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ACTI VE AGENT DELI VERY DEVI CE HAVI NG COVMPCSI TE MEMBERS TECHNI CAL FI ELD 5
[0001] This invention relates to adm nistering and enhanci ng transder nal
delivery of a biologically active agent across the skin. Mre particularly,
the invention relates to a percutaneous delivery systemfor adm nistering a
biologically active agent through the stratum coneum using an array of skin
piercing mcroprojections that have a dry coating of the biologically
active agent. Alternatively, the 10 biologically active agent is contained
in a reservoir or matrix affi xeOTIVEAGENT DEIUVEREDEVIOR: ni croproj ection

array. Transdermal delivery of A& INGEOOMFEOSEE MEMBE®RS When t he
application of mcroprojections to the skin of a patient is done in a manner

t hat i ncreases the nunber of mcroprojections piercing the skin and
i ncreases the consistency of the deriéECHi‘ﬁT 8B ion of the

Convent | onal Py adrPA1d: dPganepRsrgpappfinf e YRRk nepbioh HERe R oRBRYy

many active agent fambelcacalyateve/agemakfosctht ¥idin OMordipatticulady, ¢ ihyentiesluced
ef fi cacy when oral Ieé adm ni st ered, _sjnce the¥ either are not 20 absorbed or
are adversely af f eloies tbpespwtanequedsliverysyseny [ gdmini derReliologisallviartive t

ossess the desir I.\i : il i1} j: f the
Poent o the bl e sty REmRbf ind 8y St g MLBEANOR |
during adm ni str ahathave 4 dryaoginged dhertdolbgied]lyiastivh dgbntc Alitbrnaiivelptheeni ent |

pai nful and_, unconfaortahl e and which sanet.ines results in poor. patient
conpl i ance. 125 [0 ]’g‘FaﬁlyﬁFf‘}‘Fc‘?%SP‘e‘,s C?’P%iﬂ@iférar‘fﬁfa”&gloirw ﬁ&%‘g t?eeétE‘Fror a
met hod of adm ni st@d RO 1RGhicKPreS&Ibh Arrhy 2t raN¥abinthl eémfémfstﬁesgeg istrgvilRSted

delivered via hypoderm c injection or intravenous infusion. ansder mal
agent delivery of fwlren thegppboation of smidroprajsetions fo the ids of a petignt istloas soemander

el ver ), vhen, COTRRES A B8 Al ot KRB B Bl B M RS ©
first-pass effect gondfichca\b@iiddchiefpasthidordeanickopaéjeatibnby di gestive and
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BACKGROUND
[0002] Active agents or drugs are most conventionally administered either orally
or by injection. Unfortunately, many active agents are completely ineffective or
have radically reduced efficacy when orally administered, since they either are not
20 absorbed or are adversely affected before entering the bloodstream and thus do not
possess the desired activity. On the other hand, the direct injection of the agent into
the bloodstream, while it assures no modification of the agent during
administration, is a procedure that is difficult, inconvenient, painful and
uncomfortable and which sometimes results in poor patient compliance.
25
[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
30 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 the digestive tract. Wen conpared to

i njections, transdernal agent delivery elimnates the associated pain and
reduces the possibility of infection. In many instances, however, the rate
of delivery or flux of many agents via the passive transdermal route is too
limted to be therapeutically effective. 5 [0004] As is well known in the
art, the term"transdermal" is a generic term referring to the passage of
an active agent &ensigunal lagent felimenselinipates the msocutﬁhmmemgwﬂuces&@m%blhnter ei n,
thus refers to t e i c agent,
such as a drug, gfln‘?&ltm}{ fnymgé" lﬁa”ﬁ%hg\g V;%\%Znéarﬁlgaen f%eré\ﬁc 0%@%&%&1&acci ne)

t hrough the ski nagentd Vie tHegasdive tramsdeemalrrowty $ttesriimited tochd thérapentisylbt em wi t hout
substantial cutti r}g or penetration of the skin, such as cutting with a
surgical knife oFfe‘ﬁi"Erci ng the skin with a hypoderni c needl e. [0005]
Transder mal g agent delivery includes delivery via passive diffusion as well
15 as delivery based upon external energy sources, including electricity
(e.g., iontophof@3i4}) Asud welbkmnwrdn the. agt, ;heptmn‘bphsﬂeanﬂ%)s agedetietztm  Many
transdermal agent _deliv syst ener al | on ive diffusion to
admi ni ster the aé?fF’i‘i‘é‘gé%&'ﬁ)t‘/’ass %@aﬁé‘%@ﬁ ageni2 ’\9%5 Stki/"a]ﬁﬁedga@ﬁlter{nr ansport (or
delivery) systemsygaa&hal, ¥s 1538 hetdR, Mls red@eRithé 8QREMQ ffan GO eAigBhtTE gaa Ni gh
concentration of an active agent. The reservoir is 20 adapt ed to cont act the
skin, which enabltiesapehtc wemuqh@s ddrugusteantimmyaglegichlly adtive agang su¢hasa t he body
tlssues or bl oodst rea t fuse
passi vel y (gr oss "Bt Ct“ﬁ’n]-ﬁéu t rat kﬁlr%an{?’c%er {r?g%?n@lug\r?g s¥sﬁen‘ﬂ8Efrélga}t%%gs%t?rﬁgﬂtrhgpé of

di ffusi on t hr ougRubsb@tislt dugingror geneadtion of tef dker) stidheas zﬁmhg Wiithi a@regiéat Rnifdbiny
conpounds, in order to achieve a therapeutlcally effective dose, require

hi gher delivery Ppireng thgskinggih %@ma@mweead By sinpl e passive transder nal

di ffusion. Thus, in such instances, one or nore of the above referenced
external energy sources or active transport systens are enployed. 30 [0007]
Theoretical ly, tHeo0si afenedemnhbl agenttdelivdry mdhides delivey ivarpassvd diffasion as well

advant ageous for the, delive of "many t herapeutic otein i nce proteins
ar e d 15 Qellvery basec{ lYpon external energy SOLFI)rces inclu%gng e?ectnsmty (e.g., P

iontophoresis), ultrasound (e.g., phonophoresis) and heat. Many transdermal agent
delivery systems generally rely on passive diffusion to administer the active agent.
The noted passive transdermal transport (or delivery) systems generally include an
agent reservoir containing a high concentration of an active agent. The reservoir is
20 adapted to contact the skin, which enables the agent to diffuse through the skin and

into the body tissues or bloodstream of a patient.

[0006] While active agents do diffuse passively across both the stratum corneum
and the epidermis, the rate of diffusion through the stratum corneum is often the

25 Iimiting 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.

30 [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




susceptible to gastroi ntestinal degradation and exhi bit poor

gastroi ntestinal uptake 2 and transdermal devices are nore acceptable to
patients than injections. However, the transdermal flux of nedically useful
pepti des, proteins, polysaccharides, and DNA is often insufficient to be
therapeutically effective due to the relatively large size/nolecular weight
of these nolecules. Oten the delivery rate or flux is 5 insufficient to
produce the desired effect or the agent is degraded prior to reaching the
target site, for agaapdermdlidbacdsrard inerepateprble’'ts pltientdban mpectiofsOMBlevéss i s

well known in the,art, ,the transder.nmal agent flux is.dependent .upon, the
condi t1on of ¢ ho BesadRE! BCEREA T Reptdebrire Gin TR PR G, e
agent 10 nol ecul epNAngoftdanENG NS BS therapaiogliyaFecine e Io tHeqelativdly laBRCause
of the low perneability of the skin to many active agents, passive

transder mal del i \aigeindiesyias apight phiheseanaignyies c Often the detivery ratoor Busciseabi l ity is

ttributed i . . . : t hat
consi ot of 511 ot nepliciheid o th BsirbOTRNr e Epefith BRI O B RN, N
kerati nocytes) suh¢wtpadsict, foy ekdrpplel whilt aythe satierits ioddsgédny.- or der ed 15

structure of the lipid bilayers confers a relatively inperneabl e character
to the stratum corneum [0009] One conmon net hod of increasing the passive

transdermal di fft[ﬁbq%malm i26eMkndl th r}hé‘%'tﬁ’e@&n?&e?mﬁlra%@ﬁtim& B&peRdidal udet . OF

co-delivering wt e agent, a s perneati on ‘enhancer.” A perneation
enhancer, when apht ¢oadition ofithscHin, thasize e pysioalfphemivatpropériesaafeint agest

del i vered, ,enhances the flux of the.agent therethrou Ho er,, the

ef fi cacy 0118; hesén?jﬁctuﬂeoagé %ﬁﬁ C%ﬁ’?ﬁﬁ%“ﬁ%’ﬁﬁ&h?&@ﬁ:ﬁ% S%Hgﬁqcaﬁseéﬁﬁ‘e B¥otein flux
has been | i m t ed.pedReabfdy)Of thé\Skif kel actiod dgests! FaadiSP@idsdenRl @dleHSRs AN
external energy source to enhance agent flux through the stratum corneum

One such enhance rii;?itedfapplicatipw] Thisdowm permgahilitydestirihateg primandy wrthegratwn as
el ectrotranspor tc‘opeml' the gﬁ%gﬁ%t glg[b %@@Fthat%@ns?{t??% ﬁdé,cc&%%gafs%fe? Vit WU

results in the application r1’'c curren surface to enhance

transport of the fagsn.c.| Kirgi@byted) @uddundéd ity lipad bidayers. Jhid KgHIFbrdeber e al so
have been many attenpts to nechani cal Ie/ penetrate or disrupt
I structure of the lipid bilayers confers a relatively impermeable character to the

stratum cornettm.

[0009] One common method of increasing the passive transdermal diffusional
agent flux involves pre-treating the skin with, or co-delivering with the agent, a skin
20 permeation enhancer. A permeation enhancer, when applied to a body surface
through which the agent is delivered, enhances the flux of the agent therethrough.
However, the efficacy of these methods in enhancing transdermal peptide and

protein flux has been limited,

25 [0010] As stated, active transport systems use an external energy source {o
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.

30
[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



the outernost skin |ayers thereby creating pathways into the skin in order
to 3 enhance the anobunt of agent being transdernally delivered. Early

vacci nation devices, known as scarifiers, generally included a plurality of
tines or needles that were applied to the skin to and scratch or make snall
cuts in the area of application. The vaccine was applied either topically
on the skin, such as U S. Patent No. 5 5,487,726 issued to Rabenau or as a
wetted liquid applied to the scarifier tines, such as U S. Patent No.
4,453, 926 i ssued dnbar@akhe, an@muni bfSgePdeing trafdderndh)ly @6livendl. | Baslyadcdimatiodhaconac,
or U S. Patent No Bblﬁgd 314 issued to avi t‘f{& Scarifiers have cHeeg
suggest ed for usd V% KBOYLES SGaNFTS Eonars yAnelpgrd e Riuality oL tines oy eedlgsdhat s o

only very snmall ai@ugplied @f the BEin YR&d sBRitdAR thak@ sthal] SRl iniRE 8da bPigplitdiRnsKi n
to be effective in 10 inmmuni zing the patient. [0012] However, a serious

di sadvant age i n uSierrgcansseasrapplied cither igpicallyan theiskietshcheas G§eRatentNa he
difficulty in desd gy .8 t capabhl el iveri. exaet .
pr edet er m n‘gd do?é%)?lﬁzlﬁgés,suﬁté a?e rfaﬁe&%? g‘g?tliegﬂlqaledf%ﬁ) hlg%é’atg?‘l%?aflggﬁ tmeé‘r‘ﬂmhnat ure

of skin 15 to defds@LS. Fanst Nosi,433,924rissted 1orGhaly, bh €).9. PalenPNGr 41 0905 38| igedios
often do not uniformy penetrate the skin and/or _are wped free of a liquid

th
coating of an agdritecerpei osKisSh PatsetNie. 3ddpdhd 1spusd e Kraviitge Scytiisrchayebeem  use

tiny skin pierci t - . i are
i oel oaed | or CapEBTE e HAnEBIRRG O/ IAAIAAG! Dikine ARp RO SShly B Or S ¢
i ssued t o Godshalsmallemoahts of Bie8ictii3oRed healdlivayedSatuctbe skin to b¢ effdctive in

5,279, 544 ilgsued to Goss, et.at., 5,250,023 issued to Lee, et al.,

3. 964, 482 t€sued MHunEREIRPAtieal 4 ' Rej ssue 25, 637 i ssued to Kravitz, et
al., and PCT Publication Nos. WD 96/37155, WO 96/ 37256, WD 96/ 17648, WD
97/ 03718, WO 98/11937, WD 25 98/ 00193, WO 97/48440, WO 97/48441, WO

97/ 48442, WD 98/ (02123, Hamevgos etivgodisaipagiageisosing a veoriigr Rajediger aaragtivaD

98/ 29365; all incorpor tﬁg by, .reference in their i.rety. The noted
devi ces use pier calgﬁg lseﬁg ﬂ‘f%ﬁtyo”f‘ ﬁ\E/Séﬁnll &%Sys{éﬁla{;ﬁg%bl%%;&eg@%% ?loex%‘fter ce the
outernost |ayer (gredtermindedsdel s deOwNRLRstiof deffdimingSdfiditesiBéht nature of skin
15 to deflect and resist puncturing, the tiny piercing elements often do not uniformly
penetrate the skin and/or are wiped free of a liquid coating of an agent upon skin

penetration.

