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and enhancing transdermal delivery of a biologically
active agent across the skin. Mre particularly, the

i nvention rel at ACTIY RAGENTDRIMERYADEVEECE system
for adm ni steri ng IBAVINGAaQOVEPOSTEE MERIBERSNt t hr ough
the stratum conmeum using an array of skin piercing

m croprojections that have a dry coating of the

bi ol ogi cal |y active ageﬂtECWK‘eﬂnBIEMél y, the 10

b| ol al active a [ tal ned, | gervo

B s P! B e G SRy oPain BistEmal activery
m Cf&&rﬂ?blﬁgfbhl@ﬁa@{v%%entﬂh%@ﬁ#l@ Rl Mgk ‘éﬁfc)dla‘?lfy {hR8nvention
agent is facilitated  when the appllcatlon of

m criglesjtes pewnine@istdeiveriisysterh fer adatinistering @ baelngically astive

o oreph g LSRG St n Aee ot ey BLTRF BieBlBg miffoprojections

t he @aniabe Qﬁrﬂ%%ﬁhg aF iRMiAbgit N dXiGE Q) ARrhANRR Ly, IR
BACKGROUND 02] “"Active agent’s or drugs are m)st
convieolpgoaliy athadgwmustcmt&miecbmtahesrermnad)ﬂ matrigraffiyed to either

i nj ect nf ort unat el ma activ ents are . .
ConERE §F Bhan e aR S Bob i g e SO Aoy @6 disagent is fcilitated
ef fi | :

are ﬁ%ﬁ?“%%“‘“ﬁab‘?%‘?%*e%f’%%@ei‘&(@%?ﬂaﬁe%kgfﬁe{%%é e paCin 2 manner
ent ethatngcrbatses ﬁieomdﬁxer eﬁmmﬁoﬁeb@s dmercmg thepsksis esdbintieases the
desired acti v ﬁ% %he ot her(h‘h t he. di.rect

i nj SOPFIFANGFOLtt d%ﬁj‘éﬁ PSIRTBON ¢fdhe THRIARTISHATS whi | e it
assures no nodification of the agent during

adm nistration, is a procedure that is difficult,

i nconveni ent, pai nful an@ACKGROWNDabl e and V\,hi ch

sonetines results in poor patient conpliance.

[ 00089021 ARtivs@epteor @wafh%re Srashrorgentiqnafly aﬁm@vsta@g ejther orally

a gg&rr W%gg tigd rﬁrnbgaﬁ%apl na ilg?e agaggs%é 05@Tpfete%'e&ecuve or

eed to poder

i nj dave eadically redmbécﬂwﬁmmheﬁnfdislil}oﬁdmlﬁfsﬁdﬂédj 8fnd8 khey@@hér are not
del i verg of fers i nprovenments in both of these areas.

Tr arfOsREPeheT 18 pdxstely alfjeiad hedorp snteting Hiedieqdstiesm ged fhus do not
aVOI % %) e%glee%ra%B}/ﬁng){l BN, h%gd tﬂe dﬁi cggr%tfclzt}/on of the agent into

ypasses gas est1 nal

r eduﬁeslofxﬂsltr%bmpﬁrﬁﬁe afdsaeéssno IﬁB&iﬁaMQindﬁ“ thd' &Py e
deactivation by digestive and |iver
administration, is a procedure that is difficult, inconvenient, painful and

uncomfortable and which sometimes results in poor patient compliance.

[0003] In principle, transdermal delivery provides for a method of administering
active agents that would otherwise need to be delivered via hypodermic injection or
intravenous infusion. Transdermal agent delivery offers improvements in both of
these areas. Transdermal delivery, when compared to oral delivery, avoids the
harsh environment of the digestive tract, bypasses gastrointestinal drug metabolism,
reduces first-pass effects, and avoids the possible deactivation by digestive and liver
enzymes. Transdermal delivery also avoids the adverse effects of some active

agents, such as aspirin, on the digestive tract. When compared to injections,
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enzynmes. Transdermal delivery also avoids the adverse
effects of sone active agents, such as aspirin, on

w0 b4dégest i ve tract. Wien conpared to injectipOEUSAM3/041334

2004/ 060473 PCT/ US2003/ 041334 transdermal agent
delivery elimnates the associ ated pain and reduces
t herapsxbsr'nb]i dgentydeligéryiehifmadtésahe agsaciated painnsidandiess the possibility
ho rate.of deljvery or flux.of. ma ag nts
Y S ectsto In PRy iRirobiSs hENe by e ot S PRI
t h ea%élﬂ? WYl tﬁé‘{)z{s\élve Sah&elhMGoute id R8AhitedSo be tﬂﬁiﬂeuﬁmﬁﬁ“

he art he term"transdermal " iIs a generic term
refeéﬁectn\mg to the passage of an active agent across
skin layers. The term "transdernal", as used herein,

thus refers to the delivery of an active agent (e.g.,

mjn.t fapguk '\&%11%%% in fHCH, AR t@mdl “Hﬁmsda{na‘i’r‘rs a Cgenerlc term

nologlca active agent, such as a 10 vacci ne)
t hrrefegingt tb ehes;kasmgb@f ahectiveagknttacass ekio ﬂawyss Therteem
circulatory system wt

h subst ant cutti
pendeREerB gt vspbhainnt %‘1§£th gA%th@&rilrfmg %’ﬂ e agent (e.g. 2

Suf f80dA &
necarafufkaf. §n oPy B, Pl MGt dof HRAESIAN & o
delviayetia) thitoaglp drsskiretodhd Touslitzaueas swlsﬂmc c’tﬁcumorgleysitm without
based upon external energy_ sources,. includi

eI éebsrtarmat guttiag gt peneirgiinrcRfifhe ddn.spch A %%t%wﬂa a(sgrgical knife or
1er gtﬁesi ﬁw?tﬂ% Hfg fransder mal agent

y re y on passive diffusion
to adntnlster the active agent. The noted passive
t ransder nal transport (or delivery) systens general

i ndPRRA aTrans&gem ag@ﬁéﬁwﬁw inchifea i veey Watppgh'e dlffusm%/ as well

concent.r a n T

Cas R b Rhof AL Rr B ccn TGRSty B

t 0 jghtbphisiesié)hniedghuntilieg s shenopheresisird Heae M@ﬁ&/trﬁnsﬂsm agent
or bl oodstream of a patient. [0006] While active

ag ede:tlgerd@y@ems gewrglygsiywal nasuve ¢ikision tmadmigisier/the agtive agent.
e o

edgentl\@%&f)é@@éiﬁiﬁg a High &ndeitrdtiond€hh 8MBredigent. The reservoir is
therapeutically effective dose, require higher

delddaptes to cansast theeskin ahidheenables theegemyo §rfﬁ;5r: érpaghsihg gkin and
trans Thus ch instances, one

or S E ga AX%%u%so%&éoq%&r%%%%Bg}be)?rer nal  energy

sources or active transport systens are enployed. 30
[0007] Theoretically, the transdermal route of

adrf0a0&}t r Whilenctoeulgdntb do difflsapassiehuaréssibotihtbe datumegoyneum

of an }¥e eplgé uhelz r%teporf%%t%ltsqc?n thr Sckurzg%%hg srtPattI%In 3m3um is often the
limiting step. Many compounds, in order to achieve a therapeutically effective dose,
require higher delivery rates than can be achieved by simple passive transdermal
diffusion. Thus, in such instances, one or more of the above referenced external

energy sources or active transport systems are employed.

[0007] Theoretically, the transdermal route of administration could be
advantageous for the delivery of many therapeutic proteins, since proteins are

susceptible to gastrointestinal degradation and exhibit poor gastrointestinal uptake
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susceptible to gastrointestinal degradation and
exhi bit poor gastrointestinal uptake 2 WO 2004/ 060473

wEOU8RO3/ 041334 and transdernal devi ces ar BCTYDSI03/041334

acceptable to patients than injections. However, the
transdermal flux of nedically useful peptides,

pr mnditmsdqnmhl)/(kﬂtm’:h arei mers aceapthbleDNAvaiients fltagnnjections. However,
[ fficient to eutjcally effective due, t

b
¢ hehf ipasdetpeat ;ﬂulxéff gredicaflusetit Reptifes, PTG polypacegiss, and
| nsﬁgg i§ §fterqntsﬁfﬁcwﬁ? 1 thﬁr%b%;tfc@ltlyeei?&tlfvé Hite losthé relatlvely large

cilent to produce t esired effect or
agedite/meslechlgr welight qfithese niadeaqudasc Iﬁ)freg the¢ dadivieay gl&t orsﬂuxels
for, exanple while in i ent’ sbloodtre [0008] ..
ne. PSRN RiRENCE Hitdraeed ST Peing SR CRASEEH e GERT 10 Tekching
fl Bnild RANE BRI BRoGlirdafte Skin, the
Si gtéegﬁn%&(gﬂggglgg{}%ggmhlcgpﬁp pernt%esoofrthe agent 10
nol ecul e, and the concentration gradi ent across the
Skl n Because of the |ow perneability of the skin to

ol i %lsa@k’dhlf@w’b‘&é%ff ¥é the wensder peg (fiuy dt gengadent upon
i
AT T BT e
out @mbRregE, aﬁidl the bcﬁ'y:eﬁtrdtkbatgrm asioss e skinatBecasadf tellbw
filled with keratin fi bers (i.e., keratino

t
su rmmml@htmf the ki tMpRYASHYE 2G9S PRISHIF tfﬂné y eg%ﬁhfsry has had
t
L8, K816 BRSNS BIRBLSpESLA

01 EcdTRtM®, ﬁh@”@&tbﬂ@bﬁﬁkm Neethal agsistief ag $1|ea/dacells filled with keratin
transdermal diffusi onal agent flux involve

pr eﬁbarss éltel rkgratinecyrs) rsuwmﬁled by lipl ilayerse thwdu%lvnrqeﬁ%d
L
20e 0 cue SR RPN SRR e AETR R o

t hegig@gRcolnsude! i ver ed, enhances the flux of the agent
t her et hrough. However, the efficacy of these nethods
i n enhanci ng transdermal peptide and protein flux has

2 sgtbé)ﬁéfn @éld g?]r%gg? é?%g‘%d %Aﬁlg?rtegstlrg%fhe ?ggsﬁ%etr&n@ﬁ&ﬁﬁpﬁitfﬁlsional

agedenf hix idvidRY ghe- fr&@m@tﬂﬁ@ik‘ﬁmwﬂﬁrmétﬂeh%ﬁngwﬁh the agent, a skin
enhahcenment for transdermal agent delivery is

r ef pemmdtlmmeramndﬂl e‘cparmneatmsqmbmcer mensﬁpnb%@rﬁ kady gyeface

t ent. t
appthgl%r g’:]gglgttllﬁ aghv&mdr, gxﬂ-tan uth @8’& yf h§ %lt é}éergthrough.
enhgicRvil ﬁf&%’?ﬁ’éatc?/ of thchema®edd intddh el iR dehdadbeptide and

corneum 30 [0011] There al so have been many attenpts
t o petdiafilug bt peqpdimeitedat e or di srupt

[0010] As stated, active transport systems use an external energy source to
enhance agent flux through the stratum corneum. One such enhancement for
transdermal agent delivery is referred to as "electrotransport.” This mechanism uses
an electrical potential, which results in the application of electric current to a body

surface to enhance transport of the agent through the stratum corneum.

[0011] There also have been many attempts to mechanically penetrate or disrupt

the outermost skin layers thereby creating pathways into the skin in order to
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the outernost skin |ayers thereby creating pathways
into the skin in order to 3 WD 2004/060473

wEFOse8RA03/ 041334 enhance the anobunt of ageneChEs1993/041334

transdermal |y delivered. Early vaccination devices,
known as scarifiers, generally included a plurality of
t i renbame theaodwes of hgint beieg ¢rasgpimally detiverled. Ehily vaairstidn

tch k al | ts.jn th f | ication.
ThaloyRes REV AL SBIeTe Snsallvapclpdes LRIRTR LR e oL Rpeies tha
S uc\Der@%p ied to gﬁ:lts‘f(m toNAd seraphds? fmakd @miafl SHRn kiR FF8PSMBlication.

or as a tte Iquid applied to the scarifier tines,
sucThe vascibk $as Batledteithier. todic4 5301006 skimssiet as &J. 8 apgnt dlo.

8 %,4&@:’%%5% to é::aéeg)gél gg gs %gggggliciugd R?ﬂ\a?ﬁtqé _rtll%cs’car?ﬁer tines, such
Scafiith 5ep sefAE 491?@ D26 §§§gg&&?@§lyj SU SEatkdt Nd19,109,655 issued to
delrvery of i nt radefmal vacci ne’in part because only
ver§hacsimt ) ordirb uPdtent dfo. BHE6)344 disned wd€dviin Hearifiers have been
delivered into the skin to be eff&g%ive in 1q?

i mAvEESsadfor wee ipahg debivery ddntaderyleipagine i RaKk hegause only very

di s . . S ki var . _
i R S e R T

of igehiniging fg pnesxact predeterni ned dose. Al so, due

to the elastic, deformng and resilient nature of skin

15 to deflect and resist puncturing, the tiny piercing

el e f do_n ni . . i .
P2, B P ke PR n S0 e Bt v
UPO#LesiKis the ety ad designin®8 dBlenitdpabledd deliexinghmtexaste

tiny skin piercing elenents to enhance transdermal 20 .
agepredeiemiipes §osgr Slsg, dut osbe elapfizdeiopaing apdresienigatupef skin

0 407063A1, .U . S. Paten 19, ' :
CoaiTet sng regft pOL e, ohbny Ak ieerk SR Rt uniformly
al . peneftaté {b Sdrfan UL E wigeda@sst a [Rfuiddoatin® o2 adagABupon skin
issued to Lee, et al., 3,964,482 issued to GCerstel,

et pénetraRei.ssue 25,637 issued to Kravitz, et al., and

PCT Publication Nos. WD 96/37155, WO 96/ 37256, WD

96/ 17648, WO 97/03718, WO 98/11937, WD 25 98/00193, WO

97/ éﬂ%‘ié » Oer ag‘éié&‘m@tausy\@n?ﬁiﬂgﬁéﬁng VeRA1sQ0 tMiancy\@ansdermal
99/ 645 WO 98/ 28037, WD 98/29298, and WD 98/ 29365;

al | aganc delporaredissipsed ffarreprs Patent Nei EP @rO7P&IAL UrfiePatent

108 VSR S5 GHELET, PRI gL Qehmpltosta,

St r 3hynsgRLReh Rtbsd Beal., 3K350,028%sued to Lee, et al., 3,964,482 issued to
Gerstel, et al., Reissue 25,637 issued to Kravitz, et al., and PCT Publication Nos.
WO 96/37155, WO 96/37256, WO 96/17648, WO 97/03718, WO 98/11937, WO
98/00193, WO 97/48440, WO 97/48441, WO 97/48442, WO 98/00193, WO
99/64580, WO 98/28037, WO 98/29298, and WO 98/29365; all incorporated by
reference in their entirety. The noted devices use piercing elements of various
shapes and sizes to pierce the outermost layer (i.e., the stratum corneum) of the

skin.

