of a
working fluid is used to nove a bung within the barrel portion of a
25syringe or cartridge. The pI unger actuation nechani smincludes one or

fluid t d f
herapeut i c.agent ' PORTIRGY PR SBPL: Bt R0 i & PRBLRRR Lt dge, ' °

Figure 41 is ia. schamshhialigfcotshmt ety raky Ladiapat ihe déinjegCirbMd nde\bece 4100

and Figure 40 s a ective view of the exenpla utomatl i njection
devi ce 4100. *fHEY g‘b igh Blst el tee WW}‘@étqquPr%‘f}?‘g%’t QPGS MR 6f?@finﬁcl ude a

pressure el enpib ufskbmiohale fRRHOEREC3IU 108 6 RAITME aESpiak SR pioiIagd by thediothat
provides a fluid pressure. Exenplary working fluids may include, but are

np
not |imted tisstrictipptl®p, The pressgye uPS%FﬁHl e ok eestriptos A1SApy hsreaiaigingd &) enent s

4106 may i ncl pelen ehultrelah @ t@ﬁfoﬂcteﬂlsﬁﬁgsﬁpQOrc@@su@ﬂl aat d Gighl addssa sydefast er
cylinder, a spring-I|loaded syringe, d the |like. The pressure eI enment 4106

may be coupl e¥hieyeds Hor éwbrl@&fprheéwﬁd mgdwﬁmath@ bareh gouion A1047the bpngow
restrictor 4108, R4 &kl 4 fécu&rﬁ ®n ftﬂe%r%% fh& pARYdh B8 rowtiedri&Br 41d8hind he

5fluid pressure upstreamo |l ow restrictor is greater than the fluid
pressure downbe bassphpefion HE)4f whigh rsefhﬁfllcukt: togachicTthie ahlappyegiatde extent becayse0Be may

i ncl ude an, or ' - ' rom about 0.001 inch to about 0.01
i nch, but th h ‘k](]éf&q%gret edrlg%%gﬁ%%ﬁ%?]ggf% %W restrictor orifices are not
limted to this exenpl ary range. The orifice of the flow restrictor 4108
may have | engt hs rfaagplaty danpad hysblic doliveny ¢isudihallpw Bovament aAfGhepungiyér | engt hs

of exenplary JJ tﬁ@ﬁﬁetrehﬁ ‘Pa(th lithahnl G 8310, 3EG, Q%“‘Ifﬂ Mibed bl X EDing" yhr ange.

Exenpl ary enbodi nents na con igure a nunb characteri'stics o
del i very systwwk-tlp gentmala it He delteay pdéleiof greythdrapretiodgenhe t her apeuti c
agent. Exenplary enbodi nents may al so configure a nunber of characteristics

of the delivery SﬁﬁEﬁéﬁeﬁé@%ﬁgftﬁB‘ocﬂrﬂ&t n%‘i@;ﬁfgl%%{rl Sturﬁeﬁﬁ‘ OO NG ug% ui d and/or

the therapeutic agent. ary 15 charac ICS may I nc but are
not |inmtéd ttberapdusic dicanmpebe dﬁﬂlvelhéatoarn|epc¢rnelarytdqbvdryeplgsshrecﬁf abéns 166ipi ce, the

ViScOSI Ly of L WRLKLAAT it AU IE LIS, 1ERL BRI i LB ApBREt T o

the orifice estri ecrease t o I'ncr ease t ot al
delivery tinman exemplary'mmrﬂid (If\N 8’Iﬁﬂlillitbllst0f)meﬁﬁzﬁﬁlcrzrggnt aiasbe bfdwemd[atad to the
bung via a tubln

prossure of endRbPABOETYE PR Tiolid0 Trext Piel sl SER 18P 8F essur e
of the worKki ngintilesti d drives the bung forwardly within the barrel portion
4104 in order to expel the dose of the therapeutic agent fromthe ban-el
portion 43‘004' Figure 43 illustrates a graph of the cumulative amount of therapeutic agent (in
grams) against time (in seconds) as delivered by an exemplary delivery system at an
exemplary delivery pressure of about 16.5 psi. Figure 44 illustrates a graph of the
cumulative volume of therapeutic agent (in milliliters) against time (in seconds) as
delivered by an exemplary delivery system including a first exemplary flow restrictor
25  having an exemplary diameter of about 0.008 inches and an exemplary length of about
34.3 mm. The total delivery time for delivering about 1 milliliters of a therapeutic agent
was about twenty seconds. Figure 45 illustrates a graph of the cumulative volume of
therapeutic agent (in milliliters) against time (in seconds) as delivered by an exemplary
delivery system including a second exemplary flow restrictor having an exemplary
30  diameter of about 0.002 inches and an exemplary length of about 34.3 mm. The total

delivery time for delivering about 1 milliliters of a therapeutic agent was about 15
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In an exenpl ary enbodi nent, before an injection in a pre-injection state,
the working fluid may not be released fromthe pressure elenent 4106. In
t hi s exempbany/d3828nbodi nent, a delivery trigger (not piPcrarsea) /0894 be
coupled to the pressure elenment 4106 so that, upon activation of the
delivery trigger, the working fluid is released fromthe pressure el enent
4106 into the tubings 4110 and 4112. The fluid pressure of the working

fluid advances. t he .Wthin the barrel portjon 410 t hus i.njecting the
ose i nt o 1 nenpuirelt PR oS, BRHERer DRk i Erient Bhfrdfba by "he

fl ow of the wabkimigllyoddstahtbvantimé,had tibeswor &silayi Gitititialmyusr avuplehangeegul at ed
force to the buq?., In an.exe Iarg,enbodinent, the dose is

del i vered in<§1P*ﬁ%ﬂPfﬁE@ﬁ@%?vﬂgﬁﬁPP$ entidClivery iakes-3 substantial 'y const ant
delivery rate. Linearity of the delivery profile nay be achi eved by the

hi gh pressure of tH@raws isiarchehlaut drapimvifde dxdayplirh @uipmessiafeetic@l @peat 4106
upstream of t flowrestrictor 4108 and the d Lng effect provided by the
P ow 5rescri cHp U b oSe G Bou AT HBaRs kb £ Re PosaoRasbh s o or 4108
may be mai nt ahfiegbudt agenhfr@h alcen@lgeragedblyy &idude PT Qja@6H @ew ST 6 kx&hplgyf or ces
such that a highly danped systemis achieved. For the bung to be noved
forward wi t hi ¥ViCREHha, h@lex‘ﬁﬁﬁli‘l‘l}’&l’\t‘)@f@%nﬁfﬂ%‘l ‘EﬁYF‘E@ WQIUIngluesedagrs! Rgan a
vacuum on t hesenthitigink laWbgk dTatmegiRutid@ehd QWaik@sdnbioe iR baddPBridndshhe barr el
portion 4104, which is difficult to achieve to an appreciabl e extent
because the 1DWEAKE iRgerviciniey ¢fr eaupladhtp ARYNNLE Rewhothisklen by @needle coverpxenpl ary
danped hydy auldog) f&lil ¥Sl¥tiwdly &Hbled bdh hOMITRNVETRDY. Phe dVRe BHMDinVhaes an
volunetric nmetering, rather than by a direct application of force, thereby
m ni mi zi ng stineRtian huop hanaatsdrg aispptiinand béars/ayigiepiiapfiepde gt piperadhelnapeut i ¢
agent. In an YAN-Ty(eTolel (N g%ﬁﬂgy vol.pne. of 1Ll Lchd ters
of 15theraped§§%ggggﬁ?inayggéggngxggg at éﬁ&g$ﬁﬁﬁﬁgg§ﬁ‘S%P%%?@géfggsure
of about 16. Sfopkdlding theiimection exelgp| lany exturmddry embofimalsotht i tipn meetllegnayl n

anot her exenpl ar i ment n e ary._ vol of 0.8 mlliliters of

t her apeuti crrg?j%r)\( en&ragl%%g%g%&ﬁn\t}g Oélgff%{maenp %%(eeoﬁﬁlii]egé% VC%I%? %llgg%edp?nélslé@'rbg of
about 5 psi vhddinplanbetenpéde yardkrria0s. on nefdlealbdut60] Tnayibaptesded 28F1 gure 43

illustrates a graph of .the cu tive.anmount of therapeutic. agepnt (in
or a) ' agar novSienie B iiSGel il Y SRR hoRing oA S8EHGH §U5E  Very
system at an lex#dsinh dicyhodehg war whepijesiodhesddf about 16.5 psi. Figure 44
illustrates a graph of the curnul ative vol une of therapeutic agent (in

mlliliters) agaiﬁst tinme g}qng%@%ggs as deli a ary

. . n exempla Q 1nge Of, %r% %Céllct{ljl tor £I61§Xe | :
del i very system i nefUdi Ay & Fr st Ekehpar S oW s st Petor "8 Navi ng an

exenpl ary di apretiesd fof acvbauitg @Be 481 pacibeso@nditam the hewgrgao yaklemglepruof about

about 1 m iters of a

34.3 mm The total deliver i.me for deliverin II'¢
her apeut 16 agerE "Hade B0 Fianeiue B e Y gt sty rdgit dves a gr aph
of the cumul afxaipleyRhdiBe BiectiMEhAPE i préss@D@Mn drivhefittelnebdlt &5ve) 468gad nst ti ne
(in seconds) as delivered by an exenpl ary

removed.

In this exemplary embodiment, a master cylinder 4612 containing a working
fluid is provided for providing a fluid pressure to actuate a bung 4614 within the barrel
25  portion 4602. The master cylinder 4612 may be coupled to a delivery trigger 4616 that,

when activated, releases the working fluid into fluid communication with the bung 4614

and allows the fluid pressure to advance the bung 4614 within the barrel portion 4602.

Exemplary embodiments also provide needle retraction systems for retracting an
injection needle from a vertically lowered position (or an extended or deployed position)

30  outside the housing of the device at the patient contact region to a vertically raised
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delivery systemincluding a second exenplary flow restrictor having an
exenpl ary 30 di aneter of about 0.002 inches and an exenplary | ength of
about 34.80rem1fi3ss280t al delivery tinme for delivering abear/us2emloBishs t ers of
a therapeutic agent was about 15 mnutes. In the illustrative graphs, the
delivery profile is substantially linear, i.e., substantially constant over
time, and does not display an initial bolus or abrupt changes or
inflections representative of jnconsistent delivery rates. Figure 46 is a
schemat i o dr K" G “dHrRdpiiey Ao pr e EEERS oS e ®o00 ¢ hat

enpl oys one odutdimitie idjédtiofl devicecAnot snclude P hdi@nandcdngsen tharauexpriedsi ng a
therapeutic agent froma cartridge assemhly. Fjgure 47 is a top view of the
exenpl ary deVRSe Bedrciantieon fop) %Y?tlcé‘ﬁi’ SH%‘ESF"E,J Rg%jt‘@Eﬁ‘iltBW trelusioe Jeiore

i ncl udes a baifiglectRAlih hOMjAAOLs QO BVRiidady PidQH6si®n witliN Gl 2PEYAd i@ .agent . A
distal end of the ban-el portion 4602 is provided in the vicinity of or
coupl ed t 0 a RYrinjfgomwde riéer eminedan-pip 23 craprpy cebodimenptheagiprtigthat i s

protectively ,qQh&ki&d nY bd a AL SEnEAVREN AP 4mastBR y RN 661 248R D el B ILHRS an
injection button that includes a septum and bearS an injection needle (not

pi ctured). | ndigHacics Fpar halewBHcHENed, rdepecsds Verkingdo! nyluidcl ude an
I nj ection needl G mlibe itﬁﬁ@@etfa@{iom%gérqlgd hiRGvs! ol GG Pfé@su&?t%%@vaté e @N

exenpl ary enbodi nent, the injection needl e my be extend substantially

ort hogonal | y wr@adihe msthnesmof t he device as illustrated, and may be 15 held
in place by the needle carrier 4606. A needle |ock 4608 may be provided for

preventing, the inj ¢ BNNERASE (b ABY SXinklaBdcd M0 RS AGwONES B gaRed and
may be |l ocated in the housing near the injection needle. In an exenplary

enbodi ment, acosphngribemericreatinder dole tae fiaatretrida i hmmcopduiptioo ceupding gy
advaDCI ng t heﬂ fe@t?ilctopgg(%' t? ﬂledbgggin%é gélrﬂ:l Pﬂﬁor@&l{ﬁé @&iée?é[}ﬁlradcomﬁt Apptum A
20tri gger may be provided for triggering the syringe or cartridge actuator
4610, for exawpplg whenpstitrvelindey éClt2iton rgdattiaméeéchapsied8 Bovidawdvo43hien t he
needl e cover 4604 is renmoved.. . o his exeml.ary e di ment mast er
oyt 1 nder _agn 2 e af s an G PRl S SR R ET TR 0P T L F
pressure to actuate a bung 4614 within the ban-el 25 portion 4602. The
mast er cyli nder 4612 chay vhlee ddiZphathave a auitibleicvasking prosgygrest od atige whath, when
activated, re r ki Jougd i f 1 W} i Lop Wi th the
bung 4614 andhERRER ey |aﬁ§“89%‘tr”gs&fﬂstg %ﬂee'}%%d“gd‘*égﬁg%ﬂ@ﬁﬁgEl‘é%%*aﬁ Y% within the
ban- el porti onech6@ign 4810. In an exengripl ampodmbwdiherentlsngprsoupriokigbke tnaeld e
retraction systens f

oL Ll on YRR S0 SRS S5 RDSREL et el
housi ng of t hiejeciéniig@n aljectibestpat Deriwicq nhd&siratle ghexieedlo rarav@mtprabd ay ai sed
20  begin during or even before the injection. In an exemplary embodiment, the pressure in
the conduit 4806 at the end of the movement of the bung during an injection in an
injection state is higher than the cracking pressure. Otherwise, at the end of the
movement of the bung, the pressure in the conduit 4808 may be insufficient to activate
the retraction mechanism 4810. The volume of the working fluid in the master cylinder

25 4612 is sufficient to deliver the entire dose of the therapeutic agent and to activate the

retraction mechanism 4810.

