WO 2010/ 151893PCT/ US2010/ 040251 | MPLANTABLE DRUG DELI VERY DEVI CES AND
METHODS OF MAKI NG THE SAME Cross-Reference to Rel ated Applications 5The
present applooaisisss clains priority to U S. Provisi onal pApaisc@atoiaal No.
61/ 220, 865, filed June 26, 2009, and U.S. Provisional Application No.

61/ 241, 382, filed Se npber_10. 2009, each of which is |jncorporated by

reference herein in ﬁ@%ﬁﬁﬁ%‘%ﬂﬁ%@ﬁgﬁﬁ&ﬁﬁwQ%Bﬁ1§3ﬁ§osure is generally
in the field of controhNgFVAFPEOIN OYSAKING TIRE §SANgparticularly in the
field of inplantable nedical devices for controlled drug rel ease and drug

formul ations for use with inplantable nedical devices. A variety of devices
and net hods have been danessReterencedelRalsteddypypdichtiosd |y or regionally to

mtigate propl ens associated with system rug.delivery.. Local delivery of
drug to sorrgﬁlei@%iﬁ’ét @Pilé%“%lo%ﬁ“alsl?élo%%trogl\]/-gd?foﬁg%ﬁﬂ?gpp Phcularly with

respectng & 129089t cd I Les, 9609, URE Y. & NRB SRYACLSIfcRRén RbCe1/885340 YRS ve and
unconfortabl e for the patieént. Sonme treatnents could be i nproved by

i mpl antSeptgnzbedd 0P 088! dagk 0§ wilenhi is scprpozatéxblbly rdfermess hereig avits gntsefgh as t he

bl adder. For exanple, interstitial cystitis (1C, painful bladder syndrone
(PBS), and chronic prostatitis/chrRavkgraildvi c pai n syndronme (CP/ CPPS) are
chroni c painful disorders that are often treat by delivering a |idocaine
sol ution to tHedisgBrae etengsa Yinh@ﬁffqlfia?'%}m@iff Side YEG A RSt i | 1 ati ons
reqgr %ﬁnﬁ&lﬁarﬁyﬁﬁtt@é f&d of ﬁhbl@ﬁtaﬁl@tnfi’édlic_a'l BEARNED! &ERILed Hﬁlgqglfeﬁ)s_retand%l% the

ri sk of i1nfection associated wth urinary catheterization. Simlarly, the
synpt onfermoilam@urfogesei wittbingdaddablemedival daveased by delivering drugs to the

descr bed abbIECERBAGIGEABH S s 08 AR BT B Syt act i ¢
[ om O el ey O e o R B R fiae Cobrry cul arly
wher e |dsegto somertésgiosites cavlddedapraved yhoweveio peiticulagy eHthasspekete cxkraded de
ef igct Sy 0f JSXSEERLG AN, el LSy A8 L IR LRARb RaBE rPIRD RIgRVAl 1 abi 11ty
Some treatments could be improved by implanting a drug delivery device in a body
lumen or cavity such as the bladder. For example, interstitial cystitis (IC), painful bladder
syndrome (PBS), and chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) are
chronic painful disorders that are often treated by delivering a lidocaine solution to the
20  bladder via instillation, but the frequent instillations required for sustained relief entail
inconvenience, discomfort, and the risk of infection associated with urinary catheterization.
Similarly, the symptoms of neurogenic bladder may be treated by delivering drugs to the
bladder via intermittent catheterization, which carries the drawbacks described above, among
others. These and other therapeutic or prophylactic treatments, including those for acute
25  post-operative pain, could benefit from drug delivery devices for implantation in the bladder,
particularly where local or regional drug delivery is sought, such as when the side effects of
systemic drug delivery are intolerable or when bioavailability from oral administration is too
low.
Implantable drug delivery devices for the bladder are known but suffer from one or
30  more deficiencies. Some such known devices are loaded with a drug solution, which are
capable only of carrying and releasing a relatively smaller amount of drug than what could be
delivered in a less voluminous form, such as without a solvent or carrying fluid for the drug.

An example is the UROS infuser device by Situs Corporation, as disclosed in U.S. Patents
No. 6,171,298, No. 6,183,461, and No. 6,139,535, which can deliver pharmaceutical
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| i dQCaidi€g reservoir lumen and a retention frame lumen. The number of solid, compressed drug
tablets are positioned in the drug reservoir lumen, and the retention frame is positioned in the
retention frame lumen. An interstice between any two adjacent drug tablets facilitates
deformation of the device body. The drug tablets may be mini-tablets aligned in the drug
reservoir lumen.

25 In certain embodiments, the drug tablets include lidocaine hydrochloride or lidocaine

base in tablet form.

The device body may include a drug reservoir tube and a retention frame tube. The
drug reservoir tube may define the drug reservoir lumen, and the retention frame tube may
define the retention frame lumen. The retention frame tube may be longitudinally aligned

30  and coupled to the drug reservoir tube. In such embodiments, the drug reservoir tube and the
retention frame tube may be formed together by an extrusion process or a molding process.
The two tubes may include a water permeable silicone. The device body may include an

aperture in fluid communication with the drug reservoir lumen. The retention frame may be
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25  location upstream of the drug entry opening. The pressurized gas source is operable to direct

a

a flow of pressurized gas through the entry channel.
The system may further include a drug unit source valve, a pressurized gas valve, and
a controller. The drug unit source valve may be operable to selectively permit or prevent
drug units from passing through the drug entry opening. The pressurized gas source valve
30  may be operable to selectively permit or prevent the flow of pressurized gas from passing
through the entry channel. The controller may be operable to control the drug unit source

valve and the pressurized gas source valve.

Brief Description of the Drawings
FIG. 1 is a plan view of an embodiment of a drug delivery device.
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30 may be operable to selectively permt or prevent the flow of pressurized
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comparison to an approximation of the bladder trigone region.

FIG. 8 illustrates an embodiment of a drug reservoir portion, wherein FIG. 8A is a
plan view and FIG. 8B is a side cross-sectional view.
FIG. 9 illustrates example shapes for a retention frame of a drug delivery device.
15 FIG. 10 illustrates example configurations for drug delivery devices having at least
one drug delivery portion and a retention frame portion.
FIG. 11 is a block diagram illustrating an embodiment of a method of making a solid
drug tablet.
FIG. 12 is a block diagram illustrating an embodiment of a method of making a drug
20  delivery device.
FIG. 13 is a block diagram illustrating an embodiment of a method of loading a drug
delivery device with drug units.
FIG. 14 is a side view of an embodiment of a system for loading a drug delivery
device with drug tablets.
25 FIG. 15 is a schematic of another embodiment of a system for loading a drug delivery
device with drug units.
FIG. 16 is a perspective view of another embodiment of a system for loading a drug
delivery device with drug units.
FIG. 17 is a cross-sectional view of the embodiment of the system for loading a drug
30  delivery device shown in FIG. 16.
FIG. 18 illustrates a method of implanting a drug delivery device.
FIG. 19 is a sagittal view of a male patient, illustrating a drug delivery device exiting

a deployment instrument into a bladder of the patient.
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or (i )de%&%{agﬁsdegﬂtet lgé?ng loaded with solid drug, as each drug unit may be permitted to move
with reference to adjacent drug units. In particular, interstices or breaks between the
20  individual drug units may form reliefs that permit deformation of the device, while allowing
the individual drug units to retain their solid form. In one embodiment, the solid drug is
loaded in the drug delivery device by positioning one or more drug units near an entry into
the drug delivery device and driving the drug units into the drug delivery device using a
pressurized gas source, such as by depressing a syringe of air in fluid communication with the
25  device. For example, the drugs may be serially aligned in the narrow, elongated lumen of a
drug reservoir.
In particular embodiments, the drug delivery device is small, such as small enough to
be inserted through a deployment instrument extending through the urethra into the bladder.
Such a device may be loaded with solid drug tablets that are “mini-tablets” of reduced size.
30  Ina preferred embodiment, the drug tablets are substantially smaller than conventional drug
tablets, and unlike conventional tablets that tend to be squat in shape, the drug tablets may be
tall and elongated and/or may have flat, rather than convex, end faces. The drug tablets also
may constitute mostly drug and little or no excipients, so that the drug tablets contain a large

amount of drug considering the tablet size. The drug delivery device may control release of
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be i nplrastredr porten amﬂtheaﬁtentlon frame portion. The drug reservoir portion may hold the
drug to be delivered into the body, and the retention frame portion may facilitate retaining the
device in the body.
One example embodiment of a drug delivery device 100 is illustrated in FIG. 1. The
30  device 100 includes a drug reservoir portion 102 and a retention frame portion 104. The drug
reservoir portion 102 is attached to discrete points on the retention frame portion 104 but is
otherwise separate or spaced apart from the retention frame portion 104. In FIG. 1, the
device 100 is shown in a relatively expanded shape suited for retention in the body, and in

FIG. 2 the device 100 is shown in a relatively lower-profile shape for deployment through
6



20 rel ease drug over an extended period w thout surgery or frequent

i nterventions, reducing the opportunity for infection and side effects,
i ncr easi yotzhw/AMANt of drug delivered |ocally or regi ecaiusgomwo4i2he

bl adder, and inproving the quality of life of the patient during the

treatme ces e | ant abl e Dellver Devi ce .25The drug
dellverB gl @étt@rdg Oynteﬁ@wt&é%ﬂtt D{sﬁ?ﬁamtosgia? & ShergathefSns: the drug

reser vqromol%t élegﬁb thﬁ@tﬂe%?tﬂh@ IS S L) Qgtts%e tﬁé‘ﬁ‘eléﬂfv@@r dxBaRlMOl T
portion may hol d t'he drug to be delivered into the body, and the retention

frame pbapd tortetaragﬁhedmgldetlamw degtcaiinthedotiheadevirdemem t he body. One exanpl e

enbodi nent dr r evice 100 is,ill t ed | G,, 1. The
S0aovi ne 10d o M iBes S oL A aSES T e Ridsty BB R o R et o8 {1 e
por i ondBkkionldMEp&iT déderlalls @éxy&egangcshtpeos’tmé@?orlrétaaﬁrtga@@@%t@nplﬂhé Git@iRdpoi nt s
on the retention frame portion 1 is otherw se separate or spaced

apart fimprntdiendegagian, laﬂudma et psrinitsd t O, prefacimhepe shownhia Fd6yil deati00 i s
shown i I ten dy, and
P G sty T allE s BERACATH BHART. SHbRR e SRR SReH-BRERECL O
depl oyrsanpe’ Tdﬂr‘dttghyrﬁeﬂﬁ@%ﬂi@éﬂéiﬂ%gmdsuﬁ?@H@Je@éﬁé’cﬁﬂor tila;ﬁojzlhgmlﬁedruQOO of a
depl oynent instrunent, such as a c%stoscope or other catheter. Follow ng

depl oy rPéHt’el"o’riiPtSwF HEo Biscpdyt Weluding the lingse ofglpneated shepe ﬁltowrbtnaﬂ@é't tPatéﬁ panded
S hq@e ts‘tht&ﬁo@'(c)i?pl%ﬁﬁg‘t’%é"@ev@&l tht’o%@{ tlﬁ:e\%&ﬁlr% cﬂlaﬁtllfbg OP ngetglﬁ\f%%éfscg e, '3 For

t he purposes I scl osure, e ter tively e shape”
or 5"rekph@nmntmﬂmma&n@emaomkhyademmneﬁﬂﬁﬁwdghmpbasmmumdhmoﬂnDe¢aln|ng t he

deV|ce i ded tation | ocation, Iud limted to

The pr ehorigb® SR TR ARt OB Reirah e BB ARG e devi ce
' n the \bligddac thesdlé%deafﬁz!t}ybe &é]@mfté’dr Q%he"r%a%hhm%rywitl?%ralcpépid &Qerifyape” or
"depl oynent shape" generall enofes any shape suited for deploying the

drug dedppatetug, mm/tlheeelahrl\tetby torv\@r-tpmﬁl? Shmlfqldmsgtlommt(b thedmdy.omdenongat ed shape

10 d f i .devi h h
nore el af PRk R paR i 2ol R RRR e hE R, b S e
p03|t|ngggﬁmr@mhmmﬁﬂﬂgﬂxmpe body, such as the urethra. In one enbodi nent,

the drug delivery device naturally assunmes the relatively expanded shape,
in which cade p@ﬁ@u@é\ﬁh@@t%@nﬁ@n&dt%td%@ay didusisra etentien frome thafiretping e ai d

o an SR eARROL ALY S Bk ALY R R AT LoaaReT o
or nat Uit hiyd metulus tHaoalidves thaideviat to Hieﬁiln&bdh\(eﬂ ynte xtpetudigdn a relatively lower-
20  profile shape but then permits the device to return the relatively expanded shape once inside
the body. The device may also have a sufficient elastic modulus to impede the device from
assuming the relatively lower-profile shape once implanted, so as to limit or prevent
accidentally expulsion of the device from the body under expected forces. For example, the
characteristics of the retention frame may be selected to facilitate retaining the device in the
25  relatively expanded shape despite expected forces in the bladder, such as the hydrodynamic
forces associated with urination or contraction of the detrusor muscle. Thus, expulsion from
the bladder is impeded or prevented so that the device can deliver a drug into the bladder over
an extended time period. Such a configuration facilitates delivering a drug such as lidocaine
to the bladder over an extending period for the treatment of conditions such as interstitial
30  cystitis, neurogenic bladder, or pain, among others.
FIG. 3 illustrates another example embodiment of a drug delivery device 300 that has

a drug reservoir portion 302 and a retention frame portion 304, and FIG. 4 illustrates the

device 300 in a working channel 402 of a deployment instrument 400. The drug reservoir



shape for retention in the body. In particular, the retention frame
portion may include a retention frame that retains the device in the body,
such as iwothw/isisedder. The retention frane may have a @emtis2oosk@stic

limt and nodul us that allows the device to be introduced into the body in
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with urination or contraction of the detrusor nuscle. Thus, expulsion from

the bl dafelets 3il3, toriparithe dsve prseveiipetionsd2hdihc refenteanvirares baenddliiver a drug
into the ighé‘&’%%ugé’ E?eté"}ﬂioﬁ SROeG tB'fSerl %grrét‘égﬁonsﬁ&ﬂ ﬁo&%ﬁﬁgﬂ%ﬁé' on
tés . 0 the bla

facilita delrtvering a drug such as ocal ne der Over an
ext endiifigstpesd l0cheh 0308, BE0 hfcahidi@a froaf cachehict, athugichera®nliginatisid dre al
30cystitis, neurogenic bladder, or pain, anong others. FIG 3 illustrates

anotheﬂ#@&hﬁple enbodi ment of a drug delivery device 300 that has a drug
res@rvoir po 3 @qﬁe

il Isigst rates %iéeh%g]éla%%@%}gﬁeﬁ%&%{re%r?fé C é?\’ﬁg% Héfgge %%awggg?lgé%eantﬁbe

i nst r urevtal A2, thatkdefidesutye dagacsaovair MWBIABDS/ah8 23OIRRETTW ISR BA OGRBI thand
retention fra rtio 2, 30 f e drug delj evi ce 300 are

| angi ¢ UCHERER e PR Dhd terebooug 1 g Taitd Sl dFd o BRertibangt h. 1 n
parti cuylfhdriddNEyvitt thg dag) V&L Yir ARNAC83I0idaNECle '%ly%%@ﬂ @sfnker Manfthexi bl e
devi ce body 306 that detines a drug reservoir lumen 308 and a retention

frame |rateetoBframe Tunecrdd 1y aBhaugbetheoiconfigmaion 08n be sadestédyrscd o fabuse a drug
fornul ation uch as unmbe f.. sol,i rug tahlets 312, .to formthe drug