[0014] The piercing elements disclosed in the cited references generally extend

perpendicularly from a thin, flat member, such as a pad or sheet. The piercing
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[0014] The piercing elenents disclosed in the cited
references generally extend perpendicularly froma

wa biowpedsraat nmenber, such as a pad or sheet. ThECT/US2003/041334

pi ercing 4 WO 2004/060473 PCT/ US2003/ 041334 el enents
in some of the devices are extrenely small, sone o
hawelengerds mi somemt theedavicos are| extrgmialysimadln kFgmebarang 2 Hricroprojection

40Q m crons and m croproj ectjon.thickness of onl

abdeAeth 8T el gbot 455400 Phtrabs a8 §picsPRRISeRER dligkrenyof only about
el &Ted $idFe 1R GRPABLIA i Berhents make correspondingly small
mcroslits/mcrocuts in the stratum corneum for
enhaieodshity/micartsitban ity stagyem torheate | fovanhgndihg trensder lagent

[00 ﬁ& Ge er$%£y these systens include a reservoir

f ordeHYFYithgye ghctive agent and al so a delivery
systemto transfer the agent fromthe reservoir

through the stratum corneum such as by hollow tines

of [DbES]deVéneenliyt thebd systems inoladgd esatois fiatholding theetiveagent

that includes a liquid agent reservoir is disclosed in
PCRNARF AGs Ve SYSSR19 falsTorhe agst SOULINE FRGEIT thotgh the

ho ESRH ! i ideAttef, @B8%ample of such
g e b EPRoNy LALEH ARy dclih, R Tkimple of suc
The dhvrduatrihegds adiquidiadent earveie s dikalesed e PCAPubhBo. WO
added conplication, and expense of addjng a ..

pr e54LFP2adine eIV raust.dOREY 8 Pe aﬁ-'aSWﬁ% (9 £ox¢q thRdapgeasent
to ek 9L bEEVAntalSs of such

b ERERIRNES Ry Qe OTCUED. SR e B oL

al sdevies sisligclide thoaddet kempiitationmndjeepdrise 0 addinga piessurizable
agent to be delivered and have this coating served as_ .

t heliquidsesewveirand semalicatipps dee tprihe presensp of # Pressuserdngen delivery
10/94@ 842, which is fully 20 incorporated herein by
ref@Pefte. This elimnates the necessity of a separate
physi cal reservoir and devel opi ng an agent formnul ation

or conposition specifically for the reservoir. [0017]

Thul01ehelnstepd ofa plassisal issarbeifribls asecpossibledaseat thie
periirat e fens R aBsfy BERRRA B EIENogtiBlerved as e

COoNfek&hoit N8 dYRIdsad iom.Si ApphéatiogMas. 1netus 34 ephibh of futlhe

m croproj ections when the array is applied, 30 [0018]

A dievorperatérthier¢indy refersace: abrpeliminates the macessity of ascparate
nmeans to, deliver dpsage of activ en i th. .
e S e SR B B AR sl SPecicay
becaysit Lhgv@gt ual variation in the delivered dose is

much smaller. In addition, the

[0017] Thus, there is a need to control and increase the percentage of
microprojections in an array that penetrate the skin as well as provide a way to

control the variation in the penetration depth of the microprojections when the array

is applied.

[0018] A device that has these capabilities will provide a means to deliver a
dosage of active agent with less variation. Such a system is safer for the patient

because the actual variation in the delivered dose is much smaller. In addition, the



5 WD 2004/ 060473 PCT/ US2003/ 041334 systemis |ess

expensi ve to manufacture because agent utilization can
wh20on060d73 preci sely esti mated and wast age r eduR@riUS2003/041334

[0019] The device and nethod of the present invention

overcones these 5 limtations by transdermally

delsystemiis tesaetpcosivg tccmbhyfaciuteibgeavag egant yslizajioa can be more

m croprojection array that is applied to the skin with
a ﬁ’éf:‘ﬁ%f?#%s&mal? W%%ﬁlr‘?déﬁ?%r, wherein the
m croprojection array and/or the inpact application

are adapted to increase the nunber mcroprojections in
t hg0ar9]ayltehiryica@nd alcthodpdlet praseat invihetickoveradneas thdse

m croprojection arr | s applied, Ln addition, the
uniireations By Hransdsmaslly dslineies Siplari I AFtyE apeht yrine 2

m hi8Gtd 82t 8918 BRIBH: wittPD &EnAfcal impact

ef ?rgfgﬁp\?dg@ggdé%t?ﬁge ailve%g) 1desi gn forWla coat ed1 @ tmpac

m capplicaopreeheen the mayroprapeption @sray had/ot the impadyepplafation are
m croprQj ections that penetrate the.slﬂ_imn and the

J pt h
of 2dgRIRE LG HiCTeasF the NYRbRIGRIGTATPISE o dn Wﬁ?aﬁcmgﬁy penetrate
posgl blif w iGif4rtay5 YplleAd e hddkBoR R niformity i
Gor 1o W A Rlcrbo RS oA e b0 R IR bniformity in
m cthepemh e€ péreirapemnef tha hiicop@pattibheis atbophéreased.
penetration can significantly alter the total anount
of active agent coating that is introduced into the
ski d [ f - [t ion Qfr
e R S
COoadeiiiges tR4) thdRAdber Ofienicreplofdtibns thaspesietrata thdwkireseithe depth of
and reproduci bl e penetrati on of the_skin

., SKI the . :
m chedpirdjanche; asisontrelisd and unyorya as ﬁosﬁjé)éq‘l%‘rﬂrgé] to ieﬁfg%{e’tely predict
S b | . nechart
P Sgh? AL P B OISR AN BB R e
desddpaest penetral candighifiahsy irdr tietdtal apooniustiabtiee dgenceating

to the mcroprojection array. This reduces

var thatos intradupest ingethe skipland dierefpes pgnihemntly aiers fhepmeunt of

wel |. as.reducing variabjli -yusers. Such a
devl?lgg)gfcﬁﬁy ﬁ%bvf%%ﬁéiﬁ%ll% %1:%11{%?6%?{ %ﬁ%ﬁ%ﬁﬁg > an ext er nal
surface that is designed to strike a portion of the

m croprojection array systemand drive it into the i

ski [P0/ T hOne metpdlite psrist anithgsiien ek ispiadneible repgteation of the skin by
Several. vari.ati ons of designs ,an

e By gl is GISEH P TRHP o saiopMapety the

U. Sijicr J8e'cﬁéﬁ hofBto th&§dit OF HrlleriidlyisGEFhdeOrSubB S device can be designed
09/ 976,798 and 09/ 976, 763, which are fully 30

i ncorapphyae @vhsistantand teprodutibledpise to trepcrpuaegsugrgy. This reduces

PCTéa%Sa%QR;})’ gt%vlegr? gpplications by the same user as well as reducing variability

between users. Such a device includes an applicator tip that has an external surface
that is designed to strike a portion of the microprojection array system and drive it into
the skin with a predetermined and reproducible force. Several variations of designs
and methods for an impact applicator are described in several pending U.S.
Applications, including Application Nos. 09/976,798 and 09/976,763, which are fully

incorporated herein by reference.
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[0022] The present invention acconplishes this
increase in the percentage of penetration and the

waiofi/oemvi y of penetration by utilizing one of PGBRUSN63/041334

configurations of the mcroprojection array and the
i npact applicator tip. 5 [0023] The invention calls
f or[0022] UBlee méseat owamtasi dceomplishopthng incteasmindhe pgreentage of
and/ or @a conposite inpact appl.icator..tip. A conposite
i cneasﬁr@}oaangghe am?ogylr@&%gﬁ tigi by tiligipe %Wgﬁggqaf

| ay . : . .

m RS hE eI llof bt And e IR Bpiica tey

two conponent |ayer includes an annular ring of a
conpressi bl e materi al ﬁgrrounding a ci.rcu) ar di sk of

. a
harl@0%2h r The ingentiongells feathe use pha ZREPOSieTRICEIROIEHPSATTHY and/or
di . ] et | :
corbartfostE ithfty BalcaRh ST b RlE Meropdietibn My consists ofa
r i ngvocdomponemiregs abhchedad theiskin didtaicedacanfitee esaeprojection array.
ridge | ocated around the periphery of th I npact )
appiniagueisrred epbodiment e P ogentIpyeT | § 8 apyding of a

D S SO BFEpPL I S s
CONgPpesSinBlcsy the Bgmadiiniche as eetreicrapesjedtiom a@fayt he skin

di stal surface of inpact applicator tip are
essentially co-planar. [0025] Utilizing a

. o . -
el BBER BAC MRS Sflpfth Moy R U TS M Bl i of
I es¢linigsredsibl@matefial prac& inRedebRd Mdab tocaell atdimd the periphery of the

m croproj ections that penetrate the skin and al so
r esimpast appligafor tipr Ehesdimensippeof tharacessad rilgeand the thiekieps of the

of m croprqjection.penetration. 2 The. t]

o OB S5 A RoPE RS e FOBRE v iR o e
25 EBrsprofinde AR hAdhe cMteLpdHieh 8f dBlskin diftgl Jubfaekofitpatts

| ess than 50 mcrons and, even nore preferably, |ess

t haspphiSatai Gp aresesseBoAkY ed-planat he coating thickness is

an average thickness neasured over the coated

m croprojection area. [0027] The nost preferred agents
ar eE(fé)Qb]e cugflzihs amichpraeaion b%ﬁ%_ﬂlsdrﬁ% He1evedy sydfehtiwhich includes one
(1-24), calcitonin, desnopressin, LHRH LHRH anal ogs,
goserhsith nf thesagonudside cle@@nts aigsatth yr @i ncicasenviles Ty of the
vasopressin,. deam no al4d, D Ar ar gi ni ne. .

v BHr e SIeHtotR e P AL TSk e 4 PEsrees e

| Nt @5 FRAAY R 8iAdeptNS BhicRI RS ectdAPMRetrdiidd, EPO, GV CSF,

G CSF, I1'L-10, gl ucagon, growh hornone releasing 7 WO
2004/ 060473 PCT/ US2003/ 041334 factor (GRF) and

22 ?LOE)%@]D |o’fghft: (r:]oea%i%g ?l%glggegs 1Js %%fgr%{)f}qes%qga{nn{%g ?}ll'llgllcn%gsl é%/ the

microprojections. More preferably, the thickness is less than 50 microns and, even

he

more preferably, less than 25 microns. Generally, the coating thickness is an
average thickness measured over the coated microprojection area.

[0027] The most preferred agents are selected from the group consisting of ACTH
(1-24), calcitonin, desmopressin, LHRH, LHRH analogs, goserelin, leuprolide,
parathyroid hormone (PTH), vasopressin, deamino [Val4, D-Arg8] arginine
vasopressin, buserelin, triptorelin, interferon alpha, interferon beta, interferon

gamma, FSH, EPO, GM-CSF, G-CSF, IL-10, glucagon, growth hormone releasing
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salts thereof. Preferred agents further include
conventi onal vaccines, reconbinant protein vaccines,

waONN40&@aTI nes, therapeutic cancer vacci nes andPGHu$2003/041334

nol ecul ar wei ght potent drugs such as fentanyl,
sufentanil, rem fentanil, other opioid 5 anal ogues and

ni clattonéGRF)0AGhalblae ofthasd apgnts amclinbn@plpdringceutioalihacceptable
m cropr.ojectjions usin ngwn.coatin net hods.. For .
eI Hiekohe A GFeScHEB i SR <0l B8 AL SaReiBts: ecombinant
par}%rloéliﬂ YaccinBU 8Lt Qh&, ﬁ’fé_ra%gﬁ’tﬁoééﬁ c&QALLAG Q! slallGRolecular
of the agent, 'as described in pending 10 U S

Appweight potent Neugs 30¢H08Xen@dy!, Juli@zil, Admidematil, wiey ppiofie
coating soluti.on can be sprayed onto the

ni cHBRYFeRdierdinepr ef erabl y, the spray has a dropl et

size of about 10-200 picoliters. Mre preferably, the
dropl et size and placenment is precisely controlled 15

usi 0929y | Thd dugtihg cmbaappdied o thhatictopmjetiahs ngngbhawn couting
IS de&osi ted directly onto the mcroprojectjons and

not mewoes. Hear exarpplepih mpicrogroiessiops epcbegmmised sg ally

hav e, 11 C g 0 - :

e e L

m cum Apicdtionnso. d0®9b@ored from a sheet, wherein the
Apjp

m croprojections are forned by etching or punching

the sheet and then the mcroprojections are fol ded or

ben t.ef_a.pl f . - '

bi 0{0(%?# a‘f‘ ﬁ?/maé ellggﬁ %goc? rt'llbg gcgg{ffrgganctﬁypt%eﬁ ggtﬁl t|h%d to

t hemsdiesiojcbedml PréforabBt tRnpely Habe droptdtee@if @b6utdNs200

preferably the coating is applied after the i

ni cpiepliteise More psefenablyethe daepleitsiasand placemant ip pregiselygontrolled

bei ng_f ol ded .25 f |
or errRg e Febridice &, gt et fluoftds SiEShed APy onto the

i CHR6RoRetibmd MY 6n ot honqlieiethedboRidnt opthe rhérdr having
the plane of the sheet. BRI EF DESCRI PTION OF THE

DRAE MEGSrdpaS&tionThe i nvention will now be described in
greater detail wth reference to the preferred
enbodi ments illustrated in the acconpanyi ng draw ngs

BOU! BSanoffer WiREE Mhe Hiviido2) B/ s8eRdy Someum-piercing

andrdok0
PCT; US2003/ 041334 " [ 0032] FI GURE 1is a perspective

vi emigbpajeotions an farfed feonex sirst, avhsteim thermisrapseieptéasjagiormed
ﬁ]-r EE% Bttc%ﬁ(r)lg 3{3 1)6@}1%359 %lbelfe? E’?dcﬁ%ﬁ‘%ergitciro\f)?oj\e@ueovr\{s %e ttolpdsed or bent
out of a plane of the sheet. While the biologically active agent coating can be
applied to the sheet before formation of the microprojections, preferably the coating
is applied after the microprojections are cut or etched out but prior to being folded
out of the plane of the sheet. More preferably, the coating is applied after the
microprojections have been folded or bent out from the plane of the sheet.
BRIEF DESCRIPTION OF THE DRAWINGS
[0031] The invention will now be described in greater detail with reference to the
preferred embodiments illustrated in the accompanying drawings and figures,

wherein:



5 wth a coating deposited onto the m croprojections;
[0034] FI GURES 3A, 3B and 3B are graphical

wonrepresest ati ons of several variations of i npatis2003/041334

10

15

20

25

30

appl i cator ti ps and m croprojection arrays of the

pri A
(Fi GURIE St PR a2 BBl e Tyl ot
shcmicﬁg)rcbjhﬁldnaerrtagtl on in the depth of penetration
when a microprojection array is applied to the skin by
the use of several enbodinents of the present
I Ny 0 | h shovm
tnd Oy ROER: e Rl SR by e R g dbypure 1
varwlai B OdSIeSmgfdepd%ﬁEte@ oeRaRE mlﬁvﬁt@{dcﬁﬂns@r e test ed. IVDDES
FOR CARRYI NG QUT THE | NVENTI ON [ 0037] Unl ess stated
othervvi se, the follow ng terns.used herein have t he

L S e

t h&aﬁ&héhsfdfﬁmbﬁtﬁ abplwatcﬁy@g ard midrBgroRRYen aéaismsﬁd rid?Qrt
term"transdernmal flux" neans the rate of tr ansder mal

del (FYGYRE 34)@od the prasent swentions (BEIURES BRgind 343; used
herein, nmeans that a supplenental agent(s) is
adm ni stered transdermally either before the agent is

del[0y®5]e KIGORPL & a giagh showing tHeARREST MBthe épi oPperfeliftion

agent, during transdermal flux of the agent, during
an dv@mtaermcrcrmws@tmnmayﬂs apolisfl te Hhe skigent the asaisfmevertt er

t | t t. Addit Iy, t
s L pRett lﬁveenﬁa%%eﬂﬁ o be contet ot ot he

m croprOJ ections resulting in co-delivery of the
bi ol ogically active agents. 9 WO 2004/ 060473
PCTOUBH0FIGURIRS & a gropkt dowihetheeariatid inl pegiecadd| sgnsation when
act V.. as ed herein, refers top a
corb SHEREHirtions ot BF Perer BYAHES e EsFhi ng a dr ug
vvh| ch is pharmacologically effective when
adm nistered in a therapeutically effective anount.
Exanpl es of MO’ BORiARBYERGOUT AIHEIBYVRNTHON

[im iqn, leuti h r ne rel easing 5 hornon
(LARE Riesssiiadiferdice medallras (Smuecy Berprdiaathe
bu torelin, gonadorelin, and napfarelln
neﬁfgltrl%%?r%ea%{g gf ollitropin (FSH and LH)),

vasopressin, desnopressin, corticotropin (ACTH), ACTH
anal o:% such as
at ﬁ The term "transdermal" means the delivery of an agent into and/or through

the skin for local or systemic therapy.