In an exemplary embodiment, the retraction mechanism 4810 and the check
valve 4812 may be provided separately. In another exemplary embodiment, the
retraction mechanism 4810 and the check valve 4812 may be provided as a single

30  element, for example, as an inverting diaphragm.
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position (or a retracted position) within the housing of the device. The
wear abl e automatic injection device 4600 includes a retraction nechani sm
t hat aut owet2ovzi3Bsz3r ai ses the injection button froma vectiusadiiyp3zsepr essed
position within the housing during an injection in an injection state to a
vertically raised position within the housing in a 5post-injection state
after an injection. In an exenplary enbodi nent, the retraction nechani sm

may be a tel escoping elenent. The er cylinder 461 b oupled to a
retraction triggeF%gW%%?Rﬁﬂgﬁ”§é¥ﬂggﬁ&ﬁ?ﬂ?éFgﬁ‘33“?%8%V%$%ﬁﬂgb%Pﬂf%einto
flui d comunitaag (iapsiirbusttinge (iredec@elk) i@An txdngday embodimkhtOWs ard dx@niplavy d
pressure to activate the retraction chanjsm 10Fjgure 48 illustrates a
top view of t ePogdERANE dhess WF‘??FP“%H%&C]%?C éiﬂﬂ‘hinf‘y h%g’é’uu)gmliaﬁgﬁ’?he nast er
cylinder 4612jik@etér dtliamidverbiit©r o1ifid3R4,beab&@DMIB incAGD6 coupling the flow
restrictor 4804 to the bung in the ban-el portion of the device, and a

conduit 4808 coupling the nmaster cylinder 4612 to a.ret ti on mechani sm
2810 vi a o val ve H3e of GHetyn Anale ot it dovde s G bRT S e Bt at o6 a

schemati ¢ di ageaniedi the BendiavBoEo4RA0out 16 ThaboahECki, wail¥ thepBeksurdBythbave a
sui tabl e cracking pressure at or above which the check valve 4812 all ows

fluid into t HOMEBHIROMAYHEADUS AP BRPUE BPHHENS eheploralye o LT 2FFVEMs #10. I n an

exenpl ary emb@ddi 5EAE wolkhe Mli@EkhRcRhEHS ebRIulis3hd G it Bafy it iBvikBXi num
fluid pressure in the conduit 4806 required to drive the bung during an

i nj ection in &HNEHedriestion SPngedhe hopp app Beving HdkesindHb My injetienige ayhen

retracti og, precess ni®deeR CoRQAGkE APl GoR thEWER1 P&TiIOL Snd H&shBliBGEI ON. I N an
exenpl ary enbodi ment, the pressure in the condult 4806 at the end of the

novenent of tdvediuhiyOduardans bavondn]-ersi-i blris Favserrihd eijeelevdlom&e st epens hi gher
than the cr achfo%ég%@%&g&&ﬂu% AL %%gh%on Ei?4§f$%l¥f§h 106 PONEMTAL QT the

bung, the pressure 1n theconduit 4 y be insurficient to activate the
retracti on nmeoétdanisnmid Bl 0lheTetacual mpshanfmidRED indniivntpckd the deeldle lodkeandast er
cylinder 254612 s ffl.Ci deliver the entire d f .the therapeutic
agent and-to. Sgnf HioehE FlbpBrifiontBplittac b AOB8 Blabll WIETOPON
enbodi nent3 thused @tpresstre oqualieaivam hmhid@idicatiduit, e whdle ketrmetioneprd®d? nmay be

provi ded separately. én noiher eng%ar nbodi nent, -the retraction
mechant sm 4510 ARUEHAS R I Y i GV R B oo B e s Sl g o
30el enent, f onagxasphidiza@s @nhd ther@pdatio geedlt, adthma@imzes the overfill FaqgisEdin Dtk
illustrates qmgngEQOf‘%Qe pressure after the check valve and behind the
bung (in psi) &%& o} 46 (in seconds) in an exenpl ary embodi ment. In an
exenpl ary enbodi nent, the cracking pressure of the check val ve may be about
7.5 psi and the disaysueilodigidrendchongnt @ay bé asedro wigpdritleencody rdbactamout 0. 008
i nches. . . . . .
20  systems. In an exemplary embodiment, the trigger mechanism may automatically trigger
the needle retraction system when the wearable automatic injection device moves from
an injection state to a post-injection state. In an exemplary embodiment, completion of
the delivery of a therapeutically effective dose of the therapeutic agent may trigger the
needle retraction system. In another exemplary embodiment, the removal of the device
25  from the patient before completion of the delivery of a therapeutically effective dose of
the therapeutic agent may trigger the needle retraction system. In another exemplary

embodiment, the needle retraction system may be manually triggered by a user.

Figure 51 illustrates a side view of an exemplary automatic injection device 5100
in which the housing 5102 of the wearable automatic injection device 5100 includes a
30  skin sensor foot 5104, which is a structure in an exemplary embodiment housed under or
in the portion of the housing 5102 proximal to the injection site. In an exemplary
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5During an injection in an injection state, the flowrestrictor 4804 may
cause the pressure in the conduit 4802 to be about 10 to about 15 psi,
whi | e t hewpresisi3se23i n t he conduit 4806 nay be about 5 t@Cahsae11833584. The
check val ve 4812 thus prevents any flow of the working fluid fromentering
t he conduit 4808 while the bung is noving during the injection. Once the
bung stops noving at the end of the injection, i.e., when 10the dose has
been conpl et el xpelled framthe . barrel portion, the pressure in the
condut ¢ 4806 SMeRLEEk s BeGiRtruner e desfldng W RRERE Bare' 4812 1o
open, al | ow n@ndo @one 1 i @ tdihadivel thirDorf fhewy d polrigont dTéheamidekide ofHBO Bowttige h
activates the_ retraction nechani sm 4810. The retraction nechanism 4810 in
turn unl ocks e Wgﬁﬂf@ Weﬁ@%ﬂ%@mﬁ@f raEign Wéceisﬂp(gﬁtaftﬁ)‘i]ile‘il)pr‘bﬂlﬂet?ﬁ??i er 4606
bearing the igdi-a8d h@RaBEeRH Rin BREGAUSE 5104 they tETRATEHoANbUIMES Y LEnstrained
equalization in the hydraulic circuit, the needle retraction process

ensures that RHEe BRcHPBsigodnan seglary apadipat.ovhen thevqapblcvivittifeed! e i s

retracted, neyjefliceRviet 5ldozatdi@Re®@froh it hA8ERRAUELrASLRE whaRd (i &Hugn zes
the overfill required in the barrel portion 4602. Any suitable trigger

mechani sm naydabEcry sa@g cenapleted. depeskin sqason &P E)driepe eeqroAnsppingggppgendsn an
exenpl ary emodiiEaLs odidif thé hGFREry TR ERABLTD STRY. %HiE,QH%dl,Qﬁ{Jé Yrelhdi@ger the

needl e retraction’system when the wearabl e "automatic injection device noves
from an inj ectiggn. Whert e regragliqnosgger ivj g vataina stiraeteon meshamsnesetaph tey

embodi ment, ek & el Ohich Ay ARLILET K. el RTARBHE he ALl hiestd ve dose
of the therapeutic agent may ?rlgger the needl e retraction system. In

anot her exenppaaitipn énthe dertreatly raisdalgposiemmsakhaothe imectide bucea R&fudesireihéhepat i ent
before conpl etiop, of the iV . of .a therapeuticall ffectiv ose of
Che t her apeut e e e iy 6 Iy mficuth S B R SRt ey B R et her
exenpl ary enbodi nent, the needle retraction system may be manual ly
triggered by a user. FY. gliveeplity NeddisPmosres yswinde vi ew of an

exenpl ary automat i,¢ i nj.ecti.on. ice.51 iLn which the.h i 5102 of the
wearabi e adt onat i < eHPEBE RSN b gy R RIRA 3508, O,
5104, whi c¢h ifor mamtainicg the éjécniomncedkcenliathy wentabld ianenbitihiojesech dendelin or i n
the portion of the housing. 5102 .pr.oxi to the injection site. In an
exenplary entobr et f s 18 GifPPRlseh Sy it PHE R ETh FeGyahe ana

duri ng i nj ectheddie stidke fivki iNjusitNSO halicn0br I Ohet Burliak &i e diciidy f heor forns a
portion of the underside of the haqusing 5102. Wen the wearabl e automatic
i nj ection devWeENeBErpalic nieclioRde 't the injection site and activated, the
skin sensor foot 5104 may be free to nove but may be constrained 5 by the

injection site. | migiteseRampllaey ilbsbad anmewdinplar ecedicpeotaamn ajHian a2(0ahat i C
i njection gevicet5100.Lsfrean§% §0n1tpe igiectioq‘site,.regﬂgdless of
whet her tHe dPUGEerT ety nas gt _,ra%te}ﬁl OSKPH™E B‘Héd%ou?l%_ POAi s no
| onger const raidegic igadiosXjsendSTiRNGefIoajRedls sMatisndambldelapas bpiery of the
housi ng 5102. This, in turn, trips a retractjon .

housing 5204 away from or toward the patient’s skin. When the needle 5202 is in a

position within the housing 5204 farther from the patient’s skin, the needle 5202 is in a

retracted position and does not protrude outside the housing 5204. When the needle

25 5202 is in a position within the housing 5204 closer to the patient’s skin, the needle 5202
is in an inserted or deployed position and protrudes fully or partly from the housing

5204. The housing 5204 may be provided with an aperture 5206 through which the
needle 5202 may protrude outside the housing 5204.

The needle protection system 5200 employs a barrier mechanism 5208 which
30  prevents the needle 5202 from protruding from the housing 5204 in a pre-injection state
before an injection and in a post-injection state after an injection when the needle 5202
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trigger. When the retraction trigger is activated, a retraction nmechani sm
retracts the 10i njection needle which may al so raise the injection button
fromthe wernvicabs2y | owered position to the vertically rarasdoposisvi on, so
that the injection button protrudes fromthe top of the housing 5102 and
the injection needle is retracted within the housing 5102. V. Exenplary
Needl e Protection Systens Exenplary enbodi ments provide different exenplary

needl e protecti e 5f o ai.ning the in n th|n t he
oar abl b aut ot e R ELBeRn g ATR P bt B0 A8 e

i nj ection. PriMecinanisénddne dagegdgoftievaatpsotacied fiénbaparededugh sicl cks fr om
injuring the patien her h s in the vicinity of the wearable
automatic inj EE’EFWBHE%QW%@ th?if‘ ég@ OregmBlogluring ﬁ%’c“ﬂ%fl%“ B dYestigPar y
needl e prot ecsttat@nln&m%@mtﬁegﬂnérhﬁéch;’rﬁmsmg AiSpladedialh @ EbinaR: HRAGM 826202 in
a retracted position within a housing 5204 of an automatic injection

system The |%jBEtiegrertEear® isorep v §Cmyipilsiob hedputna, 20t ot e 1edePHY 5204

away from or it aw@fodhrbhRic Rabihe §pe§tﬁ1‘er5206/%€tﬂe bhiganaasl 1?01151%932@@ Highrd
position within the housing 5204 farther fromthe patient's skin, the

needl e 5202 |¥B iHugraies thegesied SpYsintihieh thdaeedisesOhistin bf%lta?te@léosﬁmﬂgﬂiﬂ@le t he
housi ng 5204.4MgH ‘i&lﬁd@ﬁ%ﬁ'tﬁe 1?0%%%9%2045 fdr%xﬁn@@%Ebféﬂnjéﬁctﬁd?ﬂs&téé}ﬁ housi ng

5204 cl oser to the patlent s skin, "the need Is1n an |nserted or
depl oyed posinpdsemjeanen prtot Inubie sastih barger rwh@nlgm ﬁ?%ims tlipmehwib andcd204. The

housing 5204 tH@%pePtﬁre%rQBg 'séj'%%t tﬂ%}%&rtﬁf& ﬁg%jﬁﬁ%glz%gggﬁ@‘d%d%% {0 the needle

5202 may protrude outside t usin e protection system
5200 enploysIHMbagﬁEM-m&bh@mwéwﬁBQDBImhﬁﬁh03ﬁm@demengbﬂwh@mmeedﬂ&tEZOZ from

prot rudi ng f e outsﬁe o tﬁlsh&gl %96"4 IIPI aral rm:&k%rnjem%gdlr%gntsttha e?mgre f ggh%]%l%n
injection and etron staf ranin ion needl e
5202 108 5208 may be moved rotatably above a point of rotation between a first position in which

it exposes the aperture 5206 (in Figure 52A) to a second position in which it covers the

15  aperture 5206 (in Figure 52B).

Figures 53A and 53B illustrate another exemplary needle protection system 5300
provided in the housing 5302 of an automatic injection system. The automatic injection
system includes an injection needle 5304 that is movable relative to the housing 5302
away from or toward the patient’s skin. When the needle 5304 is in a position within the

20 housing 5302 farther from the patient’s skin, the needle 5304 is in a retracted position
and does not protrude outside the housing 5302. When the needle 5304 is in a position
within the housing 5302 closer to the patient’s skin, the needle 5304 is in an inserted or

deployed position and protrudes fully or partly from the housing 5302.