F odgr o Bls, TG SguSr HERE s &R, e SRR B HEn felifdl o houss a
r et ent i Rployhiecohbict@ohOiuthtab enel igh@idrddted ¢fan® d @6 frh@n id84meh €The

illustrated |unmens 308, 310 are discrete fromeach other, although other
conf i guicaice bady demep bsifermed ingalls hwgh a3 mathedoges sxisesden. shaoughi ews of

FI G 5, b lie eYi,6, 00 306, ACIYIERLA 4405 91 WAl SRR WNgtsalstiines ¢ he

drug reservoir lTunmen e of ines the retention

frame |defines (Bd Geterfiion frathehinRA 310324 anshdl alorthe 368 18kth efthe ball 322 that
substantially cylindrical, with the drug reservaoir |umen 308 havjng. a
r el28t i vifipey Grgasserioramsr 3082 thaidhs wstcation bamedwken f kit tha spmelepgibugh

R e e O A A
consi dewalt inanersubodasentheFirthes thaivaneslér 325 32hercdepthoymbmg thasttitament . The
length of the device in the illustrated embodiment, although intermittent attachment can be
employed.
25 As shown in FIG. 3, the drug reservoir lumen 308 is loaded with a number of drug
units 312 in a serial arrangement. For example, between about 10 and about 100 drug units
312 may be loaded, such as between about 30 and about 70 drug units 312, or more
particularly between about 50 and 60 drug units 312. However, any number of drug units
may be used. The drug reservoir lumen 308 includes an entry 330 and an exit 332, which are
30  shown as relatively circular openings at opposite ends of the drug reservoir lumen 308. The
entry 330 provides ingress for the drug units 312 to be placed into the drug reservoir lumen
308 during device loading and assembly, such as by a flow of pressurized gas, in which case

the exit 332 provides egress for the flow of pressurized gas to escape from the drug reservoir

lumen 308. Once the drug units 312 are loaded, at least two end plugs 320 block the entry

8



devi ce body 306 may be forned integrally, such as via nolding or extrusion,
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possi bl e. wOhel0alig93324 t hat defines the retention franePCHs201800258Yy
extend along the entire Iength of the wall 322 that 20 defines drug

reservo 8 retfention fr ne I ne 310 has
| engt h %?9 apng@ﬁS% TFE%@} Pgs iy %)8‘/1:%1“& s laéjem %ﬂﬁ aﬂay be
short erg,¢ %9331”' adf Kh%[n%’@l ghﬂg lé%g&e&ut&fa?ﬂﬁétéﬁﬁm an Eﬂdéﬁ Jﬂ@r’hete{; betht \ﬁmg/val I's

322, 324 are attached e entire length of device in th
| | I ust rraiee‘cblelmmml&ﬂ&so thaalthdlﬂu@wsubstamaﬁytmeme dlteteatrhﬁé&tand:amtw @Idpﬂmyed
sho reservoir ed w th,a nunber

o e ooy RSy Fositdie 1 s ERaS gt R OEER B08s AR e hatiohd Bur 1o

and 5abané cABP33Y 31ahél kit 338 12hd@d pisssl R0 mBHEhoftcR S WRAh ad3e ic nd
about 70 drug units 312, or nore particularly between about 50 and 60 drug

uni ts 3PP anfiswieda? max by chasad aithgfmatetiy, sehtas aghssivsethatie placyhin e dige
(el VAklerl A8 i WoHER: SR LY-c2R,aR0 an exil, 352, which are 30
hown asfelatiy circular openings a opp05|te ends of the drug

r eservoir | uneama@&boah&nwﬂfewr&@&bMQMZiﬁSy hetgilese chofe drigredewvgiruni ts 312
to be pI aced into the drug reservoir |unen 308 durlg\g devi ce |l oadi ng and

assenbllymer dg§, Hssugh elalbpqhawnws a ﬁ.llégsra@tp%ldn@/a@ useq tyf|l élhe eaindenel fészl t 332
rawi d f r r e dru

Pl Ve fESsinBhel 38, QM BhpRl SR ARELIR2 A SRR e e g

pl ugs 3»otidd afctke thvg remrvq;r Meﬁmﬂslaﬂﬁﬂ&ﬁﬂﬁﬁ:@hﬂﬁi’ﬁlﬁia@abelcﬁaﬁe&ﬁﬁthand exit 332.

The end pl 3 b dri cal gd into ntry 330 and
he oxifemesdiE SAmmRAvIORY e rorr ey Pargars olRGhT e SR readh B ener
di anmet elﬁto%e Eﬁ‘tﬁp&ﬁbﬁ& Jﬂ%ﬁ@ﬂl\(l%'résewwielﬂn%g%oﬁ‘Aftfelh% drhé Rfag w%fmﬁ& aflg al l'y

encl ose the entry 3 exit and are snugly retained in position. In
sorre cdslgsts 342 nﬂhbﬁﬂmgfm@nﬂalpm)d@ Bpgymanc bféheprys imdterrdcucmagsitieameent ry 330

o b B G5 el bi B B SteTRtervits Bc 08 i DN SR o

that i smp} ageeherdint BEitdbIMGIHCEISEY MOV Eure WIRIdnBR e pefitidd bk ablegpdngs 9 and cur es
t herei n. In sonme enbodi nents, the dr;ﬁ tablets 312 may not fill the

enti r e el sEmetusotuch jaghesi. dogxamplosefersugale gilisens adhcsive is MERG-4%d8dwi al
may be f V. 298, ;4For
exanpl el\lflést(;f1 ﬂ%ecﬁlrl&bé)% Lfﬁp I{S%%?e é&g& g ﬁlb@%ﬁé%%ﬁ&é} glzcﬁéseqké E)Iil)tr [ on 0 ex%t

drug r e33r inoihich bavenhSEH Hogh 3zmemiy o1l nagnaereicgiroeticdraphdoillihg adestial alsé he
remai ning end portions, of the drug reservoir |unen 8. The filljng

mat?€r i dNONRE2 Bempsiad epd alugn o 40 inetehidtnbe endartigns ﬁzfg GFUSCIBERIF VHRS | unren
308 aftgyg the lumen is filled with the drug tablets 312. The filling
materi al may be a polyneric adhesive material, such as silicone 15

adhesi ve. Tr(éncadlneednugemmy1baeﬂd>eaieédmtemttehsa3t&orgorezésemaydjerfohuetbbﬁt@e& in

wor kabl e .ther.ein e adhesi ve cure at ,room
 erper T it Mg SR sk AT Fraf P o Sl e ks moge
exanpl ede@ctmﬁugﬁl bt aqlalv@médtlof%rtfevﬁfé 1308] wEild serirbp ﬁ?eliﬁdlkwdulélp&lug uhRE B0y

LLC. In some cases, the filling material nmay enclose the entry 330 and exit

3325 i netahi ®hir seliklormelusing stﬂr@ggsmgzi@pmme@tr Thayy, thetdrugadepreyidgeige 300 e

end portorcrebfvefuRaiyor Tty uf SR RTuaiate P SRpiE el aEHE Yo o 515

are | oaged12indyebShdrenteddd ok vifteaksentYo bejalak GRG ek BeENARdgasent drug
units 312. The interstices or breaks 316 may serve as reliefs that
acconmmdergte ofibesewse doie rerervriv bimant 308 the eugievis3d 2 3wy, haxgithessaper i t ti ng t he

di f d
o) o oo PRl 3o RoBER 3 1t NEHE 50! Bels LRI AR aoe, o
or 3@ef Oj’ol’tﬁbklﬁoﬁlﬁ‘ﬁlpy be ub@usmg:t kesadeds Wat Breascgrebatdd, aithiey; axdsdlyeaahdidiy@lang t 312

may be mtted to nove with reference to adjacent drug units 312. Al ong
the Ient? ngﬁhqfﬁléefgt@&r%sgrv(ﬂlrd@mﬁggg?\,o” | unen 308, the drug units 312 may

have the sanB retention frame lumen 310 is loaded with the retention frame 314, which may be

an elastic wire formed from nitinol or another superelastic or shape-memory material. The



conposition or may vary in conposition, and in sone cases drug units 312 of
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the bl adder, the drug delivery dévice is designed to be inserted into (and

optional | y ra&lthdughedt showm)intfl6. bl thdderg ddhivoyglevichd 00 metythedoadedtvoticopi cal | y.
Thus, the. . deyi J i.zed d 20 sh dto. fit t h a t ubul
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Typi caldeyiceaooysti@ssiepe for an adult human has an outer dianeter of about 5
mm and a wor ki ng channel .havi‘n]g a dianeter of about 2.4 mm Thus, the
devi ce may He opepabpdigont which the dipg deliveay desieap designdddn be aplaigdde | s

el asti for . e l.at | I - fi]e ice for
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I nensi ons of the device na e S er sSucC as pI‘OpOI‘tIOI’la y.snall er
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i nserti atively smal'l size o e device may al so reduce patient
di sconfandta vanrllingrchamee] havihg e doinsdketext abéiar2.emanpllays, theeleviet ataywbel y smal |
size Ofrelatively small in size. For example, when the device is elastically deformed to the
relatively lower-profile shape, the device for an adult patient may have a total outer diameter
25  that is less than about 2.6 mm, such as less than about 2.4 mm. For pediatric patients, the
dimensions of the device may be smaller, such as proportionally smaller based on anatomical
size differences and/or on the drug dosage differences between adult and pediatric patients.
In addition to permitting insertion, the relatively small size of the device may also
reduce patient discomfort and trauma to the bladder. For example, the relatively small size of
30  the device may reduce irritation of the bladder trigone, which is responsible for creating the
sensation of urgency of urination. However, the overall size of the device is larger than the
bladder trigone area so that the device cannot become confined or trapped within the trigone

arca. For example, a bladder of an adult human typically has a capacity of about 500 mL and

may have a diameter of about 12.6 cm when full. The trigone region can be approximated as
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30 the device may reduce irritation of the bladder trigone, which is
responsi ble for creating the sensation of urgency of urination. However,
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this degradation occurs at a tinme that does not interfere with the |ntended

ki Rét i ciscomipms| wehiteloofllyt drbiveringya therapentieally efficetere dose obthamtplasto asiinsee sifet i al
resorptlona fttq% nggloccur until after the drug fornmulation is
subst adt' &) §n0§ EgﬁéréFggﬁﬁﬂgl%§Sed I n anot her enbodi nent, the device is
resor babl e aryd itdpeank®leasg defivdrhdeetsighn be made to be completely or partially
resorbable so that no explantation, or retrieval, of the device is required following release of
the drug formulation. As used herein, the term “resorbable” means that the device, or part
30  thereof, degrades in vivo by dissolution, enzymatic hydrolysis, erosion, or a combination
thereof. In one embodiment, this degradation occurs at a time that does not interfere with the
intended kinetics of release of the drug from the device. For example, substantial resorption
of the device may not occur until after the drug formulation is substantially or completely

released. In another embodiment, the device is resorbable and the release of the drug
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formulation is controlled at least in part by the degradation or erosion
characteristics of the resorbable device body. Alternatively, the

i mpl ant abWve 2druugisdel i very device may be at | east parti alPCy/usenone®sr babl e.
In sonme enbodi ments, the device is formed frommaterials suited for

urol ogi cal applications, such as nedjcal ade silicone, natural .| atex,
PTFE, gfp#@é?g%bﬁ eantrglad ot g ip pae Sy b deerddgfion AE prosER GGG of Br o
magnet | EsgPlAl d@idcbody. PRIKRIIQBY! @A GmpRALYRLINL B0R.crPALYEAHRPBakEG cast

Q
pol yester, nylon, or Conbinations thereof. FolTow ng release of the drug
f or nul grartoally nohecghebilde hrsdmsrenbodimettsthd davideria hemed yropematsmelsesdited

substanti al .intact or in | tiple pieces. In one rti ar odi nent
the. deuptErordidsl pfificefins, Bl i Bhir STeoncandity PSS BIER MRt e
r esg@r ptprapa, mg,aéﬁzﬁnlleébté@edﬂ,%ﬁnéﬂ@el?@c%@(n@ﬁ%@o PlagsaR hdtal 109N PeBprdpy1de,
excreted fromthe bladder. Useful bioconpatible resorbable an
non- r edebysabilencrelzearborate polygsist niilon; rcoartinatiopnicraoft he art . In a
preferred e e i . Vi i i s after
Phe. devi ce. 1oTau i it ScfiG B hmy R, FRaRe Pu B BelefBn il 3 P
sonme cagasmotdibsubbenmhitalymatacher is harliiple pdeaflnamne pheicdry embodiscpgeikaged, such
as by subjecting the package to 15gamma irradjation or ethylene oxide gas.
The Dr lfVREdeParBilty posrrPpllp So that theidgvispenoppaHiahiserPlipRdTERR GNP E98T v oi 1
PO o= REbAfiep e I BB AR Rl QNAh oL ke ORADEBELRufe LhE tube
may define one or nore dr reservolrs, and a drug tormulation may be
housed resorbdbde ahrdugpnresebatde n{asdriald of cangtivepn erddodwmenthe drhe drug reservoir
portion is 20 in formot.her thap a tube. The rel ease rate of., the drug
Prom the dr 03 wiEsBroOFRORURETL S JHEHESH S Coh claTFat By SHECHES gn o
the compipati Adn@hcthRe/ A& SRRINLMSdevideGh HAHBGeBUIn e dak&l fiRd to the
mat eri al s, dinmensions, surface area, and apertures of the drug reservoir
por t i ordevers mweyi e stilizhe aftenthé denien isprckpgbdrsoeh at hyosubgasting dteglackapsdo of dr ug
Ioa}g, anon aot ers. 25hn exarriral e of such a drug reservoir portion is shown
in Pl G urpgagRn oRthyleBR AP B85 gr ug reservoir portion 800 general |y
i ncludes a bp@yDAeREEHIPariesh el astoneric tube 802. The tube 802 defines a
reservoir 804 that contalins a nunber of drug tablets 806. Ends of the tube
802 may be desnedmhpdimesbahq dige sesetvoiinostorsohe deyes inslidehal doangatgd | east
one ap r gqx e i [0t 8 . | i n
apert u‘re[{é&glgn ﬁé&é prﬂgevtlu ée%%g}t%1 Egn%%gr¥%%%?%§ %éeymlt))lgs’%ﬁ%ggalggﬁﬂghlgggﬁadabl e
ti m ng menty kaeeBibthe dhigabsai@yir(§)0 Mhabthth@nbodimemt theringf res@veiapertioh it he
dru% formul ation fromthe reservoir. In sone cases, a sheath or coating 814
may'Vbe 1p3JPE BistthaR 4¢Pt | east a port i on of the tube 802 to control or
reduce the rlcqaRecdahtr Rtele Pl HICOdl BErRARhLIS WdAGEIA GA Of
the tube or by WO 2010 151893PCT/ US2010/ 04025

the design of the combination of the device components, including but not limited to the

materials, dimensions, surface area, and apertures of the drug reservoir portion, as well as the
particular drug formulation and total mass of drug load, among others.