[0039] The term "transdermal flux" means the rate of transdermal delivery.
[0040] The term "co-delivering", as used herein, means that a supplemental -
agent(s) is administered transdermally either before the agent is delivered, before
and during transdermal flux of the agent, during transdermal flux of the agent,
during and after transdermal flux of the agent, and/or after transdermal flux of the
agent. Additionally, two or more biologically active agents may be coated onto the

microprojections resulting in co-delivery of the biologically active agents.
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ACTH (1-24), calcitonin, parathyroid hornone (PTH),
vasopressin, deam no [Val4, D Arg8] arginine

WO amap6|ssi n, interferon al pha, interferon betBCT/US2003/041334

interferon gamma, 10 erythropoietin (EPO, granul ocyte
macr ophage col ony stinul ating factor (Gw CSF),

gr 460419 ykhe teroi mylosmalmeaw ﬁgertt @s maed(l@r@a;n}efers to a
interleu

pe carag Spb shmetierer rore ™ Sooiclaite 2R vhRajEhpsrta igglany
| NGCPPFAVRSh adhinisihdd th faeh@g;%mhcmgr rdcabe aRbedt. HxahPies of

i nvention, and that the use of the term"active
agenth adqtive pgeniminchide) \mﬁhmlt tlhvetaugle lcjitlmmg borrmmmeelsmmg

R0t (1t 1 i Aol Sud BoSerp 19y fle) BRI,
UnGhGGLATH, BOIAGH) 1§Sand9ﬂﬂi%9é]ﬁnﬁ§:n9tfroﬂm§ QRS AL BRMES e ARG

nonlrrl ing, 20 pharnacol ogi cal |y acceptab
s aIItH;)) VA eSS, dpdrmomiasmvaartlv@mpmtﬁ (AGTEHz).g‘E@TH e@aHQgh sud as

géf(g’fgz(zétélgtrcg{gggé)nngmeqsratgﬁtgc og? gbﬁfl)e Hgﬁ%pb"égm deamino [Val4,
e ”Fiﬁ 9& élg%%sc;gi‘gssﬁlefn%rfe%t%lﬁﬁé Gdet f¥roR Betay ﬁué}ge%m gamma,
as use el n 'so refers 5 conposi tion of
rratdmhroq)methEB@b geonteyteimarephage colnry stimwlatveg factor (GM-

|rmunolog|cally actlveaen or ent that jis
ca&iﬁ)egrapu P?ﬁ@@‘éP%&“’E‘H@ e GHE (G STy inigsleutkin-10(IL-10) and

ically active agent and that is directly or
[ ng reg&?y i mmunol ogi cal |y effective when

adm nistered in a inmmunol ogically effective anount. 30

[ 0045] . The, term "biol ogically gffect i ve anmount”

b| [894di dhisity be pasrstpdthabmgre thakang agbive agey C%EWI*P?@OMM
bi q}lt%th Q%J 'iﬂa\ﬁ%n@?ﬁfﬁns 1ﬁv§1t18H az[rﬁatﬁgtlfﬁ# ﬁ@ deh@ﬂ%I’rhV'Qctwe
agent " an e anmount or rate
phaigeme oh ﬁ@wagbkaumttha/&ea@ end onmeeegich tagérﬂs Wilrugs.
2004/ 060473 PCT/ US2003/ 041334 affect the desired
therapeutic, often beneficial, result. The amount of

ag §664 ér ;ﬁ{ oééglgtf I-th Bg]l% v% g{lé R)gl% llll F?ﬁeé l?z?s‘é %E&‘ah' rI:tharged or

SN rver era eu i'ca

annmehargéd ndkcalgs, Q:bnip@néiﬁ:h@f&ﬁ@lehh@r dﬁ:ﬁplé)ﬁb@ of hemamem&
result. In practice, this wll vary w dely dependi

n
u pmhatrn@omutmllzz@p@pttheﬁaﬁﬁcélseg$lmﬂq @ena{étlm@félgeeag@mﬁ%such as

e esharieSCRERer, 10, PER af P Ghred  RoREHBL Ll e

ef f@ftbednfpldyeg. di ssolution and rel ease kinetics for
delivery of the agent fromthe coating into skin
ti ssues. is thus not practical to define a pr eC| se

phggﬁ%‘bg{%%? & l‘\srggicpf%acgj | %geeﬁctf ea(s:tuse e?quu go Rferd 02
composition of matter or mixture containing a vaccine or other immunologically
active agent or an agent that is capable of triggering the production of an
immunologically active agent and that is directly or indirectly immunologically

effective when administered in a immunologically effective amount.

[0045] The term "biologically effective amount” or “biologically effective rate”
shall be used when the biologically active agent is a pharmaceutically active agent

and refers to the amount or rate of the pharmacologically active agent needed to

10
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i ncorporated into the mcroprojections and delivered
transdernmal |y according to the 10 nethods descri bed

wioe0ei/06047130046] The term "bi ol ogi cal |y ef f ecti \PE€T/US2003/041334

anmount” or "biologically effective rate” wll also be
used when the biologically active agent is an

| medeetheGicsiadd thedpéiitiCofirOnbiiciag rdsel e ThHe h@otitefageint
or rate of the inmunol ogically active agent needed to

15emspliopiee iatthe eatings wilkbethahameisy neeagsaryriadadivegt therapeutlcally
o L RGPERPhLR ol FiL gl TRl b s e gt
Wi this Wl \tdﬁﬁtvl&dwaéﬁendlﬂg GESS teYpattRulhe Iphé/lﬁ{acafdgﬁﬁll’jdﬁﬁtlv@fagent
the agent needed to achieve the desired i nmunologica

r elgamg delivigragl thetsite of deliviery, Hidl sevvayyof med@nghtl@é bewgitiegted, the

e
di 20l H#binQRe 86Hink $ht8 ARIA tiskR! GS tHie rnoﬂ}@r'abt‘t’@'[ 16 @ffinkAGrecise

agent fromthe coating into skin tissues. [0047] The
t erangé frirchotheppeticabysffeativt emounto fpheplirmgedpginaht astive agent

that ar a d t.o |erce or t ot

R S e R RS
ePLANL deRAfedid8hSs | ayers, of the skin of a living
animal, particularly a manmal and nore particularly a
human. Typically, the piercing elenents have a

S{ &Oggfalbﬁ"ye tqlrrglg' }qlqgg(];fdlzggfs tv?e?%ﬁcgl% T(He 1oqog1baI{TDf:rfFective rate”
g]f %lg REObE ﬁgéd%ntt}{@bﬁ?dgllééllz AV Bagbhdk An %ﬂluhblogféﬁﬁy‘?’ §ct1ve

out m crons m CT oproj ections can
f ongemdandredir§ fcethe ntmoshtapeste of tlmhrrmmnnk@ﬁaﬁg actimeel aggm ®©ded to

dl bl . ad h
S LS BT RS B
11

B NAOROALH L SZAOR B a0 OO T ioon

as nmesiry toatetiver, anr aicmsof the agqnit neadeil tty acifieve the desired

m croprojections arranged ji.n array for |erC|n he
st rramumljeslﬁ#erew TREraTEs Sy afl aﬁliyawdale/rdﬁy gpon the

];nokgp? gulgy gﬂ#ﬁ@dlgéi?@{y a%HO% eﬁggﬂﬂ% Bl Al H?é of gfrzhvery, and the

I Opr 0 I ons m a and f
be ﬂiélsdlgném&(ﬁremaw lapdtizs éatdetinery@ftheafgenthfeorn Ithm(matiﬁg frhe skin
sheet to forma configuration, such as that shown in
Fi §ssugs. The sheet is typically circular in shape, but
sheets having other shapes may be utilized. The
m croprojection array may al so be forned in other

KNnpowa7ramne fdm "sieldpRsediyns aeferd @ pireing felimenes thatrdrsdapted to

havi ng m croproj ections
pierce or cut through the stratum corneum into the underlying epidermis layer, or
epidermis and dermis layers, of the skin of a living animal, particularly a mammal
and more particularly a human. Typically, the piercing elements have a projection
length of less than 500 microns, more preferably, less than 250 microns. The
microprojections typically have a width and thickness of about 5 to 50 microns. The
microprojections can be formed in different shapes, such as needles, hollow

needles, blades, pins, punches, other skin penetrating or piercing configurations and

combinations thereof.

11
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al ong an edge of each of the strip(s) as disclosed in
Zuck, U.S. Patent No. 10 6,050,988. The

wormr/o@uoj ection array can i nclude hol | ow needb@B1S2003/041334

whi ch hold a dry pharmacol ogically active agent.
[0049] References to the area of the sheet or nenber
and 004 erlhedernt misoapeo]j egfiapprartayy op BnicEPsel eeffon themberaaas used

or .nenber, refer to the .area.bounded hy.the oute 15 .

ol TR arErcE et b Bren 0 5 Loy pffsing he
" S QtdtunPEorn&iR! Thé REdrUp@jechion aRa) Maf BERAEIel b9REchg or punching
fully dissolved conponents, but also suspensions of

c orgu neitysofimictapedj eefions fionmathin sheet and folding pr banding the

50 TsEBAT e ES ol g Bl Ph M SEEE My Db ar R o tha
ref @bwntiPFEOat mhe slﬁ/d&:} gg?}ﬂEalgmi&ulﬁﬁ{ §fap8 buREIRRSs 1AVireRher

m croproj ections. an’one agent can be pattern
c oashepks maytte wilged gTee micoppjeofien arraymay alay be Fernted imother
coatings can be applied to the 25 m croprojections . .
o1 FRGVRHBHAT SHe03F PO BB Ry LU ea e faRelggions
m Cligp) E BPeRbritKstift) £Qatdogd il 208210 TheatéRING.
"mcroprojection array systenf, as used herein, refers
t 0 @050,288s tThetrhierapooybétivert aray car intchele ot owmesdles; twhaeh hold a dry
array, a backing menbrane, various 30 adhesive | ayers.

| f Rijggn qué%lli*/ﬁeﬁlmnb ring of conpressible materi al
and a hard matrix disc, then the systemis referred

as a "conposite mcroprojection array 12 WO

20090090 R FefeaddsUSAROBEDS B3 dheebyrsrhember dnfl refesensy bt some
does not include a conpressible ring, and ha(lid mahri X
di SBrOPerfstPeF areAaf e BACtaE e ber, efen Hehf drea bounded by the oliter
M CLORRLEAL Ahoffel BY uRkate - [0053] The term

conposi te applicator tip", as used herein, refers to
the tip of an 5 inpact applicator having a ring of
conpressi ble material peripherally attached to t

ski I90pPloxThraterra rgplefony’ ﬁb‘f‘lbﬁ‘ﬁluide’a‘t% prkyi MPCFILORR OP f?llly dissolved
ta E gélolni(l:qaotngrrlts iR fi8 %%spt%ﬁéioﬁﬂﬁl é:\lc}ﬂﬁaﬁ%nté: &@gﬁgfg BQ{ fot lin1&d to,

I's"referre 0 as
ap p#ﬂofe@ﬁ Qirud papficled, OodYe Vihges anpsplitsiiibes. mat er i al
preferably conprises a conpressible foam 10 having a
conpressibility, in a direction normal to the body
surface being pieced, of nore than about 50 m The
conpressi ble foam preferably conprises a closed or an

opef0s¢] | ThORAM "pattern coating”, as used herein, refers to coating an agent onto
selected areas of the microprojections. More than one agent can be pattern coated
onto a single microprojection array. Pattern coatings can be applied to the
microprojections using known micro-fluid dispensing techniques such as

micropipetting and ink jet coating.

[0052] The term "microprojection array system", as used herein, refers to at least
the combination of the microprojection array, a backing membrane, various
adhesive layers. If the system includes a ring of compressible material and a hard

matrix disc, then the system is referred as a "composite microprojection array

12
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[ 0055] The foam preferably conprises, w thout
[imtation, polyethylene, 15 pol yurethane, neoprene,

wozwn@k7iRubber, SBR, butyl, butadi ene, nitri|BGT/ER2004/041334

ECH, pol ystyrene, polyester, polyether, polypropylene,

EVA, EMA, netall ocene resin, PVC, and bl ends thereof.

[ 0658FmThE thesystenileasaot Bickde irsampresailledingpnde hayé mptrix disc,
systend, as. used, herei.n,. 20.refer Qnbi nati on '
of lEi’l’? r?%%‘i fo SpapISFagg%rgrml%og rcgeﬁ%ogragrﬁl& g?'sgec i‘on array

system The m croprojection based drug delivery

systems of the present invention include (i) a _
corfpe%ilt dheitempnosjnosti¢ appligatonyp’s ys ueash herein,refersie the tip of an

applicatar,.havi.ng. a = ¢co site appli gr tip g I

" BiRG RO it T B SRR B pehnfer ALy tdchla to e
an %kﬁ{lbrai@iﬁ{dl eAd 6f the %Fplﬁtﬁtoﬁt tigo PG lap§li ARR ltipCe®hot ihflude a

25 DETAI LED DESCRI PTI ON [0057] The present invention

pr ovnpesssikledang, thenfibis referrad theasrhaving adstandendiapplieator tip".

bi ol ogically active agent to a patient by the use of a

m croproj ection based agent delivery system The

devipgsy]i NeWdapréssldadelibdpreferably @ntPHses a compressible foam

corneumpiercing 30 mcroprojections extending
t hdragingamonifiressibiility oipraojiectiorones st o thd hpdesirfage heiog pesced, of

o B s 108730 1By TEAF BRI A G/ LY e pBREcs aglosed or an
VIO RR4LRROA(3 PCTI US2003/ 041334 [0058] The

oproj ections have a dry coating thereon that
contains at | east one biologically active agent. Upon
pi ercing .the strat orneum | ayer of the. skin, the
PSR o s e B bR S TP gD i
(i | 3B R uBb& X§BROGIHUb@adibh nfisilsS #ebM
asrgo:l] e‘?[lsl%’lfélt’ ?éﬁpfr%rfélﬂﬁg)u aggﬁ? e1$eas’g§wht o the skin for
| ocBCHppolyssytshe potyesthe palygthef, pOEPioplleGe, HV Al ENBA, madtaldocene
one enbodinment of a stratum corneum piercing
mi cieSprioy ectnddiendsdros for use with the present
invention. FIG | shows a 10 portion of nmenber 5
having a plurality of mcroprojections 10. The
mi cll00§6]0] Bt temm Smiddoprsjeetich bdsed dhugtdeiivérglsystera”, 0 usedgheeein,
from sheet 12 havin openi ngs. 14. Sheet, 12 nmay. be
i nci§FasvioR @INhiRAtionHT @B iMpest PPRIiAIR aRd 9§ DHEFORIPEIoN 3 ay system.
for~sh ._an it ' j
fo rT}g, @?(?p%(ée?thogl l;p%%% ﬁﬁ%g éi%llﬁ%?lsgrs&ﬂlsn&# tHgsrei'éhtm‘ﬁﬁbP{ fhelude
(i) a composite microprojection array system or (ii) an applicator having a
composite applicator tip or (iii) a combination composite microprojection array

system and an applicator having a composite applicator tip.