[0013] Other devices that use tiny skin piercing elements to enhance transdermal
20 agent delivery are disclosed in European Patent No. EP 0 407063A1, U.S. Patent
Nos. 5,879,326 issued to Godshall, et al., 3,814,097 issued to Ganderton, et al.,
5,279,544 issued to Gross, et al., 5,250,023 issued 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, WQ 97/03718, WO 98/11937, WO
25 98/00193, WO 97/48440, WO 97/48441, WO 97/48442, WQ 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.¢., the stratum corneum) of the
skin.
30
(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



[0014] The piercing elenents disclosed in the cited references generally
extend perpendicularly froma thin, flat nenber, such as a pad or sheet.
The piercing 4 elenents in sonme of the devices are extrenely small, sone
having a m croprojection |ength of only about 25 - 400 m crons and a

m croprojection thickness of only about 5 - 50 mcrons. These tiny
piercing/cutting el enents make correspondingly small mcroslits/mcrocuts
in the stratum comeum for enhancing transdermal agent 5 delivery

t her et hr ough. [ OGlSGjenGeinspmk pfthedhaens amnuemlylsmllmedlawmg@rmmmpmﬁmuon

hol di ng the acti ve live m.t o nsf e t.h ent
fromthe reservoi F @ﬂ?@w&%ﬂg% st Oant'“cF “88“%%%‘ Ctéon %VEB%FP l¥ F%?él
the device itselfs. mlmmh&emhysmf&hgl&nmgcwhm hiat corsgond@glyamallqui d
agent reservoir is, disclosed in PCT Pub. No. WO 93/17754. The reservoir

nust, however, benlﬁr%%mnprﬁ@érs {othe gratem cormeym &or eghangmgtrangdermalggenthe tiny
tubul ar ele nts ga5Ki n. The di sadvant ages of such devices thus
i ncl ude thegrgdde r%ﬁeg%}%{ao hsand expense of adding a pressurizable liquid
reservoir and conplications due to the presence of a pressure driven

ossl bl & 1o cont [Rls) Hebpbut bt Bxtsms iRy ROP A R Rl oE R s Lhestive 5Bl and
have this coati ngm@‘ﬁfsﬁ‘ﬁ@leﬁ@er% BRten! BHANME the agdit ﬁbxﬁ%&%&‘éﬂvdlf‘th%u%h thyopl i cation
No. 10/ 045,842, which is y 20 incorporat ed herein q% reference. This

|

el i mi nates the netewsicoynayin, suchesdy holbow fingpif ciwldemsets @nmmdlw?élsmh ng an
t f t fically 017
Thue, therd0rs o Ak PR EEhek O i aRGE L Fodr iRl e No w0 O

M croproj ecti ons g3n 7384.aTResdrisit mpRiweRérebd fiessikidd 18 Foroeite 1RGidRiganti de a
way to control the variation in the penetration depth of the

i croproj ecti ons thigagh thgdiny fybylar eie@e%iﬁﬂ‘ilq iatp, thgekip. d@?ﬂsaﬂv%ﬂe&@fﬁt‘lﬁht has
these capabl 1111 &vithd buPheihé hedadRBH: pmﬁlahafg{?eﬁse SIA3RHE 2 BlosBfithiiE, 20en!
SysS he

wth | ess variation emiIs s atien ecause
actual vari ation lignid feseraet andesoenplicvives dis tatlterprmaﬁddcﬂra,présmddhéri deliveityhe

15 system.

[0016) Instead of a physical reservoir, it is also possible to coat the
microprojections with the agent to be delivered and have this coating served as the
reservoir, as disclosed in U.S. Application No. 10/045,842, which is fully

20 incorporated herein by reference. This eliminates the necessity of a separate
physical reservoir and developing an agent formulation or composition specifically

for the reservoir.

{0017] Thus, there is a need to control and increase the percentage of
25 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.

30 [0018] A device that has these capabilities will provide a means to deliver a
dosage of active agent with less vanation. Such a system is safer for the patient

because the actual vanation in the delivered dose is much smaller. In addition, the
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5 systemis | ess expensive to manufacture because agent utilization can be
nore precisely estimated and wastage reduced. [0019] The device and net hod
of the present invention overcones these 5 limtations by transdermally
delivering a biologically active agent using a mcroprojection array that
is applied to the skin with a nmechanical inpact applicator, wherein the

m croprojection array and/or the inpact application are adapted to increase
t he nunber mcroprojections in the array that actually penetrate the skin
when t he m cropr cygetiivssaxpensiviedo appliradre becansdafieni wilizatidrecanrvefareri ty in 10
t he depth of penetration .oft éhe m cr opr‘ﬁj ecgti ons is also increased. [0020]
An effective ager*df8PEMmatedauqd yastogsrediced ot ed mi croproj ection array
requires that the nunber of mcroprojections that penetrate the skin and the
depth of penetration be as controlled and uniform as possible in order to
ef fectively predil8@1915 Thgdericand meshad of\kapregsnt invsntion overeorpes thesst age of

ffectively | 5 Ta 1 o sage of
2l ter ine toral ATOHPRL B uhifaReRich RucBeRRh e P BnZh 20 | n0o e

skin and t her ef orgicsipgjéchibs amhy thark hmlisd tdde skih with aghech@hicdlogpsal | y active
agent that is delivered fromthe coating. 20 [0021], One nethgd to assist in
the even and reprigBlfei%) whesein dhe BICTPFPIgtioR ABSA/PT Re impaet apphicalipr 8icect i on

array is to use aadEﬁEJ‘f%rlh&@:lbse kﬂmﬁﬁ{beﬁa&kép%@}w{onmtﬁe%yy %%g&ﬂéﬁg&ﬂﬁ-%ec“ on

array to the skin or other body surface. "Such a device "can Igned to
apply a consi st erthe skmdwhepthe ducioplogcliar rytoapphed. ninaddipion tbe tméométy iray. Thi s

reduces vafiabiljt et wee ppl L.cati.ons by .the sane user, as well as
reduci ng vj{)i abi |tlu=t%p?y%@pagglﬁﬁ3@&6g}lcrgefe};xgmﬁé@?l&%micﬁﬁe&des an appl i cat or
tip that has an external surface that is designed to strike a portion of

the mcroprojection array systemand drive it into the skin with a
predet er mi ned and0028%r dduediepti e dgontaislivem desieml fovaedatad mistopodjeddioniagas  and

nmet hods for an inpact icator are ri.-b i.n_sever ndj U.S,
mopl oati ons. i ncraien §RRE A & TR REAAS ful PR RURR o 9 AR geoer o,
are fully 30 ingeaqexkiah belad@ntoNednnd uefferrenq®ssible [D6A2] to EiffectpreBsredict
i nvention acconplishes this increase in the percentage of .
15 agent delivery. Variability in the percentage of microprojection penetration and the
depth of penetration can significantly alter the total amount of active agent coating
that is introduced into the skin and therefore significantly alters the amount of

biologically active agent that is delivered from the coating.

20 [0021] One method to assist in the even and reproducible penetration of the skin by
the microprojection array is to use a mechanical impact applicator to apply the
microprojection array to the skin or other body surface. Such a device can be designed
to apply a consistent and reproducible force to the microprojection array. This reduces
vanability between applications by the same user as well as reducing variability

25 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

30 incorporated herein by reference.



penetration and the uniformty of penetration by utilizing one of several
configurations of the mcroprojection array and the inpact applicator tip. 5
[ 0023] The invention calls for the use of a conposite mcroprojection array
and/or a conposite inpact applicator tip. A conposite mcroprojection array
consists of a two conponent |ayer attached to the skin distal surface of
the mcroprojection array. 1In a preferred enbodi nent, the tw conponent

| ayer includes an annular ring of a conpressible material surrounding a
circul ar di sk of 083}l dTherresort myensionapcomplishes shis ingreagein dha prsgeatage ohe sane
di anmeter as the m O] j : - . | | Jpact
applicator tip cghé{egﬁé&oﬁﬁg%g%ﬁoﬁggOt;llge%%?%%%n-gggﬁgggggﬁébéfgscka erial placed
in recessed ri dgectiigatatidnasfabie thidriyojeetionphay yndxhe ifygact apphiaator dgmpl i cat or

tip. The dimensions of the recessed ridge and the thickness of the 15
conpressi ble annular ring are such that the exposed skin distal surface of

the conpressi bl e[ddzﬁg FAint Oftioh 8 MiEfor ﬁ@%&écﬁ"&cQB]pBJ[hSeorgigj}disﬁﬁt]E;?foﬂ!mﬁyﬁd?&e of

impact applicator tip are essentially co-planar. ; Izing a
m croproj ecti on baseupaehitagmphst kppicytosys t A wompasih microprogistonaneay @0sigts obot h of

t hese conposite elenents results i nincrease in.th unber of the

i croproj ections f‘h"a‘fonﬂ)‘%oﬁg?trﬁ@fcé art“}rrgecgtl?iﬂﬁe %Hb‘ﬁgglssgl%%es(fﬁt S GRORINeE R0 e | n
the wuniformty ofn4 hefet@bmbodin®hs HRRWO LSRN IPRA fichafes AN andulP A8 ofidie
coating thickness is preferably | ess than the thickness of the 25

m croproj ecti ons. cobpressifiematesipl sprrounding seitklsedisk pha hard matmumagalihations
and, even ppre pﬁefrg{i%l?x{e%')hthlag o &iB8RAR tﬁ@dﬂc?@a%j{:%f‘oﬂ%% ly, the coating
g OVer “the coa

t hi ckness is" an average i ckness neasure ‘ed m croprojection
area. (0027] The nost preferred agents are selected fromthe group
consisting of ACTH (1-24), calcitonin, desnppressin, LHRH LHRH anal ogs,
goserelin, |euprol(0d8] Ter ¢omnostisimnagt aRBHGHoE &P consds of ARanpplacdngof deam no

[ Val 4, D Arg8] argipine.: I oD i i A on
ai'pha, it ert er on oy e ol FRRPEAIRCD in ROSRATER toculs MG A NI bbb 0],
gl ucagon, growt h hopacbapplicabretsi Tig dimémone of theREpssedddganaidahsthidknesh ef the

agents incl udi ng pharmageuti cal ly accept abl salts thereof. Preferred
agents furttler inEPTHRFESS ?ﬁ’f@’r‘l’?ﬁﬁ?ﬂ%&lﬂe\;&@ﬁ%ﬁ%@? exrp&etﬁlr%l“réﬂgl suiface of the
compressible ring and the center portion of the skin distal surface of impact

applicator tip are essentially co-planar.

[0025] Utilizing a microprojection based drug delivery system which includes one
20 or both of these composite elements results in an increase in the number of the
microprojections that penetrate the skin and also results in an increase in the

uniformity of the depth of microprojection penetration,

[0026] The coating thickness is preferably less than the thickness of the

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

30 parathyrotd 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



protein vacci nes, DNA vacci nes, therapeutic cancer vaccines and small

nol ecul ar wei ght potent drugs such as fentanyl, sufentanil, rem fentanil,
ot her opioid 5 anal ogues and nicotine. [0028] The coating can be applied to
the m croprojections using known coating nethods. For exanple, the

m croprojections can be i mersed or partially inmmersed into an agueous
coating solution of the agent, as described in pending 10 U S. Application
No. 10/099, 604. [0029] Alternatively, the coating solution can be sprayed
onto the m cropriftectGRINand Praddgsroditieys agetite irchrding ghasnaceoicatly e¢ceptable of

about 10-200 picoliters e preferably, e dropl.et. size and placepent is
preci sely control ﬁ_ahﬂﬁ‘f‘?{]sé\gg%”ﬁﬁ?Pﬁﬁnﬁr@%ﬂ%Hﬁiﬂ%&ﬁ%‘%‘fcghﬂaﬂﬁ?"cﬂ?@ % bl"?flﬁpe
solution is deposirb@eh VAk&ifs! DN AOCBinkd) therapbiicQRARF 0&dcined and@falNAbledilaot her
"non-pi ercing" portions of the nenber having the mcroprojections. [0030]

| n anot her aspectweghitpatent drughiuch as fenhaylswufentanth wontntenii aherioptpido
m cr opr oj ectsi ons ar%'g{‘l&ra%dicg{ig a sheet, wherein the mcroprojections are
pu

formed by étchi nadmo nching the sheet and then the mcroprojections are

fol ded or bent out of a plane of the sheet. Wiile the biologically active
agent coating can be applied to the ?.h et before formation of the
m cropr oj ect i ons, [0B#8r hgKpstingican e arn lﬁgto the miGpRTPiSgHops Msing kgwn coating

i Cr ODr o] SOt T 0N 3EifoRoDExR A AifooRikctBH G b mekBg of ol 25 out of

the plane of the sheet. Mire preferably, "'the coating I1s appliedafter the
m croproj ecti ons imawversedige an hghladesicaatingpsaiuticawf tHeragentt #saleptriied impending sheet .

BRI EF DESCRI PTI THE DRA%fV 0031] The invention wll now be descri bed
in greater ‘det a%\%:ﬁﬁmfcé‘*‘%’} ﬂ’g@@g’@%e preferred embodi nents illustrated
in the acconpanying drawi ngs and figures, 30 wherein: B [0032] FIGURE 1 is a

perspective view of a portion of one exanple of a microprojection array;
[ 0033] FI GURE 2 i$020)peXlteprativelycthe reasing solutian qan be spyevdente 8 array of FI GURE

1 5 with a coatipg, deRosichedp @Rty i PlafhaPL St G205 about 10-200
picoliters. More preferably, the droplet size and placement is precisely controlled
15 using printing techniques so that the coating solution is deposited directly onto the
microprojections and not on other “non-piercing” portions of the member having

the microprojections.

[0030] In another aspect of the invention, the straturn comeum-piercing
20 microprojections are formed from a sheet, wherein the microprojections are formed
by etching or punching the sheet and then the microprojections are folded or bent
out of a planc 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
25 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,

30 wherein:



[ 0034] FI GURES 3A, 3B and 3B are graphical representations of several
variations of inpact applicator tips and mi croprojection arrays of the prior
art (FIGURE 3A) and the present inventions (FIGURES 3B and 3C); 10 [0035]
FIGURE 4 is a graph showing the variation in the depth of penetration when
a mcroprojection array is applied to the skin by the use of several

enbodi nents of the present invention; and 15 [0036] FIGURE 5 is a graph

showi ng the vari atfp@¥]i PIRERE]IY & BerSRRAER ViR oPkBéttioh BEoRAM@RBle ofar | ati ons of
the present invention are tested. S FOR CARRYI NG OUT THE' | NVENTI ON

[ 0037] Unl ess st atnidropioirstion s@ay;t he foll owi ng terns .used herein have the
20 follow ng neanings. [0038] The term "transdermal " nmeans the delivery of
an agent into and/or through the skin for |local or system c therapy. 25
[0039] The term "t{0eB33$dETIGERE 2|is1X pero@tice Hi&@ of the eniGbpiofeetisnl arripdf RIGUREr y .