25 An example of such a drug reservoir portion is shown in FIGS. 8A and 8B. As
shown, the drug reservoir portion 800 generally includes a body formed from an elastomeric
tube 802. The tube 802 defines a reservoir 804 that contains a number of drug tablets 806.
Ends of the tube 802 may be sealed with sealing structures 808, described below. At least
one aperture 810 may be disposed in the tube 802. In cases in which an aperture 810 is

30  provided, the aperture 810 may be closed by a degradable timing membrane 812, which may
control the initiation of release of the drug formulation from the reservoir. In some cases, a
sheath or coating 814 may be positioned about at least a portion of the tube 802 to control or

reduce the release rate, such as by reducing the osmotic surface area of the tube or by
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reduci ng di ffusion through the tube wall. For sinplicity, the sheaths or
coatings 814 are not shown in FIG 8B. Additional exanples are shown in

FI GS. 1-4w0 2010/151898 one enbodi ment, the drug reservoir poTitsonoopesat es as
an osnotic punp In such enbodinents t he tube nay be fornmed froma water

per nmeabl suc SI| ne, or .5 tu may have a r ous

st ruct JF@CH&% lﬂn thegy qb(%? ﬁ@o rét%lﬁntymﬁlﬁ cihs %r@ﬁtén%:}eﬂﬁﬁ@a?

t hr oughpbRR iNVRIG. 98, I‘\laﬁltffoﬁgleexaﬁme@ L BRniRFEELO Y, and is inbibed by the

drug fornulation. Solubilized drug is dispensed at a controlled rate out of

t he reservoiln onhembginteng tindrug reseoiosr raplaornt Q[F@@?S @ramﬁamoby pommotln sugbr essur e
FVOl r e _and overall the osnotic

<ot s e T Sid e Ep & e R ey B SR i D e

tubg; tifiee Ry ABALL pdrbis dtuchir€lWr Bofl HoMEwiras 1%{plﬁitat£biledza¥69 of OB pdigchtebe; the
shape, size, nunber and placenent of the apertures; and the drug

f or mul dhiossh dheskal] of the fbsy oTtets ghe reprIwir,NA 5 infhabaddpysthe Hrug feaniktiey: rate can
be pred Gusd, I QI INEs RVE g%hﬁt?&l?e%'rﬁ%ao&?gﬁ%@ Erésel%%iﬂ tﬁ}oﬂgh\%\% rﬁ%r gryl ar
es, I Ch are

drug delrtvery system ‘accor F1Nnci

descri b@dr‘afu@g diéleaﬁfb& ®stnotid] ﬁ@@mﬁm thd reth@erThS@lbhver@&(té. d daBat 91 (1975).
In sone 15enbodi nents, the device %¥ initially exhibit a zero-order
r el eas @ FRIBINEA@! gy i mump ipaffedshbnigvies Raé%m%‘@@’ sueB3s Heryrfasidra r el ease

raug, idr gl tﬁ@ e%ﬂ@)’%rl Wid 818 da?rﬁﬁﬁfed% (P(thnl e TR, R ﬁg%éeeﬁ gLned by

the initial z€ro- er rel ease rate an e total payload. ésent ative
exanplemndkr@mmpMCmn@mnﬁﬂﬂe$e@msmaaddKBMugﬁnamkuhmnh$emﬁonpngﬂawnhmge5|gns

are descrihed in Pat ent Publ i cat 9/0 4983 20l n an

o Fer mhdr oo d i Bhivery R e oS ay the BRGSO DBPCRrE  usi on of
t he dr [# i t t rmed in
the wal ProrRThe PEGLURRILBUOHAR Lo rh?ﬁ%“&%% %@? O R T Ty

be per rrbactrﬂ@dtf@r easpth gl lmuwmy-l hhoemaSeiu r@ﬂéﬁ)d%’b@i € 7mchisos or

B L e T s A g A

25 wal |e,thHith1 RBE i@ 2ro 5RJer RElEash @ate mﬁlmgdcasé\ﬂle@e@fﬂml &ug sel&rs@wdiﬂéi bel ow
in Exanple 1. In still other enbodinents, the device nag@operate

conbi nan#obe etcraypwskhistha iritiali Zoraraidgnrelcase rate ikt faigl pay deﬁpreww@n may
be f |
e tor ”&ngJLQ%‘fS‘&n& c"ﬁ% ) Ieg Sg%l ”B{dee{qlhﬁﬂlons‘r’f‘g s%'l‘ecﬁﬁg st rd@sgn? a?é@iés&%édym

deformmn e device hsertion rnto a pati uring its
deployﬂEStthmﬂu@hcd&mﬂmydBO%@ﬂﬂ%BBunent such as a cystoscope or catheter.
For__exanpl e, ihe t ube g@g be ?‘astlcally def or med

a

t he
ret?@ntion fr aﬁ@ tepnativi ¢rabreimeny t V@ﬁw.%ﬁratea%%@é@ﬁh%ﬁ%&ﬁiwq Artherer
det ai | a?&%ﬁwm the tube t1|11'3u § §hd &%@ﬁﬁﬁi@aﬁ (%egmrés%ngédlﬁi th&%&I16PtHe t]%’é &onis

formed ma nateri al is bo ric and water perneab
exanpl diijrdirerghahe valloif thedoheltsehtawhlcfh rhot be @rmsabierm the danglonwatyehaveer rreabl e,
al t hough the bi oco mat e

e rials
5010/ 1 e o0 ot tofn MR hrbiine ger o EWRess of
the tuttﬁudgrw §. @a%@!n%ﬁiaasn Rraeg ﬁﬂerht@dlﬂleh@ ﬁ@wﬁfchqﬁfwsl&%dwmhf %hft& be

cont ai ne desired rate of delivery of the drug fromthe tu
i n2&ndewlk |theeap@fture@ Inzgryt et bo mc@fdetihéndmm@@ lwptqwdﬁdthﬁ:éovmdk}xampl@ ldelgu r ed

e R S DLt hly PSRRI B omse
of initial rﬁieetaﬁgresamlrtpbﬁldﬂle@ay BeifoREN BAnDin ¢S8R mhRSET, Whdh i O
permit elastically deforming the device for its insertion into a patient, e.g., during its
deployment through deployment instrument such as a cystoscope or catheter. For example,
30  the tube may be clastically deformed along with the retention frame for intravesical
implantation, as described in further detail below.
In preferred embodiments, the drug reservoir portion is formed from a material that is
both elastomeric and water permeable. An example material is silicone that is both

clastomeric and water permeable, although other biocompatible materials may be used.
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t he body, anmong others. The tube wall thickness may be determ ned based on
the mechani cal properties and water perneability of the tube material, as a
t ube wal IwOhato/i5$89800 t hin may not have sufficient nmechaoiraskoionsegrity
while a tube wall that is too thick may experi ence an undesirably | ong

i nduction ti for ipitial rele omthe device. 10l n one

enbodi nent edeis, %en%wnﬁi e a6y ey etsemgﬁﬁﬁéw%i&nﬁeavelflnﬁ

medi Ca'ofgl%@gj%n%hiahﬁf?%bé SPitdied, R dEORMratd bt REVEAY of (L 8L (eRATRkER, af

sui t abl e nonresorbabl e material's include synthetic polyners selected from

pol y( etihiendyd sifeaif yiplentatian eEdhe dowicy pntbirhthe byﬁﬁﬂh@dQSIm@WQMngaﬂ integrity

pyrol i dongs pol i nyl. _acet at es ret cel | ul,oses, cellul ose
et at ot T ey BRI S AR P B RPBHEIY Bor PR v aPRUBF S8R ene) and
150therinduddoh iRt e ShYTBF fitif Q¢ 1¢Ase] AfMBH 88ired DRI Y brarH Bite I @s8Rfon iddad
conbi nati ons thereof. I'n anot her enbodi ment, the device body is

r esor bab¢ body, ameng othetso dihedie well thickaserpabbededemiaed baspdor tisemeshapisal body

is f t bl
R s S R R e R
pol y( edtaet syfficieat méﬁ&h&el @mgdleﬁs)vhlleekuueaﬁmMM 1§&£b)thlonmha5( eiptHioastaar s), 20

pol yphosphazenes, pseudo pol y(anm no acids) rﬁool gl ycerol - sebacat e) (PGS) ,
copol yrisKssitaRby leng md&ﬁwm}ﬁua@‘e é?reglt@hméﬁleaﬂe %nénéheemed embodi ment, the

resgr babl e synhf %ﬁl‘b?dlﬂ%&}?{ﬁ éev‘f‘creeoo% '1§férﬁf$|s{>ﬂé>9tgg Pﬁ rg{&J ﬁ&fo'rfle%f gs).

poly(glycolic aci actic-co-glyco caprol act ones),
and m xhedied gtdde rsﬂmbnﬁufb&rg, evkmiwreinbhoares Othza bkengbast winebls noncl ude

| | cohol d
(PR © aRiprbns o st i REr PR’ Yhees! CPOPBULLR LGS HEY: r equir &
addi t | %@t(neneeﬁjﬁteg) kﬂd?ﬁ(vﬂﬂz%&&ha&%@) BRVRY MR tlids GRKARRIANY),

2, 2-bi capr ol"act on- 4- pane t0 obtaih el astomeric propérties.
| n one ceHbloskrsneentulose Iaeetnias m01}é$llofxen¢$i) myly(bby o). pelyﬁofda}ﬂumgethﬁcﬂa)ded an
a. pol ter r. nat h
oo b Hhbtinef B bR pah flo&in ) Bbol bR ioh i SRR ol {pe of

a drug "eserMQhéthQ@érhbdlﬂmEﬁtbﬂlerﬁ%VchBO&}UfQ%s'@)@Edb@é I Tyt onk REBOJiRKGt ¢ bnasorre cases
may be substantially cylindrical with a circular cross-section, although

squar e,resorbaigyflevicen thedplomof thebodit néempﬁ@l af gdnedegeadebls.os biacrastible Pelyapses can
be us qux &%f%{ll rlé tEfs?rY)\Q? %@érﬁ?&%@ﬁf&{nﬁﬁ%&#&l u%ﬁg% §é1ﬁcted fro The ends of

t he tube y be se esca suc Wth a seali ng

st ruct lﬁo@(@@ld@%h@blyﬁﬂéﬁrs)n@m&aﬂéﬁarniﬂ&@) pela(dnhgdrides ) pbli etitmytetqve any shape
suited t BéPR‘B%Hq! or cl ose the ube en such as ?§cyl i nder 808 as shown in

azengs.dpseydo RAly @Rt Ity (@lysaiol-e R tAl PGS seplyB§TSar e shown
|n FI G hgregpqnc?m]u}/{h}eg el &3t inhk nﬁf Idi%ﬂhlfbgl ﬁlt the I?%Bﬂ%bfé%@rﬂih‘eﬁg{)él&ﬁfé%t o

116 an FIG 3 ustrating cy aped seal i ng’struc es 320.
sonme emnostlarat Somtpoly(ketd acids)spalu@iyeobc aaa;is)hpme(lecticaao@yccdlcameis)zr t han the

i nner di aneter, of the tube the t str es to fit I
ARSI i A R e N R e Tt T T A IO PRA N A
struct Lﬁ&y(bébr@ﬂa@t@ﬁe) (é@) QXN Es, laﬁnwn%hdmai%d%olﬁéstermedée@Enga&t Isayt ure

may be fo d from'bi oconpatibl'e material, incldu ing a netal such as

st &dnl e(QStaBQ-é@l 01trate@6?®ﬁiarP(§1be$ﬁda®1ﬁn¢rs cwnaequresed dional cresspptkiingageots
adhesi ve i.nations t f The ma

o1 odegr ity Boae HrEFu of 22 T RRr g LT e PR S RL B ARBS, ot ner
adhesi Wgogdrie. ey be | oaded into the tube in a workable formand may then
cure within the tube to seal the end.

In one embodiment, the material forming the device body may include an
“antimicrobial” material, such as a polymer material impregnated with silver or another
30  antimicrobial agent known in the art.
The tube of a drug reservoir portion tube may be substantially linear and in some

cases may be substantially cylindrical with a circular cross-section, although square, triangle,

hexagon, and other polygonal cross-sectional shapes can be used, among others.
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In sone enbodi nents, the tube may have nultiple reservoirs. Each reservoir
may be 15defined by a portion of the tube inner surface and at | east one
partiti orwOTh®/13a898i ti on may be a partition structure oPCplusgoiofsest ed i nto
the tube, such as a cylinder sphere or di sk, anDng others, in which case

the partiti struc may have €r Cross-section han he t.ube,
securi ng thgﬂﬁaﬁn@?t’ t%tte Bt Feﬁ ﬁ%eteesa%nf S By ueh At ééﬁ%hng

reser vakhsurd @ otﬁé%%%h% méds. ‘T}ﬂa héh‘ﬁhg %ﬁ‘hct&ﬂe‘iﬂaﬁl@a&e % Elh@e sBted tBEbtlug%rOS €s
the tube end may i nstead serve as a partition 205tructure to segregate two

reser vailoss tlpfo‘elbe et edchadj agamtlert 8ﬂ869acsh0\®n meF1G] $hg batlea Idehgcmh)tbérs t he tube.

{ esor bbby TR BR A YP i ERG 1 B Setun PRGT SESGE%E Fharst ence
to tshe semhﬂgmﬂm'cﬁ@és AleUad 386 3Tfl‘1%tﬂaﬁﬁé EflirRicallysehap8Y sdafing SwwReted 320 h| t ube,

such as by nol ding. For exanple, one or nore webs may extend through the
t ube al semg ambedjragigst. the ssakegteghire maxihave p dsgendiimaier than thexaradiapsitrong t he

length ofyd tllﬁ%e ty0e t%%e%@e%re c'ﬂe% %ﬁ?lg%b&ﬁrtﬁej ll%g Kk rgi ol SQI'lg ﬁ%at serve

pal‘tltIOI’l I‘UC ure t NS tWwWo eren

as sepaubd aldrre&ﬁﬁﬂ@tlfesealﬁ% ssfote infpléceanl @andyld Bisbowgh uOFI@ 834 GIhéLO The
multiple reservoirs permt se egatlng two or nore different drug
f or nul SERIGHESIURMUET FRE be mm}eesigm jocempyEhle petarial including p enctpd guch %Som

di figer Sl LRSRLNC L BEGRM AEGIAL At Radh O g, biFBla ati on.

or conbi nations ereo%E%Or exanp two dl%ﬁErent Feservoirs: may
differ e:rombu:rmmbngthleaatof offibg matecial may He bfodegadahhmbrebmabéxbledu%h&rde}at grade

perneabllltle di fferent nunbers or plac s, of _apertur r th

Db encetlsons Sdics{iras PHeh RS B0 i OO BB bR T Ao Braant anong

ot her s Qfy GeABIRA! RN thIIR! ®Qkal (HEnd WO different reservoirs also may house
t he sane or different drug fornulations in the sanme or different WO

2010/ 1518939@%@32@&%@@25@6&@67@% buchmaktipld rgsardoirss divich sokiveir mmdbsol i d)
j natipons t ere servoj.rs f rther

O orrr BN 875 b BSoS? o dBS iyt EAE el R Rl T A e 2Be ;4

0s rmSI S paMiRMOirRur@pepluy it cAddingy thdithBc) SidArstahtfy @R, Shefclgr disis emo@%r wal |

that may |ack an aperture conpletely. Coatings or sheaths al so nmay

provi dedheis.danyhahf qase twtpagisionissrgtutst mephaverglrech prggs-passien ﬁwinrth%tubal ong
differ e%urﬂ{g#ee ge&%x 9 c%uﬁé‘r?rrgﬁ add aﬁcl‘%gve%gﬁ%%&qﬁée‘h @r(!&rgr#& fx%!n ﬁlt | ons.