The needle protection system 5300 includes a needle lockout sleeve 5306
25  provided in the vicinity of the injection needle 5304 for locking the injection needle in
the retracted position in a pre-injection state and a post-injection state. The needle
lockout sleeve 5306 may be coupled to a pin 5308 disposed in a slot 5310. The pin 5308
may be in a first position (illustrated in Figure 53A) relative to the slot 5310 in which the
needle lockout sleeve 5306 locks the injection needle 5304 in the retracted position

30  within the housing 5302. The pin 5308 may be in a second position (illustrated in Figure
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isin the retracted position. Figure 52A illustrates the system 5200 in
whi ch the needle 5202 is in an inserted or deployed position and protrudes
fully or werviwy3sgsough the aperture 5206 outside the heaFiusgo132683504 f or
exanple, during an injection in an injection state. In this case, the
barrier nmechani sm 5208 is displaced away fromthe aperture 5206 5so that
the aperture 5206 is open to the outside of the housing 5204, and the

The housrns 5360 g e B SEMIR b Shrt Heater e RRFLE HhPeBB0 ritben the 4

needl e 5202 nﬁwuﬂmamaﬁésamhegmmma¢&nﬁ&:@edmﬁﬁg$3omt protrude fromthe
housi ng 5204, for exanple, in a pre-injection state and a post-injection

state. In this cageh t he arrlgd %hanl m 5208 |% %ggﬂw?nd covers
10t he aperture 520838 TWAYY YR APENt aﬁreér%%%‘msre (o} 1|°8 ?r Be'%o the

out side of t h\ehdﬁaﬂpﬂeﬂgrlgg’@éa redfclionheechanah dabREaktd the hdctibd BedleG304 bt ude

t hrough the aperture he out si de of the S|n 5204 n

el ary SroBHIHIE S 0Ra by A O g b e REVENhot BE abl y
above a poi ntwéllfra‘tﬂé)i@dﬂldﬂlﬂ i edioR abviee 5300$§rem@sddtﬁ&ﬂﬂtuennJMioﬁ Ritd hef@¥ERSES t he

aperture 5206 (in Fn&wre 52A) to a second position in which it covers the
15aperture 52‘5@31(9“% é’ffF%thS§B3e of therapeuls; @ﬁli‘té%c%@/&?t%m&elﬁiﬁdr M #strate

anot her exemix@fmylaRegiRinhlRCdPReina] RILERBAGidery I 1dethylifciidea 1hersi ng
5302 of an automatic injection system The automatic injection system

i ncl udes an i Hjlécx§ onflexddeiplastsdogk. i s rigase vs) rempwl af ihg avepigblehe housi ng
5302 away{ roamt&ﬁat&@rg@au@nhaﬁceo@bb%h e fifdcBon A{\Vée@lg%&esﬂ@ﬁlqlvwé% his ina

position within the housing 5302 farther fromt atient's skln t he
needl e 5304 irsmpyalgetraglionaaggsy 5§b”slintwtmh thngtch 3 &4 ﬁ@ngqgﬁd)tor&méﬂmfghede t he

housi ng 5302.;, MAGNLNE sBRAGLG t§ Ghrdste dl;n c@oépc%% {cb 5y H&'tﬂe %%%&Péfé' ng 5302

closer to the patient s ski n, e nee Isin n I nser or depl oyed
position and Ijgaot 6alﬁlehpwsuh¢ t;aﬂ@frerpa\raﬂ te;zra¢tromm1gg¢e5$ﬂ@us whighBi802(ch Fhet ineed| e

protection SYR ]%egs[efj'?r%l a e CIJ[lgIg gfsthea 1 Eoug\sjlg%/es fle Sdle \%\éz%erﬁtgg ecgiés EleQ/Ycleded in

the vicinity 6 r'on’ need I on needl e
in the retyacs mﬂnqyed; frbmolne infec@onpdegick. nReleztse of]thsﬂmtéﬁnﬁom tp@mmbmpfethet i on

state. The n e | e Iockﬁ sl eev z ’ dxcge cou ed tﬁ a.ﬁ nt5308 di sposed
in a slot 531 CROpHECeT Bég% Che At ?I%%mp FEERY 108 Y ated in

Fi gure 53A) rebabhivie nia® bt A8 p&lsbl (d@léhdidT-dokd ehadibe trl'g@éldine réspoiedldtto Bleeeve
5306 | ocks the |néection needl e 5; ﬁ n the retracted 805|t|0n 3?§%;h|n t he
housi ng 5302. “K&P! BYBBIOREReEE"1 1A \a2dgadia H LRt i hier i masedia

Figure 53B) rebmdtdevgeétRdntshie sl ot 5310 in which the needl e | ockout sleeve
5306 allows the injection needle 5304 to protrude outside the housing 5302.

o2, XY, TR Tl 0 2Ll SRRl et LoD S0 MBST SRR
needl e 5304 | ditifjection needle held by an injection carrier 5402 in a retracted position within a

housing 5404 of an automatic injection system. The injection needle is movable relative

to the housing 5404 away from or toward the patient’s skin. When the injection needle

is in a position within the housing 5404 farther from the patient’s skin, the needle is in a

25  retracted position and does not protrude outside the housing 5404. When the needle is in

a position within the housing 5404 closer to the patient’s skin, the needle is in an

inserted or deployed position and protrudes fully or partly from the housing 5404. The

housing 5404 may be provided with an aperture through which the needle may protrude

outside the housing 5404.

30 The needle protection system 5400 includes a needle lock 5408 provided in the

vicinity of or in contact with the needle carrier 5402. In an exemplary embodiment, the
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5 the housing 5302. The early-renoval retraction trigger 5312 may be

tri pped when the wearable automatic injection device 5300 is renoved from

t he i nj ecwDan11gi3se23bef ore the therapeutically effectivePdodsS2af/o83ises apeuti c
agent is conpletely delivered. In an exenplary enbodi nent, the
early-renoval retraction trigger 5312 may include a |latch 5314, e.g., a
flexible plastic hook, that is released upon renoval of the wearable 10

automati c injection jce 5300 fromthe.injectign site. Figure 53A shows
The earl v- r oot FPOTLEROR TP gl bt B Bk o S 4y
engaged to a adtink @Bin0Obr ihleade0 OKMdtle SbcR@deasd 320hantsains 41 henaydapakidediimj ect i on

device is coupled to the injection site. Fj e 53B shows the early-renova
retraction tr E)Ej‘é‘rm%@i%r 1P GORKRAL ﬁt&F?e“eF‘if’ Eﬂ‘fi(g%(;&f ﬁ@ nPeleleele !9 om t he

portion of thgedhafiki@yli1EheeNein23IRG pohigsh Wha emfRRbEndele @Chia0Rrden ce 151 s
removed fromthe injection device. Release of the latch 5314 fromthe

portion of’ t HEVFIEE RetONsAnd @{rsrudesgritside; tiglusing RA04 (@t #HBICFEH SAOREIR A An

exenpl ary r et d.asld BREIBHRA LS RjdBYn RRAIESRANSICEIY RistNoREa@ir Beisien
retraction trigger and responsive to the early-renoval retraction trigger

5310 to aut onwithie die/hpusing $49¢ (intarpse-inigcden stafa onerN-EISYORSHEDM t he i nj ecti on
site. 20Figure 54 illustrates an exenplary needle protection system 5400
that maintains an wiinQsd h@leNQ{FLBash elehddnest 101 i@ Gt M8 foditibh BRat2402 1 n a
retracted position within a housing 5404 of an automatic injection system
The i nj ect i onVhadb @icrdomaspdipfsen pePriciidovercd HeccHouBsHipnb Adpacahayckr om or
toward the, pajfo8itayPe S un1dRENpdsi®n i NivELh it QAB R HCR HeSnjb&iod nPQRd fnl@D

wi thin the housing 5404 farther fromthe patient's skin,” the needle is in a
25retract ed peticallprrisdgoddwmsn thethopying Pdide Adgmsiicdy. theenchdefick§4B4oay, Wien
the needle is. i Lt Aol - ' 4 : - tient's
skin, the neggﬁ@“?g@ﬁﬁﬂgﬁqﬁﬁé%%?@ﬁﬂ%gﬁagﬁﬁg$2‘“%%%ﬁ?ﬁ%ﬁ§§%ﬁ&%bgpﬁﬁﬁgs fully
or partly framstioeihibebingg3404. InEnexdroplsiy rgbsdiownitehat isewipmold idgdtion t h an
aperture thro which th edl e. npy. protr ut. si the housi 5404.
3The needl o 5rae SpFs ESLPEE g BRYRP BT S FLT A% IRTE R ovi dest 1 n
t he vi ci nity afl/oorheinrediOrirdats 408 tonhd retiadie dlied pasitiorewitlid @i2.hohsingfiOdxenpl ary

enbodi ment, the 110 needle.|lock 5408 nma .pivot i r rotating nenber
Chat may b vobSaPERes AR CUE iR Tt SR g B R M st HeRanBul e | ock
rel ease mechafibs MeFdAGostayn lochdyeosiddesitiom Wihen the @eddild Ipclofeleade rhéthadih act

with the need |l ock 5408. The needl e | ock rele mechani sm 5410 may be in
a first posi t%‘ﬁﬂ ISR A hERC SHOBE PGP nBE grel leck %%gmﬁg,pg\i%gqrpgﬂt%&@@?ed

posi tion and peighd Meafecabl BécdR dnlhr (heUsddNGeaBAD 440 iR S VehtRaBERison St ate),
and in a second position when the injection needle is in a vertically

rai sed or2¢ etRSECRHN BoBYYSISY4M -t hi n t he housi ng 5404 (in a pre-injection
state or a post-injection state) When the needl e | ock rel ease
nmechani sm 5410 i s Higuré heillhbifatds ap@Sdnbpl&® nfddiaprolesiiondh@dim 5560 thij RGhkian needl e
isin a vertically lowered injection position), the needle |ock 10 5408 may
be in an unl ARBECEEEE ORI RY fhingektion cagia s> argfgetepasifion whingn needl e

in the verti calubig 58437 dn RASMAORjek bk HANOURE RekcRdDoedBid RENBI ¥@liYo the
needl e I ock 5408 may in a | ocked position in which it |ocks the@a&lectlon
needl e 5408 iR terhovtig I Uamay Nopuariewrpawipeian siknt Reeadiwdnipgiosaealle | n an
exenpl ary,embod] MERkioh i hé o83 50N Birth&l RE 1he Paieedli8n iR Adddi ViRl I cal 'y
| owered injection position), retraction of the injection needle 15 and/or
t he needl e calevicad BN sl dosenat@rativdapptyide dicdeesineoBt Brhepdhermicedle isén
housi ng 5404 N [ ! i.e., nove
the rel ease ﬁg%%g%Pgﬁ?ﬁ%%%??ﬁgg??gﬁ?b%ggv%?%ﬁéﬁgﬂgﬁgHgg%%ﬂ%ég%g}tion. When
t he needl e | dofereébedybynkpdraivingnd puplradds Sullppwedrtlydronhée SeworedSpdsThd on, t he
needl e | ock 54 Y I ot at.e her I I i.njecti needl e
and/ or the nggg‘?lggg%or“%eg%eé)%vi&eﬁn Phaél a@%ﬁ???%ﬂ@%%ﬁ%&%ggedie%ﬁ pr&gﬁe

30 outside the housing 5504.
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20position in the housing 5404. Figure 55 illustrates an exenplary needl e
protection system 5500 that nmaintains an injection needle held by an

i njecti orwoant/s823502 in a retracted position wthin aPoduskeg/03504 of an
automatic injection system The injection needle is novable relative to the
housi ng 5504 away fromor toward the patient's skin. \Wien the injection
needl e 25is in a position wthin the housing 5504 farther fromthe

IR U - IENE AR ML I e C

housi ng 5504 vitigsest drén tdneacpaith @R thesllsdaricr S50E Iaae dkanplgy efbadimems@et ed or
depl oyed positi otrudes fully or part l]%éﬁf romthe housi ng 5504. The

n_ and . p
housi ng 5504 I}?ﬁg‘e %ké?@{/‘i‘l@é@ PP PHORPT SRS R teR aLIYRY RIMPIER THHE 2P¥E]I e may
protrude 300usisdihe pbi€onalahddd THEAMedle lock 5508 T iMARK a&iRMRChANI Syst em
5500 includes_a needle | ock 5508 provided in the vicini ta%oof or .in contact

with the need! @0 &yt pnplips Sepiongl sprile fases fHihg poediisi rriv dboptidopgiwdingl | ock

5508 may be aypi ptd mg;irgrmécﬁaﬁéﬂl.ngl ARADEPlaty Ao BB n DI Qe 10ERERIgENAPOUt A
pi voting point or interface. The needl e | ock 5508 ng%glnclude a bi asing

mechani sm 55500 revidad inpsypesiigalngnaern abpgthesisedln garfier 82 serhtthi tireed! e
carrier 5502 gpguta ?oréé%g%ﬁlfééb?glelb%h@ o@ehdnién RILOLTRRNSM R Micalip an

exenpl ary enbodi ment, the need ock 5508 may be provided in a syhmetrical
manner about #bhet theewlle cemier $¥2. 5502 such that the rotational force is
applied by the biasing nechani sm 5506 substantially symretrically about the

needl e cagqier 550¢ncchflAnREEHA® nlelhdhishPs ABTEYTRGRAME T é@%&irﬁ@%f BeinPr ovi ded
inthe vicinity of or in contact wth the neédle | ock 5508. The needl e | ock

rel ease nmechagongat wE1de neadladeck 08, The raedis deskirglpgse wiselkrpnisneSS1Ajndg tbe ona needl e
isin avertig " ! ~ | i.ng 5504
(in an inj ectilﬁg%nlJ Oglttlgft?\g?,&?%%ﬂﬂﬁlggﬁgg%g%g%%g#ﬁg%%?@ ﬁ%ﬁ%}%ﬂg@%{lﬁ (I%ﬂ needl e
is in a vertiowdidethe hivsimd 5604 (ear mgtrech pos) 4ndan awgdohd posithhe wieagieng 5504 (i n
15a pre-injection st . QoI .a -inection state L en { eedl e
Fock ol eabe SR BF i o % RERh RLAFH LB Fnwiip e FRARRE e
i nj ect i onimeedpre-injsction s@tewe kb pbgahjbgtiohowed ed i nj ecti on position), the

bi asi ng mechani sm 5506 may apply a spring force to the needle carrier 5502

in the cl ockw se q)\, ?ﬁflé aks rgl1 ;h tn' glnfgs'@gbg%/ ytgjg .E.Q é lhe needl| e
. . th

carrier 5502 is hel ]i[ﬁe in I?e%e %X\%err Flsggl}e?@a }Sower e 1posel f?rl ne IV@ A the needl e
| ock rel ease wismhBningmidbkodle & ina vehiealydoweardd phstion pesit{dnp alte bissingnhen t he
injection needle i.s i vertically raise re.or post-.injection state),
he o ael ng. vt S TR T Rhu o0 i SRS L
5502 in the cdinti@rtowhdachypasientthtodg kuchnhaat@yeédonrtidre spaisiheldtin thebody such
:)22;[ t ;[ gﬁ Qoeedxlfe%ic%ﬁg; {olweeEedSP%(s)itzlorll. g'rll t g(rjlef;[d% lg'(r:](dre egsledmécﬂar}isr}l? 5§/ 1%!’15 {nctﬁflz 'y raised

second position (that is, when the injection needle is in a vertically raised pre or post-

injection state), the biasing mechanism 5506 may apply a spring force to the needle

carrier 5502 in the counter-clockwise direction away from the patient’s body such that

the needle carrier 5502 is raised to and held in the vertically raised position.