[ 0040] The term "co-delivering”, as used, herein, neans that a suppl enental
agent (s) is adm ni@f"eﬁ‘é’ﬁ“‘ﬂ%%ﬁ’gﬂt&e{drﬁ’mq ¢ BIYPREPICHNSr e t he agent is delivered,
before and during transdernmal flux of the agent, during transdermal flux of
the agent, during and after transdermal flux of the agent, and/or after
transdermal flux ¢9003he FBEURESAA, 3Bdud 3B aregraphical nepregantationg obiewtralgi cal | y

active agents may be coated onto th m croprojections res i ng i

Co-deli very of ¢ haSBrGReG CuerPRcaror s GRS e (i 1

"bi ol ogi cal 'y acti(VgnagieBh) andtfie PRt RERIONs (MEURES IPari 3@nposi ti on of
matter or nixture containing a drug which is pharmacol ogically effective

when admini $0ered in a therapeutically effective amount. Exanples of such
active agents incl Y @}Qﬁt 1im I k7 | easi ng 5
hor nrone (LHRH), Lt@fd—‘?%éng‘}%gs (451%1!&%‘%@%@‘2%'@‘?%‘{‘%@&3?‘8@@5& Qgﬂ{segrra@% n,
triptorelin, gonaddieshinticroprfectiophedyak applicdanthe siapbp she(use of sdvkiat r opi n ( FSH)
and LH)), vasopressin, desnmopressin, carticotropin (ACTH), ACTH anal ogs
such as ACTH ( 1- ZEpodinenisiof HisinesefarnHOB @M hor mone (PTH), vasopr essi n,

deam no [ Val4,

15 [0036] FIGURE 5 is a graph showing the variation in perceived sensation when

the several variations of the present invention are tested.

MODES FOR CARRYING OUT THE INVENTION
[0037] Unless stated otherwise, the following terms used herein have the

20 following meanings.

[0038] The term "transdermal" means the delivery of an agent into and/or through

the skin for local or systemic therapy.

25 [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

30 agent. Additionally, two or more biologically active agents may be coated onto the

microprojections resulting in co-delivery of the biologically active agents.



D- Arg8] arginine vasopressin, interferon alpha, interferon beta, interferon
gamma, 10 erythropoietin (EPO, granul ocyte nmacrophage col ony stinulating
factor (GW CSF), granul ocyte colony stimulating factor (G CSF),

interl eukin-10 (I1L-10) and glucagon. [0042] It is to be understood that
nore than one active agent can be incorporated 15 into the agent

formul ation(s) of this invention, and that the use of the term"active

agent" in no way excludes the use of two or npre such agents or drugs.
[0043] The agent S084M pideiteim, Brqlegically aethee ageiio s Ysedihersin, pefesdo a ¢ ds,

charged or unchaaogrﬁﬂsﬂeﬁsmb@émﬁmme&ml fa d?@%@ﬁféh?{plﬁﬂﬂm BRI P"
nonirritating, 20 pharmacol ogically acceptable sa Al'so, sinple
derivatives of t heffeadeswhen(adodtistarsd irea therepeuticaliyeefictivendroeumnt. Examplesdfi ch are
easily hydrolyze . an. be | oyed., [.0044] The

t erm " bi ol ogi cal Isg"a]é%{%’veég% erl”@/ggt%b'ggﬁ“% %ﬁﬁuqméﬁ"%%h%é? Elepsing o5
conmposi ti onsof MeHdr@bnOIL HRFKY, UHRICaalad @uagasagoy@@lm NplideHueérelin,

i mmunol ogically active agent or an agent that is capabl e of trlggerlng t he
production of an tripierines@yieralin. pndeaniarelin genetrenies @M@lllrrgmau(l?%%l

indirectly inmmun [ 0, oglcally
ef fecti ve anount Oﬂ‘@g %8@5%?1%%&%%@}3%1& \glt}@@%gl ca’%‘ i?\ T{I?\‘}’Z’“%én%“&}*

"bi ol ogi cal |y ef f&CTH\(&-2rpkcsl tmﬁ:h@h&athlyauduh@dnomGPTH)heasbpmbsngldeahinys [‘aem; ve
agent is a pharmgceut | caII active agent., and refers to the ﬁgr%unt or rate

of the phar nmacol dgie&¥] wglaw VeopsinintreaR alphy, ntsrcrgr pefas Infepferoggammay
therapeutiqg Oft Rﬁﬂ@fehﬁk]ﬁ*@), Efaftbdyt erm&dﬁrigé‘éﬁlmﬁfstﬁﬁﬁmn g B @ned in the
coatings w I I at "anmount necessar rver a therapeutically

ef fective armunt ©$F)t grenlagcawﬂ:ctcotl@yawtmubugg faher (@<€iSFe.dnteHevlapdd(ilelWesdil t . | n
practice, this Wll| | vary wi del y dependi ng upon the particul ar

phar macol ogi cal | Y*"%&8%e agent 5 being delivered, the site of delivery, the
severity of the condition being treated, the desi r ed t herapeutic effect and
t he dissolution and rel ease kinetics for delivery of the ent fromthe
coating into ski M0P4Hsdeistobg Uﬂ@“ﬁ%d@%ﬁ@%ﬁ%?ﬁ%@ﬂ"? %835@?*12\9 ingopostied e
range for 4 ethe t |y
retive agert | noBPRgs eBffotyEliofgoritl: BTRINIh &b AR HISRIRE SuATAoRe
transdermal |y aCCagélﬁtl' ignd way deludes the use of two or more such agents or drugs.

[0043] The agents can be in various forms, such as free bases, acids, charged or

uncharged moleculgs, components of molecular complexes or nonirritating, »
20 pharmacologically acceptable salts. Also, simple derivatives of the agents (such as

ethers, esters, amides, etc), which are easily hydrolyzed at body pH, enzymes, etc.,

can be employed.

[0044] The term “"biologically active agent", as used herein, also refers to a

25 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.

30 [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



10 net hods described herein. [0046] The term "biologically effective anmount”
or "biologically effective rate" wll also be used when the biologically
active agent is an imunologically active agent and refers to the anount or
rate of the imunologically active agent needed to 15 stinulate or initiate
the desired i mmunol ogic, often beneficial result. The amount of the

i mmunol ogi cally active agent enployed in the coatings wll be that anount
necessary to deliver an amount of the agent needed to achieve the desired

i munol ogi cal r exdfgrtthe desirpd therapewsic, eftandengfidialyrgsujt. vihga@mpuntegf@getitng upon t he
particul ar i mmun i.Ggal i ve. i I ite.

delivery, and t hcgﬁpg%}eg?%ls%lcﬁﬁn %%}alggﬁe@éﬁ %lgosugg'kel%ggéﬂ’wgéﬁ%gf ;gge?a\?éﬁ?gg* t he
agent fromthe cgfbiiveoamdinoofiké fgent tosshiewe. th¢ Sidféd thERPeltrresult. In practice,
"mcroprojections” refers to piercing elements that are adapted to pierce

or cut through tthié‘*ellﬁaﬁywexﬁﬁwmmﬂmﬁepﬂﬁaémmcemg_ YPEVPagR, or
25 epi der e anchefil dhiSert RYRY e oP ellve, lsEheflly ff;ﬁé YrtioA e trealRthd Cul arly

a mammal and nore particu y a human. Typic , the pirercing el'ements
have a proj ect i alesirddsherppeutit effed and the disSa)@tian and aelease kretesfiorddivatylof thd ess

than 250 m crons. The 1 croprajections typically have L, gt h and. t hi ckness
of about 5 to SOagH?tgfod?]g}.“?ﬁ g‘i’ﬁoé ‘88‘:38‘]9‘%&??5&%%5 ‘{oéﬂraﬁgcq?&%’&‘eiaﬁrﬁfsf?ferent
shapes, such as pgedbeme telpe@iéaP MREUE BRour? bP]E PharRiaBSiogiBACARASe agdhher
skin penetrating or piercing configurations and conbinations thereof. 11

[ 0048] The t er mingarpgralsd ojte drinparoprojegiionsand deliveradgranpdasmpliinaogending to theas used
her ei n, rqhers Qe odjsldé.[:c%lbie&Xer -1" m croprojections arranged in an array for
pi ercing the stratum coireum e mcroprojection array maybe formed by
etching or punching a plurality of mcroprojections froma thin sheet and

folding or bending the 5 mcroprojections out of the plane of the sheet to
forma confi gur 6[98‘85(], Thg srma diclegagally sHetiye pmowntq or “prolegigaliyrlectiyegatey i cal | y

e L B ocSOREL o PRATAIGE S BRHES inilv e e
form ng one or nges ast téffrs tditheiamgumtioc raype fithe amamdogicllyagtiwrgentgeeds teach of
the stri p(@) as s(tjilrnsu altg (S)reigitxjatrza tgéj gelgireyimsrhunl?)ﬁ}glecr,]%ﬁel:\rp beneficial result. The amount

of the immunologically active agent employed in the coatings will be that amount

necessary to deliver an amount of the agent needed to achieve the desired

immunological result. In practice, this will vary widely depending upon the

particular immunologically active agent being delivered, the site of delivery, and the

20 dissolution and release kinetics for delivery of the agent from the coating into skin

tissues.

[0047] The term "microprojections” refers to piercing elements that are adapted to
pierce or cut through the stratum corneum into the underlying epidermis layer, or

25 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

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

combinations thereof,

11



10 6, 050,988. The m croprojection array can include holl ow needl es, which
hold a dry pharmacologically active agent. [0049] References to the area of
the sheet or nenber and reference to sone property per area of the sheet or
menber, refer to the area bounded by the outer 15 circunference or border
of the sheet. [0050] The term "solution" shall include, not only
conpositions of fully dissolved conponents, but al so suspensions of

conponents i ncl udj t not, limted to, rofjein virus particl|es, inactive
Ui rises, and spl i 10088 | e imippisiaeivh sl o iR R 5 b oed
herein, refers ton&ealrefRes 82 PGSRy oPRYiRoprsjebiRmt Bflare® &barPirrdy ¥8r piercing the

m croprojections. Mre than one agent can be pattern coated onto a single

M croproj ecti on aftrasym cqaeuner RieBEronsejsctioaarraemay b fosimed by etgbing 9 punching
m croproj ections I NG 1 G O- I [ I hni ch as
m cropi petting an%sguﬂ%t)}(wlgﬂoﬁ%&’% %ﬁﬁ@'@ﬁ@ﬁ%@%ﬁ#&%&#@?ég\i on array

systent, assused m@r&irdiectiont onitoftite Finel of #Rishedt RefoeationAfiration fuchhe that
m croprojection array, a backing nenbrane, various 30 adhesive |layers. If
the system i ncl ud89%a ip Figgl of heHisplrie b@icailecirpias it drpe byt sheashaving@es x di sc,

then th t [ f a r L &G0 '
€n the SySLem I g ée‘s nrfiaf ehiifiSed THOMRRB& (TR %@g‘iﬁ@ 864 bORrALd ﬁlyotlg]%r q

systenf. If the sys oes not incl ulde a“conpre ble ring and a
matri x disc, it kwnshamesdsuchaaby forrhiganear momwistrips having oticroprogactiens

systent. [0053] The term"c sitLe icatqr tip., .a e rein, refers
to the tip of an o’i‘%’ae@lge8};%%33%;{}’8?%&5%@5@0*?@2‘6%’ @o#%r“g‘é'gﬁﬁ-l e materi al
peripheral Iy attaghsslogso Ithfaemc@}siomecawmwan &Hethdeholé\e nagtids, wBicRholdiaRiry | f
the applicator tip does not include a conpressible ring, then it is

referred to as haphamgacelogialyaeive aggndl i cator tip". [0054] The conpressible
material preferably conprises a conpressible foam 10 having a
conpressibility, in a direction normal to the body surface being pieced, of

nmore than about 5@®0#9] THeerendep (s hivh of the aeepsrahatibddlayd esferpfidese some Cl osed or
an open-cell foam [0055] The foam prefer abI%/ conprises, w.thout
limtation, pol yqung:rgﬁ@,r area of the sheet or member, refer to the area bounded by the outer

15 circumference or border of the sheet.

[0050] The term “solution"” shall include, not only compositions of fully dissolved
components, but also suspensions of components including, but not limited to,
protein virus particles, inactive viruses, and split-virions.

20

[0051] The term "pattern coating", as used herein, refers to coating an agent onto
selected areas of the microprojections. More than one agent can be pattem coated
onto a single microprojection array. Pattern coatings can be applied to the

25 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
30 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



15 pol yur et hane, neoprene, natural Rubber, SBR, butyl, butadiene, nitrile,
EPDM  ECH, pol ystyrene, polyester, polyether, polypropyl ene, EVA EMA
netal |l ocene resin, PVC, and bl ends thereof. [0056] The term

"m croprojection based drug delivery systen, as used herein, 20 refers to
a conbination of an inpact applicator and a mcroprojection array system
The m croprojection based drug delivery systens of the present invention

havi ng. a  composi DA BEOEER 5 ! iffhdsa it et eophgr R s, '
M croprojection afif¥fersd & ﬁrﬁl"@ﬁﬁda@d‘nﬁd‘i@ﬁrbﬁ@ddﬁranlaﬁ‘éyslt@n'a conposi te ‘
applicator tip. 25 DETAILED DESCRI PTI ON [ 0057] The present invention
provides a device for transdermally delivering a biologically active agent
The- devi ce. i no! udkg>d o RoABPALPER LR Rg A2 ol R, rofft s HR'ub AR o
m cropr ojt ﬁctsi oEst ﬁijaa{nﬁp{in@tdrhmmg nmgto]rls:??]mssrbmnd [ﬂ]eﬂﬂtpeﬁpbcédl}&tﬁdmﬂttedlet o
pi erce roug e stratum comeum i nto nder | yi ng epi der ayer

epi dernmi s and de?l‘rl’ilérol"é‘}f‘éF%dc ofitae PRPHSEPr %gfﬂ‘leél’ﬂl% g& I‘\"&i‘geé dry
coating thereon that rss%leaﬂlﬁ‘gst@h 1t|1§?§énea@@aslmvﬁlgqgisﬁﬁ&alra galcub@uagent Upon

pi ercing the st rat um cor neurs | ayer of the skin, the agent-containing
coating is dlssolved by body f|UId (|ntracellular f|UIdS and 5 extracellular

fluids such as in i al f|UI and. e skin.for |ocal or
systenic ther apy S?:‘]th‘3I‘—QI°E§1”E'ISSl MRV LP@E %ﬁ?’ o fl%%ﬁ ?‘r‘é‘?l?prS‘lSIba at um
cor neum pi efci ng hdﬂrf‘gra%hmréﬁiblmﬁ e dhéutioR nbiAdal t6Ste Bbd)hsuli-ﬂa@e BeigsSsieded, of
invention. FIG | shows 10 portion of menber 5 having a pluralit

M croproj ecti ons mere tl’rﬂmeﬂbﬁllbﬁodﬁﬂo]"h?cqomf@ﬂhl@ feam prséeraply g@msaﬁ@ Flapg ran 90
angl e from sheet (\;}% %gn openi ngs 14. Sheet 12 may be incorporated into a
del i very patch having a cking for sheet 12 and may additionally include
an adhesive for adhering the patch to the skin. In this enbodinent, the

m croproj ections [are faormed by etchi ng or pun

055] The foam preferably comprises, w1t$1gllxtnhm1tauon, polyethylene,
15 polyurethane, neoprene, natural Rubber, SBR, butyl, butadiene, nitrile, EPDM,
ECH, polystyrene, polyester, polyether, polypropylene, EVA, EMA, metallocene
resin, PVC, and blends thereof .