These e S cah be co hed |eve esi release

profi | eytihdtidu pigS08ed FAIGUSA that closedhE tebeid|neay ikteadssed asaf paﬁr'eth(ﬁﬁse of two
doses in different reservoirs, can he staged by egpflgurlnq t he device

ac8r diSHYFYire reHcaYe byo (RSP Irg Ppfiaonsea haﬁf:%trt? s ather algierthe aetrofithe
10t ube td6. 'Tﬂeg&r@ﬁéﬁ V\fﬂ%n&?ﬁ@r@d?bf SmiPorARSAG]-Alsbidgb Ik 38 r&BRab IRl $AayOf

different reservoirs
be formed of a material described above with reference to the cylindrical plug 808. The

partition also may be formed in the tube, such as by molding. For example, one or more
webs may extend through the tube along its length to segregate axial reservoirs that extend
25  along the length of the tube, as shown in Examples J through L of FIG. 10. The partition
also may be a structure that joins two different tubes that serve as separate reservoirs, as
shown in Examples M through O of FIG. 10.
The multiple reservoirs permit segregating two or more different drug formulations in
different reservoirs, delivering a single drug from different reservoirs at different rates or
30  times following implantation, or combinations thereof. For example, two different reservoirs
may have different configurations, such as different materials, different permeabilities,
different numbers or placements of apertures (or the absence of apertures), different timing
membranes in the apertures, among others or combinations thereof. The two different

reservoirs also may house the same or different drug formulations in the same or different
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different tim ng nenbranes, by placing drugs with different solubilities in
the reservoirs, or by placing drugs with different fornms in the reservoirs,
such as awbi2qu/d1§9er m f or i nmedi ate rel ease and a sol i dPCoUISRA10/0lES51
sol ubil'ized prior to release. Thus, the device may rel ease sone drug

relativel uickly after . i ati n whil e aother dr rlence an

[ nduct BN (HEN st @Ha Ap @01}"34 s sombinations theigob htysc il Risht . ¢ he

total %A%rs%ﬁﬁ&%&ﬁ%&o%@i‘gﬁreﬁ% r&@iﬁp 'dﬂfgdwﬁ BEREMRIHEISAse 'n§ecﬁé{{1§ﬂ1§'s§éﬁ as O

contain all the drug needed for local delivery over the course of a single

t r eat mena psmesaiubiraughtahepenturbend by dgfuweadbroagh neledeservoir madttha nparlaicul ar

condi tion odi nent s vice | cludes one .or

rore adBAPGRRE BTty | CoR T SR heby S Ao BEe TS RGeS

di f 5UsiOfingl®lr re@MBiNat d16M: JifRF@PHirugabRbeiRtHdaSing TheaARY: HUF@snt MYy be

spaced al ong the tube to provide a passage%%é for rel ease of the drug

f or mul deirewationse Theesr erpbpasiments e#t b ewrbined ansevapisditq pdwmag thhdeirgh rdeast dewal |

or an e he apertures nay be in fluid comrunication with one
or jﬂ?%%e?@%?%%Hgggm%nbodinents of apertures are shown on the drug

r eser Voi r pdidriceaaplethE bfsst oflrel@ise afthvBdaass mpkffrgnegsctidirs dhde saigdd 8310,

respectlvely. The aperture _may be | ocated about a mddle of the drug

r eser vaiorfigging 9p deyicapgeardingly+ch ﬁ%bﬁéwmg diffrem Hﬁﬁfgﬂaéﬂr foe empﬁ@%tag e of

| og@i n r ri:ked

bl ur e il SR oy B e Bl P b A e 30

that w dlffeﬂeet tiroingenkerabianesg by pkaem]gldmm’gstmth dnﬁfetenit &dnloiﬁgesoﬂn thkemsadam ®r

menbr anes .on the apertures. . |n enbodlne i.ch the devyice

et udds et e Bt iRi fars indh BSER OGP get BxePubh ol Faretifon 1 ame

| unens, e RUGCHNA% ohg f&@%@e@%ﬁfbﬂ%@%oif td 1% e@Se 3y hurs NEic APEEL Ha§ rQEasBREME UT €S

may have various positions on the wall of the drug reservoitr lumen with

r ef er erfiveg radativiely quackly eftert 1he>laneett®mtwlu]r¢ dtherrdeug mae axpdFEencexaimgheiongans hown

|n1FIG. ?A bthe MO 2010/ 151893PCT/ US2010/ 040251 aperture 318 nmay be forned

t hridugPtHE PREPPNE5IHF - t he drug reservoir |umen 308 on an opposite side

fromthe wallh c824mdbdinteat, e ®l veRinfe @MRe tekér®bir Bdrbonite@rBgivoigh i as shown

in FIG 5B, the orifice 318 may be formed in a groove or indent defined
bet weersuffigicenidg rentgpall tlsezdmgfne@d?é feir lggalrdsbeery oiver the sewsaoe spglet he
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wal | redUC|ng t he |Ike|lh00d of delivering a large quantity of drug to one
partli cul ar 118880F SRbpARARE thecdgvice pnchedsmons Oﬁwrwﬂ%wée@é%ﬁr 9r and
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along the tube to reduCe the buildup of hydrostatic pressure in the tube.

W 281 n Erhlessbmentn of ppdrivies are H@\@ oretha deiguigndreeir pbrtivgs apBlGYrled, 4nr8 & singl e

devi ce be vari.ed to achieve a selected release rate. In
exenplé& ﬁ%ﬁ%ig{ﬁﬁht%nﬁﬁﬂeﬁﬁPe lgr of the aperture is between about 20
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200per AR N Hes R A P art Bl s i SEERBHL LRI SR bl HRLLAE
| ar3@er .thas vsllllnglfeldd&vluﬁ@g insertion to limit tearlng of degradable rnernbranes on the apertures.
In embodiments in which the device includes a device body that defines both drug
reservoir and retention frame lumens, such as the embodiment shown in FIG. 3, the aperture

or apertures may have various positions on the wall of the drug reservoir lumen with

reference to the wall of the retention frame lumen. For example, as shown in FIG. 5A, the
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may have apertures of two or nore different sizes. The aperture may be
circul ar, although other shapes are possible and envisioned, with the shape
t ypi cal | ywoepevidisyg on nanuf acturing consi derati ons. Exaoplusgolofo4@2zspcesses
for formng the apertures i ncl ude nmechani cal punching, laser drilling,

ext or | GPREreaIS DR e s OBl AA80f I daoRTH et MY DU 00 61  her

bef ore phodfdgde tHa 6l Wall 334 b%@@&eﬁtmn%rﬂ@mh%%mmﬁteﬁ%% B}r £ 5%% iRy be
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E@éﬁ es

porti orbeﬁ@mmg@omloﬂi:ct)dléecaliy fagend t@ith@gmp ippisite, sualy anthe &ladderval
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ooy atedy Bl S oY e dherinh SR sn et Pt AhRBTI R bk Sirahel ror
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resor babl e bi ol ogi cal 'material (such as chol ésterol, other I|ipids and

fats). burrldem afﬂp)rcboa!@gxmdabteem tentobean® igipthese estminisnthe6izc@nd 8Bmberaf

addi.ti onal scribed in U.S. Publication .. 2009/ 0149833. The
rdg FOPRIMES T ol BefRSGhERER phT hin B B AR BB aRRE IR Ty

t her apeibinplarPE@BORhREL! the dMAEREMRSI FuRIS 'BEtweéHﬁBb&%O%@aﬁd"@Jou‘!\@@U d be

useful to deliver locally to a body cavity or lumen or regionally about the

body cauntspclors between abbiue 28 poganfdarbout 10 jon, amynarepaitstlaolylbetvadentabeut3®dr ug,
or one or nDre phar maceutically acceptable ex0|p|ents may be included. The

dr ug mvnaa abayit 8PQ gme . In gge pagigulse peingp! e’tth%aﬁeé‘quﬁ %&raubam%elf betyesibante t o
any Sp%‘o ?&e %’ouﬁ?% hleuch*bs a%b{& 159!y n'nﬁodl Iﬁ]@ ’ﬁ%‘{e t}{gdév%ém such as

salt forme, bas orns

Ph az()rrar@@fat@squinyaray 55% mm@icﬁl ﬁ?é&ip@tt@ﬂéﬁ fagibe ukﬂ@y\fang@oﬁ lagsear I saiide 8@)cd ncl ude
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di | uenti8ay kg 2peTReEs ploio arope ETegizssi Bhe apsiurg May be eiichla pléiouht ended

to facid ff(ér%h&e@%& ds?lﬁlee agltﬁiﬁeg_blslo%d, Ve Re SRR Ak Ny NGEAARE bhty. and/or

rel ease Kinetics
manufacturing considerations. Examples of processes for forming the apertures include

mechanical punching, laser drilling, laser ablation, and molding. The aperture may slightly
25  taper from an exterior to an interior of the tube, and the aperture may be created either before
or after the drug is loaded into the tube. The aperture also may be formed in an orifice
structure disposed in an end of the tube, such as a ruby or sapphire precision orifice structure
from, for example, Bird Precision Orifices, Swiss Jewel Company.
In some embodiments, the drug reservoir portion may not have any apertures, in
30  which case the drug may be released via a release mechanism other than osmosis, such as
diffusion through the wall of the drug reservoir portion. Similarly, a drug reservoir portion
having multiple discrete drug reservoirs may have apertures associated with all, some, or
none of the drug reservoirs, in which cases release from the different drug reservoirs may

occur via different release mechanisms.
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In a preferred enbodi nent, the drug fornmulation is in a solid or sem-solid
formin order to reduce the overall volune of the drug formulation and

t her eby rwouew/tShe®3si ze of the device, facilitating i nplPamtskélondo2FThe
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in the jifmoamnt %ehp@u&néé' JrR MR Woul SHCIL AR th H@hv%PRﬁ%a%%o SBHRal it} ¥r ludddr | ne
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ani noestesnn inghudgs # sleineicermen sudose i deingn§ conoidifgms; Epe basifomierbs or
combi nalpRs, PnafhILGHEM LTLARSSLETRAL S AGBINRUANGL SRR fSfRLALI ve
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codei ne,
25  suspension; a gel or a paste. In many embodiments, the drug formulation desirably includes

no or a minimum quantity of excipient for the same reasons of volume/size minimization.

In one embodiment, the drug is a high solubility drug. As used herein, the term “high
solubility” refers to a drug having a solubility above about 10 mg/mL water at 37 °C. In
particular embodiments, the release of the high solubility drug from the drug reservoir is

30 predominately driven by osmotic pressure and occurs via one or more apertures in the
sidewall of the elastic tube of the drug reservoir, although other configurations are possible.

In another embodiment, the drug is a low solubility drug. As used herein, the term
“low solubility” refers to a drug having a solubility from about 0.1 mg/mL to about 10

mg/mL water at 37 °C. In a particular embodiment, the release of the low solubility drug
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pharmaceutically acceptable salts WO 2010/ 151893PCT/ US2010/ 040251 t her eof,
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such aggaddsr.i ncl ude salicyl al cohol, phenazopyridi ne hydrochl ori de,
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flavoxate,‘éetoro ac, or a conbination thereof For kidney stones, the
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renal stones. ,lp one rticul ar epbodi nt. the drug delivery device is
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treat patgivacdineRINvAEa@E M cdfic Ad Iﬂ?fvﬁcafiﬁ@C[Q@i‘_@shépﬂaﬁb@éxdrﬁpléwoffp’o@ﬂbl'ér eteral
stent placenent. Non-limting exanples of specific drugs for such treatnent

i ncl udenzipedstarngichidr Rrezpcaige Hiroeks: SropakCiaE. 04 tettsdinghdhesedpeali di ne, anong
others 'anestheticts I%qcaqlé/%? g/%llﬁ Yy arﬂf‘%hz fe ?O%Hlupa?edja%eads tf afch%)s(gm&h%’ch]{ogdé reat
e , or urg hg urge

urinary 1'ncontimenc requency, ency, 1 ncl udi nconti nénce
and neuabgentlet dranivhteessableadthoagh thein2iidticg @b s be I¥adgs fitbdhscrory be
used include _anticholinergic agents, antispasnodi c agents, anti- rnuscarinic
ageft s, yfistofosloni st s, al pha adrenergi cs, anticonvul sants, norepi nephrine

U ok, o DS eSO AN b LU gt OBl ooker s
sui t ableaniplegef bpivid dpentstsaatindnslfoftanilnelbylprodercephapbdide andgiddihg,ni n
S Oxyblge}{%irlrr;forp%rlrgg Ii)gzr}‘icrgnnl]lde\,/ llipaf‘ I?Orp]-plllihe,ibrlrlitcpr{)l?arrrlioﬂeclonitazene, codeine,

desomorphine, dextromoramide, dezocine, diampromide, diamorphone, dihydrocodeine,

25  dihydromorphine, dimenoxadol, dimepheptanol, dimethylthiambutene, dioxaphetyl butyrate,
dipipanone, eptazocine, ethoheptazine, ethylmethylthiambutene, ethylmorphine, etonitazene
fentanyl, heroin, hydrocodone, hydromorphone, hydroxypethidine, isomethadone,
ketobemidone, levorphanol, levophenacylmorphan, lofentanil, meperidine, meptazinol,
metazocine, methadone, metopon, morphine, myrophine, nalbuphine, narceine,

30  nicomorphine, norlevorphanol, normethadone, nalorphine, normorphine, norpipanone,
opium, oxycodone, oxymorphone, papaveretum, pentazocine, phenadoxone, phenomorphan,
phenazocine, phenoperidine, piminodine, piritramide, proheptazine, promedol, properidine,

propiram, propoxyphene, sufentanil, tilidine, tramadol, pharmaceutically acceptable salts
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25f | avoxat e, atropine, propantheline, tolterodine, rociverine, clenbuterol,
darifenacin, terodiline, trospium hyoscyam n, propiverine, desnopressin,
vam cam dwQ 2010/disy3um br om de, dicycl om ne HCL, gl ycopyPcolust@omamizanpal coho
ester, ipratropium brom de, nepenzol ate brom de, nethscopol anm ne brom de,

scopol am ne. hydr obr om de, iotropiu rom de, fesoferodjne funarate,

YM 4esdg]ere%ﬁéﬂ@aemes dgreoty g)ﬁ%ppqu%ﬁw,i Wehas PR ek 4@?{9@&&3 D96EEPION apan)
inaperhﬁgggragﬁﬁgg dtPRANCoAMAMAY, Orion, Fornenti, Japan/ltaly), NC 1800
(Ni ppon Chem phar %:o ‘Japan), ZD 6169 (Zeneca Co., United Kingdonm), and
stil oni um i dilipdesentative examplesmdtotier seitdbdapare ntlicvingegdnts gnodiedeisuelr ygeddsvi ce i s
used tao treat .urinary,tract cancer u as bl adder cancer .and prostate
cancer it PRiy rhE% o ERRARE bl o, PP n R B S B S8e o oxi
agent s, flyFhasm! ibepRRAU N6 pR&ET) iftonREhadinC RARbXEL | on t hereof Representative

exanpl es of drugs which may be suitable for the treatnment of urinary tract
cancer i ncl Jaecmaaicnbadingatsyietdsugdeliicry BTE)is warsctoeat inflammatary,

doxor ubj ¢ . ECI N, it ahine terial I |- > | ex
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SERM  Shiess caaditigngoieriuda Jidogssicy BiyRRSHMIRREI YIRS (g epadpHbE PR de. The drug
v abe oL ) o ' .