25 In an exemplary embodiment, retraction of the injection needle and/or the needle
carrier 5502 to the vertically raised position within the housing 5504 may trigger the
needle lock release mechanism 5510, i.e., move the release mechanism from the first
position to the second position. When the needle lock release mechanism 5510 is moved
to the second position, the needle lock 5508 may pivot or rotate under the force of the

30  biasing member 5506 in the counter-clockwise direction away from the patient’s body,
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25l n an exenpl ary enbodi ment, retraction of the injection needle and/or the
needl e carrier 5502 to the vertically raised position within the housing
5504 nay woiggeér33g2Be needl e | ock rel ease nechani sm 5510 PCir/Us2011/835e4 t he

rel ease mechanismfromthe first position to the second position. Wen the
needl e | ock rel ease nechani sm 5510 is noved to the second position, the
needl e | ock 5508 may pivot or rotate under the force of the 30 biasing
menber 5506 in the counter-cl.ockwi.se djrection awa mthe patient's
body. | ¢ her eyt RCRIHEE PReIFP A Binisb e b SR shUPRAGrEREly T Ter 5502
in the verti calstypdsaiosetithpdsisiigd®@¥oin t he housi ng 5504. VI. Therapeutic
Agents for Use in Exenplary Autonmatic Injection Devices Exenplary automatic

i njection devices be used to .adm nister essential any . bsubst ance or
er apeut ¢ agent erde P bR o B Rrk B i P pRdiRon
Typically, the suhstance or therapeuti.c.agent will. be in.a fluid, e g.
Vouid torm sl ¢ nouoRo Ao EAERTD uEuER R e o lisfa iy G

sem -sol i ds, sibitiinck sthefapdutic agdnathat i ehitibledtsadnéthistratiah $9 ifj@yios. Ul {radalle, f or

use if the wearabl e autaomatic.injectjon. deyice is designed to permt the
admi ni strati o[ﬁe SHOSGHE T S FRE A He et ekt 1 r?.‘g"iltﬂl‘-"l"itsag? ’ragtﬁour%di cations are
bi ol ogi cal agasdicatiosdiabti@sfoant seBds &8s orGYOkI e SIurN&C Fdrfi@Sate dliGions) ey Ot €i ns
and growt h factors. Methods of making anti baqdjies are described above.
Non-limting %%5HBF?§ﬂ3?ﬁBPﬁ€fﬂﬁﬁﬁ? P@ﬁpnﬁﬂ%HW§“@h$W“€é%mE@nﬂ%@dm%@tthe

medi cati on i npé R@nidadi- WAL SudhTh@&Idr e R NdaG6n.1 Ncl ude but are not limted to
anti bodi es to 150or antagoni sts of human cytokines or growh factors, for

exanpl e, TNF, LT, prdfeded hédicatiohslardbiolokich aghs, Buch ds-afsibddles, oytdkbme8, | L- 15,
IL-16, 1L-18, 1L-21, IL-23, interferons, ENAPII, Gvt CSF, FGF, and PDGF,

anti bodi es t ovageings igiop REECinpINd etveh fasisen Methedspf mefing aniihpdicepss,  cpp5,
CD28, CD30, CldQineFHMRe CD69, CD8O (B7.1), CD86 (B7.2), CD90, CTLA or their
| i gands i ncluding CD 154 (gp39 or CD4QL); TNFa converting 20enzyne (TACE)

inhibitors; I'L-1 iNyaLIBAitRE Sxaalphts®F blbikditodicf QBMERY hhdn BOF%HEs fnBhi bi tors,
IL-1RA etc.); Interleukin 11; 1L-18 antagonists including IL-18 anti bodies
or sol ubl e | Lma@catige Bpheryomyic ipjectiog dsvinelinalydpPetags s limfehtogapbaskias g
anti - CD4 i15nhi &iahggéiist%ﬁgﬁﬂ ic?tgﬁines or growth factors, for example, TNF, LT, IL-1, IL.-2,
IL-3, [L-4, IL-5, IL-6, IL-7, IL-8, IL-15, IL-16, IL.-18, IL-21, IL.-23, interferons, EMAP-
II, GM-CSF, FGF, and PDGF; antibodies to cell surface molecules such as CD2, CD3,
CD4, CD8, CD25, CD28, CD30, CD40, CD45, CD69, CD80 (B7.1), CD86 (B7.2),
CD90, CTLA or their ligands including CD154 (gp39 or CD40L); TNFa converting
20 enzyme (TACE) inhibitors; IL-1 inhibitors (Interleukin-1-converting enzyme inhibitors,
IL-1RA etc.); Interleukin 11; IL.-18 antagonists including I1.-18 antibodies or soluble IL-
18 receptors, or IL-18 binding proteins; non-depleting anti-CD4 inhibitors; antagonists
of the co-stimulatory pathway CD80 (B7.1) or CD86 (B7.2) including antibodies,
soluble receptors or antagonistic ligands; agents which interfere with signaling by
25  proinflammatory cytokines such as TNFa or IL-1 (e.g. IRAK, NIK, IKK , p38 or MAP
kinase inhibitors); I.-1  converting enzyme (ICE) inhibitors; T-cell signaling inhibitors
such as kinase inhibitors; metalloproteinase inhibitors; angiotensin converting enzyme

inhibitors; soluble cytokine receptors and derivatives thereof (e.g. soluble p55 or p75
TNF receptors and the derivatives p75TNFRIgG (EnbrelT™ and pSSTNERIgG

30 (Lenercept)), sIL-1RI, sIL-1RII, sIL-6R); antiinflammatory cytokines (e.g. IL-4, I1.-10,
IL-11, IL-13 and TGF-beta); Rituximab; I1.-1 TRAP; MRA; CTLA4-Ig; IL-18 BP; anti-
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of the co-stinulatory pathway CD80 (B7.1) or CD86 (B7.2) including

anti bodi es, soluble receptors or antagonistic |igands; agents which

i nt erferewoizbtyssgaal i ng by 25 proinflamuatory cyt oki ne®C30sko1a®33BhNFa or
IL-1 (e.g. IRAK, NIK, IKK, p38 or MAP kinase inhibitors); IL-1 converting
enzyme (I CE) inhibitors; T-cell signaling inhibitors such as ki nase

i nhibitors; netal |l oproteinase inhibitors; angiotensin converting enzyne

i nhi bi t ; | ubl e. ' t d t th . g.

ol ubl ¢ pss o st HuRsee IR e R ARG (Enbr el T
and pS5TNFRI gfatiBetyt BDer/sephK)ine; Sdele: gl,erthrﬁisl& Rﬁﬂdmausﬂllg}@R) Volapg; iS'18$)I; ammat ory
cyt oki nes ( and TG--heta); R tuxi IL-1

e. L-
TRAP; MRA: AR 4?61112@11‘1@ %ﬁBL%%%tIF 2 <Hr% YO DIREIDS; ﬁei@en ISP cénﬁrit}Sss
210396 ( non- de@mhethiGniHImNoLed; BNBj: A@%aaraﬁurm%d aﬁtDﬁCél&ﬂptrch&hl ne; see
e.g., Arthritis & Rhneumatism (1995) Vol. 38; $S185 DAB 486-|L-2 and/or DAB

389- 1 L-2 (7 L-2estendiaBe{Rpehsi: éws(antsglﬂa@%w%%ol%neg ARy/Beferipg)s g R dhat i sm

(1993) Vol . 3%0d:2&3bidfdAt i - (0AEn- ﬁﬂﬁﬁﬁl‘a?o%dcﬁél&ﬁe bmz;fi@@heﬁf@t fil-1) AdRgsi gn
Labs/ Roche); 1L-4 (anti-i nfl anmat ory t oki ne; DNAX/ Schering); IL-10 (SCH

52000; r econbilrth#gonists (4.0, aganisi antlﬁpqha R4y (Eyk iskqDiS anBRYRGScher i ng) : | L- 10
d/or 1L-4 t t

ot agoni st; SmeEpuRrEnne R Barir i BV g T e B Re

(sol :Jbl e ;l'NF Ibbﬂgiﬂlt ﬂ%e[:gl‘ ,Qtririfis &SRIRuagsm (BO6IIN Y, isSpplenRnet SEs4t Aﬁiefag99_6) | 39(9,

Su enen ner or SI0l 0

(1885) 26 71%1’21))1 H@%W@F&%&%%&%g%ye(%tﬂ?@gg4&/@?3114% Ctor: tee e SY,

Arthritis & R@mm&dl@mre(sa 99&) I\Bﬁfn@ltoﬁ sHR R MMk &Sﬁ&%)nauMﬁ(@@@) XS@DX-
I nhi bitor; see e. 1tis & Rheumati sm (1996) 39( suppl ement); S81);

| | opr ost (seesuéplﬁment)ﬁ\rstz%%)r W%%é (RIYE ihLRIRF (3¢90 8) A!?b‘(l@s &ﬁﬁﬁwféﬁ@nt) S82) :

zap- 70 and/ or(1beds 3p@hipbleRiend: 9311: BlobREt (Rfe dEAANMHIRK REeuklaN@s €1998P39(§ or
151 ck); VEGF (I n%ﬁsbl ('?ord%gn em@ E} OE& i n( |e |étqor (1 nhi bi tuoras 01?1 va?c&l ar

endot hel i al c®PPlegeRRSR2F é?&ﬂﬂ angfor ckdehibighr (ahidiertd (thedyropiae kingiegap-AO Pact or
receptor; ;4 nhipi {REF 18I1b1?d?9h<9918@§ép%)1nhﬂ§i}lﬁ (ﬁﬂ[b\{t%fsto@%é‘schlamn*abﬁq%ﬁ cell

anti-1L-12 antibodies; anti-IL-18 antibodies; interleukin-11 (see e.g.
Arthritis & I%T@‘Mﬂm“@qt@mr(\’i@!)m erelg(hghalgdbgﬂowﬂ‘eﬁa@tpr re@PY8) inhibres of euki n- 13 (see

e.g., Arthritj ROeUTRE f{{ga Sﬂbi i SERBLER % 19@88]@ a}% erleukin
-17 inhibitor s%(og‘eee ng C}H% Fitis leUNEt T Sm Fl?d%g 6n o errent) :
S120); anti - tintertedyrt-él gsb@bgl, Anhnm&th@matam(lﬁﬂﬁdB%@ smmtmmsﬁ%) I CAM 1
anti sense phos oot at e ol | nucl eot I SI 0]
Phar maceut i calné%ﬂ T% 8Bk éftemcso é‘ﬁ%an S0 bcé%gts’ ¢ ]f)tg S?b%e
Sci ences, 2d nclnberlelﬂmd-lammmbltdrs?@mg | Moldites& Rheumatism (1996) 39(9 supplement),
S120); anti-thymocyte globulin; anti-CD4 antibodies; CD5-toxins; ICAM-1 antisense
phosphorothioate oligo-deoxynucleotides (ISIS 2302; Isis Pharmaceuticals, Inc.);

soluble complement receptor 1 (TP10; T Cell Sciences, Inc.); and anti-IL.2R antibodies.

VII. TNFo, Inhibitors for Use in Exemplary Automatic Injection Devices

25 According to one embodiment of the invention, the illustrative automatic
injection device may be used to deliver a dose of a TNF inhibitor used to treat arthritis
and other diseases. In one embodiment, the solution contained in the syringe contains
40 or 80 milligrams of drug product (TNFa blocker or inhibitor)/1 mL, for example, 40
or 80 mg adalimumab, 4.93 mg sodium chloride, 0.69 mg monobasic sodium phosphate

30  dehydrate, 1.22 mg dibasic sodium phosphate dehydrate, 0.24 mg sodium citrate, 1.04
mg citric acid monohydrate, 9.6 mg mannitol, 0.8 mg polysorbate 50 and water for

injection, with USP sodium hydroxide added as necessary to adjust pH to be about 5.2.
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VII. TNFa Inhibitors for Use in Exenplary Automatic Injection Devices
25According to one enbodi nent of the invention, the illustrative autonatic
i nj ecti orwoevicw3sray be used to deliver a dose of a TNFPCmhiskéttios3sesed to
treat arthritis and other diseases. In one enbodi nent, the solution
contained in the syringe contains 40 or 80 mlligranms of drug product (TNFa
bl ocker or inhibitor)/1 nmL, for exanple, 40 or 80 ng adali numab, 4.93 ny
sodi um chl ori de, 69 nmonobasi ¢, sodi,um hos hate 3 deh drate,. 1.22 ny

dt basi ¢ Sodi um phalpRETE ARRYRTIAES B IS CHErL b SERane: an AT oi 1 ri o
aci d nonohydriaju@l drfg,&. grrg TNinhidltor, . 8Bpagntp o (yrﬁ:@fﬂbaﬂlﬁleﬁ@ theridsanliedred or
injection, with USP sodi.um hydroxi de added as necessggé to ad%ﬁ%ﬂ?pH to be

about 5.2. 11% theautomaticppjscisindewifié of the ENeTtoR cRup a2 (e 113M % xPer a

dose of a sub@tlgap@ndlﬁgrg&lalsth@rebf quid dr ug, e.g., a TNrFa inhibitor, to a
patient. In one enbodi nent, the dose delivered by the automatic injection

device of 4he i NVaRAbLAGISANMRIL SRSTIAF HumRo: JMF @8 elhodyandRbmp&di li@e Bf bi ndi ng
portion thereof, 5In one embodi ment, the TNF |nh|b|tor used I n the nethods

and conposi t i BHEVEHIoP Ty sAlied Rumar pidedies. ShinveeaDRGRR ROHARS Beafles, or

ant i gen- bi ndi §g Ref b heRsn TREY %Bhlgtlﬁ?ﬁm@'aﬂﬁiatl&v bt PRA akdNrAWiHidh hi gh
affinity and a low off rate, and have a high neutralrzrng capacity.