[0056] The term "microprojection based drug delivery system”, as used herein,
20 refers to a combination of an impact applicator and a microprojection array system.
The microprojection based drug delivery systems of the present invention include
(i) a composite microprojection array system or (ii) an applicator having a
composite applicator tip or (iil) a combination composite microprojection array

system and an applicator having a composite applicator tip.

25
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
30 microprojections extending therefrom. The microprojections are adapted to pierce

through the stratum corneum into the underlying epidermis layer, or epidermis and

dermis layers.

13
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15 plurality of mcroprojections 10 froma thin netal Sheet 12 and bendi ng
m croprojections 10 out of the plane of the sheet. Metals such as stainless
steel and titaniumare preferred. Metal m croprojection nmenbers are

di sclosed in Trautman, et al., U S. Patent No. 6,083,196; Zuck, U. S. Patent
No. 6,050,988, and Daddona, et al., U S. Patent No. 6,091, 975; the

di scl osures of which are incorporated herein by 20 reference. [0060] O her
m croproj ection nmenbers that can be used with the present invention are
formed by etching silicon using silicon chip etching techniques or by

nol ding plastic [Wels) 1G 0

m cr oproj ection n@rﬁr%@r sﬁlar e%%’gmd%gg RS eggﬁw%@%%&%&f’.%&gﬂgl %Algﬁjuée as‘lfnte

No. 5,879, 326, thmomg&ellly)sduweSgdfaf Upunaiieraing thel seanip@ntdundlabarofitic shin, the
reference. [0061] Fig. 2 illustrates a portion of mnicroproj ectlon menber 5

having a plurali t%gemoqonFﬁl'EP%b?a&Pétstqlﬁﬁlé’eqw bady fuidyantgeeiiylar finds and

bi ol ogi cal I'y acti ue.adfil TORRSEH Ys Mers lflﬁﬂ? hﬁlﬂreieﬁsed]lg o%eéi@nfo%‘f&@f ing to
the invention, these coatings may partially (coating conpl etely

(coating 20) covesystbhua: thewpwpr oj ecti on 10. The coati ngs are typically
applied after the mcroprojections are formed. 14 [0062] The coating on the
m croprojections can be forned by a variety of known nethods. One such

nmet hod is di p-coafgosy. HAGP1 ANBirhtBdore@bBBInRAESTd MAfnPSordeuniBRing O coat the
m croprojections by partially or totally imersing the 5 m croprojections

into the coating BEranreiesfionnenalien denyee yith theresent ineendieni EEG.dashowea i nmer sed
into the cqgting soluti tin e croproj ection
ﬁ i rh Iﬁ % havﬂﬁggl&alﬁggémpf prég%&ﬁﬁs tl@ Tl?én

menber (s) t Fn e hore preferable to coat

only those portl o;ﬂ'ﬁ:r@fmt«:mmmweﬂarﬁcpate@&stmalmrm 18 FHont Hver I7havfgt act with
interstitial fluid. 10 EOOGS 192y use of the partial inmmersion_technique
descri bed above, ¢renings bhsBhdst & may be inprporpted inte adelingry patdnhayingricbackipg of

e ot o ofect RPRecTER i AbERARILR R G FRGARPURIAERL T L
in US. Applicatigkin. Nﬂ thli@ﬁlﬁ&ﬁmﬁﬁmmeMCrobrOJeetlcﬁnslakg/fonned by etching or punching a
15 plurality of microprojections 10 from a thin metal Sheet 12 and bending
microprojections 10 out of the plane of the sheet. Metals such as stainless steel and
titanium are preferred. Metal microprojection members are disclosed in Trautman,
et al., U.S. Patent No. 6,083,196; Zuck, U.S. Patent No. 6,050,988, and Daddona, et
al., U.S. Patent No. 6,091,975; the disclosures of which are incorporated herein by

20 reference.

[0060] Other microprojection members that can be used with the present invention

are formed by etching silicon using silicon chip etching techniques or by molding

plastic using etched micro-molds. Silicon and plastic microprojection members are
25 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
30 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.,

14



00 S

15 incorporated herein by reference. [0064] O her coating nethods include
spraying the coating solution onto the mcroprojections. Spraying can
enconpass formation of an aerosol suspension of the coating conposition. In
a preferred enbodi nent, an aerosol suspension having 20 a dropl et size of
about 10 to 200 picoliters is sprayed onto the m croprojections and then
dried. [0065] In another enbodinent, a very small quantity of the coating
solution can be deposited onto the microprojections 10, as shown in Fig. 2,
as pattern coating 18. 25 The pattern coating 18 can be applied using a

di spensi ng syste i tioni L | L G nt o
m cr oproj ection Q?L(J)p%lcgﬂl %‘fﬁaetln&%% F@crgﬁ&?ﬁg&ﬁg%)"oﬁse%gge&ﬁ %q‘lﬁr%%f osﬂ%lf"é'?er ably
in the range of Ombthbds. hensactomiethed &/dip-coating. OPasEdacing cdndsdeseribed@§ aSsui t abl e

precision netered |iquid dispensers are disclogsed in US Patent Nos.
5,916, 524; 5, 743,968 teconk freswjgropigypetiansiypandly of iplally imgesing W& of which are

fully 30 incor pogaled.balsi m@mercsétﬁ]rg%aﬁaon.iﬁﬁ&ﬁaﬁmy, Me%hefmi«ﬁee&p&

coating solutions can dl so be applied using ink jet T“technol ogy using known
sol enoi d val ve diigprersalisto thetdatingsohitioni €onting andy thesegortiers theposi ti oni ng
means which is generally contralled.by.use.of .an electrigc.field. er

" au d' i spensi oM R SE PTHET B RFE R AG RIS AIEED PG i PRmrePbRdR g
di spensing 5 techgpt oay tHesoOpstibis dfiag rﬁfc?o_;:?cﬂ&ti'@ﬁ mésfr that conin\ebitact it _
pattern coating of this invention. [0067] The desired coating thickness is
dependent upon t histeggitigl fiyidof the m croprojections per unit area of the
sheet and tltbe viscosity and concentration of the 10 coating conposition as
wel | as the coating nethod chosen. In general, coating thickness should be
| ess than 50 m cr@o63] sByaw of teqpirial tmaérksiog sechsiyee destivedaboye, itds pakiblegh of f
the m croprojectigons upon stratum corneum piercing, A preferred coating
thi ckness i s | essIPRAMF cPaling @P&Héh%lgpsrﬁé}éiﬁgﬁmﬁlﬁrgﬂ%ﬁe?hﬁ"é’rs(fﬂﬁocﬁ gl¢5 on

surface. General | ya602keBfinish GANRRR thecdaBhSI 1R ifCoiife AlrépEeaif, AR | N9
t hi ckness 15 rreas%oraedéloger nt ﬁie coat ed rr?gr o%root}%eé]%i on. A rrrﬂirfgj preferred
coati ng t hi cknesstetlmiqueb®ditscriberdan U, Application No. 10/099,604, which is fully

15 incorporated herein by reference.

[0064] Other coating methods include spraying the coating solution onto the

microprojections. Spraying can encompass formation of an aerosol suspension of

the coating composition. In a preferred embodiment, an aerosol suspension having
20 a droplet size of about 10 to 200 picoliters is sprayed onto the microprojections and

then dried.

[0065] In another embodiment, a very small quantity of the coating solution can
be deposited onto the microprojections 10, as shown in Fig. 2, as pattern coating 8.
25 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

30 incorporated herein by reference.
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[ 0068] The agent used in the present invention requires that the total
anmount of agent coated on all of the m croprojections of a mcroprojection
array be in the 20 range of 1 mcrogramto 1 mlligram Anpounts within this
range can be coated onto a mcroprojection array of the type shown in Fig.

| with sheet 12 having an area of up to 10 cnR and a m croprojection
density of up to 1000 m croprojections per cn2. 25 [0069] Preferred

phar macol ogi cal | y ent s . havi t he, properti.es scribed . above

i ncl ude, Wit hout [@r%’ aﬁwd r°ﬁ§2%°§,ﬂﬁf§%§°ﬂu%°ﬁ %iaiﬁ(’ﬁer?ﬁgﬁ?ffm%ﬁ easi ng
hornone (LHRH) anekchidRiyanalkaswh Solgnoid Qﬂﬁ@dlaichébrs , loptigria® Ruidemothié Sedans ara,
triptorelin), PTH, calcitonin, vasopreSS| n eam no [Val 4 DArgS] argl ni ne

vasopr essin, i nt ePPRHGHNEANeANs Whidhtis sensrally constolled bypssraf @p glectyic

menotropins 30 (u I

eryt hropoi etin (EE@%‘?“%‘{S ﬁ&%@ﬁ&? 1%%@@“%%6190” qgjnH\;%S ensm

vacci nes and DNA wehmilogyknowh Gn {H8GRCEEn bawsat forapplemg tiaf paterraconting oﬁ'tglshas been
applied, the coating solution is dried onto the mcroprojections by various
means. In a prefelt g’&f“’é‘n’oodi ment, the coated device is dried in anbient
room condi ti ons. However, various tenperatures and humdity |evels can be
used to dry the coating solution onto the mcroprojections. 5 Additionally,

t he devi ces can bE08@ht €k ddsy@bwatina@@kmsp éscdeperdientenpon thesdemiibynf the echni ques

d h oL Q0TRSO h fo i
ad uvant 5 can-be SUIBHOEB TRECLOT FRGe 4B et aRd B vieafly 0 Ry ByIPA "

adversely afg ect thfinpesRpsSRion 8Nl kuetcwata{gdnethmsény I} @ekdrall qvatimg | Stics
of the coating solution and the physical integrity of the dried coating.

[0072] As indi cat 8dckapwvbould helasy 3w A9 migiousnsines thicker| ceatings hayga @5@@ tog
conposite mcr ODEB{@f&ﬁf i na&lfbgyo ABEALS oﬂgtrér@}?%}nggﬁ%ér&ﬂg Of ;J?% .

conposi te applicator 1 ng e ere’is
standard m cropro;:M1hgdﬂcl<tmasesileds'ﬂngn 16nntedm5\aemeamy@dﬁmm1]ﬁhmmmme¢tiong of a

standard i npact a Ilca or t ch whe tilized will str
di ot al surf ace of CherpersHbGpacis Bk hyetyed b 18 vertis sepis BRI ne 14
is attachedjyia agResidiQveANEtoR& MR rdphGedtion ARhSlePrdftPdl @afify thickess is

about 1 to 10 microns.

[0068] The agent used in the present invention requires that the total amount of
agent coated on all of the microprojections of a microprojection array be in the

20 range of
1 microgram to 1 milligram. Amounts within this range can be coated onto a
microprojection array of the type shown in Fig. 1 with sheet 12 having an area of up

to 10 cm® and a microprojection density of up to 1000 microprojections per cm?.

25 [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

30 (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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20 [0073] Fig. 3B shows mcroprojection based drug delivery system 20, a
first wvariation of the present invention in which the inpact applicator tip
22 is identical that shown in Fig, 3A. The conposite m croprojection array
system 23 is conposed of the backing nenbrane 24, which is attached to
conpressi ble foam 29 and hard matrix 25. Conpressible foam 29 conprises an
annular ring and encircles hard 25 matrix 25 form ng an essentially planar
disk. Mcroprojection array 28 is attached to the hard matrix 25. Backing
menbr ane 24 and n‘IQQﬂ@]orb]‘Eélzqaﬁﬁna%ﬂaaya@sha&'@enaml&éh@dc@ﬂﬁn@ﬁp]@ﬁbmsdrla@es of

t he conpressible f . N | y ' .