0 ¢ o gleeRbo fithohihulTRY SRTRY (3 ARG M0RlacTOMESE ry bR

i mmunomoderthytinC, hepacin, fsvaxafl Retagdan, st 2 combihatihmtdeient. gitorrkidhegrstcamrstther 10

TLR7 agoni st. The drug, treat nment be coupl.ed with_.a conventi onal

Fah at UG e et Rarabiut andet ecreBortucenioade el esge. O in
still anot hgp (3EBRQicIBPEmbEdIRICRY, BRERM g UNVRY 88Vi&ak uddid d&)claviBhYvidautce is
used to treat infections involving the bl adder, the prostate, and the

ur et hr aplacantenbéiot wretsral atent, lIsadt asrtd dleat ramt, ivfinagyalrgeraptor prinary Asqhigncant i sept i c,
anti_viral ;and.ot her, antiinfectiv ents.can be l15adm nistered for

Fr et mini B oL ke Sl e OB SR PRE e e

t r eat mapdatrént infl@fet dnfinGudcaghidsl Q- Blot MY, Glaftoti€d, RA@phasasiyRidideoshbixaci n,

of | oxaci n, methanam ne, nitrofurantoin, anpicillin, amoxicillin, nafcillin,
trimet W8REP-m  sul f onam des tri met hopri nsul f amet hoxazol e, erythronycin,

doxycycl i ne, i . tetn icne a i . i.cilldns,
cephal ospori%ﬂg&%gél%@%%i%ec%éibgg%%’ (81-|er>]< a@%é?y%é 6“ ?%&ﬁﬁésonltlb %ﬁcebresent
drug ddkdqueriay, dewigesey, cligia dirge irfceatindnicb badncirodenit igestitinondd, aanyll as t e,
such as the bl adder, or uterus, Represento;'i\tive exanpl es of drugs for the

t r S8t neHEoHHs £ Pptesithd maydiened pehids ephsholingigiq 3esRis hiHisPasmadisptesnts #iti TNF,
eaL T o . . el
el ectiTLREHS aect VB 20RAAN S FURACHRU A RIBRRLNS neRPHOPRERTIIA:

enbodi nehibiof sckdterin ke imtibiasts,, calchan chgrnahblatitess, @otaksigmychaiel 6gcnenc| udes

one or mpre drugs, such as anal gesics or_ anaesthetics, such as |idocai ne,
bupi vacafmescleapieyanini Repressafatiye sxavanlenefsuitabla drugsfor the Fredtameal ole:

ant| SRS PRLBAE a8 LNREAN 565, SRS VSR BROBRYRL 1 2
ongs t Hitvoaat, avpideepivBanthdorr foftewdacetogivehot, aanbuterol, darifenacin, terodiline,
trospium, hyoscyamin, propiverine, desmopressin, vamicamide, clidinium bromide,
dicyclomine HCI, glycopyrrolate aminoalcohol ester, ipratropium bromide, mepenzolate
bromide, methscopolamine bromide, scopolamine hydrobromide, iotropium bromide,
fesoterodine fumarate, YM-46303 (Yamanouchi Co., Japan), lanperisone (Nippon Kayaku
30  Co., Japan), inaperisone, NS-21 (Nippon Shinyaku Orion, Formenti, Japan/Italy), NC-1800
(Nippon Chemiphar Co., Japan), ZD-6169 (Zeneca Co., United Kingdom), and stilonium
iodide.
In another embodiment, the drug delivery device is used to treat urinary tract cancer,

such as bladder cancer and prostate cancer. Drugs that may be used include antiproliferative
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antimuscarinics such as oxybutynin or propiverine; a vanilloid, such as capsaicin or
resiniferatoxin; antimuscarinics such as ones that act on the M3 muscarinic acetylcholine

30  receptor (mAChRs); antispasmodics including GABAg agonists such as baclofen; botulinum
toxins; capsaicins; alpha-adrenergic antagonists; anticonvulsants; serotonin reuptake
inhibitors such as amitriptyline; and nerve growth factor antagonists. In various
embodiments, the drug may be one that acts on bladder afferents or one that acts on the

efferent cholinergic transmission, as described in Reitz et al., Spinal Cord 42:267-72 (2004).
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devi ce. X 1 he 1.l incre rGj . t he drug
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wal | s afirophe, shopglam@sgy neidepiobiphemin FIJanébethphehbls(c30ah® musayintaci | it at e
form ng the therapeutic agent or agents into a solid drug tablet that can
be 2Noad@anisheBolinses®ug reservoir portion. The excipients al so may aff ect
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retardi ng the so Ity or dissolution’rate o rug units. I'n sone
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excipient comprises a hydrophobic or amphiphilic compound, such as a lipid (e.g., a fatty
25  acids and derivatives, mono-, di- and triglycerides, phospholipids, sphingolipids, cholesterol
and steroid derivatives, oils, vitamins and terpenes). The drug formulation may provide a
temporally modulated release profile or a more continuous or consistent release profile.
Other drugs and excipients may be used for other therapies.
In some embodiments, the drug formulation is in solid form. For example, the drug
30  formulation may be a number of solid drug units loaded into the drug reservoir portion as
described below. The drug formulation also may be loaded into the drug reservoir in
workable form and may cure therein. Thereafter, the solidified drug may be broken along the

length of the drug reservoir to form the interstices or breaks that permit device deformation.

For example, in embodiments in which the drug formulation is configured to be melted and
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drug release over an extended period once implanted. In fact, the drug units may be substantially
25  excipient-free.

In embodiments in which one or more pharmaceutically acceptable excipients are
included, the excipients may facilitate loading the solid drug units in the device. For
example, the excipients may increase the lubricity of the drug units so that the drug units can
slide with reference to the interior lumen walls of the drug reservoir portion. The excipients

30  also may facilitate forming the therapeutic agent or agents into a solid drug tablet that can be
loaded into the drug reservoir portion. The excipients also may affect the kinetics of drug
release from the device, such as by increasing or retarding the solubility or dissolution rate of
the drug units. In some embodiments, however, the drug release rate is predominately

controlled by characteristics of the drug reservoir, such as the tube thickness and permeability
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WO 2010/ 151893PCT/ US2010/ 040251 reservoir, the line or row of drug tablets
may substantially fill the drug reservoir with interstices or breaks forned
bet ween amipacws1g9Bug units. The interstices or breaks &cTrarspudaiest
deformati on or novenent of the device, such as during deploynent, while
permitting the individual drug units to retain.their solid form Thus, the
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with reference to adjacent drug units. An exanple is shown in FIG 6,
whi ch idrigistrates the drug unit 312 having circular flat end faces 326 and
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interstices or breaks 25so that the device can flex or nove along its
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tabl ets are desig or Insertion or | antation in a lunmen or cavity in
t he bodjiG.Suduchdrigheitsi3dddery, beloaled iaoulge helen\3@Byindea tey of peksumzed devi ce

of Lhe AYBSShSl) Do RERIS WAL LSl Lones, ( .PLC, % A0S g ab) o ey
a nat uritoubh RMOE rdsB&oir lumen 308 in an axial direction, and when the flow of pressurized
25  gasis removed, the wall 322 may return to retain the drug units 312 in selected axial
positions along the length of the lumen 308, as shown in FIG. 3. In embodiments in which
the outer dimensions of the drug units are smaller than the inner dimensions of the drug
reservoir portion, the drug units may have reduced contact with the drug reservoir portion.
Therefore, the drug units may be loaded using a flow of pressurized gas at relatively lower
30  pressure, as the flow of pressurized gas may not need to overcome the force of friction.
In embodiments, the drug units are shaped to align in a row when housed in the drug
reservoir. Each drug unit has a cross-sectional shape that corresponds to the cross-sectional
shape of the drug reservoir, and each drug unit may have end face shapes that correspond to

the end faces of adjacent drug units. Thus, once the drug tablets are loaded in the drug
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of this disclosure, the term"mni-tablet" generally indicates a solid drug
tabl et t a0 208/S1898t antially cylindrical in shape, havi rgTamsdoivaeest t hat
are relatively planar or flat and a side face that is substantially
cylindrical n exanp blet is sho 6. The m.ni-tablet 312
has a desghitiefhe eets&rgmrpﬁi&lgatﬁ@ﬁ@ r{lweﬂ@ﬁtanm%l:yeﬂé %%retsﬁaowﬁ of about
1.0 to ﬁQPét'&eésor%réHEs f&%{%la REwRALIRRENt in’l@é’ﬁmgs T Iﬁqgteﬁlﬂeéétor%‘réakgm The
mni-tablet 312 has a |l ength, extending along the side face 328, in the
range ofccaboatlatg dZformmtian eboencnzen8ohtine dsvice, sash b%dumlgrdealmatenﬁ whilem and

bout 4.5 h fthtblt th%
Eoudi s MESpdiadRidbe HuRo e Gin ey S Bhme Tohe iR SRS AR RG4S e
sanmg arfay wﬁeth@ﬂ’ve@%[ﬁl@Qﬂdélﬁﬂn%ﬁlé’\ﬁésbltégélﬁﬁ RJ288€ ®ith@ sblidrukl as Jd&ﬁ dRet ention

Frame Portion drug delivery device may include a retention frane
por t i orinitThgy bfemfé’ﬁlﬂﬁt@ﬁoﬁmwlﬁbﬁﬁfmﬁeltg agigett dateaitii t h t he drug reservoir

porti on and BECOMACLhBLNINTIENE HHOUTSSREY ALl PPLE O hRiNGAAGY.  such

as in the bl'ad re i oh frane 1'on na ention

frame tthatnd faceed2y ami @hlnehw&erdeawaimm |T\1ﬁh,>¢heaﬁ@nﬂﬁc31%apee alighed in a
relatively | ower-profile_shape. For. exanple, the retention frane may

nat ur al’Py ek piRer dye upis 33 fpéllqadésggawcréﬁ%lrmiﬁéal drHg reserveEATPEn 3988 i nto t he
religti vghyn! 119%5% old 4. ewaRaRs cfa%d t é&fu u‘ﬁﬂsk Hs{yﬁngggﬁu Iﬂ?\egg‘ll}?aon Cnto

spont aneously return to the re atlve y e pande ape u
t he bodyﬁxWhemnemémﬂywnhMﬂaﬂEmﬁmrbhmks&uﬁmmmedbd@mm@ﬂdﬁdmshapﬁmnmyebe

shaped retention 20 in,a_.bod avity, and the reten lon rame in the
e AeftmlaGhEPt Rrrrs. Tha Jar SR Th st plstCy e LERbURT ke BrisPpony
t hr Oughxzﬁltbehﬂ’i@h itROvARARRE Epa% wAthfieik %@%&er’v&% %361%'6?1 '@ﬁat %&J@é%t%%l t8 tidt het er
or cystoscope o0 achieve such a result, the retention frame may have an

el ast i onferstices orrhwehkis 346. Ahay, dre dmrqewgn bongtseantiabefiled withtsolid dpigdehitehe

Sodi’s ehAMERT R B ot ddmiht it wiRIBERE bt Gub ARSI RulTR BFE (e

devi ce thisiemlidtardreryivelgadrifonx Resiteshd Map€ Denditial BXRMRIte mahhRc@eMpae may be
retained in the bladder during urination or contraction of the detrusor
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bi oconpati bl e polyner such as a coating forned fromone or nore of

si 125c orse that the device can flex or move along its length. In particular, each drug unit may have a
length that exceeds its width, meaning an aspect ratio of height:width that is greater than 1:1.
Suitable aspect ratios for the drug units may be in the range of about 3:2 to about 5:2,
although other aspect ratios are possible, including aspect ratios that are less than 1:1, like
conventional drug tablets. An example is shown in FIG. 6, which illustrates the drug unit

30 312 with a length that exceeds its diameter.
In embodiments in which the solid drug tablets are designed for insertion or

implantation in a lumen or cavity in the body, such as the bladder, via a drug delivery device,

such as a device of the type described above with reference to FIG. 3, the drug tablets may be

“mini-tablets” that are suitably sized and shaped for insertion through a natural lumen of the
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25  accidental expulsion of the device from the body under expected forces. For example, the

device may be retained in the bladder during urination or contraction of the detrusor muscle.
In a preferred embodiment, the retention frame includes or consists of an elastic wire.

In one embodiment, the elastic wire may comprise a biocompatible superelastic alloy or other

shape-memory material, such as a nickel-titanium alloy (e.g., Nitinol), a titanium-

30  molybdenum alloy (e.g., Flexium), or a biodegradable shape memory polymers described in
U.S. Patent No. 6,160,084 to Langer et al. The elastic wire also may include a relatively low
modulus elastomer, which may be relatively less likely to irritate or cause ulcer within the
bladder or other implantation site and may be biodegradable so that the device need not be

removed. Examples of low modulus elastomers include polyurethane, silicone, styrenic
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material used to formthe frane may "nmenori ze" and spontaneously assune the
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Exanpl endy, rednecahs gandeneytnfyhadrug ressewidngsn 308 restrathalers, PeBYigt esgotate The
drug regery ﬁle refBlidd %BF%T‘{ | RS n B %fﬂewuvé{es@rvgﬂ?ﬁh& 304 Cahse[E%%’edbe

subst ant a I Tper nea wat er or I'ess perrrea

t han t heledfaugn vM@ r2f21dicd bol $9 IR 20108 MOEl‘ﬁelﬁlﬂlﬁg efaveial it he@Rsdiy
reducing or alter the osnmotic or diffusive surface area of the device body.
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si | i congrihiRich@mi@hin response to a compressive load but spontancously returning to its initial
shape once the load is removed. The polymer coating may make the outer surface of the
retention frame relatively smooth and soft, reducing irritation of the bladder or other
30  implantation site.
A retention frame that assumes a pretzel shape may be relatively resistant to
compressive forces. The pretzel shape essentially comprises two sub-circles, each having its

own smaller arch and sharing a common larger arch. When the pretzel shape is first

compressed, the larger arch absorbs the majority of the compressive force and begins
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exanpl e coating may be fornmed from paryl ene, while an exanple sheath nmay be
formed froma pol yner such as pol yurethane or curable silicone, or another
bi oconpatwbl2e1cisatddsng or sheath material known in the aPCI/USRO1OOMES1

enbodi nents, the coating or sheath may be positioned on the t ube between
the end ndth Ol’l ice.so that water per at i t hr ou e 15 tub
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I n either J%%g?Bﬁﬁgﬁ%g@?%eF%g%a%@Efgﬁggg% %oh??Lgangﬁgg?Q@fﬂengaglng t he
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the string facilitates |ocating
25  tissue irritation and scarring, such as by being soft, blunt, inwardly directed, joined together,

or a combination thereof. The frame may also include one or more circles or ovals arranged
in a two-dimensional or a three-dimensional configuration. As shown in Examples H through
M of FIG. 9, the frame may include a number of concentric ovals or circles, either closed or
opened, the same or different sizes, overlapping or not overlapping, and joined together at

30  one or more connecting points. The frame may be an open-ended spiral, as shown in
Example N, or a spiral having closed ends.