DETAILED DESCRIPTION
[0057] The present invention provides a device for transdermally delivering a
biologically active agent to a patient by the use of a microprojection based agent
delivery system. The device includes a plurality of stratum corneum-piercing
microprojections extending therefrom. The microprojections are adapted to pierce
through the stratum corneum into the underlying epidermis layer, or epidermis and

dermis layers.
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skin. In this enbodi ment, the m croprojections are
formed by etching or punching a 15 plurality of

wormroa4oi ections 10 froma thin metal Sheet 1PCENS2003/041334

bending mcroprojections 10 out of the plane of the
sheet. Metals such as stainless steel and titanium
are preferred. Metal m'croproj ection nenbers are

o gééﬁggrﬂe%ﬂlgaopr@ ldnl‘é,gfi Ve d dwoa*én%%regg gttlat glgrgains at least one
Daqg‘gegl’caw aCtﬁ’l? Wﬁer{tj Bpoffpicedihg e stran@Pdorfdim 1dy8Eof the skin, the

di scl osures of are incorporated herein by 20

r ef@gmtmmtal{nﬁ@Sﬂqunﬁtlhélssqiqurb)’ph@p'ébtld gntreashivlar ﬂlItdh and
Ef‘ crbaee T ity Eh Ay B RO i erenedigt BB SRR ot or

r DRl @engy. Pl astic using et ched m cr o- nol ds.
Sl I Tcon and p?lasti c mcroprojection nenbers are 25

di sclosed in Godshall, et al., U'S. Patent No.

erlBPsolo ik d ShEaEs %ﬁ%%%%a"l%eﬁﬂf% s pRE IO
porﬂl Pcll])r%fect'iﬂrﬁh&%&i Lot LW fmegres%nhﬁweﬁtgma HIGUI 8hdws/a
oproj ections 10, sonme of which have a

b| qiomgomaf mymbert 3 lwaanmpiurah@nm%mmw}gme&ﬁbmd@t ilhg 18,
19 or 20. According to the inventjon, oat
naynmnrpﬁpwsw@a?qnﬁ gt substapfial ) eng eyf? 8 §hgst Aé hgb‘)”lg

COVS r{ég 1g1p %flé)e? é? Jnfa?tb'e 91{1]%0}19 boratll $t6 Q8feli é}g Ha@ﬁ :Fmvmg a backing

t plca m Ccroproj ectl

f Orﬁeﬁheeﬂ- 12 M2 RRP4dO66HRTS nﬁeﬂﬂ'ddm&h%ﬁiﬁ 34her{r@06e’2ﬂ)atch to the
The coating on the mcroprojections can be forned by a

varsket yinghisierbadimanbthoBCroRIRisCH IR ATRATASE by tching orpunching a

di d Prigosty ﬂmc%c&%sa?om ﬁ%ﬁmagﬁ ﬂgﬁap[sgpﬁq aaid%e?arﬁgns

prOJec i ons

| NMRIEd16j ek fiéhsH 0rout bODE @l off eeshbétt (Métlille sGe)edsi stgnless steel and
sol uti on. Alternatlvely the entire device can be
J)

i midteriam araprefered. Mdetel migreppigeiignmenbasiapydisslpsedin dsaitman,

ncetelr S FisplNGr CBHFI 2088 TRTPEHN Ko BEThfiDpadons o

Onl ., UN9SEat@RNJ. 81091975;1the diRtIos @RS 6f Which @t inestheratdditein by
come’in contact with interstitial fluid. 10 [0063] By

userefdrenidge partial inmersion techni que descri bed
above, it is possible to limt the coating to only
the tips of the mcroprojections. There is also a

rol lo@Bo] C@?Hek Hﬂcrﬁﬁfbﬁk@ﬂb1§ MetdbRts thatBah Be LB WRRtHe{Bedet invention
the tips of the mcroprojection. This
are formed by etching silicon using silicon chip etching techniques or by molding
plastic using etched micro-molds. Silicon and plastic microprojection members are
disclosed in Godshall, et al., U.S. Patent No. 5,879,326, the disclosures of which are

incorporated herein by reference.

[0061] Fig. 2 illustrates a portion of microprojection member 5 having a plurality
of microprojections 10, some of which have a biologically active agent-containing
coating 18, 19 or 20. According to the invention, these coatings may partially
(coating 19) or completely (coating 20) cover the microprojection 10. The coatings

are typically applied after the microprojections are formed.
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technique is described in U 'S. Application No.
10/ 099, 604, which is fully 15 incorporated herein by

wo efoenenrce. [ 0064] Ot her coating methods incl uPEr/US2003/041334

spraying the coating solution onto the
m croproj ections. Spraying can enconpass formation of
an aerosol suspension of the coating conposition. In

2B SaRSE TR a5 Pas ot ERERR) Bl VA0S iov

SPrAMEsdL O dubk niBdap il @Rtih@NDiReshting ReMbe déseflbed as a

[0065] | n another enbodiment, a very smal| quantity of

t henervatd pept shel micrapojeetipns by pdaipdyior edalbhingnerpiag the

m croprojections 10, as shogwn in,Fiqg,..2 ttern

codbitragtiorgse e selfpd Mo i n e Gl Billeepan e

gsuﬁgn?ségi ilﬁfbetﬁé gwin x&{uﬁml.f CbathSdrily mt@_vs@goﬁibﬁsf the "
eposite I qul onto e mcr Opr_Oj_eC I on surtace. e

quamickapyojettiarimenibp(s ithat gier¢d thaskiniisprsfesfedr b ynareprefiesable to

range of Q.5 to 20 nanoli.ters/m croprqjection. . .
Ex af%’ﬁf ly %'5156 Qgﬁtpgﬁpéﬂﬁ }Iggriog{o&ﬁ?tlﬁgtng%%r ;%kraa G91ge 1n contact with
di speRsRi.panayge disclosed in US Patent Nos. 5,916, 524;
5,743,960; 5,741,554; and 5, 738,728; the disclosures

of which are fully 30 incorporated herein by
4

f 15 W) 2004/ 060473 PCT/ US2003/ 041 0066] .
Vi cOBEHIo] B e ThGBHGTERTFIPR (hACM RSB Xyl idgosble 0
usi fditigikcdaBhe td GAPARIERY% R AR rdf?GeBicR! GMereds ¥Bb ¥ Roller

di spensers, optional fluid notive neans and o .
pOsidating imeghanisan thantiingk thescogemgtoetht yips ofithe olitrogrdysction e This

f 2l ectric field. Oher |iqui ' ' .
Cecti s (PSRPERS B APplepondifs  PPOSROR: HhFjs fully
'i%gkﬁggﬁﬁﬁﬁ?§éﬂgy§fE%ﬁ&9°|ogy known in the art can be
use r applying {th

e pattern coating of this
i nvention. [0067] The desired coating thickness is
dependent upon the densjty of the, nicrogroje tjons

per[00A#L  Qiher copting metharls dbclugrsPradng,ihe caangsoltiign onto the
. f : o5t .
gg nﬁ&&ﬁx@%{cﬁ%@s@ r%)%zﬁ/gn& cgaﬁ eﬁ@&ﬁbz{ég S iHAR0T :OE’ hiPRersol ‘éﬁéplensmn of

e CO osen. I'n general, coatin
t hi glkrestgsdompositios. resprefdreed entbodimem)m, acsdsoLsuspension having
t hi cker coatings have a tendency to slough off the |
mi ct dioplt elge pé%@u@ PO 200 RieiHFISas sREBYAANE e digjcromrojections and
preferred, coating thickness is less than 10 m crons
as ﬁ%ﬁgﬂﬁ%d fromthe mcroprojection surface.
Generally coating thickness is referred to as an
average coating thickness 15 neasured over the coated

ni ci09ppbj Branother embedimenp ekt sl euatitymf thhraaking selufign can
be deposited onto the microprojections 10, as shown in Fig. 2, as pattern coating 18.
The pattern coating 18 can be applied using a dispensing system for positioning the
deposited liquid onto the microprojection surface. The quantity of the deposited
liquid is preferably in the range of 0.5 to 20 nanoliters/microprojection. Examples
of suitable precision metered liquid dispensers are disclosed in US Patent Nos.
5,916,524; 5,743,960; 5,741,554; and 5,738,728; the disclosures of which are fully

incorporated herein by reference.
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about 1 to 10 microns. [0068] The agent used in the
present invention requires that the total anount of

wagmnberaont ed on all of the m croprojections OPCEUS2003/041334
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m croprojection array be in the 20 range of 1
mcrogramto 1 mlligram Amounts within this range
c an[08é6 Jc ddiardprojeciomcoating ﬁ@lprléljise(@ﬂlalﬁ@ b&rarpayecbmtlgr@kret

7 R0 AR e AR S DR B s
100y kel onirRh 4r8 SHHI S g@ﬁéralﬂi)n@onn%ﬂecﬂ 8068 oﬁh&ﬁ&ftxﬁ@ﬂeld Other
phar macol ogi cal | y active agents having the properties

deshqultb dupermbrptectinatigydeom thetpinting industraet gmilar liquid dispensing
es ssi.n, lutein hor ne rele
(Lr ol g 1 e e o e g el Pituset PePa e s

busﬁq"v@ﬂtioﬂ. triptorelin), PTH, calci ton| n,
vasopressin, deam no [Val4, D Arg8] arginine
vasopressin interferon al pha, interferon beta,

i nt 3 foll '

éﬂdfq 601 P RheieRe rReh e Rneys issep el dioadhn dfsepf B0
gpro&%'pet kil 9o GRfhe sALUGAY BIY viERBYERMd &Méntration of the

vaCC|nes and DNA vaccines. 16 WO 2004/ 060473

PCT¢d4880 0ahPddd B8vas W €1070the tontaigimabebehosed. t brgeacral, coating
i | B0t 0o B s Dyt s sy Mk LG @ tyency to
a pglgﬁ S8 theSHRA B ons tuEgn &%ﬁrﬁ@orﬂcﬁfﬁ' fibrciny. XK pREHA

nble room condi t'i ons. wever, various ternperatures
andcodtingitdcknesd B\leds shanal herasead nteasuted/ frofrethe oatriopgpjection
solution gnto the micraprojecti 5Add|t|onalli/ .
¢ heSUATP.coeneTaly BRetRG SHENSSY 5 GHATPY theAs anfavEEE centhg hickness
or r R
i R

Canmhmtadﬂe@nﬁ@nhhe coating solution as long as they
do not adversely affect the necessary solubility and
viscosity 10 characteristics of the coating solution

and @}g@kg‘i‘ Pée L gﬁc Vﬁrgse?{]lnwaﬁlog reS Rt kirotal aﬁn]ount of

[ 00 resent 1 nvention ca

forag dﬁﬁcdb‘i&i &f alaoﬁmﬁmsmbﬁn ectibd O Mjcecirofeotion adgy be in the
and/or an inpact applicator having a conposite
apprangapbr tip. Referring nowto Fig. 3A there IS

ol 1 Uy LR il DARliis Ay A5G h pegmiegonto

conS|s I ng

apphii&s 1@ ectibP arkay ¥Rt Gfpe\Wh@n inFig| 1 wad shbétHZSiamngan area of up
the dis surface of the mcroprojection array system

13 to Bhoh] angl avmisoprAzeCtion density hihied! 0P0 AnigeameasFgions per cm”,
| ayer 16 to the m croprojection array

[0069] Preferred pharmacologically active agents having the properties described
above include, without limitation, desmopressin, luteinizing hormone releasing
hormone (LHRH) and LHRH analogs (e.g., goserelin, leuprolide, buserelin,
triptorelin), PTH, calcitonin, vasopressin, deamino [Val4, D-Arg8] arginine
vasopressin, interferon alpha, interferon beta, interferon gamma, menotropins
(urofollotropin (FSH) and leutinizing hormone (LH), erythropoietin (EPO), GM-
CSF, G-CSF, IL-10, GRF, glucagon, conventional vaccines and DNA vaccines.
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18. 20 [0073] Fig. 3B shows microprojection based drug
delivery system 20, a first variation of the present

WO wendodTn i n which the inpact applicator tip B2r/U$2003/041334

10

15

20

25

30

identical that shown in Fig. 3A. The conposite

m'croEroj ection array system 23 is conposed of the . .
baclé0RQ)] niarablcases, 2fier agoring has bgen apicd. the ceding sebuiopigdried
foam .29 and hard ..matrix .25, ' f

coni eIt eridfR b i b meBHE EFEPlsttifedl SRl Rey the coted
25 §&/d¥ i driadireastht rabh)ofdiat. Mbwver,MasibaPteipeitiresland
array 28 is attached to the hard matrix 25. Backing .

me nhumaidiy Zeyelsraan b aseshiosine tei copting sodytiongnie the maICTopEgieiions.

I L e L L
S hoWshriYl Eds REPIoBeIo0E tHeAsREH ekl thet@hiivgry system 30, a

second ‘variation of the present invention, in which
the mcroprojection array system33 is identical to

m c jection system 13 shown .in Fig. . 3A wever .
i LGP Bfies ko T Eespsbion ARt ethe 19dbtin PR UGl solution as
| NClyAgas iRy @8 AP S iehsel yUTRE! thaRBEdsEaY S6lubiliby &R vidddsity
conposite tyl p 35 includes conpressible foam 39 that ,

i s slaqeadistiss efithaneatingrsohiting afd thewdiysied untggttyef the dried coating.
peri phery of the inpact applicator tip 32 and

di sposed in a circular rabbit 36 forned in the edge

of Ed@ﬁZ} | R s Feticaltatidop) btlﬁeé Bxfses%ﬂf' ehviealibN talBGordhd ubdI6f a composite

thi ckness of conpressi oam 39 are essentially .
t hensaoprojeEhoms arrgshandéde an impactiapplicagarrhfaging agfomposite applicator tip.

oML e d MO0 (L0 2 s cose el
t he 4 BfRRFSstehl] Y(g, bhQ8idgDr2 stn@sHal i%ﬁét%}pﬁéaﬁhﬂﬁ) 12i, rv]vhich when

conposit'e “m croproj ectiron array system as shown

Fi gutilBf2d wlill stslecthe distad sjnfiave toif tre maictdprojheticnoarpysystem 13.

i mpact .applicator tip, as,sho i.n Fig. 3C. EXAVPLES .

[ 00 PagkingBerSr sty a%%&iﬁ%l‘”@sa\ag‘?séveglﬁvgﬁtti% thegisFeproyection array
tho skilled in the art to nore clearly understand

and practice the present invention. They should not be

15 considered as limting the scope of the invention

but nerely as being illustrated as re%é,esent ative

t hef®YB] Fim3B)shoes misigpiniestipe Prosr deie dRivARY el @ first

R BT Mad it enica

10, tifak Showafin, Fihd £ hThe composite microprojection array system 23 is composed
of the backing membrane 24, which is attached to compressible foam 29 and hard
matrix 25. Compressible foam 29 comprises an annular ring and encircles hard
matrix 25 forming an essentially planar disk. Microprojection array 28 is attached
to the hard matrix 25. Backing membrane 24 and microprojection array 28 are

attached on opposite faces of the compressible foam 29 and hard matrix 25 by

adhesive layers 26.

[0074] Fig. 3C shows microprojection based drug delivery system 30, a second
variation of the present invention, in which the microprojection array system 33 is

identical to microprojection system 13 shown in Fig. 3A. However, this variation
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conprised a hard applicator tip and a standard
m croprojection array. The second application system

wa@ongiost4exl of a standard applicator tip and a BPOpSE0S/@41334

m croprojection array (elenment 20, Fig. 3B). The third
application systemconsisted of a conposite
appincledesns camppsita impacs epiigatiod tigi3sr Jhe spmpesisitinady mgludes

(el enent

T o PRl e B85 S e APy PBLE B Briphery
Fi dof tBBirfpa0 a1 gglah@dls bd i & chaROSbbie 36 Famdarsl the
18 WO 2004/ 060473 PCT/ US2003/ 041334 [0078] Each type

of edgstod thaiins32. eEheedﬁPﬂhOfkibQ rabhaﬁﬁlaeé éhegthlche@ss if gempressible

g'%)agﬁ@d elre efsgg{?all\éf(%%\ uny ' O § g@lII'lS%O){OIn fl sqrrgape of compressible

var foahd d tp Si‘@fe@é@éﬁﬁﬁllﬁlaﬁk"mtu“ ng that each of
the above application systens produced, the three

system configurations were tested on HG s. Each type

was, applied to hre st.em
ani (75 R HBE oF B b g hont gt B Brroka! BipAngs o
i N {MBiRattinURRe WriddsRARTcropRiiRtiok 8RS @Isteﬁgasosfhowlﬁﬁg 3B
replicates. 10 [0080] The actual systens tested
c onssegdtie domyfinctionivathape oprepesitenmaast applicatarrip, as shown in Fig. 3C.
m croprojection length of 214 m crons, having a
dianeter of 1.6 cm an area of 2 c¢nR, and havi ng 585
m croproj ections per 2 cnigxA@rggstens were applied
using an inpact applicator which applied a force of
0. 4p0JI6Ll Ebe faﬂomge)dahmﬂﬁshﬁe gisemtd dnabledbord skille@@Bthe art to more

The s wer.e i.ed on the flan th a'rral.
ThecleE SR e RIASHrS e PrSERH MR o BEY S ILROL b

pri I

Con Syl AR AR B sPepg TS L R bR 4 Bl lusrated as
f or mpsesenthtive therepfii rs oriented 20 at 90 degrees to

each other. The systens were allowed to remain in

pl ace on the aninmals for 5 seconds and then renoved.
The sites were imedi ately stained with a

[0077] Testing was performed using one of three application systems. Referring
to Table I, the first was a standard application system (element 10, Fig. 3A), which
comprised a hard applicator tip and a standard microprojection array. The second
application system consisted of a standard applicator tip and a composite
microprojection array (element 20, Fig. 3B). The third application system consisted
of a composite applicator tip and a standard microprojection array (element 30, Fig.