[0074] Fig. 3C shS&%%nﬁ%g}cg%?‘ﬁf‘gg"?‘F g%%"é’?%ﬁ‘%ﬁgué“ gg%?@%e\réflenisb@sﬁ%é&n‘%%% 0 ong
variati on of the gedsandriedineinitian roomconditiohs. t Hiewevet, vafiowy températired afidly
system33 is identical to mcroproqjection system 13 sho i.n Fig.  3A
However, this var PERIGH levelp cRRes 4o _éwé}élwlwtwa&eto @Bml?rearp tignsp 3s.
The conposite ti pA%éiﬁbnalyydﬁ%evie&reaﬁﬁéﬁeéeédglfyt@mq’a?ﬁ%@tdﬁ'e& osfiAngd as an
annular ring fornmed around the periphery o he inpact applicator tip 32
and di sposed i n atechnigudsawed talsbove3be watenfemithe aohing.edge of the tip 32. The
depth of the rabbit 36 and the thickness of conpressible 5 foam 39 are
essentially the same. Thus, the skin proxinmal surface of conpressible foam
39 and tip 32 are[@yspnour} kova! RARatidrOAfihntd BaLEH adad oSO WEhtind BALINEY as
enbodi nent of the present invention is a conbination of the conposite

m croproj ecti on afqngys §igsde wphadveiselnmiieal theingcessmy solupilityesdiviscosiy] unct i on
with the copposite.) - i - I b A El . \ S

[ 0076] The foll owg?ldémg%%h%ﬁage%gh%%ghgé %oté]‘hgtn gﬂ @H‘EE’?‘ ggf%drluﬁ;lggérg&?ﬁ% Fn the art
to nmore clearly understand and practice the present invention. They should
not be 15 considered as limting the scope of the inventjon byt nerely as
being illustrat ed[%{)gzl rébf@é@F?gé’PP‘(FethFﬁ %‘BF’?VBPWW'P]‘WS %!é%“f‘t‘ﬁj"\%é@‘ﬁ%?sf%r med
usi ng one of t hr eg,aBpliecAbl AhySMEHEIPimpRaphlidaltl harils b ComBtNitE abplichldfrip I St
was a standard ap&l‘?glgﬂ on systyZ% (efiﬁlm nt a?%, aFi g? 3%‘) , ovﬁfwéhab%grrpriléed a
hard appli cator t Refeanmg reovstodiigldrdthereds shpwo jastinidad nacnopsojectibe based drug

15 delivery system 10, consisting of a standard impact applicator tip 12, which when

2o

utilized will strike the distal surface of the microprojection array system 13,
Backing membrane 14 is attached via adhesive layer 16 to the microprojection array
18.

20 [0073] Fig. 3B shows microprojection based drug delivery system 20, a first
variation of the present invention in which the impact applicator tip 22 is identical
that shown in Fig, 3A. The 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

25 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.

30 [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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application system consisted of a standard applicator tip and a conposite

m croprojection array (elenment 20, Fig. 3B). The third application system
consisted of a conposite applicator tip and a standard m croprojection
array (elenment 30, Fig. 25 3C). Table | Fig. No. Applicator Tip

M croprojection Array Fig. 3A standard standard Fig. 3B standard conposite
Fig. 3C conposite standard 18 [0078] Each type of systemwas tested in both

nomogenci Ly § oot BORBTORIR B EFRBPLaLY WP ab. JhF FADRBHE P Ao PRUSS  ent of

puncturing that eamipredsibldRamIaNL isHhapddedbh Qihut $ing Tormi2d AELIME the Jefiphdrr €€
system configurations were tested on HG s. Each type of system was applied

to three HGP's, opfdh gyazaéhqpﬁéﬁat%rmpr%and dipppssd jiea girg r#frbltt ofeagkindtl of ni ne
ani mal s in three &{%Pﬁlewptﬁ % effth OFe rHBRSk 3hd Y tRbkdel! GeohiphlskibRt €S- 10
& o 8

[ 0080] The actual Stems 'tested donsi st e a mcroprojecti array having
a mcroprojsecti ofmaimhesséntiamy&tmismnmn’ﬁhushmvslng peoxitnalisetfece offcorhpfessibie an

area of 2 cng, | 585 m craproj.ections per 2 cnR2. The systens were
appl i ed using anpoﬁﬁ‘pag Q%ﬁ%ﬁi%ﬁ““%@ﬁna&ppl ied a force of 0.42 Joules in
| ess than 10 15 m|liseconds. [0081] The systens were applied on the flank
of the animal. The sites were nanually stretch bilaterally just prior to

application of t h[é)0§§']st"8ml1gh' het sbewmtagbtherembodinging o &lic presert envaplidn isat i on of
two pairs of oppos Qrc

with the .pairs eted20at 90 d
cach ot her . The: syraniRRef BelbrimidiBpiart Fvivadl Siremi T R o1 or
5 seconds amnd t hegsed eNBYHRchctidRits tHe@SmpEYiR imnPare Shpaicelol i, tad sheeh W Rif) 3€. 1%
aqueous sol ution of methyl ene blue. Excess dye was washed away and pictures
EXAMPLES
[0076] The following examples are given to enable those skilled in the art to more
clearly understand and practice the present invention. They should not be

15 considered as limiting the scope of the invention but merely as being illustrated as

representative thereof.

[0077]) Testing was performed using one of three application systems. Referring
20 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.

25 3C).
Table 1
Fig. No. Applicator Tip Microprojection Array
Fig. 3A standard standard
Fig. 3B standard composite
Fig. 3C composite standard
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were taken of the sites. Each site was eval uated by judging the extent of
staining based upon an eval uation of the photographs. 25 [0082] Since only
t hose portions of the skin which are actually punctured are stained by the
nmet hyl ene blue, all staining evaluations are based on an evaluation of the
color intensity at each mcroprojection puncture site. The deeper the

m croprojection penetrates the skin, the bigger the width of the puncture
slit formed 30 and the nore intensely will the microprojection puncture site
be stained. 19 [938) Hacd tynerod systeny Was tegtedinofiphairdess guinga pighHEFand; t e
placed into one of, ol fit@sses: no staining, slight staining, noderate
staining, and intense staining. These classes were assigned nuneri cal

val ues of 0-3 respectively. For each of the above four classes, the
percentage of the total application, sjte i ch had staining which 5 fel

into each of the four classes wa e@@?bﬂh omegEnely bl e, if the staining of
an appl i cats on sigogoMehe & upleltforMariafi6Hd i tHe@xRACHT pRhcthAfy hatdach BEMASI LY
classifications, then that site would be given a ranking of 25%for
intensity class 0abo¥8epilisation systers profuesdaths thice ystomfconfiguratéiansiweye ehteden 2 and

25% for intensity S +.Ih resul ti r.cen s for each intensity

cl ass as eval uat e’dﬁgf]}" %%@Hypoef(ﬁts-‘ﬁsée@%ja%%@gg&)%(}ﬁﬁ%@%8?%@'55%%eégf' . The
raw data is presemhigeesuBediabhetedtingdehimeanimbhs il @tegrbhpsGoinf é4gh gadupon
Intensity System Applicator Mcroprojection Level 0 Levell Level 2 Level 3
Tip System A St anesEURg efifwse sephcHs®n, 13, 36. 3% 43. 38. 8% 40. 616% B St andard
Conposite 0@% 2.80.6% 61. 16. 8% 36. 16. 4% C Conposite Standard 00% 3. 90. 6%
46. 12. 4% 502. 9% (0084] Each of the above percentages represents the average
of three eval uati [080] EacdetuZDsybiema tediehifconsisndd qfarnsiorvprojéution atray havirgeown

raphically in Fig. 4. The result aver s far each stem configuration
grepslhown Z| Iust elr g@pr?gjraj@ft?fglrleq &# ﬂi%r{alc%/og}s,%g\%ngadlrmeter of ?% <, an area olf gu !

cm?, and having 585 microprojections per 2 cm®. The systems were applied using
an impact applicator which applied a force of 0.42 Joules in less than 10

i5 milliseconds.

[0081] The systems were applied on the flank of the animal. The sites were
manually stretch bilaterally just prior to application of the system. The stretching
consisted of the application of two pairs of opposing forces with the pairs oriented
20 at 90 degrees to each other. The systems were allowed to remain in 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.

25
[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
30 and the more intensely will the microprojection puncture site be stained.
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three clusters representing each of the three systemconfigurations 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
cl asses. 25 20 [0085] A review of the data presented in Fig. 4 shows that
cluster A had sone regions of the puncture sites judged to be in intensity
class 0. Cluster A also showed a relatively hi gh percentage of puncture
sites eval uated at |nten5|tépclas when conpared to clusters B and C.

Configuration A h&d83 ghhedp S‘Hroéﬁ@l"ﬂ‘igofﬁr gieh pyuctuse sitg Rlpesddntgiong of OB ng
little or no staigidg: %es&]ﬁaagmgﬁ%m ng; maaer%fe%taﬁuﬁgqn&mer[sggéﬁlmﬁemg@e
neither cluster B, nor cluste showed™ any puncture sites that “were judge
to be in intensitglastasge@ssigried nemenal vaibeg of ﬁ~r36'eSprtt‘@1)f d’ror'ﬁama' thd a!nswars I n

dditi h hi f
per contages 10 1 nORHBRER ( f bieet o T el BF e AR g oc

val ue for intensifey igthdsh ot thefoubdlasheshvastehtithitsd. I@)r%lﬂm}ﬁ@ ifehestabifig Bchn N
intensity class 0, and a higher percenta he intensity class 3, as

conpared to cl ust mPhBitlUlThiés é’cl’eeﬂélmlbsdl‘dé?%n@tqaé’t of they fyur ingensity glassifitaionseed a

nor e het er ogeneou C. 15
Reduction in Sensg1 ,?g,ﬁp{ %d.%{}?d ﬁé %}R’%}?mgq“ﬂ%{’ /ég&mglgguge%f%??é %g] human
subj ects in orderintensitydeigrnpRite fortintendityetts Dind 7586 ﬂﬂﬁmtamtya:hpﬂc'ahd on system

configurations on the perceived sensation of pain at e tine of tem
application. 20 [b858}8 BEIRARtagES ?%sacwt@@l%sﬁfﬁagﬁw%mts%éy grchoh thers irdéss

above was tgsted g ?%Jmé? YR URLEENS ¥ 9l bRIESopad one each of
the three s?itenswgrgtalbi& %Edt sy stfém; V\elrgreg%ﬁall ato di fl?erent skin sites
on the ventral forearm alternating between one forearmand then the other.
The systens were identical to those 25 descri bed above except the systens
did not contain a mcroprojection array and the application sites were not
st ai ned.

15 Table I1
Configuration Intensity
System Applicator | Microprojection | [evel 0 Level 1 Level 2 Level 3
Tip System
A | Standard Standard | 2.842% | 13.36.3% | 43.38.8% | 40.6£16%
B Standard Composite 0+0% 2.8+0.6% 61.1+6.8% | 36.1+6.4%
C Composite Standard 0£0% 3.9+0.6% 46.1+£2.4% | 50+£2.9%

{0084} Each of the above percentages represents the average of three evaluations,
each

20 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.

25
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[ 0089] Each vol unteer was asked to rate their perception of the pain that
they sensed when each of the three systens were applied. The ratings were
assigned a 30 value of 0 to 3 to represent the perceived pain as being no
sensation, mld sensation, noderate sensation or severe pain. 21 [0090] The
raw data from each of the three volunteers (VI, V2 and V3) for the

sensation studies are given belowin Table IIl. 5 Table Il

W V2N T oyl ED 4 aNERRLI AR PRt o havs Rt St %‘i‘s‘& Eﬁ@?fﬁéea o
Conposite 1 1 1 Kighns3IEHePURASIcsResTudiRd a6 Be ih idtedsitylcRR93) Chlier Avsécage for

each systemtype was cal cul ated and the results shown graphically in Fig.
5. 15 [0092] Pl easkowpdtagelativgly high patgersagsiof purctire akgsevalgatpd af intepsitycrdasa . t he

SEM f or each oy e d‘ﬁ%"&%&e 8tcﬁ§&r§§gﬁ E0ESn réilon X h%of]r{ gregtreﬁ%rgwﬁn tht he

graph. The results |very ys emc

conposite tip or pumms@sdstshownigmttWrmpetatﬂimbarnru@mpm;eﬂttemusmlﬂimlot:| n a

| ower | evel of sensation as perceived by the person on whomthe system was
applied. 20 [0093] Though the present invention has been illustrated with

m or oproj ecti on _26sBY SBAGHAIKEBRIRIP BORCAISY CABbhUPaIR Rk FAHeS tha her ©

on, the principle this 1nvention can be equally ap
m croproj ecti on systegndgethdied mtenkity clé;ssﬁl tbglecasd dnjy thedei baes fag these dlsstaoninai ned

AR RN R R RN
di sclosed i U S B Rihsitydadsesdl % attnsdér BNdws the highest value for intensity class 3
at 61.1%. Cluster C showed no staining in intensity class 0, and a higher percentage
in the intensity class 3, as compared to cluster B. These results demonstrate that
system A produced a more heterogeneous puncturing of the skin than system B or
System C.
15
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.
20
[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
25 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
30 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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22 60/ 514,433 and 60/ 514, 387, and PCT Pub. No. W98/28037, which are

i ncorporated by reference herein in their entirety. [0094] Wile what are
presently believed to be the preferred enbodi nents of the 5 present

i nvention have been disclosed, those skilled in the art will realize that
changes and nodi fications nmay be nade thereto wi thout departing fromthe
spirit of the invention, and it is intended to claimall such changes and
nodi fications as fall wthin the true scope of the invention. 23 CLAI M5
What is C ained i §0090] ZEheomphs fren eadhrodthechree volontesry §V &Y2 exxhid) or thg: a

m croproj ection nenber having a .to urf d.a skin distal surface, said
i croproj ection ﬁ%@}oﬁsﬂﬁﬁgf%%‘v‘ﬁ'ﬂﬁﬁ?‘m H\afa‘?’%f stratum coneum pi er ci ng

m croprojections that project fromsaid skin distal surface; a substantially
rigid matrix menber di sposed on said mcroprojection nenber top surface; a
conpressi ble ring di sposed on said m croprojection nmenber top surface and
surrounding said rigid matri x nenber; and a backi ng nmenbrane di sposed on
said rigid matrix menber and conpressible ring. 2. The m croprojection
systemof Claim1l, wherein each of said plurality of stratum
comeum pi ercing mcroprojections has a length | ess than approximtely 500
mcrons. 3. The mcroprojection systemof Claim1l, wherein each of said
plurality of stratum comeum piercing m croprojections has a thickness in
the range of approximately 5 - 50 mcrons. 4. The mcroprojection system of
Caim1l, wherein said rigid nmatrix and sdiatledBnpressible ring forma
substantiall& pl anar di sk.