Other Device Features

The drug reservoir portion can include a coating or a sheath, which may be

substantially impermeable to water or relatively less permeable to water than the drug
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and grasping the device wthin the bl adder using a renoval instrunent
positioned in the urethra, such as a cystoscope or catheter. In enbodi nents
in which wbeostrsissg is attached to a md-portion of thePdTos2aeloiozsry
15device, the device may fold upon itself as it enters the renoval

instrunent ar the urethra. Folding at the m.d-portion may_be facilitated
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t he device may be retrieved using conventional endoscopic grasping
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of one such device 100. The drug reservoir portion may be oriented with
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por ti orput 6f the ofiFie) redidifNort fvelde® isoldden bi Qialatiyn ofthBWdalLindRf tHdrsHenth eser voi r
portions nay be associated with a sin%Le retention franme portion, as shown

i n Exarfplagwloshepths aiprdld ipstried indJG. 8An (snakiags andbbeathibrng cqeatensfaig

reser valf.oRo LRMe A0 LASLENENGH O [EATR pRAICLON N Sodo L @gss partially
allgneé. i er rds, Re rug reservoir portion may extend along a
portion or tlhenesinbbéinicat)diddeicetihdudstae dasiahefridio®pp@ud podtion Siddsicand i al |y
paral l el or _coincident with the retention franme portion. Exanples of such
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enbodi RAiSl hPachlifss =8 ot bPihe iftHlaRREWA of FtfAMPIRSdFe. In one embodiment,

the tube is constructed of a material that includes a radio-opaque filler material, such as
barium sulfate or another radio-opaque material known in the art. Silicone tubing may be
made radio-opaque by blending radio-opaque fillers, such as barium sulfate or another
25  suitable material, during the processing of the tubing. The radio-opaque material also may be
associated with the retention frame. For example, as shown in FIGS. 1-2, a platinum wire
110 may be wound about ends of the elastic wire 106 and covered in smoothening material
112. Ultrasound imaging may be used. Fluoroscopy may be the preferred method during
deployment/retrieval of the non-resorbable device by providing accurate real-time imaging of
30  the position and orientation of the device to the practitioner performing the procedure.
In one embodiment, the body of the implantable drug delivery device further includes
at least one retricval feature, such as a structure that facilitates removal of the device from the
body cavity, for example for removal of a non-resorbable device body following release of

the drug formulation.
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10 G H and I, the retention franme wire may extend al ong either an

exterior surface of the drug reservoir wall, along an interior surface of
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30  retention frame. The drug reservoir portion may have first and second end portions that are

attached to an intermediate region of the retention frame. The end portions of the drug
reservoir may terminate at the vesical retention frame, the end portions may overlap the
vesical retention frame, or a combination thereof. FIGS. 1-2 illustrate an example of one

such device 100. The drug reservoir portion may be oriented with reference to the retention
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to 4.5 mm and a mass of about 32.7 to 36.9 ng |idocai ne. However, other

di aneters, |lengths, and nmasses can be used. 20Wthin these ranges, the

devi ce nawyohwelodesssogned to del i ver between about 150 ng &ad/UB@O0/0m50f

| i docai ne to the bl adder, such as about 200 ny, about 400 ng, about 600 ny,

or abo 800 of |jdocaine. For exanple, a.smaller. payload may be

del i ver'&ngPp nSishheighe _irﬁsgﬂ@erwgﬁrr ﬁem\}blggh%%ﬁf‘agwf{a%e FLREP  abl et s,
the rengiRndssies, HeSF@n(ﬁﬁ’l@ BriinBtet BEHASME LRI RGpbBBAESH AMohibimitiDRAEEEOT
filling material. The end plugs 320 may be silicone plugs 25having an outer

di anmet ekddiiomdyazsanbérmdldyug reservoir Portiohpmey bic neposipediitlca singleirgtantaar ons ar e

nmerely possibilities of.the type,of device may be created by a person
skil eofpalnilue P?@O%rals Sﬁ%‘?ﬁ%lr’r ’éa&]illﬁgs ‘fAﬁ%mBglé e@@?ﬁ?t osure. Il. Solid Drug
Tablset s | n anpkiRk @mbeEinRARO et reséiBir potticH H Wk fcthliBh Srahd\Rridon’ b at i vel y
hi gh drug or APl 30(active pharmaceutical ingredient) content by weight,

whi ch redjcaplepaptaallyi dighed- | fn afedriwagds, thaids resgp@infiortioramay pprahelapg 8 drug
ol i j . Cco o el q '
F bl ot oSG ik SagSF ff K A p, Bl TR b Bl FEIHED,

devi ce wifh thetréentadyara@portiyn O ExhdpRi of SichRnddinhaitddradetern inforG.eddanpl e, the
drug delivery device may operate as_an osnotic punp that caonti nuousl

r el ease¥high gsiraensavrrl piapatiic rhodiments Dereys1554ieuB PoTYhos20 R dremoRs - an
ext;gnd [ I i | ' i
an3?he?iéggﬁgﬁg?@?ﬁ%ﬂgwﬂgag%%?eer %@?@%%%59%%%%f%?%ﬂg§ng?gﬁﬁg@%ﬁ?§ahich
causes rcantiinwollxloey @aisteriof surfeec df thg dring wstdveirwedl, dabughvbe deug rescrended
period as, the.drug tablets are.solubilized in the device. In arder to
ot i 2641 A SRS PIeE Ao R Qe S Bl s o O EXSuder Fofm o

5gi ven (nyg ydedihyie Wr@ﬁﬁy &8o BE pdsif&ilaGHafn (I%'Tfﬁ!egﬂ)r St the tuﬂlglrbﬁppdr’téa dyabl et

preferably conprises a high weight fraction o rug or APlI, wth & reduced
or | ow wah, gthichf maycpartiomfhedwles iptoemukiplescommpartmegts rldd Wabrmayabd pdrforated

manuf act ur,i ng. and devi.ce ass Ly and use considerations. For the purposes
o 1o < R sE Abe o Hb TR S BT BawRen S FASh Gt e e Sl Goc
and " prer_agﬁlaEybe WelhgWely coMtinbotisofueh e ehet @ nipattthenBlardgreghR i taht he
drug or APl in the form 10 enpl oyed, such as in salt form free acid form

free baskerfiofarm dffcroptircagrsonpihet mpppe syitadipeholding difgereniisireg farmatatings 90% by
wei ght n'ﬁ{e V@ebd%gggé @@%h%roftf{h@sgﬁg rﬂa?ecflallj gfthle?&?e, Bpﬁgm%or?{%tgﬁal\’fﬁbgl Ly of that

drug i ree
different permeability to water or urine, depending on the embodiment. As shown in

20  Examples M, N, and O, the elastic wire may be associated with multiple tubes, extending
along or between the tubes. The elastic wire may be embedded in a reinforcement area that
joins together multiple discrete tubes. The tubes may hold the same or different drug
formulations and also may be formed from the same or different materials of construction,
such as materials that differ in permeability to urine or other aqueous or bodily fluids.

25 In other embodiments, the drug reservoir portion and the retention frame portion may
be the same component in some embodiments. In such cases, the device may comprise a
silicone tubing formed in a configuration having a sufficient spring constant to retain the
device in the body, as described above. Also, the drug reservoir portion may be wrapped
around the retention frame portion, one or any number of times.

30 The embodiments described herein may be combined and varied to produce other
drug delivery devices that fall within the scope of the present disclosure. For example, the
drug reservoir portion may be attached to any portion of the retention frame portion in any
manner. Multiple drug reservoir portions may be provided, a single drug reservoir portion

may be partitioned, or a combination thereof, which may facilitate delivering multiple

31



I n one enbodi ment, the drug tablet is nore than 50% by weight drug. In a
preferred enbodi nent, 75% or nore of the weight of the drug tablet is drug,
wi th the wermainidesv3of the 15wei ght conprising excipi ent ®CTAI$CH10A30251

| ubricants and binders that facilitate naking the drug tablet. For the

pur poses. of this dis the t ht . fractigon" with reference
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ordpp%/ @,rmtemfrﬂﬂ@@gﬂV@ha@ﬂltﬁﬁénms whtaﬁl@b@ttsl 9 ubRuidt- ﬂ:glma?@ﬁ@tlgngi’fhpf be quite
25
251 HEE 17 GO SEUALL ARG LU LAOKEL e S UG Y B v

wei ght , 10wbt100 Ichiéndrabdg edblas, shblenﬁiﬁugblt:@blrﬁé nfigin@blesi Mgy extihpiiaphs t hat
are often insoluble and/or may not be suited for conventional

st eri | Bapstenof abgpt he fqphaut 3@%%?@@@.%@%&& Pt &1 my- 49¢ adpnmhoand

haped t he
o A0 Pl LSRR SR S BSRES50, SR B ST, 11
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drug tablet 'ncludes a drug content and may i nclude an excipient content.
The dr ugl wom, erdengtinof aldws 2 Orie 3@rmmp ped dmagsot abloint Bl.7 el Bk oigllidestineont ent

- Yt e PR e e B ERa g g AR SR SR e R S bt

In soOMefeBs@S3.5 ’éd'fﬁ9ﬂ{rﬂ§hn@@l‘thmtof@@dm@13&§ 23bout 1id6%iky. SilMmiothedf the wei ght
of the drug tablet. Nbr e Partlcularl , the drug content may conprlse about

80% or m@l%fexamelemmgtﬁfo ahfayiavelp dpnosds|od ebout gr0Sanamp langth ¢feabgridy cont ent
may CONRr t % r

t %I ot B 4I 551%np Ghy's n%‘éé?ﬁ@%hogg ?{zg@gggl Féjfld%gc%ﬂl% %Powekfggny}%k gﬂ&ne?e{rs ég?gtl% ug
conplekahymm§ﬁemh®émsa£x0|plent is known in the art, and representative

exanpl es of excipients useful in the present drug t blets 10 may include
i ngledi ent s WiEW tAeseppragertac devigh ey ke gem@}qddaﬁ?%vergmeﬁ? éb«?%éé mgedor s,

fi11er 51000 ol 4RI e FOMLTHARCAGLIALCREEBOINE SboRS100ThE. BuCBGhe. o
ts acl

i ngredi en Itate manufacturing, storing, or administerin The drug
t abl et .about 800 rhg oﬁhéoaanieodﬁonemnple h&enmhilegpar,}dmdem&y band¢livdess! fadm khasamtlcone

| ocal anpesthet.ic a ent. tic a n be selected fromthe
e ARSRE B o £ 8RR gl e R BT T SR ERE ACEE et RS 1RV g
conbi nafeinotdi@reief a Eﬁ%@%ﬁﬁhﬂé nfaferﬁlﬁ crlhaéﬁd §1%§§Bfl?ﬁia9%e 'sﬂ'i%bﬂxkd]ﬁu@it' cai ne,

bupi vacai ne, carticaine, cinchocaine, etidocaine, |evobupivacaine,
I|décadﬁQH@W@ﬂwﬁadanmémﬁwﬁﬂwoqadm@h'roplvacalne and trimecai ne. Exanples
of the esterxcl anesthegtic | ude anyl pcai en but acai ne,
chi o opr ocai TE, DrpelEmaeei R b B pdarrar g R oo BLRRar BF gt g

| ar ocaitha mdfERy staad Bea poBbablillexincihe BR up6i aakaitRepreRin @lsologirse,

20pr ocai ne, propoxycal ne, proxynetacai ne, risocaine, and tetracaine. O her
anest hqfi §glig Pral @dIdtont ocai ne, al so may be used. The drug content may

i ncl ude ot her drugs described herein, alone or in conbination with a | ocal
anest heti c dg@rﬁrefeirh@emb@@meahé@tw@dldcu&@blﬁts @U@Bdﬁlb@V@éﬂhi@hm@fcféﬂ ni c

or o varshe Pragredtic RO Bt WSy B B e e

| i docaifBeuscAvitl sdingkhatyEIe Mrdbedlisry device. After the drug delivery device is
implanted, the drug tablets are solubilized in the device, and the drug is released from the
device into the body cavity or lumen, such as the bladder. For example, the drug delivery
device may operate as an osmotic pump that continuously releases drug into the vesical over
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having drug tablets that primarily conprise |idocaine may be whol |y

depl oyed in the bladder of a patient in need of treatnent for interstitial
cystitis,woeoarcogesssc bl adder, or pain, anong others. QO reT/us2si0as@S1 Or
condi ti ons may al so be treated using this device. In other enbodi ments,
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and conpe a 0 t 5 process.
For ex g%pﬁ g Illp?gf?f%g' I%QH{) efst:‘g{n/%i %éi ?Q'BI?E]}? E%ﬁ e‘f'e%ﬂlg ?eﬁ (E:I gl ‘r%mt@%/ﬁ %ﬂgre anul es,

t he grahrué%leﬁ:an be bl ended with the lubricant, and the resulting

conposi tion nmay be conpressed using a tableting machine. to the

i ndPeased pdPtne F’é‘bg&?}?nf’ﬁ%gfﬂéé‘mi EXCIPIE Bk stgrestand ghg %@eaﬁaeuwtqdﬁw he

bi nder ¢ \Dﬁeldafoﬂﬁlé,%m@ft tlf%ad}u%%bl{@s"éhfrl%ts%[&ﬂliéa'v&]ﬂn@th%%élkeﬁrto Ayank ey of

| ubri cant I ch may decrease t overall quantity of excipient required to
forma ctrmg i bh aiprafpricd bbb dsinnghadisigailets lam'ibfraulatstdltmge puenhmé)dae elthersuch

cases, e 25exci pi may be in dr ui,d .f or ependi ng on
ot hevbRe PRt g g telReey fofcel shbP it dr L ERES) o7 The
bi nder tﬁ@@ﬁ&xﬂ%al'@bh?ﬁca@ c&womgﬂ'm& Bﬁ% thiSledl >se§hwu haﬁl&@ngl"y% uRk a
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dr 3§ t abfferenigiremgesvantibed dryg tfabbeEShefrhIQhémpallmlebl@dﬁ whttve lnergéluenltsﬁlthl G 11.