30).

Table I
Fig. No. Applicator Tip Microprojection Array
Fig. 3A standard standard
Fig. 3B standard composite
Fig. 3C composite standard
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| % aqueous sol ution of nmethyl ene blue. Excess dye was
washed away and pictures were taken of the sites.

wEamh/oeisre was eval uated by judgi ng the extentP@f/US2003/041334

staining based upon an evaluation of the photographs.
25 EOOSZ] Since only those portions of the skin which

ar e 0828Juakaoh tppandisystent veasdesterd injhotihaislessigaines pigs| (HAP) and
bl ue, all .staining evaluations are based on an

eval{iadh YHIFrSt he color intensity at each

m croproj ection puncture site. The deeper the
m croprojection penetrates the skin, the bigger the
wi dt h of the punct (Heaetgdtion and hpewegd@itaiestt he nore

i nt y. W Il the mcroprojectiaon ncture site be

ot RG] " meses B30 BrGRaRInSt BElne SsBhSfibir e iy ey of e
Theai Rt apstidaMoRbystnd frbiitell Othe BR6syRUALEINTIRuftibAS were tested on
pl aced into one 'of four classes: no staining, slight

st aHGiPisgEacioipipe oft systsmai as apylieditodthiesttGR's, ase s siemger animal.
These cl asses, were assi.gned nuneri cal val ues of, 0-3

¢ es pue £rsylipd i the FESung ol Mfe EHEASHB S FRUPS B SEhEOPR
pef&&ﬁkﬁggﬁp{m&r}@pﬁ&;@l application site which had

st al ni ng ich 5fell into each of the four classes

was estimated. For exanple, if the staining of an

app| i [ site were equally.divided.into each of the
roOto0Bfl Ry fed silers et podtisted oSl cE gy g e o
be giid68ko cfi&{‘iéhgkﬂ 3121 2R ORE, haBihng AidntetEl G¥SiS6 Bm, #Pafea of 2
for intensity cfass 1, 25%for IRtensity class 2 and
25%hYrani hteng 585 midramsjedtiodshyer 2roegulTh ngstees weret apglisd using
for each intensity class_ as eval ugted by each qf the 3

j ud@enpagt mléatawhggéapwgae{%f@rq ol s s 10

pre K Table Il below 15 Table |

Con?‘?l%%gfl{ﬁgn Intensity System Applicator

M croprojection Level O Levell Level 2 Level 3 Tip

System A Standard Standard 2.82@613.%@.39@4?.%8.8@6
40. 0844 Bhestystemsrucrespplissi andhofopiootste goy. 1S &g were

36. f9ni HAif ; B ¢ 178y AR mL 21t Gretchi

502.%]8%1{%'@&??9E@gﬁk%gjﬁ%ﬁgg%%ggper cgnt g\ge%ér epr esenrtesC e

t heconspitaiast thd agphie sttonedfalv phiro8Bopposiag for2€s Wwith #he pairs oriented

different person. The data is shown graphically in

Fi gat %) deprres feeagh otheg The systems were allowed to remain 1n place on the
animals for 5 seconds and then removed. The sites were immediately stained with a
1% aqueous solution of methylene blue. Excess dye was washed away and pictures

were taken of the sites. Each site was evaluated by judging the extent of staining

based upon an evaluation of the photographs.

[0082] Since only those portions of the skin which are actually punctured are
stained by the methylene blue, all staining evaluations are based on an evaluation of
the color intensity at each microprojection puncture site. The deeper the
microprojection penetrates the skin, the bigger the width of the puncture slit formed

and the more intensely will the microprojection puncture site be stained.
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averages for each system configuration are shown
clustered together resulting in three clusters

wo epresEnt i ng each of the three system confi gur@l/Us1e3/041334

10

15

tested. Each cluster can contain up to four bars,
each of the bars representing the percentage of the
ovel0aB3] plincintaneiy ef staisingHer eatle phnaiiretsith plased bito pireof four

f | 2004/ 0 PCT/ US /04 334
[ OoBaReR RET it et S Bt MR e Y e TR igtense SiGihe These
t hagjagbdwhRrasAehathuniiRal vahihs @0 8-es 3eeavaynpbluéa@h@m@5above

judged to be in intensity class 0. uster A al so
shofeedclasses|the paretyagei dfithelotat eprtligleornsiteyuhich had stgmnr@whlch

o PO e b SR St
Pr opQyiibhiih 9 wdrs eéuaﬂly'alﬁtl&@(ﬁnﬁ)' dabR oﬁh@%lﬁ}gn{ehglw ?as@fﬁc]atlons

no staining when conpared to clusters B and
Be cthes thah eiitet wQulddalelgs\teara ra;lkmg)of 2% §®renten‘,81$)hcimd) ah%po for

0l aeienbly Fleas & 280erog g e Dol T

In f
(Rl e B ol s TS s e

cl awsmsavﬁragﬁtito:geth@ UBteanwilaghopeestrited in Tabds beliwaue f or
intensity class 3 at 61.1 % Cluster C showed no
staining in intensity class 0, and a hi gher percentage
in the intensity class 3, as conpared to cluster B
These results denonstrate that system A produced a
nor e het er ogeneous puncturing of the skin than system
B or System C. 15 Reduction in Sensation [0087]
Addi ti onal studies were perfornmed on human subjects in
order to determne the effegt,pfjthe various
application systemconfigurations on the perceived
sensation of pain at the tinme of systemapplication.

20 [0088] Each of the three configur

able I @mwmﬂuvﬂgntested on three hunadntessifht eer s.

System

ach—vottnteger—had—one—epch—of thethree—gystens
pplied. The systens were applijed to difflerent skimn
tAgsplisator hp Mierdpraiectioor pargve] @l I enpating | betvgen oneLevel 3
or eaTip and| t hegyit@ ot her. The systens wgre identica
0 those 25| descri bed abpve except the systens did not

p 0 Mo

Standard gtanzard 2.8+£2% 13.3£6.3% | 43.3%8.8% | 40.6+16%

Standard Composite 0+0% 2.8+0.6% 61.1£6.8% | 36.1£6.4%

Composite Standard 0+0% 3.9+£0.6% 46.1£2.4% | 50+£2.9%

20

25

[0084] Each of the above percentages represents the average of three evaluations,
each

by a different person. The data is shown graphically in Fig. 4. The resulting
averages for each system configuration are shown clustered together resulting in
three clusters representing each of the three system configurations tested. Each
cluster can contain up to four bars, each of the bars representing the percentage of

the overall punctures sites that fell within one of the four classes.
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application sites were not stained. [0089] Each
vol unteer was asked to rate their perception of the

wQziowodoaz® t hey sensed when each of the threePGyE$20H041334

were applied. The ratings were assigned a 30 value of
0 to 3 to represent the perceived pain as being

senE¥8PbnA maview of dlresdats nrﬁsentqéda&i&t@l@evﬁéw |Cb¥$te®A had some

L o0GE AL e et o AR TR R Y, Sl e

(V $howéd 228MRALVEY hidh peidttags BNp@ichad sﬁéstwanﬁtearaengmsﬁy class 1,
below in Table IIl. 5 Table |11 10 Conflguratlon

Per whnv eempared fostlegjersBoing C. sﬁ;»gmfaﬂraxm Ab elgreater pr0portlon of its

M croprojection R T em
St aﬂlggi}la‘g Sies S%owlg}gght gaI %tﬁglgl wmgg%{eds tfc ers agdC
3C Conposite Standard 1 1 1 [0091] The average for

each systemtype was cal cul ated and the results shown
gr ajf¥i8ehl Bygcduse ﬁmgler austhB{mgl_l]stePICeﬁ@wed @mepumd’mat sites that

because of t siste the d

onoRereduReg S Tl SR srbAts & Biret 15 Rihes ppugeers.

ShoyyiGsh, iGe Vad R Bhifi Ty R Htélsuy BRk§ Bidwdrddgredter percentages

del i very 'system containing either a conposite tip or a

co npomtmelty chasseoprand dc Cluster & shay's shyshighest walue fardntensity class 3
of s satlon ercelve

| d b
on S S Sy RS e Wl sEiniBE i B et s G A dhgpercentage
Pr ezt 1ﬂt5‘x¥s?t?tcla9§‘3 %%oﬁffo%d itd l:l‘ﬁ%f Bt e feblults demonstrate that

m cr opr oj ect arrays having the biologically active
agesysteno At prddded aenan heteogepous pupdtesngéf thbslein than system B or
i nvention, can be equally applied to m croprojection
sysPEfiEm eMkher ei n t he bi ol ogically active agent is
contained in a reservoir or matrix affixed to either

25 surface of the mcroprojection array. Illustrative

are the reservoir and Reduction in Sensation

[0087] Additional studies were performed on human subjects in order to
determine the effect of the various application system configurations on the

perceived sensation of pain at the time of system application.

[0088] Each of the three configurations given in Table I above was tested on three
human volunteers. Each volunteer had one each of the three systems applied. The
systems were applied to different skin sites on the ventral forearm, alternating
between one forearm and then the other. The systems were identical to those
described above except the systems did not contain a microprojection array and the

application sites were not stained.

[0089] Each volunteer was asked to rate their perception of the pain that they
sensed when each of the three systems were applied. The ratings were assigned a
value of 0 to 3 to represent the perceived pain as being no sensation, mild sensation,

moderate sensation or severe pain.
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m croproj ection assenblies disclosed in U'S
Provi si onal Application Nos. 22 WO 2004/060473

wWOODASAM3/ 041334 60/ 514, 433 and 60/ 514, 387, PEEUSIOQ3I041334
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Pub. No. W98/28037, which are incorporated by
reference herein in their entirety. [0094] Wil e what

ar e qswe]s eithe yavhéath Spareach opthetthise yplntsersdd le VB sad iediter the
3 (ﬁsent iny nlt fgiéelpﬁeen di scl osed, those
ski Fef“é%nc?nh‘f %Sazi?tgw\fp Floweiz T at changes and

nodi ficati ons may be nade thereto w thout departing
fromthe spirit of the invention, and it is intended
to claimall such changes and nodifications as fal
within the true scope of the invention. 23 WO

2004/ 060473 PCT/ US2003/ 041334 CLAIMS What is d ai ned
is: 1. A conposite mcroprojection system conprising:
a mcroprojection nenber having a top surface and a
skin distal surface, said 5 mcroprojection nenber
including a plurality of stratum corneum piercing

m croprojections that project fromsaid skin distal
surface; a substantially rigidppgiri x menber di sposed
on said mcroprojection nmenber top surface; a
conpressi ble ring disposed on said m croprojection
menber top__g_u_pf_a_c_e_and 10 surrounding-said rigid

matri x menp er; and %Ofﬁwtlﬁg menbrlane di gﬁ@@é‘ﬁ‘?gﬁe@ﬁb’écore

i droopte Stlerm BFORPIEEI™ | wheMdin edch %3 V3
m dropte oc LA b UTIORII | et epe

ri gro—ratt §-IIUCI r§7i cConpPress ghe —T1ing.— 2. 1hE

m qriRigridy ect Stamdaﬂdas a | Stgtldrdl esg t har appr oxi mét el y 2

15 (500 mr- ons o m At AN ovot af O oiles

TC IIIUIUPJ UJ b\.cl rUII DAL R A UL oA AT

1, |dierdt n e§E‘1‘i‘d6‘1d shi d {AROAG ty | of stratu 1 1
COrMERYTFPT ETET TIE FHT opr a%ﬁ%?don has a Thi CKnesyg 1 n 1
t hg gnge f prox n crons.

[0091] The average for each system type was calculated and the results shown

graphically in Fig. 5.

[0092] Please note, that because of the consistency of the data, the SEM for each
average is zero and therefore no error bars are shown on the graph. The results
indicate that a delivery system containing either a composite tip or a composite
microprojection array system resulted in a lower level of sensation as perceived by

the person on whom the system was applied.

[0093] Though the present invention has been illustrated with microprojection
arrays having the biologically active agent coated there on, the principles of this
invention can be equally applied to microprojection systems wherein the
biologically active agent is contained in a reservoir or matrix affixed to either
surface of the microprojection array. Illustrative are the reservoir and

microprojection assemblies disclosed in U.S Provisional Application Nos.
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20 4. The mcroprojection systemof Claim1l, wherein
said rigid matrix and said conpressible ring forma
waeosvenati al |y planar disk. 5. The nicroproj eckiTUS2003/041334
systemof Claim1l, wherein said conpressible ring
conprises a conpressi ble foam 6. The m croprojection
o0 & wh

sys bl b3 Tand 60/514.3e red RCSHul. NonWiQaP43303 whigam
has.a coqgﬂfgsigggi%éﬁﬁgeﬁt rhthagtSO n1_7. The
m ¢ PEBISIREE PO LPAEATHT ST M Yher ei n' sai d

conpressi ble foam conprises a substantially open-cel
foam 8. The m croprojection systemof Caimb5,

whe{@®I94] s ¥ hdlecwimd eresredsndy belsaved tnbgpthic peeferged embodiments of the
substanti.al ly c|losed-cell, fo 30.9.,T . .

5 i Pty Dieplof s fispiontt Mesd Sallp PR eeary lign oe
CONMBRdngeSardl mB&tiektichs nSH RGART théreld wifttoud BePHRting from the spirit of
consi sting of polyethyl ene, polyurethane, neoprene,
nat thedhventioheand iSPRtendadytp clamtadghenehanges and raodifipatigns as fall
ECH, .pol ystyrene, | yester, 24 WD 2004/060473
PCT»U%?U%@%éﬁfgﬁf(ng%vg?ﬁ@P; pol ypropyl ene, EVE, EMA,
netal | ocene resin, PVC, and bl ends thereof. 10. The
m croprojection systemof Claim1, wherein said
m croprojection menber is coated wth a bioconpatible
coating, said bioconpatible coating including at
| east one biologically active agent. 5 11. The
m croproj ection systemof Caim 10, wherein said
biologically active agent is selected fromthe group
consi sting of ACTH (1-24), calcitonin, desnopressin,
LHRH, LHRH anal ogs, goserelin, |euprolide, parathyroid
hornmone (PTH), vasopressin, deam no [Val4, D Arg8]
argi ni ne vasopressin, buserelin, triptorelin,
interferon al pha, interferon beta, interferon ganm,
FSH, EPO, GV -CSF, 10 G CSF, IL-10, glucagon, growth
hor none rel easing factor (GRF) and anal ogs thereof,

i ncl udi ng pharmaceutically acceptable salts. 12. The
m croprojection systemof Caim10, wherein said
biologically active agent is selected fromthe group
consi sting of conventional vaccines, reconbinant
protein vacci nes, DNA vaccines and therapeutic cancer
vacci nes. 15 13. The m croprojection systemof C aim
10, wherein said biologically active agent is

sel ected fromthe group consisting of fentanyl,
sufentanil, rem fentani
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and nicotine. 14. The mcroprojection systemof Caim
10, wherein each of said plurality of stratum

W@ 200meemyi er ci ng m croproj ections includes i nPATES2003/041334
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range of 1 mcrogramto 1 20 mlligramof said
bi ol ogi cally active agent. 15. The m croprojection
systemof Caim1, wherein $§&4MA croprojection
j ydes a reservoir. 16. The m croprojection
me g{s %lgﬁ%ﬁdglf'm 15, wherein said reservoir includes
at | easg! ona ddnfosié rbpropetiony &ysR@ERbmpASing’. The
m croproj ection systemof Caiml16, wherein said _
bi ol ogh ouftoprojestion wmemhgehavinga tap scfaediarid pskin Histal senfgee, said

consi sting of ACTH. (1-.24 cal.citonip, desnopressin,
Pl S et e g p R e im e R ko
heidrep®jeclibiidthat prapeiE&ia shid skideasthn@rhy@ls, D Argg]

argi ni ne vasopressin, buserelin, triptorelin,

i nt er f esWstatipharigidmairik eresrbeb disposed pneaidenisropyeieetion member
Fg)H, ﬁPO_ GV -CSF, 30 G CSF, IL-10, glucagon, growth
hBPIFBHES el easi ng factor (GRF) and anal ogs t her eof

i ncl udhe&nglféemeq tdiisg)@kécﬁ/orﬁscaﬁﬁm& 18jeeBdit Mrember P surface and
2004/ 060473 PCT/ US2003/ 041334 18. The m croprojection

systoarndiof saldaigid ftfrixvnembem asdi d bi ol ogi cal ly active

agent i elected frgmth roup.consi sting,of .