Configuration Perceived Intensity Score
System | Applicator | Microprojection V1 V2 V3
Tip sttcm —
Fig. 3A Standard Standard 2 2 2
Fig. 3B Standard Composite 1 1 1
Fig. 3C | Composite Standard 1 1 1

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

graphically in Fig. 5.

15 [0092] Please note, that because of the consistency of the data, the SEM for each
average 1s 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.

20
[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
25 surface of the microprojection array. Illustrative are the reservoir and

microprojection assemblies disclosed in U.S Provisional Application Nos.
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5. The m croprojection systemof Caim1l, wherein said conpressible ring
conprises a conpressible foam 6. The m croprojection systemof Caimb5,
wherein said conpressible foamhas a conpressibility greater than 50 p. m
7. The mcroprojection systemof Claimb5, wherein said conpressible foam
conprises a substantially open-cell foam 8. The m croprojection system of
G aimb5, wherein said conpressible foam conprises a substantially

cl osed-cell foam cti t erein said

f oam conpri ses a 6%11%?%&‘“ éeO?ec?’lég g&ﬁ@ Sﬂ%ﬁf 9@%@?@‘?1}@4"

pol yet hyl ene, pol ybglohdiehy BReCe Adein il fieltleatireyuibber , SPR, butyI

but adi ene, nitrile, EPDM ECH, polystyrene, polyester, 24 polyet her,

pol ypropyl ene, EVE, EMA, netallocene resin, PVC, and bl ends thereof. 10.
The m croprojecti S ) figber
is coated wth a 8@093 rrpatlleg{hg%rggﬁs#ﬂ sal‘ﬁhbl oco gﬁ@%@?ﬁéﬁgﬁ ncl udi ng
at |east onk bi olpogens adveptiachave beaghstlased, thosd iglled mnhmam}veltteam thatst em of
Claim 10, wherein said biologjcall ctiv ent . ected fromt.he group
consisting of acteipeesa madiGpmal 5 b BaRE it feain o R inceS
goserelin, |euproljdgvenPah anb i intended FRMEm a(l@ﬁ&ﬂchaﬁé’e%%ﬁﬂmiﬂban&%%ﬂﬂlo

[ Val4, DArgS] argi ni ne vasopressin, buserelin, triptorelin, interferon

al pha, |nterferon“béurathetmceqopepbﬂiegafmn FSH, EPO, GM -CSF, G CSF, IL-10,
gl ucagon, grow h hornone rel easing factor (GRF) and anal ogs t hereof,

i ncl udi ng pharmaceutically acceptable salts. 12. The m croprojection system
of Claim 10, wherein said biologically active agent is selected fromthe
group consi sting of conventional vaccines, reconbinant protein vaccines,
DNA vacci nes and therapeutic cancer vaccines. 13. The m croprojection system
of Claim 10, wherein said biologically active agent is selected fromthe
group consisting of fentanyl, sufentanil, remfentanil and nicotine. 14.
The m croprojection systemof Caim 10, wherein each of said plurality
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of stratum corneumpiercing mcroprojections includes in the range of 1
mcrogramto 1 mlligramof said biologically active agent. 15. The

m croprojection systemof Claim1, wherein said mcroprojection nenber
includes a reservoir. 16. The mcroprojection nmenber of C aim15, wherein
said reservoir includes at |east one biologically active agent. 17. The

m croprojection systemof Caim1l6, wherein said biologically active agent
is selected fromthe group consisting of qALgms( 1-24), calcitonin,
desnopressin, LHRH, LHRH anal ogs, gosereliM, t‘euprolide, parathyroid hornone
(PTH), vasopressyhatisd@amengs:[ Val 4, D- ArgS] argi ni ne vasopressin, buserelin,
triptorelin, interferon al pha, interferon beta, interferon gamma, FSH, EPQ,
GM - CSF, G CSF, |L-lL0, ghsempentc THerePROIFCHet Y568, FUNRERBS g factor (GRF) and

anal ogs thereof, i n&h?&%&%e%ﬁ%ﬁ@e?%ﬁﬁ@é !l;] Yoggslﬁgff%[a% LS i%tﬁ'su%?celgaid The

m croproj ection systemo , wher iologically active agent
i s sel ected fromidregrogtisipmenbeiisdiudigg oplurtinveBtratomadormeamspiaeing r econbi nant
protei n vacci nes, DNA vacci hes and_t her gpeutj c cancer vaccines. 19. The

m cropr oj ect i on"’é‘if%l?’&?%‘?“séﬁlaépfﬁ]%,fm%?éﬁé Wdé%?ld“‘g?c&i ogically active agent

|5 selected from the, gguf ARSI micPRIANK on S RitBolocrisPHbhgAL ani |

and nicotine. 20. The m croprojection systemof Caim1l, rein sai
m croproj ecti ontopserfiest i ncl udes an agent-containing matrix. 21. The

m croprojection systemof Caim?2 wherein said matrix | IS ed

o1 oxi mat e sai d top sUrTREESEe S domaREosral) Rt aay oo P i

m cropr oj ect i ongfcwh&iny odid Gl MaAR mewber,ahd said matrix is disposed

proxi mate said skin distal surface of said mcroprojection nmenber. 23. The
i croproj ection syst@&bacsinganembrameslispaprerasi salddigidimagemembes and gemprassible east
one biologically active agent. 24. The microprojection systemof Caim 23,

wherein said bioldgically active agent is selected fromthe group
consi sting of ACTH (2.- 24)Theaaicsiptajetition system of Claim 1, wherein each of said plurality

of stratum corneum-piercing microprojections has a length less than approximately
500 microns.

3. The microprojection system of Claim 1, wherein each of said plurality
of stratum comeum-piercing microprojections has a thickness in the range of
approximately
5 - 50 microns.

4. The microprojection system 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 S, 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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desnopressin, LHRH, LHRH anal ogs, goserelin, |euprolide, parathyroid hornone
(PTH), vasopressin, deam no [Val4, D-Arg8J arginine vasopressin, buserelin,
triptorelin, interferon alpha, interferon beta, interferon gamm, FSH, EPO
GV -CSF, G CSF, |IL-10, glucagon, growh hornone rel easing factor (GRF) and
anal ogs thereof, including pharnmaceutically acceptable salts. 25. The

m croproj ection systemof Caim23, wherein said biologically act I ve agent

is selected fromthe g nsi St.i f ventiona nmbi nant
protein vacci neB?Y ol ‘fiﬁﬁ %@8@?&?@ ght ?‘a P%enﬁéﬁgjek)\,&a Elggds tE Cf'(l)'he

m croproj ection system ofrid nﬁicmpi?o’iectwﬁeyswnnoﬁ@mﬁln bl@ﬁ@@h@ﬁhlnﬁcromyecum agent
Is selected fromthe group consisting of fentanyl suf ent ani | rem f ent ani |

and ni cotine. 2memheridapried vih abiorepPasibiaaorine. s34 biorpmpaihly fosfipginclyding at

m croproj ection 138 9510 Y‘%aﬂga&wtegg urface and a skin distal surface, said
m croproj ectlon e [ urality of stratum corneum piercing

m croprojections t hall pr drlmmcfotpmjecslandysndni of Cliaisnt $0, vdwrdims&id bodagitally

m croproj ecti on penber . oat wi th a. hioc i bl tin sai d

bi oconpat i bl e cBUERE & ﬁel‘?ﬂ%@lg’ ggfopgggﬁlsﬁﬂ%o%%é?-@g? »|Clekont \q’ve agent; a
substantial l'y rfigfhp F@ilﬁlmmﬂ%ﬂe g&efaﬂnsneﬁ olfdeS pARIMIRE hdrRdneeTher
top surface; a corrpreSS| bie ring disposed on said m croprojection nmenber top

surface and s ufﬂwmsngem deaningo tv ﬁﬁtﬁﬁgmm vasapressib dwkdrelin, nenbr ane
di d d I bl h
m oF opr of act i on TP BT e ARG 1o GREH o TRaTRoL i SR RFER P CoR

strat um cor neunGpCSF,qi. N0, STheizom ghival hbendhe Rélsasig| fRAGH (GRFY 28d bulkddls thereof,
approxi mately 500 mcrons. 29. The ncroprojection systemof Caim 27,

wherei n each’ of inshiding phruRaseyticallnzccestable 8%s-comeum pi er ci ng ni cr opr oj ect i ons
has a thickness in tpe rapgg,foprdR6R Y sFat & Mlaim 10, wherein said biologically

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

13.  The microprojection system of Claim 10, wherein said biologically
active agent 1s selected from the group consisting of fentanyl, sufentanil, remifentanil
and nicotine.

14.  The microprojection system of Claim 10, 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.

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 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, TL-10, glucagon, growth hormone releasing factor (GRF) and analogs thereof,

including pharmaceutically acceptable salts.
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5 - 50 mcrons. 30. The mcroprojection systemof C aim?27, wherein said
rigid matrix and said conpressible ring forma substantially planar disk.
31. The mcroprojection systemof Caim27, wherein said conpressible ring
conprises a conpressible foam 32. The m croprojection systemof Caim 31,
wherein said foamconprises a material selected fromthe group consisting
of pol yet hyl ene, pol yurethane, neoprene, natural rubber, SPR, butyl,

but adi ene, nitrile, DM ECH, pol.ystyrene | yester, .pol.yether

pol ypropyl ene, EVE, m %%?CF‘%E‘E%%‘O éﬁtﬁog\g}am i{ird”‘iﬁf%ﬁa@xng%d&lly 33. The
M croproj ecti ona&yehesh &f sefdcRt Mod'the %@F @ori3isting 6f dUnObBngRdlaksinesact i ve agent
is selected fromthe group consisting of ACTH (1-24), calcitonin,

desnopressi n, LKRpmbinpRiprelaial vaganesgBBArvareings ang therapeitifecangrivaediiasoi d hor none
PTH), in, i vald.. - A i ni in lin,
riptorelin intertelon ol SrHatRrperioRehiom 3t Gl 06 MRAREAT Blehei R © o

triptorelin, interferf©don alpha erferon s H EPO,
GM - CSF, G CSFactivkagéht isHclecrg divm BE givup chiaisting ef ferlarylssulehtdml tentifefitahf) and
anal ogs thereof, including pharmaceutically acceptable salts, conventional

vacci nes, reconBih@fRINepr ot ei n vacci nes, DNA vaccines and therapeutic cancer

vacci nes. 34, The 1M g 0D PGl Qi idh SN oI Snert S8R RRNEcbn S d

plurality of stratumcorneumpiercing mcroprojections includes in the
range of 1 m cr agméen includes apAgenticbntgmanpmdtrisai d bi ol ogi cal |y active agent.

20, AoCoTPoS! Lo O O el O el SRR, GRS O T
including a pl ugghdsky pRkindsté 8didl PBpGAIRLBS Bdi@ ritdrbitojebhid MBBéeCt i ons t hat
project fromsaid skin distal surface, said mcroprojection nenber further
i ncl udi ng a reservoi#2.confhs rnicr@rcaﬁqtip@aﬁtenmfecbir@g@)gﬂ@min seidowriikds agent ; a
fop surtace: o onedBioku RISy P AR S A BIARARE ML T o
surface and surrounzi.ng Bl ilickdpgojettion systex ol 20,avitbrein said matrix includes at
least one biologically active agent.
24.  The microprojection system of Claim 23, 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 {Vald4, 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.
25.  The microprojection system of Claim 23, wherein said biologically
active agent is selected from the group consisting of conventional vaccines,
recombinant protein vaceines, 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 backi ng nenbrane di sposed on said rigid matri x nmenber and conpressible
ring. 36. The m croprojection systemof Caim35, wherein each of said
plurality of stratum comeum piercing mcroprojections has a length |ess

t han approximately 500 mcrons. 37. The mcroprojection systemof C aim 35,
wherein each of said plurality of stratum corneum piercing mcroprojections
has a thickness in the range of approximately 5 - 50 mcrons. 38. The

m croproj ection systemof C aim35, wherein said rigid matrix and said
conpr essi bl e riiAgudiBE M 15ast opshighesically 4PUBF 28785 di sk. 39. The mi croproj ection

system of O aim 35, G8ANS Rl AP RESEiSoséd dHbafORRIdpRGectdnGAIYeeS S bl e
foam 40. The m crog\r@(i)ljget%%t{log gystem of d ailﬁqois*}Q, Wr?erei nngi d foam

conpri ses a nubpsurédcesel ected fromthe group consisting of polyethyl ene,

BPOM ECH, ol yatyr argmnpr ik et ity io HABLERE myflt

netal | ocene resdufrouldVig saafgibneansbsmembére@id. 41. The microprojection system
of Claim 35, wherein said biologically active agent is selected fromthe
group consisting of aAetking mepbyane dispesed gAsHd rigidBatp megbenand qapnrespipier

anal ogs, goserelin, |euprolide, parathyroid hornone (PTH), vasopressin,
deam no [ Val4, gArgS] argi ni ne vasopressin, buserelin, triptorelin,
interferon al pha, i ragerf &hemitriepmjeciiont BsterdClgmidve wheiSid eabliP6l sae\pluchfy, 28
G CSF, 1L-10, glucagon, growth hornone r,el_eaa]i ng fagtor ééGRF and n%8gs
thereof, incl (RESHEUBHMTRREERIETCHISPMErORroISSHPNs28 B ess T9XGRYFY

vacci nes, reconhj-paet protein vaccines, DNA vaccines and therapeutic cancer
vacci nes. 42. A conposite mcroprojection system conprising: a,

m croproj ecti on ment28 hdhe mjcraprogsptien sybtameot {iaima2 7s whereti eaelpf it f ace, sai d

i o1 opr of ect | o Ve NG srB AP R Qb Rid oo AL E M ARER T R o2
i croproj ect i OMypproximately
5 - 50 microns.

30.  The microprojection system of Claim 27, wherein said rigid matrix and
said compressible ring form a substantially planar disk.