The exci o eI ecte th manu process
can be Beavsdrs it SHTECER RECT S il P et aE b el
Parti cuh@ied dbmﬁrﬂﬁlg%iﬂmlti m@trar@‘oft&hﬁlsemslemma/@tr nfa9Ho€Bé sulte!ae“op haracteristics
of the excipient content, such as the quantit %/ solubility
conventional sterilization. Furthermore, the present drug tablets may be 51zed and shaped for
use with an implantable drug delivery device. For example, the drug tablets may be “mini-
30  tablets” that are much smaller in size than conventional tablets, which may permit inserting
the drug tablets through a lumen such as the urethra into a cavity such as the bladder. An

embodiment of a solid drug tablet 312 for intravesical insertion or other in vivo implantation

is shown in FIG. 6.
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and noi sture | evel of the excipient content, and the node of incorporating
the excipient content into the drug content are specifically selected. The
sel ect ed wRCIP/BMI3cont ent perm ts conpressi ng the drug®Cirniseoia/ogesi d dr ug
tablet with suitable conpression and injection forces WD

2010/ 151893RPCT/ US2010/ 040251 and wi t hout . unsui t apl e bui l dup on copponents
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a poly(ethylene glycol) (PEG, "a poly(ethylene oxide) (PEO, a pol oxaner,
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parti cﬁﬁ%lﬁdez%%@éﬁgéﬁ?) ,%n?q%gfn%i ]ﬁggéram%s&%g{/ :pg)ocggl% @ggﬁagﬁgy"&d‘éﬁé‘ﬁﬁey adhesi ve
i n rel alimethbyaihgWexpkaingdarovding ndpaglcdihé,ah@sbuisaa@tinagorethosaihe,ighrogrineabl et
having a relatively high concentration of drugs. Povidone is particularly
suiled FBTIRg§IBRBEY RN GOty RGCHES-itfoCcHiBs: 2% é?gﬁ?F@Pe-aOW@F a@qsawﬁp%tsvws
proces i ;gﬁj&‘s t i : e drugs
into aslg%tp?ddﬁ%ral[}gx?a{b et .%d'Sgﬁ? gﬁig;&gﬁtee? {smhgﬁ{ed‘ﬁ%?’%&gg‘%? S%églbfgggg?gﬁjen har d
and 30mdmmefariiabérebinPomi Wohe ladas andsthetje agamal The bohldnesthetidvigeht comjd bean

particul arly advant ageo for .drug tablets that are designed to be

ol an iR Ry b g terbos oV Cb® CHCHOAS i osmoti ¢ dr ug
del i verptogiemine i npl anted into an aqueous environment, such as found in the
bl adder. Povidone may facilitate a reliable dissolution rate of a solid

dr 3§ t abl et ,Inamieirayd embheadigent. e drog tabidts imghide hidodaine. dh duugl delivery-devivet ed

drug fromthe d tabl et. Povi done so. t ol erat hanges ,i.n,pH, and is
ot bt e e b B S GBS R Rk SF0F GoriE BARSRL MBI ¢ 2 e
for i nadfusiadentiiin neddier ttabh&it Sordattgitielcysfis, nelogeiiabiadber, Or pdig dadorgdder .
Povi done also is resistant to interaction with tonic drug actives and their
sal ts. QHesrP-dBhsr Hiscapoupr eapdeionn mayabide tesptedivsmgrteindevire.v I g, " whi ch
gener al eln}'bo(c\i%&ﬁé,%tﬂf‘er h&g@?&l&&é‘éﬁh cg\ﬁ'oglg{lgn with lidocaine, may be used to treat
30  interstitial cystitis or other diseases and conditions involving the bladder.
In making the drug tablets, the drug and optional excipients may initially be in the
form of compactable powders or blended powders. The drug and optional excipients

preferably are selected to be capable of withstanding a sterilization procedure without

undesirable changes in chemical composition or physical characteristics. These powdered
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5 Povidone with a K-value in the range of 29-32 may be suited for use in
t he present enbodi nents, although povi done having other K-values can be
used. Exawpl2em/wisssommerci al ly avail abl e povi done produ®Cs/usaciowdes1

Pl asdoneO, (Inter nati onal Speci al ty Pr oducts Wayne, New Jer sey) and
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embodi ment , Inkerefared emhedimsp thesdiyg tablet basansexsinientppEenbibtigeladersitecul ar

wei ght e 0 Q0Q. .t , 6,000 to
about ég%%ﬁ Baér}etéﬂlné’ﬁlé it ve %?goqn%g ﬂﬂe%%?eff g’[eg‘gﬂé @g%%%@%%h PEG 6000,
PEG BO%mp@@iﬁoﬁ(fbgVHE@-\ﬁﬁ&fh lubficeﬁlt preetes pedickgbo dicrmnipositibe floubidhedng is PEG
8000, which is generally a waxy, free-flow ng powder, which facilitates the

drug t 4BCRTPARFNEY b BeBufapEtNgARIIIHNS SHCTha ?Srfgldtwﬁﬁ@sa)tf gr@blefuresabl e for
usqoi N frUgn dRbLRYS 1hl§&?éan?src%n'b%begfn%9 V\}l HR%X tcﬁﬁ)\fﬁltt}{ 96| ndggg'ihb‘ié? in

continuous re e?%;ase over an extend eri o er e

| ubri cantasictyayf hanngssedn adboneases, thelexmptbmtnand dmgwalterblaldéE@nd saunprea&edPEG
8000. 25In sone cases, He dru%1 tent. i ncl udes "M%wﬁq drochl ori de
monohy dPHESIIESCT SBTRSions di S U E¢% Mg SXGIRLDE AP AR Ot{ude ghindeTihe exci pi ent
cont entjyhRGhHEE So. l]”‘!a@l@'@fc@ ﬁ'ttrﬁ£51 b@ﬁddr?pbwﬁéﬂ AN arﬁ%és%%wd@ﬁ%r@'ﬁl‘éﬂdéﬂom ent
can be prinmarily or conple I"i docai ne hydrochl ori de monohydrat e al one.

The bi rtdé@mca)mmmsltmihabﬁpomseswdbl nder such as pOVI done, and in sone

TodSt ubr i cart SRR Be o bmeR0r gty Plo RISl RGO R Choftr

vvel ght if omnsuei cﬁgﬁth@éﬂlpléht%@ﬂ@nﬁﬁ@eﬁlcldd@ bbthbd biddttang @nbeidane aTheUﬁnder
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required to form a solid drug tablet using a stable manufacturing process. In such cases, the

25  excipients may be in dry powder or liquid form, depending on how the excipient is to be
incorporated into the mixture. For example, the binder content may be a dry powder that is
mixed with the drug, or a solution that is sprayed on drug. Embodiments of methods of
making a solid drug tablet are described in further detail below with regard to FIG. 11.

The excipient content is selected so that a suitable manufacturing process can be used

30  to form tablets that are suitable for the intended use. Particularly, the composition of the
excipient content, the characteristics of the excipient content, such as the quantity, solubility,
and moisture level of the excipient content, and the mode of incorporating the excipient
content into the drug content are specifically selected. The selected excipient content permits

compressing the drugs into a solid drug tablet with suitable compression and injection forces
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enbodi nents, the drug content can be granulated with the binder, such as
via fluid bed granul ation, before the resulting granules are dry bl ended

wi th the wolkwincamsand the resulting 10conposition i s ceaprussesemd4i2at o solid
tablets. O her configurations are al so possible. I n one enbodi nent,
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an osmotic drug delivery device implanted into an aqueous environment, such as found in the
bladder. Povidone may facilitate a reliable dissolution rate of a solid drug tablet, and may

enhance the solubilization of a dissolution-limited drug from the drug tablet. Povidone also
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active ingredient content in a bed using fluidized air, granulating the
active ingredient content 20 by spraying an agueous binder onto the

fl ui di zedwpaedersigsed, and then drying the granul ated powderustaowi@sdesired
noi sture content. However, other granul ation processes nay be used.

In enbodj nents in which the active .ingredi.ent content conpri.ses |idocaine
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reached®BR¥)-t ar get tenperature, the solution can be applied at a spray rate
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into a solid tablet. The tableting process is generally known as "direct

conpr egsst onith derfaingrienth ar thisraphutihiadicetngos ifor oxangfle.isndiusdiasrs sulfidsmbren

di l.y bl.ended in. bl ock, 1102, i i L to . f |
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sonme enbadideenicsioas, ibpresdat, id &b bla@lel @kilng the composition of ingredients

10conpri ses processing the conmposition on a tablet nmachine, such as rotary
t abl et machilp@nc padgicplappabodiment. Hee IHbiicaat eanpiesss of caises iE(phaanes. The

3 _ Piabodistshi, s b |
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T i 200852 b bR S S B2 2000 1.3
lubricants may be used alone or in combination with a PEG, such as PEG 8000.

25 In some cases, the drug content includes lidocaine hydrochloride monohydrate or
another suitable local anesthetic agent, while the excipient content includes a binder content
and a lubricant content. The drug content can be primarily or completely lidocaine
hydrochloride monohydrate alone. The binder content can comprise a binder such as
povidone, and in some cases the binder content can be primarily or completely povidone

30  alone. The lubricant content can comprise a lubricant such as a high-molecular weight form
of PEG, and in some cases the lubricant content can be primarily or completely PEG alone,
such as PEG 8000.

In such embodiments, the drug content can constitute at least 75%, and more

particularly between about 85% to 95% of the drug tablet by weight, such as between about
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20 tooling is used, and in another particular enbodinent, 2.6 nmtooling is
used. The punches may have substantially flat faces for formng flat
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a |l ow weight fraction of excipients, the solid drug tablets nmay have any

wei ght WeightREn aofl inparac casspibeildiriopnt Genieas sprimarilipe porapletehaforaed fragl udes a
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L1l I\/Eshblods mfeuMakla'm@m b@maea/se@ﬂlejlﬁtﬁh@nt ddhtm issprivhaxilk odcagpletaly fdrmsd r at i ng
an _enbodi nent . a rret hod 1200 of making an inplantable drug delivery device.
I n 281 odkom Kysinegladeug del | very device is forned. In block 1204, a nunber of

0140, L LRy o e U i s e ISR
i n bl ocklid 202 telgt. i Indlacdd lﬂﬂea dmug content and an excipient content are combined into a
composition of ingredients to be tableted. In block 1104, the composition of ingredients is
tableted. In embodiments in which the solid drug tablets are designed for use in a drug
25  delivery device of the type described above with reference to FIG. 3, the drug tablets are
“mini-tablets” that are suitably sized and shaped for insertion through a natural lumen of the
body, such as the urethra, as described above with reference to FIG. 6.
In some embodiments of block 1102, the active ingredient content and the excipient
content are directly combined to create the composition of ingredients. The contents can be
30  dry blended using, for example, a V-blender. In other embodiments of block 1102, the
composition of ingredients is formed in at least two discrete stages. In a first stage, at least a
portion of the active ingredient content is agglomerated into particles of increased size, which

are commonly referred to as “granules.” The active ingredient content can be agglomerated

using any granulation process, such as wet granulation, dry granulation, fluid bed granulation,
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20 nore of the follow ng sub-steps: formng a device body, formng a
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frame. I cone or an ected cor pour ed
i nto t hetivelngrddid cortewren b bog nsmgdlutm;;edemr grahbiatieg the dcﬁv@tnlgm’dldillﬂb@dbﬁfe nts,
associating the device body with the retentjon frane port.ion may rise

i nt’gr A PrHGERIHYIICRE i rﬁamhﬁ Hyidigsgaropaler bedyepd den Gwla%fwrﬁsﬁum t he
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devi ce body nmay i nclude Iaser I ng or ani punchi ng one or
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different manners. Various studies were performed to investigate methods of increasing the

25  particle size of lidocaine, such as slugging, roller compaction, and fluid bed granulation. The
results of these studies are described with reference to Examples 2-4 below. These studies
generally show that fluid bed granulation may be particularly suited for granulating an active
ingredient such as lidocaine hydrochloride monohydrate powder using an excipient such as
an aqueous solution of povidone.

30 In such embodiments, an aqueous solution of povidone is formed, such as one having
a concentration of about 5%w/w to about 15%w/w povidone. Once the lidocaine is in the
fluidized bed, the lidocaine may be heated to a target temperature. The target temperature
may be in the range of about 30 to about 50 °C, such as about 33 to about 37 °C. Once the

lidocaine has reached the target temperature, the solution can be applied at a spray rate of
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In block 1204, the drug tablets are forned using an enbodi nent of the

nmet hod 1100 descri bed above with reference to FIG 11, although other drug
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of the solid drug tablets or other components of the device. Examples of suitable sterilization
processes include gamma irradiation or ethylene oxide sterilization, although other
sterilization processes may be used. For example, gamma irradiation at a strength of about §
30  KGy to about 40 KGy, such as about 25 KGy, can be employed.
The drug tablets described above include a relatively higher percentage of active
ingredients than excipients. The drug tablets can be formed using a stable and scalable
manufacturing process and are suitable for the intended use. Particularly, the drug tablets are

sized and shaped for loading into and efficiently storing the tablets in a linear array in an drug

40



a pressurized gas source of the type described herein. The pressurized gas
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30 Forming a retention frame may include forming an elastic wire from, for example, a

superelastic alloy or shape-memory material and “programming” the elastic wire to naturally
assume a relatively expanded shape. Heat treatment may be used to program the elastic wire

to assume the expanded shape. For example, the retention frame may be formed by forming
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WO 2010/ 151893PCT/ US2010/ 040251 drug units 1462, although other drug
delivery devices may be | oaded. For sinplicity, FIG 14 does not show the
ret enti orworarelspgest i on of the drug delivery device. ThecCciaseae/ohasder 1420
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poryi 0 2 I i . facilitate the
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dr ug urﬁl@gﬁ’eﬂfﬂ%ﬁv THEN LS (YRS YHka MRSHIVASIF thegReRiauBemaier a

f1ow oflofeas SHE ifdith M8 rialiteusii the tHANAE: oFHRSIuiRY nBEo&apRIBY tho the exit
1468 of the drug reservoir |unmen 1460, so that the flow of pfessurized gas

may be resniemfreme.addiaingribe hbility ofthe dsecy body towstreteh BLB@, aif thest of kgatdr ug uni t s
14% ar Itogldedt. \gSBFf or eFt he drreg ]Eni ts 146 ar(gl | oaded.in .t{}eddr ug
deliver@oﬂe Cgten{onL e O PEPI D CRRS OO ST B YFIFHRRY RS PGS 8hit sour ce
1422 i oarddigtodt¥RsédtRa R uhRh afd nfaf@unthentic NanaR) cdbddimens, t hat the
drug units 1462 are adjacent to the entry 1464 of the drug reservoir |unen

1460. Qpeasiatingahe devigethodymyith thairetentipdammporien mey samabwnataesd iy forpimet he

air inl 429.. i ) - I ST I of the
2 1 oGt o1 iod{BatHE B by bbb 36 SRR TIody SFBYSH RIS noRT,
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bel gw wi th refﬁégnce,to FIG 15, Regardless, the drug units 1462 may becone
po 20t i dpeshanigalsppwichingong oy glolr%g%lpv@i the device body. The apertures also may be

formed simultancously with the device body, such as by molding with an indenter as
described in U.S. Patent No. 6,808,522 to Richards ¢t al.

In block 1204, the drug tablets are formed using an embodiment of the method 1100
described above with reference to FIG. 11, although other drug tablet forming methods may

25  be used.

In block 1206, the drug tablets are loaded into the drug delivery device using an
embodiment of the method 1300 described below with reference to FIG. 13. Other methods
of loading drug tablets also may be used. Embodiments of systems of loading solid drugs are
described below with reference to FIGS. 14-15.

30 Some of the steps and sub-steps of the blocks 1202, 1204, and 1206 may be
performed in other orders or simultaneously. For example, the retention frame may be
associated with the device body in block 1202 either before or after the drug units are loaded
into the device body block in 1206. Similarly, the apertures may be formed in the device
body in block 1202 cither before or after the drug tablets are loaded in block 1206.
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| umen 1460. The drug units 1462 may be aligned serially, with each drug
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ci
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exit the ug reservoir lunme into the exit anne drug
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| unen 1460, may be | oaded,, and the drug reservoir, |unmen 1460 may return
Liter GHES Brateb ey oRd s on et St Shr e e P e o 1462.