Convent PAHHTE DERErRESIPOSRd a5 BIGTIFHE Tt BETbGLE sempressible
vacci nes and therapeutic cancer vaccines. 19. The

m croproj ection systemof Caim 16, wherein said

bi ol og2.cal | Yh&magopregcagesistans oE€lagu tledhérconeachef ggid phurality

copnsi sting of fentanyl., sufentanjil, remfentanil and

P TR COmEUm TR S GTPEY SRUIORS hassy LBy 656 tesngpproximately
WaeY Siddosal d mcroprojection menber includes an
agent-containing matrix. 21. The m croprojection

syst ens.of CTh¢ mic@6projehtoresystenadiChuat | whein ébh of said plurality
di sposed proxi mate said top surface of said

n?fi%freﬁ% FEBENBIPIGFEIRE SpCroprojectiqrs Aasch Biskapssdn thsraagsefem

0 j , Wherein said matrix is disposed

pép )%ﬁa{n?}ee%gai d skin distal surface of said

nd e6Opriajoast i on nenber. 23. The m croprojection system

of Claim 20, wherein said nmatrix _includes at | east i

one bi %l 0gi ’Elaq MCIaRIpjeGidom Eistem of Claim 1, wherein said rigid matrix and

said compressible ring form a substantially planar disk.

5. The microprojection system of Claim 1, wherein said compressible
ring comprises a compressible foam.

6. The microprojection system of Claim 5, wherein said compressible
foam has a compressibility greater than 50 pm.

7. The microprojection system of Claim 5, wherein said compressible
foam comprises a substantially open-cell foam.

8. The microprojection system of Claim 5, wherein said compressible foam
comprises a substantially closed-cell foam.

9. The microprojection system of Claim 5, wherein said foam comprises a
material selected from the group consisting of polyethylene, polyurethane, neoprene,

natural rubber, SPR, butyl, butadiene, nitrile, EPDM, ECH, polystyrene, polyester,
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15 24. The m croprojection systemof Caim 23, wherein
said biologically active agent is selected fromthe

w@emuperonsi sting of ACTH (1-24), calcitonin, PCT/US2003/041334
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desnopressin, LHRH, LHRH anal ogs, goserelin,
| euprolide, parathyroid hornone H), vasopressin

PT ,
dealypther, pokypeppyonaréE. BYLGi meﬁ?élovét@dseii@s%‘i’ﬂ,, and blends thereof.

buserel jn, [i reli [ rf n_al interferon. .

et o o er 125 BB op AL EC AR, Ritreid B Emi&p8Rcction

| brehdber 3l do6RE Mith OOV ANBI@Ating, BhidaHbddehJalibleWoatifgRintluding at
and anal ogs thereof, including pharmaceutically
akeastmngiidogiaaliysactivgagephe i cropr oj ecti on syst em of

Caim 23, rei.n sak d..hiol ogic ctive.agent. iS.

sei ect 41 11 af HidoB it By B BRGlstm B kY SitRE ploRicany
Va@Bie@snt is §Q€IrfA Mhe @OaP ebﬁsis«iag Of AESLH DINAY)Y 84IEidISS,

and therapeutic cancer vaccines. 25 26. The '
nilesmagpressiae LHBAL, SR enalogsCregenslm3leuprodide parafhyrdid hormone

bj ically . active tyi,s selected fromth rqup
R iRt AL AV e B e o D i
Nir§iRbreRE, intrferon alsHAPRSrfeforlTbéth, QRleAERAIdafinS ¥FSHEFPO, GM,-CSF,
congrl sing: a mcroprojection nmenber having a top

s r€SEdLaltt ghicagonngudimglh hormeanefreleasing faictdr (BRF) and analogs thereof,
m_cr opr oj,ection.. er including a plurality of

SW&{dﬁ}}ﬁ M%ﬁﬁlgﬁ&?‘& éa%‘f?ﬁ Soproj ect i ons that

proj ecyzfrofme ﬁﬁ&oﬁrﬁ%@@tigxﬁ §stdm SECIaAR 40, WAEEin said biologically

m croprojection nenber being coated wth a
badvemgettiibsedeatwlaiom ghe gaiplcdrisstiogpltobientiomhvacmed 6

WO 2004/ 060473 PCT/ US /041334 i ncludi.ng at | east
ole?g%g&aswrem YACSIOFT ﬁﬁgfga@?ﬁ@e%ﬂé hsEemEHE BT yecgimas

mat ri x1renbefe 4G RAONsRainfo T &IA ﬁb%g&jefn%id]%mgfcally

top surface; a conpressibl’e ring disposed on sal
maivepeajtecsdlatedifieorh ére gropp sarsisting ofifetitan$l, sufentanibciemgfentanil
said rigid matrix nmenber; and a backi ng nmenbrane

d?'k‘g‘b‘g gwon said rigid matrix nember and conpressible

ring. 8. TRgRe ?ﬁés}g dfegiiﬁrfga)%slf%&/ 35%1%1%{‘1@ whir8inBaéd of said plurality

wherei n each o stratum
cof statumm poracwmpgerting mapropjagedtioan fchalss m the pagigh off @ :sicrogram to 1

TP erby Setd BACaEAE 2P m 27, whereln each of
said 15 The microprojection system of Claim 1, wherein said microprojection
member includes a reservoir.

16.  The microprojection member of Claim 15, wherein said reservoir
includes at least one biologically active agent.

17.  The microprojection system of Claim 16, wherein said biologically
active agent 1s selected from the group consisting of ACTH (1-24), calcitonin,
desmopressin, LHRH, LHRH analogs, goserelin, leuprolide, parathyroid hormone
(PTH), vasopressin, deamino [Val4, D-Arg8] arginine vasopressin, buserelin,
triptorelin, interferon alpha, interferon beta, interferon gamma, FSH, EPO, GM,-CSF,
G-CSF, IL-10, glucagon, growth hormone releasing factor (GRF) and analogs thereof,

including pharmaceutically acceptable salts.
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plurality of stratum corneumpiercing mcroprojections
has a thickness in the range of approximately 5 - 50

wore@roe’3 15 30. The m croprojection system of PC/ERI003/041334
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27, wherein said rigid matrix and said conpressible
ring forma substantially planar disk. 31. The
m cr opi8j eciThemistpptogentioh s@item of Claimyibe whersinssaidibiologically

conpressible . ri C rises a.conpressibl.e foam. 32.
TRENRAERYr B7leed BRmIJeEionp SrTatREIAr e TVepighal vAciugty

f GREBMGAERT profsin daccalds BNAIVaR¢inSLdRGh&Hp dulie Pahdle vEIcaiEs.

consi sting of polyethylene, polyurethane, neoprene,

nat ur all9r ubBbe miGeRojdxtivy Isystdm b iaemd 6, wherrein sjd Bobigically
ECH, pol ystyrene ol yest er, ol yet.her, : : .
oo s e HE el BT AR E o DL s, oyl gsgifentanil
bLengsofier eof . 33. The mi croprojection system of

Claim 27, wherein said biologically active agent is

sel ect 2@ f r he nherogrogespion eystdns bf Gtpirnfl, AGEHdin ai@dligroprojection
cal ci toni [1 25 desmopressin, LHRH LHRH anal ogs,

gBSBIET 1N udpR b Pt G @IBHIEYHT K 0i d hor mone  (PTH),

Vasopr gpsi NrndEAToBIdHEA dystdhh 6f GFmAODLALR said marix s
vasopressin, buserelin, triptorelin, interferon

aldispaesed ipndxémbeersaid top serfaderntf exif aricropoggention nksiher EPO,

GM - CSE G CSF,. IL-10,. gl ucagon,_ growh hornone ..

rel eastfg f A8F BHCIORIICLGR AYsimh PG Im ey WhFrem Saitmaling
R P Rl R PGP bt Sid ERRYEOl e nember.

vacci n23. an@hé hecrapeytction sgiane bf Cimi20ewherdth sakdmatrix includes at

m croproj ection systemof C aim 33, wherein each of
s et 99F Grelesieslly asfivepgeit-um cor neum pi erci ng

m cro ec L | -
to 159 VorbBBarsBBI ISR ok IE G A 25 s Shertinl e PRy
ofctB@iadertiiosedehitabirbi the group cagihg oBA.CTM CloPPVsiltitonin,
m_croprojection system conprising: a m.croprojection
nBeFEOPTesaNA RHRAL ¢ anglagse 2essEelia, lenpiolide.qrasgthigaidihpsmone
S# ] 0] I Iy Lacl udi ality,of
R e - el
piripit&elin,fifterfeal alptakinfer tir&id Bdta, Shteffaoa gafmh#] FSH, EPO, GM,-CSF,
m_croprojection nenber further incl uc%i ng_a_reservoir
c@r@%ﬁrﬂrﬂ@, gtucpgaas gropil hpimeing geleasing fagior ?GBthmqaloga thereof,
S t.ant i tri nber di sposed on said
m%gﬁlg%hgc ixc(?%{lgn% fsrept %%&Etﬁ'rf ace; P

The microprojection system of Claim 23, wherein said biologically

active agent is selected from the group consisting of conventional vaccines,
recombinant protein vaccines, DNA vaccines and therapeutic cancer vaccines.

26.  The microprojection system of Claim 23, wherein said biologically
active agent is selected from the group consisting of fentanyl, sufentanil, remifentanil
and nicotine.

27. A composite microprojection system, comprising:

a microprojection member having a top surface and a skin distal surface, said
microprojection member including a plurality of stratum corneum-piercing
microprojections that project from said skin distal surface, said microprojection

member being coated with a biocompatible coating, said biocompatible coating
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a conpressible ring disposed on said mcroprojection
menber top surface and 10 surrounding said rigid

woredonioso4nenber ; and a backi ng nmenbrane di sposeRCDOSEA3/GH1334
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rigid matri x nmenber and conpressible ring. 36. The

m croproj ection systemof Caim 35, wherein each of
saicthdpigatatast gne wblogicaldyt antive @gergum: pi er ci ng

m croproj.ecti.ons .has a.length | ess than approxi mately

500 18 SHRYARGALY rigit mafi “Tﬁ%t'%"BBPB?s@étoi“éﬁl icfQppIgftion member
ARisd; Wherein each of said plurality of stratum
corneum pi ercing mcroprojections has a thickness in

t he r amgempfessiblppmgxdispased on fid mEPoproecinsmeRBerBp siltfgce and

m cropr.oj ection systemof Cajm35, wherein said rigid
nﬁ{rfquﬁd‘é‘!_ﬁc?aldsrhgl‘a“%w_%@&rb%‘l ring forma _
subst ap Bbcﬂég@’ m@nlng{sb% \%ﬁg@é@d onSaid Hid maﬁ’ﬁ)pfﬁ%&bgﬂdrd?é%énpressible

syst em of al m 35, reirn said tonpressi

conpri ses a conpressible foam 40. The mi croprojection
system of C aim 39, wherein said foamconprises a_ 25 ]
mat er i 4% sel BEREICRTPERIhYYSErbRiClaBR 27 svhdgingach of said plurality

g%RS?ﬁ%LdS%{ %fr?@%raﬁg%lﬁgg glaﬁpﬁl ?(ﬁggpﬁ%%@len%@ﬁ%sg 'il@z!n a%ggp(?r{lately 500
paicgyeisyr ene, pol yester, pol yether, pol ypropyl ene,

EVE, EMA, netallocene resin, PVC,_ and bl ends thereof.
41. THE-ni cf spmisreRrpiestipnssysteanefdelam a7 nvimsem gact ef said

S, S AR Key RSl SRl SRR BB AGRTA B e o
depragimasedt N, LHRH, LHRH anal ogs, goserelin,

| euprolide, parathyroid hornone (PTH), vasopressin,
deart RECTPRal14, D- Arg8] argini ne vasopressin,

busere{q n, ' | ] aterf n pha, .interferon .
e o3 TRk LB ALRl 2 RO B B an
2000 DB D1PRAE BSR00IbO4ABAY plsaacdisk. | L- 10, gl ucagon,

growt h. hor none rel easi ng factor&glGQF% and anal ogs '
t her eotl: i Famurengoiseiianraetem afCdriny 2 B odwpcinisiid comptessible

Bﬁ%"@%ﬂrggﬂ C&g@gﬁ@gfoa%conbi nant protein vaccines,

acci nes an rapeuti c cancer vaccines. 42. A

conposiX e M MRFSHrGeéioRty S TTT1aieP PR MWEkdIH 52i@ fém comprises a
m croproj ection nmenber having a top surface and a skin
dnaferal sslgeted diom bagigrpup consisting of polyethylene, polyurethane, neoprene,

natural rubber, SPR, butyl, butadiene, nitrile, EPDM, ECH, polystyrene, polyester,
polyether, polypropylene, EVE, EMA, metallocene resin, PVC, and blends thereof.

33. The microprojection system of Claim 27, wherein said biologically
active agent is selected from the group consisting of ACTH (1-24), calcitonin,
desmopressin, LHRH, LHRH analogs, goserelin, leuprolide, parathyroid hormone
(PTH), vasopressin, deamino [Val4, D-Arg8] arginine vasopressin, buserelin,
triptorelin, interferon alpha, interferon beta, interferon gamma, FSH, EPO, GM,-CSF,
G-CSF, IL-10, glucagon, growth hormone releasing factor (GRF) and analogs thereof,
including pharmaceutically acceptable salts, conventional vaccines, recombinant
protein vaccines, DNA vaccines and therapeutic cancer vaccines.

34. The microprojection system of Claim 33, wherein each of said plurality

of stratum corneum-piercing microprojections includes in the range of 1 microgram to 1
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m croprojection nenber including a plurality of
stratum corneumpiercing mcroprojections that

weroopead7¥ rom sai d skin distal surface, said PCT/US2003/041334
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m croprojection nmenber further including an

agent - cont ai, ng, matrix, said matrix including at | east
ofalligrmny phsiid Biojagicatly jagieveAgent : 10 a substanti al | y

rigid gatri i - ' L cr-oproj ection
nenberﬁ'top%‘sur agge; gfé&%gl%n%?téé@ls@%ggrcl ngj’hg]lplé'posed on

sai d mefiapprjjetibh afeniteirheving @ Lopsdukfaee tndanskin distal surface, said
surrounding said rigid matrix nenber; and a backing
nBhYPRIRiECHPR Beagr tisluginep plpgslity ofestriatugn pRIABER-PAGTEing

c [ i 5 rin 43, .. T 1,Cf ' ion_system
CPIRPERRERb el o TP QR L APHPL SEb B BHSLAD:
phR¥ibERfuetheinlulig aSresdrasiEcdttaifidicdt Basiiop 'bQﬂ@g?ibénghctive agent;
menber. 44. The microprojection systemof Caim42,

wher ei Asuhsiantinily Figid mairix aenphss dispered wnrsaldanissontojsktion member
dLoéts%faéeurfape of said m croprojection menmber. 20 45.

T mcroproj ection systemof Caim42, wherein each

of sai gc@hpfeadible Ying@ispdtddadnial CRICAEB BRI chBer to? surface and
m croprojections has a length [ess than approxi mately
segrouniling said rigiémarhemainbenprdj ecti on system of O ai m

42, whereiin each, of said .plurality of.stratum .
cor neuParE g e PBRPts B r St m i bR compressible
tAggrange of 25 approximately 5 - 50 microns. 47. The

. mcroprojection systemof Caim42, wherein said rigid

mat ri x3@nd Thaingcreprapectessysiea of Glginh 36 mvherein each of said plurality
substantially planar disk. .48. The m croproj.ection .

SER e RiGS P PEroiDand hE o rEB LS e spgriimggely 500
CRIRbAsSES a conpressible foam 49. The m croprojection
system of O aim 48, wherein said foam conprises a

mat er i 3. selecmedofroisaiiorhsystgnoofiClainm 8 5 swherginafch of said

| yet h , I t hane, . cene, 29 WD, .
TG0 £ 74 e OO oG SasFob el e piskressnghe range of
bapip¥dximBielyadi ene, nitrile, EPDM ECH pol ystyrene,

polyester,” polyether, polypropyl ene, EVE, ENA
nkt a0 hogene resin, PVC, and bl ends thereof.