31.  The microprojection system of Claim 27, wherein said compressible
ring comprises a compressible foam.

32.  The microprojection system of Claim 31, 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.

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-picrcing microprojections includes in the range of 1 microgram to 1

27



menber further including an agent-containg matrix, said matrix including at
| east one biologically active agent; a substantially rigid matrix nmenber

di sposed on said mcroprojection nmenber top surface; a conpressible ring

di sposed on said mcroprojection nmenber top surface and surrounding said
rigid matri x nmenber; and a backi ng nenbrane di sposed on said rigid matrix
menber and conpressible ring. 43. The m croprojection systemof Caim42,
wherein said matei.x is . di se r QXi said top surface of said

ni croproj ection %gqufs%g%ﬁ)o??%ga#&@?@& ]Erg'ct i on system of C aim 42, wherein
said matrix is di spissed peanporitt emiqaprdjestiansysits admpisiigace of said

m croproj ection nmenber, 45. The m croprogjection _systemof C qi m.a2, erein
each of said plural i‘%@?mr%’olg?t}%’t"{ﬁﬁ‘%gﬁ"éﬁﬁﬁ fopayrs (j‘“ﬁ\aég‘Bﬂr‘%’j‘ SUHfaCE @G o5 o
| ength | ess thap: [ g leGin in8Ction system
of Claim42, m@%@%&ggéﬁﬁlﬁ%ﬁ%%@uﬂﬁ??? og]g’tr %ﬁlgto ?&ﬁcgﬁﬁgﬁ% pi erci ng

m cropr oj ect i onmidigsojactidms thanpogect fromisaid skingéstad surfaspasianiveepsdjgctdn- 50

m crons. 47. The m croprojectjon systemof .Claim4 in.sai.d rigjd
matrix and sai H‘e%ﬁpﬁ@é@uﬂﬂ?’é‘h?ﬁ ?ﬁ%{?%?'ﬁ?"é‘taéﬂﬁ%?tg]ﬁatsfg’ﬁ%}%gﬁaygcé'iv%éé.éméi& The
m croproj ection systgamehntidlingdratrivhentdendisfosel S05aM RiiGbrofctidn Megmber
conprises a conpressible foam 49. The m croprojection system of C aim48,
wherein said foWmsessri ses a material selected fromthe group consisting
of pol yet hyl ene, pol yur . ; ? ,

but adi ene, nitrile, %%Sﬁ]trg% “ﬁ@ﬁ?ﬁéﬁ“&n@ ’g‘%{"% %cgpymg%qe@lﬁﬁgg?&taﬁh

pol ypropyl ene, SvioundMisaidegdlrhaterembasied PVC, and bl ends thereof. 50. The
m croproj ection systemof C aim42, wherein said biologically acti ve[\) agent
is sel ected from t he? Bicting W?‘?tqlwasegfonﬁﬁﬂg@mﬁtﬂﬁ‘,m%%qc& F”L‘%?ﬂ“f‘ﬁmss‘ le
desnopressin, Lhﬁg—_l, LHRH

36.  The microprojection system of Claim 35, wherein each of said plurality
of stratum corneum-piercing microprojections has a length less than approximately 500
microns.

37.  The microprojection system of Claim 35, wherein each of said
plurality of stratum corneum-piercing microprojections has a thickness in the range of
approximately
5 - 50 microns.

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, buty], 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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anal ogs, goserelin, leuprolide, parathyroid hornone (PTH), vasopressin,
deam no [Val4, D Arg8] arginine vasopressin, buserelin, triptorelin,
interferon al pha, interferon beta, interferon ganma, FSH, EPO, GM - CSF,

G CSF, IL- 10, glucagon, growh hornone rel easing factor (GRF) and anal ogs
t hereof, including pharmaceutically acceptable salts, conventional vaccines,
reconbi nant protein vacci nes, DNA vacci nes and therapeutic cancer vaccines.

51. A transdernmal _delivery system nprising:.a mcroprojection nber
having a top suFr@ee il slueierm gafi’“étfc’g‘f’“%‘l?lef"g%é'ngst{é‘]itﬂf (%%%Fﬁ?@éﬁeﬁ?&ﬁenber
i ncluding a pl Ufrluging dhlenSlob oy SQESRHITNARE Qofi oMl GRQMS] Redmifi:  hat
project fromsaid skin distal surface, a substantially rigid matrix nmenber

di sposed on sai grotaim vacojpenLBEA vansinee atsktherapgutic garicarcecciaess onpr essi bl e ring

di sposed on said m cgé;pr 0j ect i on nenber tgp gtgrf(%:e i;lsnd_surroundi ng said
rigid matrix menber,and A BHRE R T HRRBIEHA SYEF s YR ¥ sai d rigid matrix
menber and conpr essi peerépro@ctichnderaier Aahg £ ®petrfadant adkindiafRlnfacepdath

m croproj ection nenber, said applicator including an applicator tip that is

adapt ed to cont BésroRFaicetian mempar dpcdedingmplity! sUHBR comedmapercingat or i s
enpl oyed to apphﬁcré%éﬁctgﬂfn%rtt?a?g%gﬁ%ﬁrbr?xi@?@@gx?%isgal §%fac-gf‘s‘%icfjrﬁlcﬁ-é’ﬁ‘?§¥ctﬁ)¥ls em of

t
Cl aim51, wherelin sal ura ratum’ corneu I ercing
m cr opr o) ect i onmemmber farth@ngilindihgasagehiasonapprmatixehie igatbo hobadimgom deastsBe The
delivery systemof O aimb51, wherein each of said plurality of stratum
cor neum pi erci n@omg&a@b?%jvéég‘?”&ns has a thickness in the range of

approxi mately 5 - 50, o fBsGh@II8 righfmatfiR Gndiftlet Hiﬁ%c?ée@&ﬁ&eﬁmr@émﬁ%ﬁgﬁﬂrﬁﬁemwer ein

said conpressible ring conprises a conpressible foam 55. delivery
system of C ai nop4urfadeer ei n sai d foam conprises a naterial selected fromthe

group consi sting of polyethylene, ..pol retl‘ag_{rie neoprene, .natural. rubber,
ZoR Tbutyr . but adi erbeorp e e P RRIo Mmfep bftface e
pol yether, pol yiprRp¥heBad ricMdmmatEMheniber ahd ocene resin, PVC, and bl ends
t hereof. 56. The delivery systemof Claimb51, wherein said mcroprojection

nenber is coated wi#brckinginzEdiptdispotedonspidmigid watriy manahes apdeamressiblfat i ng
i ncluding at | eﬂﬁé_ one biologically active agent. 30
43.  The microprojection system of Claim 42, wherein said matrix is
disposed proximate said top surface of said microprojection member.
44.  The microprojection system of Claim 42, wherein said matrix is
disposed proximate said skin distal surface of said microprojection member.
45, The microprojection system of Claim 42, wherein each of said plurality
of stratum corneum-piercing microprojections has a length less than approximately 500
microns.
46.  The microprojection system of Claim 42, wherein each of said
plurality of stratum comeum-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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57. The delivery systemof C aim56, wherein said biologically active agent
is selected fromthe group consisting of ACTH (1-24), calcitonin,
desnopressin, LHRH, LHRH anal ogs, goserelin, |euprolide, parathyroid

hor mone (PTH), vasopressin, deam no [Val4, D ArgS] arginine vasopressin,
buserelin, triptorelin, interferon alpha, interferon beta, interferon
gamm, FSH, EPO, GV -CSF, G CSF, |L- 10, glucagon, growth hornone rel easing
factor (GRF) and anal ogs thereof, including pharnmaceutically acceptable
salts, conventional vaccines, recorrbl nant protein vaccines, DNA vaccines
and t her apeoatial rebhes SPRVRIGE bm@élen%alt"lfﬂfé’%Epﬂepq}yswwarﬂ)@ﬂelﬁ ai m 56,

wherein eac 'Bolg the?adoﬂ/pa%lpyér?e' EVY, E}stASfBJtéHoE%E résfarwrﬁl@u%@lm@&om croproj ections
includes in the ra 1 mcrogramto |11 gram of said biologically

active agent. 590 TheT'I&é‘I”FfV@PVCtWﬂS&‘ﬁ Qfﬁlmné?m}mem Rifidpgicallypefive agent

M cropr oj ectd LRWEHRehe RGH BIBSHingd T RETEI(YRLY, cal@Bnin, H3endRdstiN AIHRIE Y $irgM Of
Claim59, wherein said reservoir includes at |east one _biol o‘gﬂcal ly active

agent. 61. tHéesgarisidinyeyydidemeatyiaichamnes (Fliheraseriessin; deaping [ ¥tdd 1y acti ve
agent is  Sekelh@thideVaNFplehieh, Biisetéin, GG HIE] 1nwe@f1 allaﬁzr ktdrferoadlta, la@}fabﬁ onin,

o ook it £SoP i 2L B AP VB e RO i RRrabby s

buserelin, (GRPtaad &laiods thbriabtefnf:l&dilﬁ@pl&hhﬂ&é\;tlcdll?ta%ebﬁbleElaltb&bﬁvenildhtaﬂfaf:@tﬁe@n
gams, FSH E rovvt h hornmone rel easi ng

I ca
factor OISWH”&WS eB‘g‘Jé"CCt"P’fc%g%‘?‘ Vacc‘ﬂ‘éslal'] u %‘H&F T4l |y acceptable

salts, convent| opnl vAaaeisiesal deﬁ&@psryttblﬂamt'npﬁ:ﬁ@. ei n vacci nes, DNA vacci nes
and therapeutl C cancer.vaccin eli ve s)é srsﬂa? of Claimb51,
h ’élgdi

wherein said m ArBSPBREEYdH %@V‘ga é’lsﬂr gan ﬁ? §hi ng matri x.
63. The del imi@sprojsyfist ermbdr ilcldinma@Riralinherseatim san@hxmmbncmg migobjsPivseitiat

prOXi Tt & 91l @0 B4 L AR ALuhRl L GE O, ALESL I IRIPS ronn ffe el 1 very

di stal surf ateoméjegian d!embtt:rrtmmdiuecet doowprepsirihEng. dlﬁssed oh sndimicrupmjgctlsly st em of

dai m 62 ""?rﬁﬁxﬁége?pss%fgne%& Mn)éur'.dﬂﬁ %ﬂ?i?ld% %bepgﬁdaﬂfc@k%&%ﬁé\%y active

agent . lvery systemo éin sal Iologically active
agent i 3 disposed on said rigid matrix member and compressible ring; and

an applicator adapted to apply said microprojection member, said applicator including an
applicator tip that is adapted to contact said microprojection member when said applicator is

emploved to apply said microprojection member.

52. The delivery system of Claim 51, wherein each of said plurality of stratum
corneum-piercing microprojections has a length less than approximately 500 microns.

53. The delivery system of Claim 51, wherein each of said plurality of stratum
corneum-piercing microproiections has a thickness in the range of approximately 5 - 50
microns.

54, The delivery system of Claim 51, wherein said compressible ring
comprises a compressible foam.

55. The delivery system 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.

56. The delivery system of Claim 51, wherein said microprojection member is
coated with a biocompatible coating, said biocompatible coating including at least one

biologically active agent.
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selected fromthe group consisting of ACTH (1-24), calcitonin, desnopressin,
LHRH, LHRH anal ogs, goserelin, |euprolide, parathyroid hornone (PTH),
vasopressin, deam no [Val4, D Arg8J argi nine vasopressin, buserelin,
triptorelin, interferon al pha, interferon beta, interferon gamma, FSH EPO
GV -CSF, G CSF, IL-10, glucagon, growth hornone releasing factor (GRF) 31
and anal ogs thereof, including pharnmaceutically acceptable salts,

conventi onal vaccines, reconbi nant protein vaccines, DNA vacci nes and

t herapeuti c cancer vaccines. 67. A transdermal delivery system conprising:
a nicroproj ecti orf7mentiee ddiaery mgtea dfGjirs af.fehesinsaid bivlagidally aitise wenfsiur face,

said  m cr opok AR IBINEhLAELHIERG o) el YelopRldat itk
A T R PR

corneumplercing mcro ectio 0] ect rom I St al

surface of g@ﬁlq;gs @@r@prlwm@ﬂp,mqrawwnfbhormmdpﬁﬁ aq@@r?—selax@ﬁm@zaé\éaléd% o apply
sai d m cr opiQisRGlyintHa VARFRENn, bSiefn, MR rEIGA IR feloR GlpHe G R beapimel-fa%ﬁ or tip

having a skin distal surface that is adapted to contact said nlcrqgrOJectlon
menber  whe@¥8E: ¢ SHPBRG: @&flo@sﬁ, §- %lloiﬁbelue%oraﬁmwh kogmgnefrlessgiesta ¢eRON

nmenber, sai dhARRbpAr&T, ihdiRiing phemasdufGal1d &P IESRE, RbR efRARShccsliegPOSED ON
sai d skln di stal, surface of said applicator tip. 68. The dellvery syst em of

d aim 67, V\AFFéP’EP‘Ha"éa'“OH'“a‘ﬁEﬂ“i‘eé’d?W VErigey and fherprutia cangqs yadeisE i al | y conti nuous

recessed region eg Sarfdeéiéﬁk/ély@js&t'nadf@d%fSS%eﬁfn e @sﬁ@muh@i@t&@trétﬁrﬁ) 69. The
delivery system of. C aim 68, wherein said conpressi r is disposed

in said recEYERENPIRIGING HICToRIIeCHRES ieludey iytke r%?éwog@%f%%ﬁlg%@ﬁ@ﬂn sai d
conpreSS|blamm%mmgnwnﬁggaﬁlses a conpressible foam 71. The dellvery system

of Claim70, mhe f oam co a . material selected f e group
consi ot img of | poryet T Ear G L Eng!. SHERE S SRR BT PO

butyl, butadreaeeirnitrile, EPDM ECH, polystyrene polyester polyether

pol ypropyl ene, t al Ioce re t 72. The
del i very systeanf c ecm ryﬁﬁ%? Em %5“WFEW33985%¥?f8§u ﬁg W? coat ed
with a bioconm@mmbhenﬂQQMnng, sai d bloconpatlble coating including at |east

one bi ol ogi cal | Yer. aCtJT NeSe Flv%g)n{ystem ofCﬂ;%:"G(g Ih r\ell?lrsyld%%ﬁotgl%gﬁyogctl\% aaglen 172’ wher ei n
said biologically actlve ag

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.