Preferably, tMeUHimReTrapiy bBefeaably thevanap gyidhndics Al Be EVEREWHB nant |

neutralizing ﬂawmﬂnaﬁ&%hutm%lﬁgh%ﬂ&ﬁ BROI 8%y SUFEUIAS suck afl e ttﬁla%é&?&ﬁﬁﬁ't nant,
10 neutralizing antibody reférred to as D2E7, al $o referred to as HUM RA or

adal i numab? ( Alsbtlizingsnbbatyaeficwed totah &2H A relefred ©ag e MR fof ortaelinDamEp /|

region is sho t . hno acid
equence of tra pbEBRGuPRs ol chuc Rl gl 7 B RRndC ol SRTD (G
6, 090, 382). Hixpert peld.SoPat@r Bp. haNWe3§2abnardies ecid bagenan oSlefIEIH 81 region, U. S.
Pat ent Nos. 90 38 a 0 éﬁ%% her.l of TNFa
inhibitors i nlcszoh e EggDzﬁé sttzlﬁs pﬂen@ gfgrr ne2 nrf)quHelsl\?lg?ﬁéﬁ?ﬁsb I'es that
have under gort&mibedurﬁ%lfetdeﬁhi mgSfRarent Nesalﬁr@é@t382)f6 258 S6mahd 6,080 1hrithérs (see

e.g., Eliott et Lance 44 1125-1127; Elliaot et 1994)
Lancet 344 11?3‘%“11"%%%‘\]’]3%&?21‘@%115 i Chjmerig i‘@%@i "ér‘zed jnurlﬁ?m@t}hﬁ%]fog
34:334-342) . dibadids thal N w@idtrigbmdyin{cal 8Qing €frarch@tbnt & rh@ineidid ashriis TNEa

anti body), or an_20anti - bi ndi n heref i ncl udes chiperic,
U 258, ari rEah e el P T, R GT el B e R b Sy “be
used in the i NVeMdMnkine! 4108999 Wr. INRhednkdidlt BEB1%42).nf | i xi mab (Rem cade(r),
Johnson and Johnson; described in U S. Patent No. 5, 656,272, incorporated

by reference her eiAyaniODA&/datibedyndRBRIfERA (HBE6IE29 B aNFaRhiibtdk), af #ha |1 g&G4
anti body), CDP 870 (a humani zed npnocl onal anti-TNF-al pha 25 anti body

fragnent )20 arfn4ReY- bitfie fagnmbthsreak h‘}dudﬁhff“@ﬁ}‘%h&l%‘“%e&oi‘fldrﬁhlﬁgéﬁ aniipodiss-ex and

Cent ocor, seepWRLR2LEZRPE hnitDIM) tHaPRA) behlNEd ANthé ROGRS iddNRk, BiRYotgnikkged in
t he |nvent| on are described in U S Patent Nos. 6,593, 458; 6,498, 237;

6, 451, 983; arié- 8llizigbIBomicaihefohasearnptl dehnggn; FagcEbIdRIlbS-Paieat Nri ch may be

used in the neEnOMs @ é’the&B QS bdck QPR CIbIke | ﬁéf‘l‘ﬁﬁﬁ'&tn'rzgﬁ njoRGliEeafi aner cept
(Enbrel, descrr béd in 91/0 553 and WO 09/ 406 sol ubl' e TNF receptor

Type 1) pegiiiEist: 561 ArbHeodNE THESK: bymmype MorORES aHENR)phipS5 TNERL oG
(Lener CeDES) ' aﬁlﬂgon%a%HBhﬁ,aarﬂtanJ—%deAn)d(iP@&ech), and CNTO 148 (golimumab; Medarex

and Centocor, see WO 02/12502). Additional TNF antibodies that may be used in the

invention are described in U.S. Patent Nos. 6,593,458; 6,498,237; 6,451,983; and

6,448,380.

Other examples of TNFa inhibitors which may be used in the methods and
30  compositions of the invention include etanercept (Enbrel, described in WO 91/03553
and WO 09/406476), soluble TNF receptor Type I, a pegylated soluble TNF receptor

Type I (PEGs TNF-R1), p5S5TNIFR1gG (Lenercept), and recombinant TNF binding
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115 protein (r-TBP-1) (Serono). In one enbodi nent, exenplary enbodi nents
provi de i nproved uses and conpositions for treating a disorder in which
TNFa i s dworomeniss&B, e.g., rheumatoid arthritis, w th aPCRRS20mi083504 or
e.g., a human TNFa anti body, or an antigen-bi ndi ng 5portion thereof,

t hrough a wearabl e automatic injection device. A TNFa i nhi bitor

i ncl udes any agent (or substance) that interferes with TNFa activity. In a
preferred enbodinegé, t?8¥TNFa i nhibitor can neutralize TNFa activity,
particul arly HEEP R OFfE activity which is associated with disorders
i n which TNFa activity i.s detrinental, %n&ludinﬁ%. ut not limted to,
rheurmat oi d art hri tF 8" TURPEHTG s CTIPHEN FRPSTACAE PRM I RPOXHKY D EIhg
spondylitis, dnpbsitisnsdbisgady a Pis@tiéras wbichdNlops dsdiathisl, apgt etmhasid VI 11 .
Phar maceuti cal _Caonpasitjons for Use in Exenplary. Automatic |njection

bovi ces. Phar rEaT e BORpBRPITORE Ay THe RELUBHOT o0 HUSHUPaIE S

i nj ecti on devidegoaherbdtethtduyR Bic@RbIt Qhiofh@lid MpiNod @vepatient. In one
enbodi ment, antibodi es, antibody- 15portions, as well as other TNFa

i nhibitors, can bex TREQI®IR Bdluli&tay phak (B eEHdtancd khat MIPRREs WilNNIRUI t abl e
for admnistration to a patient using the device of the invention.

Typi cal |y, t hsUpkariraeedtrdambedinggs fe P odahipitorear neprabizs WERF ViRt i body

portion, or ofd@ulafiNaBirinfhiaPTPE aci@g whicRheLERELUE WidRdibotd@s maptiabtREq
carrier. "Pharmaceutically acceptable carrier” includes any and al

sol vents, di sisEYi8) ipdetagn@l inchytnenbis noolgaid pabeusrateld asmiisaiyenilgngal
agents, '§9tQQbﬁnﬂ&Qaﬂ&%ﬁ[ﬁ&%&&nQ@&ﬁMMﬂ&,@ﬂﬁﬂ%%ﬁeﬁ@ﬂx ARid MtSsbiral are
physi ol ogi cal 'y conpati bl e. anpl es of pharnaceutically acceptable
carriers incladdtipne or nore of water, saline, phosphate buffered saline,
dextrose, glycerol, ethanol and the |ike, as well as conbinations thereof.
I n many cases,Vilt Phasmprestie! oinsosiéons i Usd én Exvowbny dumpenic Bijection Dexenpl e,
sugars, polyal cohols such as mannitol, sorbitol, or 25 sodiumchloride in
t he conposition. Phammpaeigalicomppsticns ey tba bladediaiorthepuomais ipjgeticndeviedbnpri se

L SOk A ik B ISR U RSB BRI 0
ef f ect i vehesspagtionsips vestitas bididy/ TNEminhibgdsp, o be ingnrpotitedontheharmiiFauticalhi bi t or
compositions suitable for administration to a patient using the device of the invention.
Typically, the pharmaceutical composition comprises an antibody, antibody portion, or
other TNFa inhibitor, and a pharmaceutically acceptable carrier. "Pharmaceutically
acceptable carrier” includes any and all solvents, dispersion media, coatings,
20  antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like
that are physiologically compatible. Examples of pharmaceutically acceptable carriers
include one or more of water, saline, phosphate buffered saline, dextrose, glycerol,
ethanol and the like, as well as combinations thereof. In many cases, it is preferable to
include isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, or
25  sodium chloride in the composition. Pharmaceutically acceptable carriers may further
comprise minor amounts of auxiliary substances such as wetting or emulsifying agents,

preservatives or buffers, which enhance the shelf life or effectiveness of the antibody,

antibody portion, or other TNFa inhibitor.

The compositions for use in the methods and compositions of the invention may
30  bein a variety of forms in accordance with administration via the device of the

invention, including, for example, liquid solutions (e.g., injectable and infusible
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The conpositions for use in the nethods and conpositions of the invention
may 30 be in a variety of fornms in accordance with adm nistration via the
devi ce ofwohelwvmseati on, including, for exanple, |iquidPsolustélons3sie. g.

i njectable and infusible solutions), dispersions or suspensions. In a
preferred enbodi nent, the anti body or other TNFa inhibitor is adm nistered
by subcutaneous injection using the device of the invention. In one
enbodi nent, the patient admnisters the TNEa inhibitor, includin but not
o teq o TRRAORN AR or S Gun 15 AR OPPTBRR MeoBuR pomd

hi msel f / her selNFdbiagibngr it Bémidswra@kbyalibdutmedbudvgjBtio@Nsing the devibesfapeut i C
conpositions typically nus e sterile and stabl e under the condjtions of
manuf act ure aRd Ly Bgae eﬁ“h%‘H‘E‘B?fpgg PRijeghadapistss o ‘&P‘@HO%EICE’%%I ution,

m croenul si onput dbIRAL i TNHol AAABRNEor 0o A HIRTinOFHESEEeBbf HiMER/IRMelrabl e to
hi gh drug concentration. Sterile injectable solutions can be prepared by

i ncor por at1 ng'singeherdryiceiof Be ddvpéiind (i . e., antibody, antibody portion, or
other TNFa inhibitor) in the required amount in an appropriate solvent with
one or a conbi nat i GRFBFULE SeMBHLERE HPicAlnERsibe deblsped stabls updgther ed, ol | owed

by filtered stfiibhZAthA0tactERNBNtae. ThSRRAIPILIADS AR (HRPASEM abY

i ncorporating the active conpound into a sterile vehicle that contains a
basi ¢ di sper sPOBKOREBICIHHNEKIPNt Hepcrsitiul PEEmetHmerer pgeradiperstuse fuilgbie {hivgle
e”“”?rat?d_15h%%8¥£mnﬁﬂm£ﬁﬁmﬂ@ ec@blSRfibh & RBWHRLSredl BY inkhPoRlifP@Eat i on of
sterile injectable solutions, the preferred nethods of” preparation are
vacuum dr W ngpetindednmepnrdd dr ¢itigdy, hatibody @pidion.cor othie ENFo fnhibiter) aie thev e

i ngredi ent pl . it esi i.ngredi . i |y

stori e rint e BT RAh LR RRR CRE MBIELPRLo R PLEKIRHR ¥ o be
mai nt ai ned, fanmesxsdpbeve, pyreqhredusbowdd by fdatdistrgiligatioh. &endraly, tisparsiolsy t he
mai nt enance of,, b6, L AN SH.ABRARL LENE (ShAGNI b DEGRSE oL il 5RELSI N and
by the use of SBFPECT ant's’ ?ﬂog%nge absorption o |njecfab e comnmpositions
can be br oughtasialdoptrsioy niedmbnchidnige dequited @theoimpedichis dronahoegemherhodt del ays
absorption, for e | e nostearate salts and | atin.. | n.one enbodi nent,
exenpl ary U SraROE G HE P Nsap i B e Bl Bal disISH RN ce,

e. g., autoi nj@epeferRe et preiangioaBreahRat dryg TiNFaedz8land @it yaddk A
pharmaceutical ly acceptable carrier. Thys, the inyention provides
pre-fillable %OPP%IFF’&)‘P“ whyy Ineggre @Wiaﬁlpﬂ‘}%@ﬁ% inggsdice r%ﬁﬁﬁ“:ﬂ“ﬁé a TNFa
inhibitor.  sterile-fifer@M&IQMHAQRHETEN The poeraidily @HY s@htidhiah BOHMinpiddl @R for
use in the nmethods of the invention Is incorporated into a pharmaceuti cal
formul ation a&aBBlchy BesssH agoatperrhagdycthinoy Gaaaiglegangoel fisreqinstl i cat i on

No. 2004/803 le shi¥ i (feQla AU rAsh@Bioh BEd HAGS u@ AMERMIAPkAMge® Mo/ M of the
anti body D2E7 (adal i nunab), wherein a wearable automatic injection device

cont ai ns 40 naysopLiemfiinedsbls enmposiiens @nde bughtaper by sisluding iphe enbodi nent ,

the automati Ccoh‘gﬂoﬁﬁ&ﬂ MaodEMh G QeRs dobGplidlY BiHek Q1€ MonBRE £aS RAGIRA cal 1y the
syringe of the1 evice) conprises”a fornulation of adalinumab havi ng
gelatin.

In one embodiment, exemplary embodiments provide a wearable automatic
25  injection device, e.g., autoinjector pen, comprising an effective TNFa inhibitor and a
pharmaceutically acceptable carrier. Thus, the invention provides a pre-fillable and/or

pre-filled automatic injection device comprising a TNFa inhibitor.

In one embodiment, the antibody or antibody portion for use in the methods of
the invention is incorporated into a pharmaceutical formulation as described in
30  PCT/IB03/04502 and U.S. Patent Publication No. 2004/0033228. This formulation
includes a concentration 50 mg/ml of the antibody D2E7 (adalimumab), wherein a

wearable automatic injection device contains 40 mg of antibody for subcutaneous
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the follow ng fornula: adalinunmab, sodium chloride, nonobasic sodi um
phosphat e di hydrate, di basic sodi um phosphate di hydrate, sodiumcitrate,
citric acwo 20aisbgedr at e, 5mannitol, pol ysorbate 80 and WRaTArS201@/083504 wat er
for injection. In another enbodi ment, the automatic injection device
conprises a volume of adalinmumab including 40 ng adal i numab, 4.93 ng sodi um
chloride, 0.69 ng nonobasi c sodi um phosphate di hydrate, 1.22 ng di basic
sodi um phosphat e. di hydr at 0.24 ng sodium.citrate .04 citric acid
ronohydr at e By B ot 4Rt aR Db 3Gy Tuty nlubh bhhgr®ny o
for 10 i nj ectdpedificdllf leneriegdrddhad@Rice) ®athrisuRaTyainoniodf hdaliamdad hasnhecessary
to adjust pH  The dose ampunt of TNFa [ nhibitor in the aytonmatic injection
devi ce may va%f@e%}gcfm%ﬁ%oadeh@maﬁ o) @PCEIBPg%ﬁ}OEﬂbaP‘I‘iéO NELPIRAMBi tor is
bei ng used t aiihydeat, ditabic 0oGue FROGhAE BihydrhResoiventioRitid v dRtodnear abl e
automatic injection device conprising a dose of adalinmmab of about 20 ny
of adal i mihabPaMgohgolpforkiaty Fdmees 8D, WYelIPr Mischeralln ALHREG cnEadmeBo ng of

adal i munmab. |he shioMh iRRcRAt@R Gt Bdtiprfs@) a Alhmé aN@eEmAesrintib&d: hehei n,
i ncluding the dose ranges, all nunbers internediary to the recited val ues

are incl uded 3dalimpaal, Avdrg sriunechioridedbohige rongepaicisadinaphosphatgingirate,

adal i rumab, ef & mb Riraddiddian ﬁ&Bﬂa@édiﬁﬁﬁhtEﬁﬁzmg Mi&ﬁbﬁa@?ﬂ@@ﬁ@ Afi€a@d SO

i ncluded, e.g. 407to 80 ngy oP adal i numab. The hunbers recited herein are
not i ntended mendhidrate, 9. hegseanpeolod.s mipepoRBpipiediandhwater, e.g., whkpe fofNFa
ant i bodi es, and. i.ahi Qi [ - ' nt i 0 1 nkstered in
the form ot prisei %6l Suidalien Sod B v BERRE NI B ARPR PR L o1
protein crystals ihin..a ic carrl . at ed
Parti ol es. " The coatearoapthbe Ny WIRLbfubBhlekfin dedict B0 S have
a spherical merptokogthe divdrd2Sfobwhivh thedldifveinkibitafis byng wed@0rea.cdnoneret ers in
diameter or they Ta%, VeGP IS, TBLRROLAGY. ANG. 06, TLGLARALLIGHLat es.
The enhanced concentration of protéin cryéia "G 1'Ows T he anchbay of the
i nvention to dee déddalianiaah sfibowt2mepefskdylimdmaby A mg ol adhlinentap; dtheg 3NFa

anti bodi es_of the inventi ar liver via .a protein delivery system
therein one crhhBpaREERG B ud bl Eppt R bR DI Pl ST s on T e 30
admi ni st er ed deScribepatrei@nNinchiling iz dbNAAnges) At rxehbdis SmededdiaryGonpostitedons and
met hods of preparing stabilized fornul atjons_of whole antibody crystals or
anti body fr ag‘f‘?@ﬁf ar@?vi@?gn G SVEPEG- fa%séé %88“1%“\'7\6%2‘%6%2@?%%“%‘%% is

i ncor porated &y meb@lienfagket@ied usihdlsa@NRunei¥Raaé MeNincluded, 06 M4b &t d0afg of
conprising the crystallized antibo fragnents described In International