38.  The microprojection system of Claim 35, wherein said rigid matrix and
said compressible ring form a substantially planar disk.

39.  The microprojection system of Claim 35, wherein said compressible
ring comprises a compressible foam.

40. The microprojection system of Claim 39, wherein said foam comprises a
material selected from the group consisting of polyethylene, polyurethane, neoprene,
natural rubber, SPR, butyl, butadiene, nitrile, EPDM, ECH, polystyrene, polyester,
polyether, polypropylene, EVE, EMA, metallocene resin, PVC, and blends thereof.

41. The microprojection system of Claim 35, wherein said biologically
active agent is selected from the group consisting of ACTH (1-24), calcitonin,
desmopressin, LHRH, LHRH analogs, goserelin, leuprolide, parathyroid hormone
(PTH), vasopressin, deamino [Val4, D-Arg8] arginine vasopressin, buserelin,

triptorelin, interferon alpha, interferon beta, interferon gamma, FSH, EPO, GM,-CSF,
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50. The m croprojection systemof Caim42, wherein
said biologically active agent is selected fromthe

w@emuperaonsi sting of ACTH (1-24), cal citonin, BCT/US2003/041334
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desnopressin, LHRH, LHRH anal ogs, goserelin,

| euprolide, parathyroid hornone (PTH), vasopressin,
deaBSRdLf MagiicagonAgysith homianic neleasarpfactos §GRF) and analogs thereof,
D B ey bt e O Bl Bco g, oS

| broldin vEICHERIONA SOt adiRheRRG it hRRS VA ifeact or ( GRF)

and anal ogs thereof, including pharmaceutically

accept 4bl e Aaonmpositomiceopropntdn syateoi, cesprisiegonbi nant

10 protei.n vacci.nes, vacci nes d therapeyti .
canber  PTEP R IO8 Temgeg BHIUER KD AT L I Fa oprtagh, said
apRirbmd}efion HbRPRLILE l%liggof sRARR! Sstndiin PRRLNKg 2

m croproj ecti on nenber, thpe applicator tip conpri s%ng:
amtdrpprogachens thatgpoject fram cad pkinatisalwutfhcd, had applopegéaion
said tip nmenber having a skin distal .surface; and 1
amEBRET onqneluﬁglﬁ@é@%a?tscﬁa@g@ BN afa MRpBRyEMeSk feﬁst one

diSidicafy L A& 2. The applicator tip of O aimb51,
v\hler ' aléd ﬁgsnhenber includes a substantially

cont i nasustahasldpsgid magk arendrer d&peket iop saEmieropsdjection member
di stal surface. 53. The applicator tip of O aim52,
wWi8rsEIfACSs ai d conpressi bl e nenber is disposed in said

recess : -
L5 S %0 B0 os T SR hod ) Brtce
canpuedisibhid rigddmatrbbmerhber; appl i cator tip of C ai m 54,
wherei n  said conpressible foam_ conprises a )
subst ahbackingmeipeing disposed gmsaidgigid Aatripiembst #d qoppressible
olfi%%l aim 54, wherein said conpressible foam 25

conprises a substantially closed-cell foam 57. The

appl i c4g.or ThPmidrofzbRttidibeystenhef Cllatin 92) wihdréianid matrix is
conprises a material selected fromthe group
ctimrased proyimate seid jer sifase el saybmyjeipriolpsHen meewst-ene,

nat ur a r er ; 4 t | s itrile, P
E CH, pJIé .ysﬁﬁeell;l’]ﬁe(}:l’ag‘geg efgl’{ %Jrst,eng%tf @g{]‘ﬁ g?,, wiherem Sal% m'grlx 1
PdibpRe® piokafigte sENEkinkdal siELE dt@ﬁﬁlﬁﬁicf@ﬁbj@ctidﬁ\'{ﬁemﬁad

bl ends thereof. 30 58. A conposite applicator tip for
an appti-cat bie midgieprajsplioncgysism ofeflagn 4gdalpﬁreid each efmaidplurality
R T T TR ——
apRrbsat or, said tip nenber having a 30
46.  The microprojection system of Claim 42, wherein each of said
plurality of stratum corneum-piercing microprojections has a thickness in the range of
approximately
5 - 50 microns.
47.  The microprojection system of Claim 42, wherein said rigid matrix and
said compressible ring form a substantially planar disk.
48.  The microprojection system of Claim 42, wherein said compressible
ring comprises a compressible foam.

49.  The microprojection system of Claim 48, wherein said foam comprises a

material selected from the group consisting of polyethylene, polyurethane, neoprene,
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WD 2004/ 060473 PCT/ US2003/ 041334 skin distal surface,
said tip nmenber including a substantially continuous

WO 2me®a’d r egi on on said skin distal surface;PenuSmo3/041334
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conpressi bl e menber di sposed in said recessed region.
59. The applicator tip of Claim58, wherein said
r sgtesd eubber $PBnbits], dutdmse,citrie, HPONVNBECH, pthle'stmme,rpolyester

TR BBER bopesient, TfE. et iogn By LG nd Biends hereor

conpr esgi bl ¢n0RFREHrojQBR 5YsPES o%&mﬁeﬁﬁé@hﬁsat@@imoglcally
61. The applicator tip of Caim®60, wherein said foam

c a¢tpffe| aged issalatel frath thesgoeg t:«amsfcmg of AIGE Hy(1o24), calcitonin,

nariaaresnd. PiipborHabledng ghierdli Rupehas, s hog formone

E Y/ V. |
pm% ; E%?Preeﬁgh, %@Wmm% £§$ K inffe vﬁ%ﬂ?@gsm buserehél

, ne resin, PVC
btri;ncitelin Heteefofon afjtha, i@atctrfemtsbk&a mater feni gasmya, FP&L, @O, GM,-CSF,

: &'naél 3 nﬁ}j gglcgnga%:] g fﬂ Egﬁéq?}gfr%gs?r?égptg\; (SﬂF?algdofnalogs thereof,
M eI }ﬁ?ﬁuh&ﬂu% %Ee %’shqlﬂs %n@elﬁloﬂﬁﬁvdcﬁ)ﬁe? recomblnant

stratu cor neum pi €r cl m croproj ections
pprjten vadcires) BNAaskines ﬁldsthaiapamrcfcaﬁ&r vac@ndsst ant ially
rigid rmtrl x menber di sposed on said m croproj, ectl on

menber Stop Suromposite pplisHieF R &rnapplicier. tespBletordiging

:g&ria%%i' ntgi ﬁgl"y%lxﬁ‘g}dlpﬁ’ﬂ W&mﬁ&pthéﬂ él?c%ﬁ)r‘rﬁgdcong)a s g

menbr an eip thaikes adapdd abdpdratgivdththt apyicamibaid ﬁpﬂmember having a
conpressible ring; and 20 an applicator adapted to
apign diskdiserfagec#sbr oj ecti on nmenber, said appli cator

| ncl udj, @&ng&ss%’l@ e ﬁh%b&d ﬁﬁ%&d‘ th; ﬁgx%BEre%Jﬁ GistaP BIr?a%E.

said mcro rojection nme ca

enpl oyszl t oTRp@Iica@t tp BT Cladprsa)j %&ﬂeﬁfbamembﬁfemlﬁ&ncmesa
delivery systemof Calm62, wherein each of said

pFllh’SﬁllntllﬂW GMipBOUStTECEssah regien en ﬁﬁllé |U@rré¢fﬁ@€r skin distal surface.
m cr opggj ec&h@%)}ll%%ﬁeggefﬁ%rrﬁ 2 rtelﬁrl]as%f %Dné}%ﬁ%s L eIe¥nber is

500 niTrons I'ver

VaRp&el i hdreobsse@tagid. ural ity of stratum
corneumpi ercing mcroprojections has a thickness in

the rabe ofhe @cmbncmr AREELlaim 51, whergincraishepmigessige nember
del i ver% ¥st mg Cl ai m 62, wherein said conpressible
r PBPHISER ASPIRESSI R 8%y essi bl e f oam

55.  The applicator tip of Claim 54, wherein said compressible foam
comprises a substantially open-cell foam.

56.  The applicator tip of Claim 54, wherein said compressible foam
comprises a substantially closed-cell foam.

57.  The applicator tip of Claim 54, wherein said foam comprises a material
selected from the group consisting of polyethylene, polyurethane, neoprene, natural
rubber, SPR, butyl, butadiene, nitrile, EPDM, ECH, polystyrene, polyester, polyether,
polypropylene, EVE, EMA, metallocene resin, PVC, and blends thereof.

58. A composite applicator tip for an applicator, the applicator being
adapted to apply a microprojection member, the applicator tip comprising;:

a tip member adapted to cooperate with the applicator, said tip member having a
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66. The delivery systemof Caim&65, wherein said foam
conprises a 31 WD 2004/060473 PCT/ US2003/ 041334

woraenéals sel ected fromthe group consisting OFCT/US2003/041334
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pol yet hyl ene, pol yur et hane, neoprene, natural rubber,

SPR, butyl, butadiene, nitrile, EPDM ECH,

pskingsiisyal sndacepedig 6p neamber polydengesybsiaotisify apyineos, recessed region
EVE, EIV{(A é{n?t al | ocene, resin, PVC, and bl ends thereof.

6 7™ SFA&GS %lesruifg%ey?f‘%m of O aimé62, wherein said

m cr Opﬁ%ﬁgiésﬁﬁleﬁﬁémﬁ‘ér dispobe?! i Qat SEbedddRedon.

bi oconpati bl e coating, said bioconpatible coating

i ncl udbfg aihe eprdicatontip ofiCddiogfi & alheseirastid weeessge ndgiorti8 disposed

The delivery system of .Cl.aim 67, wherejn sai
POPGGHE L SRR BEry 25 eHiE i ancsinel Sk FHOMEFe gr oup
consi skhng @he Afplidalol tidHF ClGR B WAl sHESHR egst? 1k themper

LHRH, LHRH anal'ogs, goserelin, [euprolide, par yr ol
hoompmses @Rdhpresdiblefagiopr essi n, deami no [Val4, D Arg8]

i erf BFon AGREP EAIRE P PLT BT ahereh 814 Erathe gapries a material

= - , -
ke Py 55 SR B,
i nbend SR, pirtsl, batdiehe,ontriley; EROMpPEEH] polgstiitene, polyester, polyether,

convent i onal i nes, reconbinant _praqtein vaccines,
YPRE¥FRG @‘gﬁﬁﬁ‘{lﬁemﬁémqn@ resith ¢ C2a6 blards therepfag,

The defj ver t?%§&&q}apﬁelgeﬁ}é§é;kn@%? i sqhé] each of said

plurality of stratum cor erci ng

m cr op# aji@opiofsrson AtdmbeeBaving & tvp sudfagearell a skimdiztad guirdate, said
to.1 mlligramof said biaologically active agent. 70.
TRECTaRIP s Bey meppbepipchiding aplisably ofghatug eoraeyrg-piercing

ni.¢ ' i ! i.nGl e 71. . :
AR RS @ R for 6 558 AR, U bty fid mavix
r eeaibeodispdsed buied néitropfdction @ignter @poaikfasd, laycoapidsyible ring
agent. 72. The delivery systemof Claim71, wherein .
s@Sprssd B & driFtoprojeatiopancraes fap susfase prdcsustpundingsti aigid matrix

g Y ee f - 24) | ¢i.toni n
0548 9804 B BB L LA menier
| esrippredsitleringaindt hyr oi d hornone (PTH), 25 vasopressin,

deam no [Val4, D-Arg8] arginine vasopressin, . _
buser et #plicatppadgptsdita apply said mfietopre) edtioh anembprr eyafdeapphicator

b iy . FSH, . EPQ - CSF, G CSF
P e SRR G TR i ool mepper hen
agid aiplicRgsistdAei1SRld to app1¢ kaiditlBrophAédiRa ! | Y

acceptabl e salts, conventional vaccines, reconbi nant

63. The delivery system of Claim 62, wherein each of said plurality of
stratum corneum-piercing microprojections has a length less than approximately 500
microns.

64.  The delivery system of Claim 62, wherein each of said plurality of
stratum corneum-piercing microprojections has a thickness in the range of
approximately 5 - 50 microns.

65.  The delivery system of Claim 62, wherein said compressible ring
comprises a compressible foam.

66.  The delivery system of Claim 65, wherein said foam comprises a
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protein vacci nes, DNA vaccines and therapeutic cancer
vacci nes. 30 73. The delivery systemof C aim62,

wonben/eéma7sai d m croprojection nmenber i ncl udesP@RIUS2003/041334
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agent-containing matrix. 74. The delivery system of
Caim73, wherein said matrix is disposed 32 WO
200476 Rl FedTmns2gro8p carsEtg of pelyetiuieac. awlarethpne, neoprene,

ST P ST g
d p§1@@@n@£} po%ﬁ?ﬂyrﬁé,@\%@,i EMaK hittdioséR! re§iH! PRC Earfd b1&Risdhereof.

m croproj ection menber. 76. The delivery system of
C ai m 83, wAbe delivessystemnef Chi 92) whiasingeid ramseprofSctinmemember

bi ol ogi,cal,ly, active. . 77...The del. . t em. of
GRS o S B caic P RIpIAPS B BTt Leas
sgh&Blofskidallg A tiviengaRtoup consi sting of ACTH (1-24),

cal citonin, desnopressin, LHRH LHRH anal ogs, '
goser ebBn, Mbepgeloierdeystopneiatiayn 617 dwhereimsaie {igiopically active

VERBESEER P I B4y AAER 0, g s
aLPIRSL IHRATLHB6R BRI Ain, INDRIIGE! PiRatBATTEhorfiole (71D,

10, gl ucagon, grow h hornone
r ehsopsissig, deaotiny [VaBRM)-Aagl] agialnegssdpnessapbyserdlimg knpdoneln,
pharmaceutjcal |y acceptable salts, c io
vHEE§Tes ,“lpb%d% F‘i’?&ﬁw’ﬁpap%?rgﬁrﬂn %%‘E@?ré@f’e% 6@'&5%9@“’
apd tJ ' . I
e o T P SRR S L G
h@cﬂu@ng&phmgwtiéﬂb&ce&;ﬂa&e sdtispcahiverttadnabvactmes recmibdnant

m craproj ecti menber including a plurality of

sPIoAtY N?ﬂl&‘ﬂ‘ﬁ Y%F%‘F%@nd th?@? KPR iVariaiShat

proj ecggfro ' ' ' : f af L flqs .

m cr oprB%j ec?cl}1 %ﬁélﬂﬁmtﬁ?{ ?ﬁ%ﬂaﬂ‘g%n‘gg%% ieggl?gfrjsaé%%%{agéy of

t strapipl gprieeahdpisichigapicegpecjections irsitdss in dwirdngeayfl 1i @itk@gram to 1
i n¢l udi ng_an a_pFI icator . tip having a skin distal

shviigraan phspad biglogicaly aetivegs®int act sai d

m Cr opkgj ec - r L

T ) E RO S PR Al Forgion e
apeludeat edsetviofr. i ncl udi ng a conpressi bl e nenber

di sposed on said skin distal surface of said .

appl i cator Thpdelpsrysysterhel Glaim 7@ whesgigisaid resereipingjudes at least

784 %%g?éaﬁy%@tg\% a@glp[[ icator tip includes a

72.  The delivery system of Claim 71, wherein said biologically active
agent is selected from the group consisting of ACTH (1-24), calcitonin, desmopressin,
LHRH, LHRH analogs, goserelin, leuprolide, parathyroid hormone (PTH),
vasopressin, deamino [Val4, D-Arg8] arginine vasopressin, buserelin, triptorelin,
interferon alpha, interferon beta, interferon gamma, FSH, EPO, GM,-CSF, G-CSF,
IL-10, glucagon, growth hormone releasing factor (GRF) and analogs thereof,
including pharmaceutically acceptable salts, conventional vaccines, recombinant
protein vaccines, DNA vaccines and therapeutic cancer vaccines.