62. The delivery system of Claim 51, wherein said microprojection member includes
an agent-containing matrix.

63. The delivery system of Claim 62, wherein said matrix is disposed

proximate said top surface of said microprojection member.

64. The delivery system of Claim 62, wherein said matrix is disposed
proximate said skin distal surface of said microprojection member.

65. The delivery system of Claim 62, wherein said matrix includes at least one
biologically active agent.

66. The delivery system of Claim 65, 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)
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selected fromthe group consisting of ACTH (1-24), calcitonin, desnopressin,
LHRH, LHRH anal ogs, goserelin, |euprolide, parathyroid hornone (PTH),
vasopressin, deam no [Val4, D ArgS] arginine vasopressin, buserelin,
triptorelin, interferon al pha, interferon beta, interferon gamma, FSH EPO
GV - CSF, G CSF, 1L-10, glucagon, growth hornone releasing factor (GRF) and
anal ogs thereof, including pharnmaceutically acceptable salts, conventi onal
vacci nes, reconbinant protein vaccines, DNA vaccines and therapeutic cancer
vacci nes. 74. The delivery systemof Caim72, wherein each of said
plurality ofandppakeasihereebistiding phasmagerisali 2Pt i ons i ncl udes in the

range of 1 nioa{AbéRAMatands, @ldrﬂbﬁrﬁﬁ%ﬁatélﬁ va&Rings, DRIAGL&SHES Bld tMer@feldid@n@gent . 32
75. The delivery systemof Caim67, wherein said mcroprojection menber

i ncludes a Y&S¥#voir. 76. The delivery systemof Caim75, wherein said
reservoir includegs. ataleagtmanelivéty &)@, éagriyingct i ve agent . 77 The delivery

systemof C aim 76, wherein saEd bi.ol ogi ca{%%/ﬂ ﬁCtl vg B_[ sel ected from
the group consi sfGORSpeAes femyerSaying 415p gyr askjn, ﬁfﬁgﬁ” §‘§’t Sﬁ“ LHRH, LHRH
gnal 0gs, [gos.ﬁcrrqirbjecnoh eidﬁhbéﬂmcﬂiﬁlmg[hqﬂtailhydifﬁtrdurhng)rﬂﬂmepil(eﬁ-ﬁlgi)mcrdlﬁ@ﬁ@fo‘l&§Si n,

eam no [Va r I.ni as ssin userelin riptorelin,
oo For o Hak e e b b e R T Pt e bant ' EPoy et - oo
G CSF, |L-10, gI ma@ﬁmorgdﬂ@wﬂlno erp@rymmdmafrqir@asmmgwﬁqaﬂisard a(aﬁﬂaﬁbor inalndingmal 0gs
t her eof , |ncI in arna |ca a conventi.onal vaccines,
ocormi nant GO ARLAS AR R B R RLPR b SRt S FRTBARR PerRCCl noe:
78. The deI iwher yaidspglicermr Gfemﬂoaedm) 617p,ly smiemenom-oﬁeetlod e pridgpettatanp menber
i ncl udes c?g{% acgrgéﬁ:sa b[y nﬁgnbgpélg osed oZ?:Pd;ﬂ" dxsg sur\fa%g);f sfsa é&@]a{ar‘ tapcI dal m 78,

wher ei n sai I spose
ni croproj ecti on G¥enbelhe dSI(DveryTSIxGeldefClwrr@'f y&le@ienal@ﬁppﬁl:?mrmpmludvmr ein said

matrix is d's%fﬁtﬁlﬂ &ﬁﬂ&]ugpetc%ﬂe%q%%?é&' 5B Ui biddal S%H%Je%?&ﬁ)ztp_yg&'toq tlgr ein said

m CI’OpI’ Oj ection rre lvery syst emo al'm
matri x includes @&t | ddisdelivenyeydiropidgpimaI8l yhesin saidecomgesntible member is disposed

in said recessed region.

70. The delivery system of Claim 67, wherein said compressible member
comprises a compressible foam.

71, The delivery system of Claim 70, 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.

72. The delivery system of Claim 67, wherein said microprojection member is coated
with a biocompatible coating, said biocompatible coating including at least one biologically
active agent.

73, The delivery system of Claim 72, 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.

74. The delivery system of Claim 72, wherein each of said plurality of stratum
corneum-piercing microprojections includes in the range of 1 microgram to I milligram of said

biologically active agent.
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82. The delivery systemof Caim8l, wherein said biologically active agent
is selected fromthe group consisting of ACTH (1-24), calcitonin,
desnopressin, LHRH, LHRH anal ogs, goserelin, |euprolide, parathyroid

hor mone (PTH), vasopressin, deam no [Val4, D- Arg8} arginine vasopressin,
buserelin, triptorelin, interferon alpha, interferon beta, interferon

gamm, FSH, EPO, GV -CSF, G CSF, |L-10, glucagon, growth hornone rel easing
factor (GRF) and anal ogs thereof, including pharmaceutically acceptable

sal ts, conventional vaccines, reconbi nant protein vaccines, DNA vaccines and
t herapeutic cancér vHerEy, syggn O&CIPWHWSHg?f?fﬁﬁa“ﬂ@lﬁrmvﬁg'y@ﬁ@?ﬁf el i si ng:
a m croproj gedst Q8 Member having a top surface and a skin distal surface,
said mcroprojection nmenmber including plurality of stratum

cor neum pi er ci ng®ni cr BB} EBL YRR Of‘ﬁ'é‘tm 75p1"’5‘fr%ﬁﬁa“f Wéﬁ?{%rdp‘a”‘?k?tﬂe"a‘i W@ g
surface of salddicAlyCdcORIQEection menber, a substantially rigid matrix nenber

di sposed on said mcropro ection er_top surf irst conpressible
menber  di sposed’on sToﬂecfli‘c“'|’r‘ie[:yr5@!fﬂ"'IBJrTg'{:IllB’i"b716 SrpR pai Hﬁlog‘ﬁ?@yé‘ﬁ%"e&ﬁ ur roundi ng

said rigid pRékddfrofBhbSbp 63351511&1@‘ opabBE t<1| 70, cﬁﬁﬁ@ﬁr@ﬂ&nﬁ»p&mﬁemﬂmﬂnﬂd rigid
matri x menber .and first conpress

an n.a ica apted to
apply sai d ATRIESHOUTR8: PP r%@?hymédaki‘oém%[‘ﬁ[S?T]@a’(aﬁ?pr?sﬁllif c@ﬁ?ﬂa&gﬂt‘atg BI i cator
tip having argamintlicst@bressitr, baelis, hddtortlth, mebafpiton dipha) lrﬂ@ﬂ:'ic'ioﬂh(ﬂeta&atelderon .
m cr oproj ection e [ plicator is ed to.a
ni cr opr oj ec&f B> %CEHE@O %@.@igb‘%@t@ g@fﬁ@on |gf?@%g€qr'iqé“ea{el§%§8’§ﬁ%u}ééﬁgbessi bl e
menber di speskdalogs tsaéad. isd(ﬁdhng:iihsﬁmbeuﬁcﬂll&ameptﬂﬂe sis, d appl icator tip. 84. The

delivery Syscgneventl%gal gaccmes rectnPbmanli ro{%mev%gclrl]ne()f if@ tasg eslstlesur heraéeu 1]:: cf?ntcérat um

corneum pi ercing m croproj ecti onsP fan a I mately 500
m crons. 85vactines. del i very systemof Claim 83 wherei n each of sal d plurality

of approxi mat ol Y5 B0 i EPaAL R R DS S E e

sai d appl i car egenttdoptainiglmigtes a  substantial ly continuous recessed region on

sai d skin distal 7@“” €489 ve%@&s@en@%lénﬁl%%he?é samantmI %lsg@sb& very SySt em of

Cl ai m 86, wherein sai secon ressi ble ne osed in said
recessed r egprgqqmate said top surface of sald microprojection member

80. The delivery system of Claim 78, wherein said matrix is disposed
proximate said skin distal surface of said microprojection member.

81, The delivery system of Claim 78, wherein said matrix includes at least
one biologically active agent.

82. The delivery system of Claim 81, wherein said biologically active agent is
selected from the group consisting of ACTH (1-24), calcitonin, desmopressin, LHRH, LHRH
analogs, goserelin, feuprolide, 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
vaceines,

83. A transdermal delivery 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 of said microprojection member, a substantially rigid 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,
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88. The delivery systemof Claim83, wherein said first and second

conpressi bl e nenbers conprise a conpressible foam 89. The delivery system
of Claim 88, wherein said foam conprises a naterial selected fromthe group
consi sting of polyethylene, polyurethane, neoprene, natural rubber, SPR
butyl, butadiene, nitrite, EPDM ECH, polystyrene, polyester, polyether,

pol ypropyl ene, EVE, EMA, netallocene resin, PVC, and bl ends thereof. 90.
The delivery systemof Cl aim83, wherein said mcroprojection nmenber is
coated with a bioconpatible coating, said bioconpatible coating including
at | east onéndd ksclgag mehryne digppied en aagfbrrlﬁid mautix mmgerded fisggoppesssble memberd ai m

90, wherei n 5ai.d lc%pegia !oxé 515:Eala/ﬁlcﬂg)%nbrsméﬁéee@alsgwhmmam gHhoup
consi sting of Al p ((% CI toni n, desnopressin H, LHRH anal ogs,
e hp

goserel in, PelisH vmm%kart ﬁwlcw@camawﬁ?@p\eﬂawﬂta%%m*%%w?ﬁw@@awqﬁo

[Val4, D Ar GBkn saf MPpItafdLis CABRPLIRS Bbphy saQUﬁ%E{)je&mnﬁﬁdﬂ%@Eéfd Céjl'gllcaltdﬁlﬁr feron
al pha, interferon beta, interferon I L-10,

gl ucagon, grsHdIRe A& PETERE MY bt aEpHd tzmﬂ)sklaﬁafal @%?%ﬁéa'? RRATERSYT,
i ncl udi ng plﬁar maceutical ly acceptable salts, conventi onal VaCCI nes,

reconbi nant  protein yaccines, DNA yaccines and ra ancer vaccines.
92. The deli very84systEW1d81fve@l%Ftﬁ‘f@be'a\m@ré’ fﬁe'aa%?h g?a‘ Frﬁ‘tkﬁf’ By of

stratum cCokfaeim-pieeing nli@optbijedtiopy ik ﬁ!Ce'hgtB RSs mzﬂﬁdppﬂﬁﬁiate[}/ jooeniéramge of |

el i very Syst em B O BCA"> GREP kL8Pl AP ER SRS 64 PORHSFREIT ncl udes a

reservoir. Qémeubhgieddkimi@sptoisyishetnms athidkhas imtkkIangehesmpraximadlgdSreser voi r

i ncl udes at I east one bi ol ogically active agent. 95. The delivery system of
Cl ai m 94, wher"él Rsai d bi ol ogically active agent is selected fromthe group
consi sting of ACHH (1724e)ivecabysietnafi Ciajm ﬂbmpme&slamhchbﬂlﬂ indlkdR¥h anal ogs,

goser el 11, LOURRAIL Sy RAL ALLIAL A N R08, GETH.r XAPORI EBRTL gflear nO

[ Val4, D Ar vaso USCr e terferon
al pha, int erfer oﬁ'/‘ betﬁhe dplm\tee,rdyscmnf@lamn% whéBkin SEdD@cond@unple @ugF, | L- 10,

gl ucagon, gro Qsegg{%q?egsgég%%hng factor (GRF) and anal ogs thereof,
i ncl udi ng pha ceuticall y acceptable salts,
88. The delivery system of Claim 83, wherein said first and second

compressible members comprise a compressible foam.

89. The delivery system of Claim 88, 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.

90. The delivery system of Claim 83, wherein said microprojection member is coated
with a biocompatible coating, said biocompatible coating including at least one biologically
active agent.

91. The delivery system of Claim 90, wherein said biologically active agent is selected
from the group consisting of ACTH (1-24), calcitonin, desmopressin, LHRH, [.HRH 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, I1.-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.

92. The delivery system of Claim 90, 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.
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conventional vaccines, reconbi nant protein vaccines, DNA vacci nes and

t herapeutic cancer vaccines. 96. The delivery systemof Caim83, wherein
said mcroprojection nenber includes an agent-containing matrix. 97. The
delivery systemof Caim96, wherein said matrix i s disposed proximte said
top surface of said mcroprojection nmenber. 98. The delivery systemof Caim
96, wherein said matrix is disposed proximte said skin distal surface of
said mcroprojection nenber. 99. The delivery systemof C aim 96, wherein
said matrix includes at |east one biologically active agent. 100. The

del i very syst em%f Treldgierogsterer 8inhd3s ahefeip s BiffpaliscfionEembes inghdes? i s

sel ected frQepdihe group consisting of ACTH (1-24), calcitonin,
desnopressin, LHRH _LHR. H anal ogs oserelin, |eupraolide, parathyroid

hornone (PTH), vadoPrEdedicn sygean ﬁ’aiﬂ[g LYarpereipsad frasrvoinipeludes atdeastangnr essin.
buserelin, tuidipdi@nNehdRe adent erferon al pha, interferon beta, interferon gamm,
B OO, O L ST L B0 JOl B0 Ll ol g, act o
convent i onalromalCirfi@onsisESOEIA NG -Ja0, @hlSikdhiny &G Rbtessin, IINGH VTR aeisogand
therapeutic ggs%xgﬁr%ﬁeupr\{)ﬁge? i;aagaetﬁyroi%%ormone (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
vaceines.
96. The delivery system of Claim 83, wherein said microprojection member includes an
agent-containing matrix.
97. The delivery system of Claim 96, wherein said matrix is disposed proximate said
top surface of said microprojection member.
98. The delivery system of Claim 96, wherein said matrix is disposed proximate said
skin distal surface of said microprojection member.
99, The delivery system of Claim 96, wherein said matrix includes at least one
biologically active agent.
100. The delivery system of Claim 99, wherein said biologically active agent is selected
from the group consisting of ACTH (1-24), calcitonin, desmopressin, LHRH, LHR.H analogs,
goserelin, leuproiide, 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.
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