Pat ent Appl i caelighmp. Thoarmbey s9coadyeis At gt glengy wimiBhe rsoeari Bh No.
2004/ 0033228 ihseniisgd to treat rheumatoid arthritis using the nethods of the
i nvention. 5Suppl enentary active conpounds can al so be incorporated into

the conpositions. hR 168%LalikbIRRRAMIABNLS us@Nn @tihRAEY Ahy AN hoody portion
for use in the nethods of the invention is co-fornulatedymnth and/ or

co- adnmi ni st eraskninipietsd gnide Sl peoteip givsRURENUIrIEs digeacivde agurigitionqEl udi ng a
rheumat oi d arﬂrb{elntdr tdl@éﬂc?ﬂsﬁﬁ{edgﬁthﬁlrg ﬁgﬁﬂé&tca ePlo f@ﬁﬁg&lte%faﬁﬁle@.nfﬂe' ,hTNFa

anti body or antibody portion nmay be co-fornulated and/or 10co-adm ni stered
with one or nivriedaaticies ofthd praiein bipdilderntutpsion biap davstareherical yempbolagysandi at ed

25  be microspheres of up to 500 micro meters in diameter or they may have some other
morphology and be microparticulates. The enhanced concentration of protein crystals
allows the antibody of the invention to be delivered subcutaneously. In one
embodiment, the TNFa antibodies of the invention are delivered via a protein delivery
system, wherein one or more of a protein crystal formulation or composition, is

30  administered to a patient with a TNFa-related disorder. Compositions and methods of
preparing stabilized formulations of whole antibody crystals or antibody fragment

crystals are also described in WO 02/072636, which is incorporated by reference herein.
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with TNFa rel ated disorders (e.g., antibodies that bind other cytokines or
that bind cell surface nolecul es), one or nore cytokines, soluble TNFa
recept or weeetl1e3gg23 PCT Publicati on No. WO 94/ 06476) an@Corusewa/os3s041o0r e
chem cal agents that inhibit hTNFa production or activity (such as

cycl ohexane-yl i dene derivatives as described in PCT 15 Publication No. WO
93/ 19751) or any conbination thereof. Furthernore, one or nore anti bodies

of the inventjon may pbe used in conbination with t or nore of the

for egai ng. ¢ nenaBetn i Bt G SaER oA he e Sh- Pl LRl fatant ageous! y
utilize | owerded@fagasin@inatibeal Ralsht pliedieod NohPCaPBE/04502gant S, PAtbits avoi di ng
possi bl e side effects onplications or |ow |level of response b h

patient associ ”g’ﬂl%"cﬁlo\‘)\/il\loh gqqgfzooé Bdtsed fp HohBenargid; @L?tl%ﬁ&gttb%ﬂé%o‘ifgfg nts

that may be ugsegdvibdioaonbi nation with a TNFa anti body or anti body portion
are described in U S. Patent Application No. 11/800531, which is expressly

i ncor porated her eisapBHlymERi®heReeomPourdds caMlioRtiNcorjoXated iEARPOr at i on by
Ref erence The contents of all references, including patents and patent

. g p
appl i cat i ons, SORIPPEAOBS IhfGHEHSCIINL. dtiPedyqr SRIDIR PHEPRIRS UHiRdhor at ed

herein by ref@gegfkeriH ihRHdn €06 r8Blnaed it KRR ORAdRIhREEANRENGRLS nRRd
nmet hods of those references may be selected for the invention and

enmbodi ment s t3€itiepsl thegineptic Fegpt Haqludinherhepmpoidarhstisinbibiet i peandent i fi ed

in the Backgrgynd, $8€0LEL R BTREL MBBERAr dAbdd pdriindyaIR Wb §oRRthiGRAMdRE Used
in conjunction wth or substituted for conponents and net hods descri bed

el sewher ell n ehenBodesd Mobwne omnetliadditipeal aribpéicothalthed ¢thardaestppssociged

Equi val ents TILIE(X fL?af%&f (:I.ipdr&gs %&gﬁl}lu%%esetﬁﬁ%ﬂidrﬁ% %%toﬁiﬁgscdrftﬁa?bﬂﬁ"c&]l nol ogy
is used for the saké of ¢ arity. For purposes of description, each specific
termis intenuddeetpoletuldspast oi mak ygekiatd, stledhiiNEakecaprdr (eercg.i )ikl

equi val ent s {Aafic ORENAS 6o Bufe iRl JBANSL LR ACTAMRL! R i BBk k"

pur pose. Additiona Py, 'n” SOME 1'nSt ances wher 6 a particular exenplary
enbodi ment i n@bdiddsn ar gotiviryalidhyas ofclshesiremlidbenerivaives asnesdnibad tREPS, t hose

el enments or s may. b d wth a single ele t or step. Likew se,
o oingl o & erefCuPRNee ¢ BaT uin fulh Gt i Faer s rorg b it o or
steps that semviBodifi®fsaMByvdatsPOsEbe fsdd ih@inbinskied &ith arasmheat of fher vari ous
properties are specified herein §1{% exenpl ar%%rlo enbodj nents, thgse

paraneters nel™9BRNE YCTAOERL AGEN D SHBSAMBYAUNS LR pplesTpayGdnantageysly ullizg g 1) o

etc., or by rioWwstedaget b tﬁ@@dr@mist@édit@a@ehﬁ@éi%ﬁﬂ‘s,thwdv@ﬁi&gqioaﬁm%ia@eﬁmi fied.
Mor eover, while exenpl ary enbodi ments have been shown and described with

ref erences t cCOPRIEEDS AoV ADSHRIFERPRSCtbp dicaRsfientapigsiated Vi e VEPYS skill in

the art wyd | yodeisdARd Aub@bnd @bdn@UBa SR Heiubditih @ASibdNthnaliled BlF@ns in form
and details may be nade 15therein without departing fromthe scope of the
i nvention. Fuintihedy asaptifody peryen amglewgibed in U.S. Patent Application No. 11/800531,

which is expressly incorporated herein by reference in its entirety.

IX. Incorporation by Reference

The contents of all references, including patents and patent applications, cited
25  throughout this application are hereby incorporated herein by reference in their entirety.
The appropriate components and methods of those references may be selected for the
invention and embodiments thereof. Still further, the components and methods
identified in the Background section are integral to this disclosure and can be used in
conjunction with or substituted for components and methods described elsewhere in the

30  disclosure within the scope of the invention.
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functions and advantages are also within the scope of the invention.

Exenpl ary flowharts are provided herein for illustrative purposes and are
non- | i mworglemsaszpl es of net hods. One of ordinary skil IPCirruskéng/0a3s04 wi | |
recogni ze that exenplary nethods may include nore or fewer steps than those
illustrated in the 20 exenplary flowharts, and that the steps in the
exenplary flowharts may be perfornmed in a different order than shown.
CLAIM5 What is clained is: 51. A we?rgbLe automatic injection device for
provi di ng a subcutaneous injection of A4¥Eneutic agent into a patient,

t he wearabl e automatic injection device conprising: a housing conprising a
pati ent contact pdntlésoribisgetengidreembodilentpapdcéirtterminology is asedifo thetakon
assenbly nove .. diisposed in.the. housi hal.di ng .a. oderm c injection
needl e Tor i noaivisad TP RIS whdr G atpt s Lo S nHBSERA S b

bet ween a 10r£twcamioathnd@sictibai eduivadhiichattoperaieni e sibiianmaeeediecdagdishat
protrude outside the housir d.an extended positian.in which the

"nj ect i on heetiiaier gLy, e s W APYESNM BB ded i n the

housi ng for hehtdaignt helutiber @pelidiof syygandlements or met@odMtdpIBdse BRMRAR by
di sposed in the vessel for ejecting the therapeutic agent fromthe vessel
into the injé%ﬁ?8ﬁy§§§§Wﬁ?§W“ﬁS§n§FGﬁﬁgP“HéFBafﬂﬁW“ﬁéﬁﬁ%ﬁ?@ﬁ?@EPrﬁﬁiuating

the plunger whibdreplBRA%EESurality of clem@nth 6f iR i@ ertd hd @ke fugsRENSi ve to a
change of state of the wearable automatic injection device from an

i nj ection st aftthel Whets patamielsisder yagiqusprapatiesgiggspecified herein foregempplatyi on

mechani sm§ ore gt Gobd pardnflidrémbi PYadii\Ged upl £ abWRBy 288@&MN o /e t he
extended position in the injection state to the retracted position in the

post - i nj ect i o320t ¢ eoriyyaounded-gd appragnaironsiiereads yndess Parwise; syefalicd.
Moreover, while exemplary embodiments have been shown and described with
references to particular embodiments thereof, those of ordinary skill in the art will
understand that various substitutions and alterations in form and details may be made
15 therein without departing from the scope of the invention. Further still, other aspects,

functions and advantages are also within the scope of the invention.

Exemplary flowcharts are provided herein for illustrative purposes and are non-
limiting examples of methods. One of ordinary skill in the art will recognize that
exemplary methods may include more or fewer steps than those illustrated in the

20  exemplary flowcharts, and that the steps in the exemplary flowcharts may be performed

in a different order than shown.
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2. The wearabl e automatic injection device of claim1, wherein the housing
further conprises: an interior portion defined by a plurality
of wal | s woaodef3dsng at | east one open 25end opposi hg PhE/ysatlilesdsocont act
portion. 3. The wearable automatic injection device of claim1l, further
conprising: a cover portion covering the open end of the housing. 4.
The wearabl e autonmatic injection device of claim1l, wherein the housing is
provi ded 5as g Xﬂh%ary cover coupled to a base that forns the patient
contact porti-oH: The wearabl e automatic injective device of claim1
wherein the housing is provided as a plurality of walls defining at | east
one open end<§§gosin, the patient contact portion. 10 6. The wearable
automati ¢ i nj BBtiDHAREIite of claim 1, further conprising: an
adhesive | ayer provided on the patient contact portion of the housing for
attaching the housing to the patient. 157. The wearabl e automatic injection
devi ce of Tl al-m Feaple pRamaioiRiseiiy deyice for providipg § prbEMERGOBHINECHANY 2di sposed
in the housi n@ehhdtic @%&:‘n?iﬂﬁ)at chS@BE weBrabld aRBMhtid AR chdEIARE B hGrisagent held
by the vessel from outside the housing. 8. e wear abl e automatic
injection device of claim1, wherein the vessel congrises a 20syringe. 9.
The wear abl e aut ofgICFENg T{IARIISING 3 PARSAL entast PR srewrablaithe pificnhe” syri nge
conprises: a ban-el portion for holding the therapeutic agent; and 122 a

syringe needl e coupligettivn adeslbstnadvegingdigfostd thalidusing Beldink @myp&Termic
establishing fluid co ni.cation between the barrel portion of the Séringe
and the inj ecficiPiiseds for insertion 4o thepaticht Aheipjeation Asgmy ‘E‘OY%P]E@?WWS?P evi ce

of claim@ wagi®ldpokien inWBEH hej@sis e Akl REORMNHi®REE outside the housing

and an extended position in which the injection needle protrudes outside the housing;
a vessel provided in the housing for holding the therapeutic agent;

a plunger moveably disposed in the vessel for ejecting the therapeutic agent from

the vessel into the injection assembly;
15 a plunger actuation mechanism for actuating the plunger within the vessel;

a retraction trigger responsive to a change of state of the wearable automatic

injection device from an injection state to a post-injection state; and

a retraction mechanism for automatically retracting the injection assembly from
the extended position in the injection state to the retracted position in the post-injection

20  state upon triggering by the retraction trigger.

2. The wearable automatic injection device of claim 1, wherein the housing further

comprises:

an interior portion defined by a plurality of walls and defining at least one open

25  end opposing the patient contact portion.