73.  The delivery system of Claim 62, wherein said microprojection member
includes an agent-containing matrix.

74.  The delivery system of Claim 73, wherein said matrix is disposed
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substantially continuous recessed region on said skin
di stal surface of said applicator tip. 80. The

walzloswenys system of Claim 79, wherein said conpteESiohd/e1334
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menber is disposed in said recessed region. 30 81.
The delivery systemof Claim78, wherein said
c orprimsisishiddopraurinse of ea;dmlcrge@mu@omré@m bl e foam

82. The_del iyer st em of 81, wherejn sai.d.f

Corpr 1 986 a ThESHEEH bGTRD 6 ah FerbesdBoar B3 dispates
Mk&imate s§ﬂ| R @staf fuefiké Besatd ARosOfReHS mehber.

pol yet hyl ene, pol yuret hane, neoprene, natural rubber,

SPR, bibyl , T]bgtdg]dve@y] gystam of Clagm 78PPWredGajd matrix includes at least

pol t r ester pol yet her, pol ypropyl ene,
EX 'E’K% aﬁ.gtag resin, PVC, and bl ends ther eof.

83. The7del itye Hb!h\feﬁgﬁ}%i@n%f Elaith %7§her\9ﬁ%*aﬁi BoRBldlly active
mcroprOJectlon 5is coate with a

biage ngpeel dcheddrapo dtei grgl,lp s@istiting oﬁAﬁ&iﬁl (16249, eadcitoniiy desmopressin,
[ [ least o |oI ca actjve a 84.
rhetE R Anab e anr SR oeprie: Sumbnaih gt P,

biyadpedsgial Mﬁ% wm 3 drémﬁi%' RisdRessid, BREAf, GiRGRTin,
consi sting of H (1- cal citonin, désnopressin,

LHRH,ferQh-IRlﬁha,nalecngm @tasmtaif@rnn garenqar ESH,dIéPO;ﬁM;{CESH 6i-aSF,

h n PTH) , vaso sin, 14, D-Ar
T et B OOt s (At G Al ftlogs (Refbot,
[ eta, interferon ganmng,
M&Jdlgjﬁﬁnﬁh&%ﬁcallﬂc CSﬂt?JlQE‘alRm ol ucagon. ar gwt "
hoommengonat veasesge@nbinant(pGEREN vancines) BINY sadciivess @ad therapeutic

i ncl udi ng. pharmaceutically acceptable salts,
c 6MFENTA6IAE- vacci nes, reconbi nant protein vaccines,

DNA vaggl nes @dad el ?Q%;ég)ly %S%g?g%gﬁgﬁ ines. 15 85.

The delivery systemo rern each of said

pl ur al atyicoprojatioatmemixo heting pitqy strfage a4 skin djsed sindae, said
includes in the ranpg ? of 1 mcrogramto 1 mlligram
ofMIGTRPPISTigN BFMPT Influding %‘ué?é‘é)h? stiggim gof@cHBIRIZENg

SRS SR eGSR 3L L AL B {Rprojcin
syrhthatr;@hdCl ai m 86, wherein said reservoir includes at

| east one Di ol o&p cally active agent. 88. The delivery
syst enfRPRICAICRAEPled iRapBlysaidAn¢TaprEeisnaasmyerasaid grplicator

including an applicator tip having a skin distal surface that is adapted to contact said
microprojection member when said applicator is employed to apply said
microprojection member, said applicator tip including a compressible member disposed
on said skin distal surface of said applicator tip.

79.  The delivery system of Claim 78, wherein said applicator tip includes a
substantially continuous recessed region on said skin distal surface of said applicator
tip.

80.  The delivery system of Claim 79, wherein said compressible member is
disposed in said recessed region.

81.  The delivery system of Claim 78, wherein said compressible member
comprises a compressible foam.

82.  The delivery system of Claim 81, wherein said foam comprises a
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agent is selected fromthe group consisting of ACTH
(1-24), calcitonin, desnopressin, LHRH LHRH anal ogs,

w@omenal4rn, | euprolide, parathyroid hornone (PAGH/USRB3/041334
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vasopressin, deam no [Val4, D Arg8] arginine
vasopressin, buserelin, triptorelin, interferon
ampkesial selecsed Beorihogoap consissing of pelygthlens, PobrretiRme, neoprene,

Bty SR, putdagblpuic HEREP b BER, PSNITRGe ngtvester

D BalyBmEL BbiypRpyInd OB EMAC nfbafoBencG@aM S 0kl blends thereof.
vacCcCl nes, reconbi nant pr ot ei n vacci nes, DNA vacci nes

and t h&3 apeJhe delioy sysieoeof Glaime 7Reshergo. saififreicdagirdjeetion member

s Vit Bapm el B g AR AT ARl R s g atas
zgggﬁlgﬁg{lcz@ygg@@ggpsl 041334 90. The delivery system

of Claim89, wherein said matrix i s di sposed proximate
sai d t8f sufhedelivsty sysfeth of Claop B3 whereinsawdhiblegicaldyactive

Th | f d 9 d matr
" 86t B s legll R Rty Snfisaet AGTE G2 o esinopressin,
SRHRHTHIOR 2041884, B8rdIBTRRbrolide %ratﬁfl%h&g?dnzéﬁé gpﬁx)st em

of daima89, whéréin said matrix inc ast
omaobremm,giaamhmw [Vead4,iDrArgliengining 3asopnessue buseealin, sipsdrelin,

i GUT O PR PHFOR oG B OGS bl b kst S5 a53-CoE,
CK ) t%?l'ﬂda@on %‘?@\H@lﬁ{o‘?ﬁéh&elea&ﬁgﬂctﬁgjﬂ%}ﬁ‘%ﬂh 91?% Tﬁ therjc_8f

goserel i I’eupr ol i de, par at hyroi

thmlmﬁlanna@eamliycac{:qémc salls Arop8¢ntaongl viicoies, recombinant
vaso ressi n, IS& erelin, Ll%torel in, i nterferon
n vaGeines s [ANAVaseings andnt APHIS T ARRERYACCITESH,  EPQ,

Gl\/l - G )

rel egglgng fgg‘%:g?hd(e g:ﬁiy}tg %J%{%ﬁl?ggswt r@%g?mgfﬁﬁgﬁ 31 19’ o
pttmtllrrﬂ@euteuma;blhyzlrgoﬁﬁ:mpabgbﬁl(ﬁl&hﬁcﬁudee dnthe rangervdll microgram to 1

VaCCI nes, _reconbi nant protein vacci nes, DNA vacci nes
Wéi“g?‘i‘@?‘é%‘@éﬁli’l@logﬁ lﬁaﬁB’érag@Hcm nes. 94. A transder nal
delive sy | e |

navi ng % ¢ ot EBVERIBAE I€Iafh 74 SURRGRAE L SReREEREN member
nincludps dfeseitvoen nmenber i ncl ud| ng a plurality of

stratum cor neum pl ercing 20 _nicroprojections that

pr oj ec87-f r ofh& gl B’eébkﬁ}’ﬁte@l oftlping §6,rvehdseip Said gpsgrvoir includes at least

nbr?é' t98fo%lc‘3ﬁ§7 Lugﬂle agent.

88. The delivery system of Claim 87, wherein said biologically active

agent 1s selected from the group consisting of ACTH (1-24), calcitonin, desmopressin,
LHRH, LHRH analogs, goserelin, leuprolide, parathyroid hormone (PTH),
vasopressin, deamino [Val4, D-Arg8] arginine vasopressin, buserelin, triptorelin,
interferon alpha, interferon beta, interferon gamma, FSH, EPO, GM,-CSF, G-CSF,
IL-10, glucagon, growth hormone releasing factor (GRF) and analogs thereof,
including pharmaceutically acceptable salts,
conventional vaccines, recombinant protein vaccines, DNA vaccines and therapeutic
cancer vaccines.

89. The delivery system of Claim 78, wherein said microprojection member

includes an agent-containing matrix.
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menber, a substantially rigid matrix menber di sposed
on said mcroprojection nenber top surface, a first

wa@owpnaasd bl e nenber di sposed on said m cropr oPEDUSIIN3/041334
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menber top surface and surrounding said rigid matrix
menber, and a backi ng menbrane di sposed on said rigid
mat r i x 9genbdihe delavelry systene oh(olaers $Pbwvhemursdisi matainds d5pased

appli.cat or. adapted tqo appl.y said. .m croprojection

B ate3aid JoR sTce F §PC TirToPUCHER BT | cator tip
havi ngoa. skirhe dbBicay syttint 8E€1aIMAYL, WherdtaRidaHakR is disposed
contact said mcroprojection menber when said

apphiimatesaidi skinedigthlosrefdce of saphinicrembigctorcmember. ect i on
b [ Licator tip-jncludi a cond. .
Comre2; bl dnEBRksT S fect bLGIME BY ket P E MG gneludes at least

s%égﬁfo%;)gag?a‘mveaa%@h@.cator tip. 30 95. The delivery
system o aim 94, wherein each of said plurality of

st r at ulBcor dbadelpicey syistegn of Claop O] ebdreinrssidinslogichBnedttive

| ess tha proximately 500. m 35, WO, . . .
2685 BE0IFP ST LhS 20K TR/ HAE 0bAC THd 2 Galkiioping gesrappressin,
of iRl LrH@ﬁ,an%S{, %b&r&ﬁf} 'Pe,ug?ol_ﬁl@,' ﬁjarﬁhWoﬁi fidnhoflE éﬁf}fl)?}t um

cor neum pi er ci ng croprojections has a thickness 1I'n

t Masopeasgie, ddamimpifadk,i Dretred yarBinirs(rasipressing buserdia, triffterelin,

Sl RS S S Py S AL AR o,
{ P 10Q BT EaPHIRrEloR Mok 5 (IRigghd i8] eAE.
s ecthnling pimpmesstibdlly acoeddde sdls, di sposed i n said

recessed region. 10 99. The delivery systemof Caim )
gﬁ?n‘ﬁﬂ%‘?‘@il MaccHies, IEPQIBRINH Profgin JRecingsy ¥ageHieg and therapeutic

MEIREL ri se a conpressible foam 100. The
deﬁ%ve‘?afa@ggs)t emof Caim99, wherein said foam

conprises a material selected fromthe group
consi sting of polyethyl ene, polyurethane, neoprene,
nat ur aP4r ubBeFansdsivmal ¢rlivgry syBlghia 8PBPRSING | tri | e, EPDM

ECH, : . .
mot or SEENSRAGon ARR hilioe RePOIEL Bt sin s gy, e
biétrdprojdedoe afembed Bitludibpen slatalivesfstaist esthefm Sidtiny 94,

wherein_said mcroprojection nenber is coated with a
b%@@ﬂ‘ﬁtﬁcﬂm@th@dﬁfﬂi‘fﬁ@{m@ anid shinghgasatfpes of sesmiaseprojection

i H‘l%lnlﬂ)gﬂ Q%u%adtﬁﬁ§h gid matrix member disposed on said microprojection member
top surface, a first compressible member disposed on said microprojection member top
surface and surrounding said rigid matrix member, and a backing membrane disposed
on said rigid matrix member and first compressible member; and

an applicator adapted to apply said microprojection member, said applicator
including an applicator tip having a skin distal surface that is adapted to contact said
microprojection member when said applicator is employed to apply said
microprojection member, said applicator tip including a second compressible member
disposed on said skin distal surface of said applicator tip.

95.  The delivery system of Claim 94, wherein each of said plurality of
stratum corneum-piercing microprojections has a length less than approximately 500

microns.
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one biologically active agent. 20 102. The delivery
systemof O aim 101, wherein said biologically active

w@emei433 sel ected fromthe group consi sting OPCEIS2603/041334
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(1-24), calcitonin, desnopressin, LHRH LHRH anal ogs,
goserelin, |euprolide, parathyroid hornone (PTH), .
vasopr 88si n Thgdghiveiy system af CoimAgdsyherew qach ef said plurality of

\Y essi serelin, triptorelin,. . .interferon

» BRARRCR R BERH i Gorbier B s Tiskclelt STbEFae e
Ga%)praﬂfnat GSF, 25 |L-10, glucagon, growth hornone

rel easing factor (CGRF) and anal ogs thereof, including

phR8mneast i cal |y acceptabl e salts, conventional

vacci nges, reconbi. nant rofein ccj nes, acci nes

and th g?'ap eut't ggf&‘éﬁ% @Pt%’égééhgg ?éalﬁé?re’ﬁ?é%p%%@’v‘p includes a

s ygsemtiafly 6rinbodrbceswhibieion 08aeid sRin @dtabsuptadé 8F §iy apMlicator
n

stratum corneum pi erci ng m croprojections includes i
t BB range of 1 microgramto 1 30 nilligramof said

bi ol ogi,gal | ¥, agtive agent. 4. -The delivery system of.
Q o e85 wifF BB AR o1 Gl P Lobhim biEpond compréssible
| BiHEs @spgoS&Pi\Rid reccdfedW€idh04/ 060473 _

PCT/ US2003/ 041334 105. The delivery systemof Caim

104, wH®r ei mhe deliveresystonodfr Claime Pdoekereain saidefarst andrsecond
bi ol ogi cal | ctive agent. 106.. Thtg delivery system of
d%fPPﬁ%i% c &S ?Pf%po{%a ak?iog]lp_ffﬁ?‘_gkﬂ §fMactive agent is
sel ect ggo.f r oRE HARveDy glg&nwméuaﬁ g&%ﬁ&aﬁ%’d fodm <dinprises a

cal citonin, desnopriessin, LHRH anal ogs,

gortarel selgctédelnpmshd greup pensesting obpalyttbylens @olyRTdthane, neoprene,
vasopressin eam ald, .D-Ar [.ni ne

VREEH ELbeh sefuBlh Lhuhltntimeieatiive B aberene, polyester
a i JENTAL

RS e PSRRIV G N B o e thereof.

rel easing factor (GRF) and anal ogs thereof, including

pharmaceutical |y acceptable salts, 10 conventional |
vacci n@,- ri@% VERNEYSSPRLLTIAIY A oy hraein spmnigrapegip@ion member

e e L e LT
nemdlaologically actes agentagent - cont ai ning matri x. 15 108.

The del jvery systemof Caim 107, wherein said matrix
is dis b@% ed¥h?)¥‘ﬂ52’|e%~°tyéte§1é?f@91§b1@h pyhgrcin sgid Siglegically active

M Sh PR sLle el 3 AR consisting of ACTH (1-24), calcitonin, desmopressin,
LHRH, LHRH analogs, goserelin, leuprolide, parathyroid hormone (PTH),
vasopressin, deamino [Val4, D-Arg8] arginine vasopressin, buserelin, triptorelin,
interferon alpha, interferon beta, interferon gamma, FSH, EPO, GM,-CSF, G-CSF,
IL-10, glucagon, growth hormone releasing factor (GRF) and analogs thereof,
including pharmaceutically acceptable salts, conventional vaccines, recombinant
protein vaccines, DNA vaccines and therapeutic cancer vaccines.

103.  The delivery system of Claim 101, wherein each of said plurality of
stratum corneum-piercing microprojections includes in the range of 1 microgram to 1
milligram of said biologically active agent.

104.  The delivery system of Claim 94, wherein said microprojection member

includes a reservoir.
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109. The delivery systemof C aim 107, wherein said
matrix i s disposed proximte said skin distal surface

w@boog@asd73ni croproj ection nenber. 110. The del i R@T/YS2003/041334
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system of Claim 107, wherein said matrix includes at
| east 20 one biologically active agent. 111. The
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including pharmaceutically acceptable salts,

conventional vaccines, recombinant protein vaccines, DNA vaccines and therapeutic
cancer vaccines.
107.  The delivery system of Claim 94, wherein said microprojection member

includes an agent-containing matrix.

108.  The delivery system of Claim 107, wherein said matrix is disposed
proximate said top surface of said microprojection member.

109.  The delivery system of Claim 107, wherein said matrix is disposed
proximate said skin distal surface of said microprojection member.

110.  The delivery system of Claim 107, wherein said matrix includes at least
one biologically active agent.

111.  The delivery system of Claim 110, wherein said biologically active
agent is selected from the group consisting of ACTH (1-24), calcitonin, desmopressin,
LHRH, LHRH analogs, goserelin, leuprolide, parathyroid hormone (PTH),
vasopressin, deamino [Val4, D-Arg8] arginine vasopressin, buserelin, triptorelin,
interferon alpha, interferon beta, interferon gamma, FSH, EPO, GM,-CSF, G-CSF,
IL-10, glucagon, growth hormone releasing factor (GRF) and analogs thereof,
including pharmacéutically acceptable salts,
conventional vaccines, recombinant protein vaccines, DNA vaccines and therapeutic

cancer vaccines,
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