121



a septumthat is pierceable by the syringe needle of the syringe; and

a fluid conduit extending between the injection needle and the septum
wher ei n pwereing3s the septum by the syringe needl e of PChASeymiosiFe4 coupl es
the barrel portion of the syringe and the injection needle. 10 11. The
wear abl e automatic injection device of claim 10, wherein the syringe needle
of the syringe is spaced fromthe septum when the device is in a

pre-injectio at e d erein the syri .needl e pierces the septum when
Phe device i < o frarP wlPRR e Basie ] OB S TRaBir BbFRS ommt ¢
injection device of claim1, wherein the vessel conprises a cartridge. 13.
The wear abl e aut onabv@ ponjoecbyeping deviperemafof chedionsii®, wherein the cartridge
conprises: 20a barrel portion for holding the therapeutic agent; and a
septumthat is pierceable by a piercing needle. 14. The wearabl e automatic
i njection device of claim 13, wherein the injection assenbly conprises:

the piercing needle for establishing fluid communication between the barrel
portion of thk Bwrwaaraigeutonuitic Feedinp dotides chisrdl wherein the housing is pgpvidedi d
condui t provi i [ ' i ng needle for
establishiﬁg %ﬁﬂ?ﬁ gﬁﬁ%ﬁ?&%?ﬁgﬁ%%%Jﬁggﬁﬁﬁﬂ%ﬁﬁﬁ§gééﬁ§%Bﬁ§é§|e and the
barrel portion of 5the cartridge. 15. The wearable automatic injection
device of claim 14, wherein piercing of the septumby the piercing needle
of the injection assenbly establishes fluid conmunication between the
barrel portion e ddagbfafuldntaddti@tde §8&elRLRES | WherER He Bousing is provikd The
wear abl e automatic injection device of claim 15, wherein the septumof the
cartridge is Bpatedlity pbwprlisieliping ptlessy orferngn endypppsine thajpaléant emtagssenbl y when
the device is,jf,@a pre-injection state, and wherein the piercing needle

pi erces the septum when the device is in the injection state. 17. The

wear abl e automatic injection device of claiml, wherein the vessel is
moveabl y #i sposed within the housing. 18. The wearabl e automatic
injection device of claim 17, wherein the vessel is 20noveabl e between a
first positi of) The wdamkI8ahtBnEd inRBcH RVRe 8NElaith B eGARAcRAYSIstigon in the

i njection state.

an adhesive layer provided on the patient contact portion of the housing for

attaching the housing to the patient.

15 7. The wearable automatic injection device of claim 1, further comprising:

an inspection window disposed in the housing that allows the user to inspect the

therapeutic agent held by the vessel from outside the housing.

8. The wearable automatic injection device of claim 1, wherein the vessel comprises a

20  syringe.

9. The wearable automatic injection device of claim 8, wherein the syringe comprises:

a barrel portion for holding the therapeutic agent; and
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19. The wearable automatic injection device of claim18, further

conpri si ng: a vessel actuator for automatically actuating the
vessel frwm2otie13g828st position to 25t he second positi onPCTAB201Tha350ear abl e
automatic injection device of claim19, wherein a fluid pathway is

est abl i shed between the injection needle and the vessel when the injection
assenbly is in the extended position and the vessel is in the second

position in the injection state 1l - The rabl e automatic injection
Clovi ce ot ol ai'm 1 P ietedtpdl APl o ARt e pal R Rk Bl g L

t her apeuti ¢ a@@iiunidation bdieeddahd inic] pirtiéh cfand dydhfethdriad i@jection need2. The
wear abl e automatic injection device of claiml, wherein the plunger
actuation to mechani sm conprises a biasing nechanism 23. The wearabl e
automatic injection device of claim 22, wherein the plunger actuation
mechani sm further conprises: a fusee; and 15a tether coupling the biasing
mechani smt o lthdhtwsemblandtotage plagngredevice 2l clailing® whearimtbk éjativoastmily

i njection 9ew&%9ﬁg%,clain123, wherein the plunger actuation nmechani sm
further conprises: ™ a danpi ng nechani sm coupled to the fusee for

regul ati ng the novenent of the 20fusee; and a gear train including
one or nore gear s afsgptupahg s meycdahle by uisesaringe ndadle dhdmpisyripgepmbdani sm 25.
The wearabl e automatic injection device of claim 24, wherein the danping

mechani sm conpr i S%Sﬂu?:x? ééd;nrﬁn&ig%&eﬂ\glﬁrg%%[ween the i '@Qtonmé‘dlé"ﬁfi‘irtﬁégéeﬁmﬁﬂwgﬁ%ﬁ ¢

i njection device of rein the danping 5 nmechanism conprises an
escapenment negéraing ofithe sgPrum Phéewpangineedlaof tberatringe ¢mjples thedarrdepitm obf ¢l ai m

26, wherein HﬂgsﬁﬁﬁgﬁﬁﬂﬁgE¢QE&P&QEEU‘is a swWi ss | ever escapenent.
10

11. The wearable automatic injection device of claim 10, wherein the syringe needle of
the syringe is spaced from the septum when the device is in a pre-injection state, and

wherein the syringe needle pierces the septum when the device is in the injection state.

15  12. The wearable automatic injection device of claim 1, wherein the vessel comprises a

cartridge.

13. The wearable automatic injection device of claim 12, wherein the cartridge

comprises:
20 a barrel portion for holding the therapeutic agent; and

a septum that is pierceable by a piercing needle.

14. The wearable automatic injection device of claim 13, wherein the injection

assembly comprises:
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to 28. The wearabl e automatic injection device of claim26, wherein the
escapenent nechanismis a runaway escapenent. 29. The wearable automatic
i nj ecti orwoevigw3sB cl ai m 22, wherein the plunger actuaPComUSa®aioassdsm
further conprises: 15one or nore ball bearings for coupling the biasing
mechanismto the plunger. 30. The wearabl e automatic injection device of
claim 29, wherein the plunger actuation nmechanismfurther conprises:

a danpi ng nechani sm coupled to.th i.asi mechani sm and th al . bearings
S0t or tegul a1 ng. theRgDenes st sl AR o EHERARLIh 3 e hbe Skitap: o
aut omat i ¢ i nj@edidnasT debeoartdégeaind Chedhjor@, nevhigragd n t he danpi ng nechani sm
conpri ses a viscous danper. 32. The wearabl e automatic injection device

of claim1, wherein, the plunger tuatipn. mechani sm further .conpri ses:

o source of & wor B Pl ERRSHeSRYRR R RE T bl BEEROTPRE Eioce ¢ ne
t her apeuti ¢ agebtishinmeamaid Eenni@sseibn bawdebi@e frljattion a@dund tpmareldetiopetr ween
the source of _the working fluid and the plunger. 33. The wearable
automatic ﬁnj%%f?gﬁgﬁevice of claim 32, wherein the plunger actuation

mechani sm further conprises: a danpi ng nechani sm coupled to the
vessel and the source of the working fluid 10to regul ate the ejection of
the therapeutic agent fromthe vessel. 34. The wearable automatic

i nj ection devjCeyof cl.af %‘u%%aué"ﬁfe[gﬁ&h“det he oﬁa%%'l kY W%Er%k‘napgér%%‘ GPRr ! ses a
flow restrictor for malrntalning e ydrau I'C préssure ‘downstream of the
fl ow restri cteptutidwahepithimgunestedf tht injectionssenpl g ssahiiehes filatd dohenvnyedtiaul i ¢

15pressure upstrea f the flow restrictor, toward the source of the working
g 55, Rk M T B oGS h i RO ne SIS c i m 94, wher ef n
the flow restrictor is coupled to the retraction trigger and wherein
delivery of the therapeutic agent in the vessel causes the flow restrictor
to activate the retraction trigger. 20 36. The wearable automatic

i njection devj i . . r kS, Noy . ocki ng
nechanisn1forhgﬁpgk§]%QEEF%HF%%ﬁ%%gg%%§ﬂ¥ﬁ¥§%@?g%“ﬁgggvggﬁﬁﬁﬁﬂéqP%tracted
position wi t hiarritigees hpweal fingm ithe pidreing ostlle afffed hjeaivnssaindly when the device is

in a pre-injection state, and wherein the piercing needle pierces the septum when the

device is in the injection state.
15

17. The wearable automatic injection device of claim 1, wherein the vessel is moveably

disposed within the housing.

18. The wearable automatic injection device of claim 17, wherein the vessel is
20  moveable between a first position in a pre-injection state and a second position in the

injection state.

19. The wearable automatic injection device of claim 18, further comprising:

a vessel actuator for automatically actuating the vessel from the first position to

25  the second position.
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37. The wearabl e automatic injection device of claim36, wherein the needle
| ocki ng mechani sm conpri ses: a bat her nmechani sm noveably di sposed
over an iwpeotwsss2seedl e aperture in the housing; 5Swher @Cm/ush@iosjsect i on
needl e aperture is open and allows the injection needle to protrude outside
t he housi ng when the bather nmechanismis in a first position; and

wherein the injection needle aperture is closed and prevents the injection
needl e from protrudi ng outside the housing when the bather nechanismis in
a second position. to38. The wearabl e automatic injection device of claim
36, wherein the needl e | ocki ng mechani sm conpri ses: a needl e | ock
rel ease mechalll. diie megpblesiwamatioinjeetioraditvico of dhint He wihajeect ilod pabsenis| y from

t he extended j.ti in the. injecti state to the retraction sition in
the post-i nj coeplimed Pepplen o HhGT iiedB R B Rerber i s thl Y hibet i on
needl e and t aht beeniee dbsitidnadl tHealeeakie ime kanhdpasition in the indgibebtateact i vat i on
of the needle | ock rel ease nechani sm causes the pivoting nenber to pivot

t he injectgon needl e away froman injection needle aperture in the housing.
39. The wearabl e automatic injection device of claim1, wherein the
post-injection state conprises conpletion of delivery of a therapeutically
ef fective dos¥d. dhetwvarableen@peut ingecageditvicartclrienbwdicranf tht pRingerar@ia

automatic injection device fromthe patient prior to ¢ | eti on of delivery
of & ther aped ary B EFETCE-BAhTR pREMEL b RERE " D0 “Tre
wear abl e automatic injection device of claim1, wherein the therapeutic
agent conprises a protein in a solution. 41. The wearable automatic

i njection device of claim40, wherein the protein conprises 5any of a

fusion proteig, 1§ &Q&Ml@%gtoﬁf%%@&ﬁéc@&f’deivicg lor 8Rin? N IR, Mk ?an@é} abLAWEENt

thereof in a solution. e Wwearabl e automatic 1 njection device of

cl ai m 41, lahenedhanisthgompiiseh d Hipsing machgoam. speci ficity anti body.

23. The wearable automatic injection device of claim 22, wherein the plunger actuation

mechanism further comprises:
a fusee; and

15 a tether coupling the biasing mechanism to the fusee and the plunger.

24. The wearable automatic injection device of claim 23, wherein the plunger actuation

mechanism further comprises:

a damping mechanism coupled to the fusee for regulating the movement of the

20  fusee; and

a gear train including one or more gears for coupling the fusee to the damping

mechanism.

125



10 43. A nmethod for subcutaneously injecting a therapeutic agent into a
patient, the method conprising: providing a wearable autonatic injection
devi ce, cwOppiigi3dg?3 a housi ng conprising a patient cont &CT/USe11i083504
securable to the patient, 15an injection assenbly noveably disposed in the
housi ng hol ding a hypoderm c injection needle for insertion into the
patient, the injection assenbly noveabl e between a retracted position in
which the in on n e does. not ot rude out si de th ou3|n and an

ext ended posi 1 IHEMEAGRE eRoPRES intpieTISie b SaPEf B B I5HT et he

housi ng, 20a1ﬁ@ﬁﬁﬁhnpmﬁmmﬁedvkﬂn$hamﬂﬁusing for holding the therapeutic
agent, a plunger noveably disposed in the vessel for ejecting the

t herapeutic agent fromthe vessel into the injection assenbly, a plunger
actuation nmechanismfor actuating the plunger within the vessel, 25a
retraction trigger responsive to a change of state of the wearable

aut omat i ¢ i nj Zctlihewedable @etofpomngetiomdesctiodrlaimt 24, evheeinathpdstping)j ect i on

st at e, and 1%%ammns aiégggagkéoneﬁpch ghgg1for automatically retracting

t he |nject|on asseﬁBF MRS He ended position in the injection state to
the retracted p05|t|on in the post-injectlon state upon triggering by the
retraction trigger; securing the wearable automatic injection
device to the skin of the patient or 5an article of clothing on the patient

using the pat i?e %he%%ﬁﬁ%u&h%%ﬁ%e?g&ﬁ&é}ge o?‘@lglm 26, wherei th@‘gs%‘ha&h‘%ff ring the

t herapeutic agent into the e patient using th e automatic
i nj ection devingdanism is a swigp levEhescagivotd of cl ai m 43, wherein the vessel
conpri ses a syringe. 45. The net hod of claim 44, wherein the syringe
conprises: a barrel portion for holding the therapeutic agent; and

10 28. The wearable automatic injection device of claim 26, wherein the escapement

mechanism is a runaway escapement.

29. The wearable automatic injection device of claim 22, wherein the plunger actuation

mechanism further comprises:

15 one or more ball bearings for coupling the biasing mechanism to the plunger.

30. The wearable automatic injection device of claim 29, wherein the plunger actuation

mechanism further comprises:

a damping mechanism coupled to the biasing mechanism and the ball bearings

20  for regulating the movement of the ball bearings.

31. The wearable automatic injection device of claim 30, wherein the damping

mechanism comprises a viscous damper.
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a syringe needle coupled to a distal end of the barrel portion for
establishing fluid communication between the barrel portion of the syringe
and t he iwpeotwiess2seedl e. 46. The net hod of claim45, wreraispoiiioassofj ecti on
assenbly conprises: a septumthat is pierceable by the syringe needl e of

t he syringe; and a fluid conduit extending between the injection
needl e and the septum wherein piercing of the septumby the syringe needle

of the syrin upl es, the barrel portion of 20the syrin and t he

"nj ection needt o mypravkigiondlis GipeBth 44 B of ™ BT AEn ST HEE el e
of the syring@edhgnispaaedr Eonginisédhe septum when the device is in a
pre-injection state, and wherein the syringe needl e pierces the septum when
the device is in the in%FctH%n zfa:§. 4%. TQ& ne%hod of cIaH‘ 43, wherein
the vessel conpri $e8VE° et VPTG LGt PN Ng G Ul PETRICH? 98¢ WUher ei n t he
cartridge conpemsasc ageat hantel veperl;athon for hol ding the therapeutic agent;
and a septumthat is pierceable by a piercing needle. 50. The nethod of

cl aim 49, erein the injectio enbl y conpri.ses: .. . t he piercing
nead e for ect abl MRy HREM R RTRTR: SRRBE TESokne nygeparerlel Fon o
the cartridge and the injection needle; and a fluid conduit provided
between the injection needle and the piercing needle for establishing fluid
comuni cati on between the injection needle and the barrel portion of the
cartridge. 15h1. ~ i ; i i j tum by
t he piercing5%%gg§§%g?ﬁ%Eggyﬁ?%g%%gﬁl%%ggﬁﬁ 3ﬁ%§%§@§§§“ggp@p%%gauaﬁﬂ
conmmuni cat i onmgdnniee furtheecdyaprised: portion of the cartridge and the injection

needl e. 52. The nethod of claim51, wherein the septumof the cartridge
i s spaced fromthg d_%%@ln%fn_?écﬂ&iéﬁ?&%%dﬁ?& the B sh & Hel sOMcASERIRbMK iy ¢ he
device is in a pre-infeCtion state, and wherein the piercing needl e pierces

t he sept ul whiemcauhée He vjceoniof thedhardpsuiiqjesatfromthstvassel.  53. The net hod of
claim43, wherein the vessel is noveably disposed within the housing. 54.
The nethod of claimb53, wherein the vessel is noveable between a first
position in a pre-injection state and a second position in the injection

st at e.
34. The wearable automatic injection device of claim 33, wherein the damping

mechanism comprises a flow restrictor for maintaining the hydraulic pressure
downstream of the flow restrictor toward the vessel at a lower pressure that the hydraulic

15  pressure upstream of the flow restrictor toward the source of the working fluid.

35. The wearable automatic injection device of claim 34, wherein the flow restrictor is
coupled to the retraction trigger and wherein delivery of the therapeutic agent in the

vessel causes the flow restrictor to activate the retraction trigger.
20
36. The wearable automatic injection device of claim 1, further comprising:

a needle locking mechanism for automatically locking the injection needle in the

retracted position within the housing in the post-injection state.
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555. The nethod of claim54, wherein the wearabl e automatic injection

devi ce further conprises: a vessel actuator for automatically

act uat i ngvoheiwvessel fromthe first position to the secenu/ysesisisns 10 56.
The net hod of claimb55, wherein a fluid pathway is established between the
injection needl e and the vessel when the injection assenbly is in the

ext ended position and the vessel is in the second position in the injection

state. 5 he nmet hod of .claim 43, wherein_th | unger tyation
rechani sm ef otk I RETRBE e ARHE PR TR PR R 3 WhsBRT S RAOEiR ol 1 ed
rate. 58. Thaedmetihodo@priel:ai m 43, wherein the plunger actuation nmechani sm
conpri ses a biasing nechanism 20 59. The nethod of claim58, wherein the
pl unger actuation chani sm further, c rises: a.fusee; d a tether

oupl s ng o bi as G R BRaPSH e e BT o i EF e gl R

met hod of cl aicwib®, wherein the plunger actuation mechanismfurther

conpri ses: a danpi ng nmechani sm coupled to the fusee for regulating

t he novenent of the fusee; .and 5a gear train including one or nore gears

for couplihg the PSS 85 AEORIRIRAE s Ranrarld 5t hedlesenas®ic cl ai m
60, wherein themndirpisilg teehsing shechapirisesechanisis ¢Ou s fadamppsetion; 4d 62. The
nmet hod of claim 60, wherein the danpi ng mechani sm conpri ses an escapenent

mechani sm 63inelDEmTE 02, %edﬁa'@%@rg R c1dOPLR el 1RSERRE NG dle

mechanismis a swi'sS Iever d escape
from protruding outside the housing when the barrier mechanism is in a second position.

10 38. The wearable automatic injection device of claim 36, wherein the needle locking

mechanism comprises:

a needle lock release mechanism responsive to retraction of the injection
assembly from the extended position in the injection state to the retraction position in the

post-injection state; and

15 a pivoting member coupled to the injection needle and to the needle lock release

mechanism;

wherein activation of the needle lock release mechanism causes the pivoting

member to pivot the injection needle away from an injection needle aperture in the

housing.

20
39. The wearable automatic injection device of claim 1, wherein the post-injection state
comprises completion of delivery of a therapeutically effective dose of the therapeutic
agent and removal of the wearable automatic injection device from the patient prior to
completion of delivery of a therapeutically effective dose of the therapeutic agent.

25
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64. The nethod of claim 62, wherein the escapenent nechanismis a runaway
escapenent. 20 65. The nethod of claimb59, wherein the plunger actuation
mechani srwbuptisss2gonpri ses: one or nore ball bearings PoT/usouplod3sgs t he

bi asi ng nmechanismto the plunger. 66. The nethod of claim65, wherein the
pl unger actuati on nechani smfurther conprises: a danpi ng nechani sm
coupl ed to the biasing nechanism and the ball bearings for regulating the

novenent of the.ball bearings. 5. 67. The t ho f claim®66, wherein the
o g, mechall e AP el Pisetifi i ERMAF ey BeTeRRuke: "ol 2t m
43, wherein tdmppbesngrociact wadlu@m. mechani sm further toconprises: a
source of a working fluid for providing a hydraulic pressure to eject the

t herapeutic agent fromthe vessel; and a fluid conduit provided between the
source of the working fluid and the plunger. 15 69. The nethod of claim 68,
wherein the plunger actuation mechani smfurther conprises: a danpi ng
mechani sm coufll. the tweatahle aviessed ingrdort dreics oficlaian 4F, whheinvbe kiorgn ¢dmpridest o

regulate the glegl i of i, LASEAPettl Gagent, oM LG Ksssly #of0- The
met hod of Tl al 8 "W ET ' ' d%ﬁplng mechani sm=conpri ses-a oW

restrictor fonaaiutd@ai ni ng the hydraulic pressure downstream of the flow
restrictor toward the vessel at a | ower pressure that the hydraulic
pressure upstream of the flow restrictor toward the source of the working
fluid. 71. The nethod of claim 70, wherein the flowrestrictor is coupled
to the retractd dictcpghsruigrgtinmeciomdeyiriofelpipn HF whaein therdibedt i@ dglent in
t he vessel CQ%%&ﬁchﬁﬁE&ﬁM/reStriCtor to activate the retraction trigger. 5
72. The nmethod of c¢laim 43, wherein the wearable autonmatic injection device
further conprises: a needl e | ocking mechani sm for automatically

| ocking tHe injection needle in the retracted position within the housing
in the post-injection state.

43. A method for subcutaneously injecting a therapeutic agent into a patient, the method

comprising:
providing a wearable automatic injection device, comprising:
a housing comprising a patient contact portion securable to the patient,

15 an injection assembly moveably disposed in the housing holding a
hypodermic injection needle for insertion into the patient, the injection assembly
moveable between a retracted position in which the injection needle does not
protrude outside the housing and an extended position in which the injection

needle protrudes outside the housing,
20 a vessel provided in the housing for holding the therapeutic agent,

a plunger moveably disposed in the vessel for ejecting the therapeutic

agent from the vessel into the injection assembly,

a plunger actuation mechanism for actuating the plunger within the

vessel,

25 a retraction trigger responsive to a change of state of the wearable

automatic injection device from an injection state to a post-injection state, and

129



to 73. The method of claim 72, wherein the needl e | ocking nmechanism

conpri ses: a bat her nmechani sm noveably di sposed over an injection
needl e apwot20rie13s823t he housi ng; wherein the injection neculuS2@po®BISEe i S
open and allows the injection needle to protrude outside the housing when
t he bather mechanismis in a first position; and 15wherein the injection
needl e aperture is closed and prevents the injection needle from protruding
out si de the housi ng when the bat her. chanismis in a second .position. 74.
The method of cl ai m 72% SIREVE R RESHEEAP B sl B S or i ses: ' a
needl e | ock rel easesemBhfasih §iNeck@8EdPSsiien inQhd Bjccaat dtantoahe tehectédj ect i on
20assenbly fromthe extended position in the injection state to the
retraction positi GRSIPPP PR %gtnlqcﬂ?‘b%‘l‘t? BRIt 3§t gg}ﬁgle retraction ey ot j ng
menber coupled to the injection needle and to the needle | ock rel ease
mechani sm whedcatiie @e iewable aftomhtid iR ctigaithee konk skiebehs patircdrani sm
causes the pivoti er tg pivot the injection needl e away from an

hi ecti on hoeth e dperiapas ph Rl un e Phet SRl Fabe SuSBR eiial m 43,
wherein the post-injection state conprises conpletion of delivery of a

t herapeutical |y effeadimiwsteting eheafierifestid dpenapeuld kiragfend pang usiapmeal of the
wear abl e automatic injectian device fromthe patient prior to conpletion of
del i very of aWVﬁ%i% JUEAPPSIOBAPYLY i ve dose of the therapeutic agent. to
76. The nethod of claim 43, wherein the therapeutic agent conprises a
protein in a solution. 77. The nmethod of claim 76, wherein the protein
conprises any of a fusion protein, an enzyne, an antibody, or an

antigen'bindiﬂﬂf%%gﬂﬂﬁﬂkﬁE@ﬁ%&?iﬂkﬂmﬁygg%@ﬁ%&gpg£§as%ﬂ&enEthOd of claim77,

wherein the anti y1s a speci y an ody.
10
45. The method of claim 44, wherein the syringe comprises:

a barrel portion for holding the therapeutic agent; and

a syringe needle coupled to a distal end of the barrel portion for establishing fluid

communication between the barrel portion of the syringe and the injection needle.
15
46. The method of claim 45, wherein the injection assembly comprises:
a septum that is pierceable by the syringe needle of the syringe; and

a fluid conduit extending between the injection needle and the septum, wherein
piercing of the septum by the syringe needle of the syringe couples the barrel portion of

20  the syringe and the injection needle.

47. The method of claim 46, wherein the syringe needle of the syringe is spaced from
the septum when the device is in a pre-injection state, and wherein the syringe needle

pierces the septum when the device is in the injection state.
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48. The method of claim 43, wherein the vessel comprises a cartridge.

49. The method of claim 48, wherein the cartridge comprises:
5 a barrel portion for holding the therapeutic agent; and

a septum that is pierceable by a piercing needle.

50. The method of claim 49, wherein the injection assembly comprises:

the piercing needle for establishing fluid communication between the barrel

10 portion of the cartridge and the injection needle; and

a fluid conduit provided between the injection needle and the piercing needle for
establishing fluid communication between the injection needle and the barrel portion of

the cartridge.

15 51. The method of claim 50, wherein piercing of the septum by the piercing needle of
the injection assembly establishes fluid communication between the barrel portion of the

cartridge and the injection needle.

52. The method of claim 51, wherein the septum of the cartridge is spaced from the
20  piercing needle of the injection assembly when the device is in a pre-injection state, and

wherein the piercing needle pierces the septum when the device is in the injection state.

53. The method of claim 43, wherein the vessel is moveably disposed within the
housing.
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54. The method of claim 53, wherein the vessel is moveable between a first position in a

pre-injection state and a second position in the injection state.

5 55. The method of claim 54, wherein the wearable automatic injection device further

comprises:

a vessel actuator for automatically actuating the vessel from the first position to

the second position.

10 56. The method of claim 55, wherein a fluid pathway is established between the
injection needle and the vessel when the injection assembly is in the extended position

and the vessel is in the second position in the injection state.

57. The method of claim 43, wherein the plunger actuation mechanism ejects the

15  therapeutic agent into the patient at a controlled rate.

58. The method of claim 43, wherein the plunger actuation mechanism comprises a

biasing mechanism.

20 59. The method of claim 58, wherein the plunger actuation mechanism further

comprises:
a fusee; and

a tether coupling the biasing mechanism to the fusee and the plunger.
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60. The method of claim 59, wherein the plunger actuation mechanism further

comprises:

a damping mechanism coupled to the fusee for regulating the movement of the

fusee; and

5 a gear train including one or more gears for coupling the fusee to the damping

mechanism.

61. The method of claim 60, wherein the damping mechanism comprises a viscous

damper.
10

62. The method of claim 60, wherein the damping mechanism comprises an escapement

mechanism.

63. The method of claim 62, wherein the escapement mechanism is a swiss lever

15 escapement.

64. The method of claim 62, wherein the escapement mechanism is a runaway

escapement.

20 65. The method of claim 59, wherein the plunger actuation mechanism further

comprises:

one or more ball bearings for coupling the biasing mechanism to the plunger.
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66. The method of claim 65, wherein the plunger actuation mechanism further

comprises:

a damping mechanism coupled to the biasing mechanism and the ball bearings

for regulating the movement of the ball bearings.

67. The method of claim 66, wherein the damping mechanism comprises a viscous

damper.

68. The method of claim 43, wherein the plunger actuation mechanism further

10 comprises:

a source of a working fluid for providing a hydraulic pressure to eject the

therapeutic agent from the vessel; and

a fluid conduit provided between the source of the working fluid and the plunger.

15 69. The method of claim 68, wherein the plunger actuation mechanism further

comprises:

a damping mechanism coupled to the vessel and the source of the working fluid

to regulate the ejection of the therapeutic agent from the vessel.

20 70. The method of claim 69, wherein the damping mechanism comprises a flow
restrictor for maintaining the hydraulic pressure downstream of the flow restrictor
toward the vessel at a lower pressure that the hydraulic pressure upstream of the flow

restrictor toward the source of the working fluid.
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71. The method of claim 70, wherein the flow restrictor is coupled to the retraction
trigger and wherein delivery of the therapeutic agent in the vessel causes the flow

restrictor to activate the retraction trigger.

72. The method of claim 43, wherein the wearable automatic injection device further

comprises:

a needle locking mechanism for automatically locking the injection needle in the

retracted position within the housing in the post-injection state.

73. The method of claim 72, wherein the needle locking mechanism comprises:

a barrier mechanism moveably disposed over an injection needle aperture in the

housing;

wherein the injection needle aperture is open and allows the injection needle to

protrude outside the housing when the barrier mechanism is in a first position; and

wherein the injection needle aperture is closed and prevents the injection needle

from protruding outside the housing when the barrier mechanism is in a second position.

74. The method of claim 72, wherein the needle locking mechanism comprises:

a needle lock release mechanism responsive to retraction of the injection
assembly from the extended position in the injection state to the retraction position in the

post-injection state; and

a pivoting member coupled to the injection needle and to the needle lock release

mechanism;
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wherein activation of the needle lock release mechanism causes the pivoting
member to pivot the injection needle away from an injection needle aperture in the

housing.

75. The method of claim 43, wherein the post-injection state comprises completion of
delivery of a therapeutically effective dose of the therapeutic agent and removal of the
wearable automatic injection device from the patient prior to completion of delivery of a

therapeutically effective dose of the therapeutic agent.

76. The method of claim 43, wherein the therapeutic agent comprises a protein in a

solution.

77. The method of claim 76, wherein the protein comprises any of a fusion protein, an

enzyme, an antibody, or an antigen-binding fragment thereof in a solution.

78. The method of claim 77, wherein the antibody is a dual specificity antibody.
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