WO 201Q/ad 531%8@5@1/654%?&%@ 8404niks. The preisﬂrigé;fggﬁ RBQLE FRDbe addnldiRhatsur f ace

of the drug reservoir |lumen 1460 is provi w th a powder coating, such as
m Gbopaiytingd Bdedbwvith ki od puygpthancrakedimeetiml aggge seurcodesaribehiireiat i on t her eof
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reduced pressure. The powder coating may be supplied by pre-treating the
drug r esEessHIiEed garsaurea ebthstyrar dpssrahaddistein. The pressurized gas source may

provide a flow of gas at positive pressure. The flow of gas may push the drug units into the
30  drugdelivery device. For example, the pressurized gas source may be a simple syringe filled
with air that is depressed to provide a flow of air into the drug delivery device. In some
embodiments, the flow of pressurized gas may slightly expand the drug delivery device to
case the process of loading the drug units. In cases in which the drug units are aligned in the

channel of a holder positioned adjacent to the entry of the drug delivery device, driving the

43



di sintegration of drug units 1462 traveling through the drug reservoir
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pressuri z gas from escapl ng e use o e orl 1440 may be
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Or'f'CQmﬁég cb%%@ﬂu@%mQ&ﬁﬁd%9Hﬁcﬁ% ﬁﬁﬁm@ﬁHﬁm%ﬂkk§liﬁﬁﬁupﬁﬁﬂqﬁmp&§'t'O”Ed at
the exit 1466 of thé drug reservoir |lunen 1460. The orifice bl'ocker 1438

may be abineteddindmepsateds Tihn tathl dsise phédrugrinfts ey b4 ddvide! intcaitl et @d) groeps. t o

th exit.1466 r. t 30dr units 1 vie en | oaded
0 13° pasit Gen Fopk PrSR3RR B S frla e ERiss it hEek TG I ea00

al so i nat HARSdchvEY QRPRE inlBidtk 130uebFbre PRESccdAdtBrolBYs RSfoishion¥d bkl Bh@RPI Ng t he
drug units 1462 within the drug reservoir |unmen 1460. For exanple, the

st opperStillhetberragcassryagepessivia withigihysogne of thepesewt dageisyrea st opping force to

the first dr t .opped at
a selected aﬁggﬁﬁbfﬁéﬁﬁﬁ?i%?@%ﬁﬁ%ﬁ?ﬁ@%ﬁﬁ%Wﬁ§§g§¥8%8%§égéagﬁéh %‘aé adj acent
t o t he apxitired 46the ldevioe tdienpddel therdesgunias frorh ws@Pink4dct frem thy drug duldseguent
drﬁg unjts 14 . be stopp&%éﬁ the preceding, drug units 1462 that are no

er d[eNlCﬁDtTg%h oc e 39riRiPg sl gecnthauch dpbad M hedladdst: fenkel ected to
apply ae'ﬂte@ﬁll%cih@&r%g%%ﬂ% A@vice through the entry and exit. In such embodiments, blocking

the entry and exit may include inserting a plug or other object into the entry and the exit.
Inserting the plug may include stretching the entry or exit of the drug delivery device about a
plug having a relatively larger diameter or other outer dimension than an inner diameter or
25  dimension of the drug delivery device, so that the plug substantially fills the entry or exit and
is snugly retained in position. In embodiments in which the entry and exit are blocked, the
drug units may be loaded in blocks 1302 and 1304 before the entry and exits are blocked.
However, other sequences are possible. For example, the exit may be blocked once the drug
units have been loaded downstream of an orifice in the drug delivery device, as the orifice
30  may provide an escape route for the gas once the exit has been blocked.
FIG. 14 is a side view of an embodiment of a system 1400 for loading a drug delivery
device with one or more drug tablets or other drug units. The system 1400 may include a
device holder 1420, a drug unit source 1422, and a pressurized gas source 1424. The system

1400 may be used to load the drug reservoir lumen 1460 of the drug delivery device with

44



5force to the first drug unit 1462 w thout damaging it. For exanple, the

st opper 1440 may have a sufficient contact area and rigidity. In

parti cul awp 20toe15¢898t act area of the stopper 1440 may bePsirasdoaodo2shaped to
prevent the first drug unit 1462 fromtraveling forward while permtting

the flow of pressurized s to coptinue traveljn u f the.dru eservoir
| unen & nifo bR, Wi gfﬁef @ ecRBuar dereconey h%%@_ﬁ%%pf&r SRR Bl i n FI G
14 i ncliudgss fof ﬁGMtﬁé‘Feté}%ioﬁ'f{aYneeﬁﬁrﬁ&géf tiléamgtmvérg&evfeeannel 1428 into the
drug reservoir lunmen 1460, and a foot that protrudes upward froma distal

end of the |'By.deVive hbblot 1423ymapholy the dugpericrvpirf lomee 1860 trwesuifabkst drug uni t

1462 as it travel.s through th ru ervai.r lumen . 1460. The contact area
of t he (st ARt Extsie by hERSE HRmt PRt A By V5B Ko
congl etrpbont®] Raké Betry NS 41FARUGuE RSRFVOA [imleh TR0 Aftbih ox8Cchhhddl 1408
pressurized air flow may continue past the foot and into the exit channel

1428. mountedrigeheexp af4agdmesescrwyr bach dAnddThydug varidowige 142%meY t he

exit c e ich.: .f ac : ts i rst
Grug ancendet e EITIMaaBHE: & 10UIE e ANTE fithe ERMARLS, LISdd TE 0
end surd acragd¥ih2a heppcbaricombiagens dfith@anahd athey sterugk dsviogs. 2MHchgewutizedchannel
1428, which nai i ncrease_the_contact area avail able for stoppin% the first
drug urfias soyrge dAdemayonideeniay of gs ab agudalis Bcesurale Jrieitheidugneity 14¢hr e cut

outp ofr; I . I . i vel past
thear UEUR P b e RaE). bl ph Rl Bae i AR T I ey R |
channeldei#2 ghalsgplivay phaveizad plomoafsnendagruch ronmitrogin atharpery, oaatdeaise a st opper

1440 and.as_.a filter, such that dru owder debris exiting the. drug. 25
esor yonied Geroireois PRty ateR i S PP hay ST henfLed FAE R Eper
1440 mayaPee @&clihin wWire having a diameter that is relatively smaller than
an i nner ‘dianeter of the drug reservoir |unmen 1460, which nmay facilitate

i nserting thehetehiny ohane] M2nmay eludengtrhg ofcttphgicdr 143 7reed en wwiinlel poréen 1460.

Thus, t thin wir facilitat toppi ng the fi.rst dr. unit 1462 about
TS el R B e kot & B BRRHOR: b Faridon S At et o
the fl qourt 1392 phEHS UiridREpEtibn 1 92BMEy b e eothiui98dHn Wth tRGrefkshesedtand, the

thin wire may have a dianeter that is Iar?e enough to provide an end face
wi t h supficeildd. Toneiabtletpoaionf bR2Ignpihs wgladtelative tor the dagecahimenip t hout

i nmparti .a.d ' f ro.a: t irsto.drug unit. It
shoul d f%gehl%(t) %g%t%'ﬁ}; ptr%%&ss? eo;%‘g%‘{@f%o nﬁ%yﬂﬁ%@e@ﬁ%ﬁgoﬁgﬁ%\% ’ltg}r? lg)lfeyt hese and
ot her qfiorguead hattg providédher enbodi ments. WO 2010/ 151893PCT/ US2010/ 040251
FIG 15 is a side view of another enbodinent %f a s%ftem 1500 for |opading a

drdd del i verdy dawdsteamangofiing sntyy hgnighild2o magde cowmled torfle sty MAHAdbe ¢ he
Systemd}ég%s Xirilﬁ'rﬁéryflﬁﬂ?i%g%{&%gh'lﬁitg?562%12593%6?0\?%&‘%%@3?6?%%%%?&5221 and

a pressurTzed gas source . escri , der 1520
may holldmthé46lr wglede lfiowesfyprebsviized ghS6ThScxit chagnélhid2B osgi begroppled ésthe | n

embodi rrel;,‘(ﬂtls‘%s to? ﬁledden\llé ?e%err\]fgfr gr{lenli%%, goa 'Xlatb t%e onwfé lilrés%gri%e% gas may be
communicated from the drug reservoir lumen 1460 after the drug units 1462 are loaded.

25 Before the drug units 1462 are loaded in the drug delivery device, the drug units 1462
may be moved from the drug unit source 1422 into the downstream portion of the entry
channel 1426, so that the drug units 1462 arec adjacent to the entry 1464 of the drug reservoir
lumen 1460. Specifically, the drug units 1462 may be moved downstream from the air inlet
1429. The drug units 1462 may be manually moved downstream of the air inlet 1429, such

30  asusing a push rod or the force of gravity as shown, or the process may be at least partially
automated as described below with reference to FIG. 185.

Regardless, the drug units 1462 may become positioned to enter the drug reservoir
lumen 1460. The drug units 1462 may be aligned serially, with each drug unit 1462 in a

suitable orientation for passing into the drug reservoir lumen 1460. For example, a
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hol d the drug delivery device 1560 in a selected shape. For exanple, the
devi ce hol der 1520 nmay have a curvature as shown. Such a device hol der 1520
may be uswOubio/rsigsases in which the drug delivery devi ceCIABRonomel2atdes an
elastic wire that is preconfigured to spontaneously return to a retention

shape, such.as a prefzel .shape. The rvature . of fhe device holder 1520 10
may ol aliisaclafeEutnegor Fa_ﬁﬁéﬂp%v FLiel ey, ff@aerg?%?ézonm TR r it t he
devi ce {1RB8QuiRcdUT thORHE e o meR ATHY, 81 & pYandnGH hiRD riRedgh At f4¢) re. For
simplicity, the elastic wire is not shown. The drug unit source 1522

may be maylbagrianéskiptcasiaet Pandpicnd fasaeof @lgacantbppenits B2, Thkelrdy uytsu#i62
source 1522 ma e i n.connuni cat.i,on .wi.th a dpug entry.openi ng 1552 i.nto an
Sent 1y RRHE g s PR TE ag O Sridherae” pE 0 Brtet o R Hhe e ity .5
nay sbe 183 niLaB dukmtt 1 Suel ALHBE e bRRANIWVIE rdfoRAce HUCIG.IRat drug units 1562
may be directed into the entry channel 1526 at the drug entry opening 1552.

The hopper I1BBOresyrieadgasyourpe 1424 may be pepitaercd ypstecag elebe deneumnitsddes 1562
th i 52 ; h
VOUQHPEg%g@@ﬁﬁQﬁrgzcggﬁ%'e I9rtnf5rr% %3 aﬁr%le%@ﬁghg%% ngxt%%’&%{ed]ﬁ may have

0
a funne 0S ohed above ry openi ng 201552.

Al t er nafistvedeyromn thed@it/i1d6dkd the didperebapeie turddS0Ic0RThe dpkay e aydxt er nal force
to direct_the drug units 1562 through the drug entry opening 1552, I n
some erHHIFR R ensuEmthe flownfinkepsairedraas iserpBediupsireppafthcodag upis den t he

dryg UQi/ﬁenstﬂggﬁ%a%ﬁg346’?%&3@5&%&&&9& L w&%ﬂﬁﬂq&éwhe &Qﬁg@%ﬁgpé ng

apparatus 15 e any pharmaceuti cal “or other materia I ng
equi pnestecedibhed dno faexampliczthe anchbor ofadhitig ihies t62go BB lnuded adbth2 1enmpttlooan

appropriate orientati for passing jnto the dru | i very device 0.
el bt fafiig 4epdhur ded Ryt MRt B el Byegh et g 1420 1y
feeder,ang (eelithy 14643 QRS oscRBir ithEM €408 S5 BYat whERHKEDresHiriAI HE siibd S
anong ot hers or conbi nations thereof In sone enbodi nents, the drug

uni t sdid2des asedted,s s oChrassadized gds daivds thg dowg wnitsol$6@ ento dhevdrug 5S6rvoTthe dr ug
uni§ squrce Kéive 1556 may be positioned between the drug unit source
301822 WR§ {8 drug entry openi ng 1552. The drug unit source val ve 1556 may

sel ectivel y Qg 1439may RMRBItohBEinAas dAganRE pétiids 1427 befokdBe pichseized t he
drug entry openi ng 1552. The pressurized gas source 1554 may have any

of the aeonPurguled4 isnpcEdc linb pligalddd enayarrevryt Bicritaw ebpessytired 3ibfiem | n sone
embodi Refing B%%%F(fﬁ?&fgh%ﬁeddﬁg?nlétgé&*ﬁgn i%f%‘} ehstrip dEOATW Bk&%&@?ﬁ%a&"&% the

entry chann rom-a poi nt upstream O ug ent ry- openi ng

2010/ 154 3R3PEhtnRB ¢ OB 2Ghnd892326 rddfveatic dag with 1462 ofto ficeksgifds@edirgas at
a positive pressure. In sonme enbodi nents, the pressurized gas source 1524

i s 2dssdemsp d#dWi th a pressurized gas source valve 1558. The pressurized gas

Sgurce vl VPR RoRES RGPS LESORS e iy opa, o
pr eventdrugenitd blg2ofitoSlk ésiguiclived dgase.t Foraxgmpteh thegmessyreatwaneedelcts@6. The
press ur‘t;agee({j ong %%to?so slillrcﬁ %s t ]éSSlilzeaéln Céhaprpaeyof the drug reservoir lumen 1460, the material
used to form the drug reservoir lumen 1460, the size, shape, weight, and content of the drug
25  units 1462, the number of drug units 1462 to be driven into the drug reservoir lumen 1460 at
a time, the length of the drug reservoir lumen 1460 through which the drug units 1462 travel,
and the number and positioning of orifices 1470 along the drug reservoir lumen 1460, among
other factors or combinations thereof. The pressure may be sufficient to cause the drug
reservoir lumen 1460 to circumferentially expand. Thus, the flow of pressurized gas may
30  travel about outer peripheries of the drug units 1462, so that the gas is able to exit the drug
reservoir lumen 1460 into the exit channel 1428. Also, drug units 1462 that have a relatively
larger diameter than the drug reservoir lumen 1460 may be loaded, and the drug reservoir

lumen 1460 may return after the pressurized gas flow abates to snugly retain the drug units

1462.
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i ncl ude a vacuum positioned downstreamthat applies a negative pressure. In
preferred enbodi nents, the system 1500 i ncludes a controller 1560. The
control | ewO2B080150%3 be operable to control the drug uni PCTase@e/ve@Fve 1556
and the pressurized gas source valve 1558 to facilitate | oading the drug

units 1562. For exanpl e, the valves 1556, 10 1558. b ened .and cl osed
in a manner F178¢ e@_ﬁg@wg AR PYRAS1O H}%@B&F@Sﬁ@&lﬂﬁé@ﬁéﬁp Rty of drug
uni ts 1502 paw RSl E ductARMRIBHRALI N AIIrBETH dSirhdif afdrpral pr essuri zed

gas when the flow of drug units 1562 is prevented. The val ves 1556, 1558
may be cahtberatioh ditrgdt be movdenmdtiagthag laoissd Ipbsdant thasddoncasgrpivisiior, with an

appropriate tj del needed to c epsate for del ays i he system
D0 PrbeftEnhE Sy 1982 AREHE Tk 1 BRE SEE s heP 6 i b T3 tome

t heseofembodiments, AhApetieize LFRAL BN Y24 hﬂg be@pérarlilaeh rdfbf plesrd. STIRPET abl e
to control the pressurized gas source 1524 directly. In such enbodi nents,

t he corfomsicl eatingamydwuserliadty [predeaiing thedrepeseveir denasbibios fipnpdlighe, or
prevent g . i . i di t f of

P oo fhEaRbrSPHLLERT 386 ARUAE o h AN Nehor BB0L 1BE 21 o 155
may or pWvdeRyodtiap nhe terfiivwiretbdl.thd exie¢ghaackimap8s i n which the pressurized gas
source 1524 includes a vacuum the controller_ 1560 also may control the

vacuum The T8&RE cobpdiment dlee prassupechgrssamice 1424 onersly aspeeided yitimne sour ce
15 ang/ OFd i I i i . F1 GS. 16 and
1538, P e TS0l Ebtarfile SARBL AR ikaey HReIOHBNUF rrdloltieal 20,

25del i wargyingehd dmgwictiverddagceisitisas tbhremsysimgmob6dtingenthiatinhy interattudids a

hol d 6Q2 for ti 1604 d ti 1606.
Toger ndPe dnampnided, A e S uRpleoh SO Bomam 0G5 s 1vs U5 Mhel 1008 f or
[ ecel Vigaarifhetxithe didihul bk &5 4040 su R i 0aR0%] wARADoTRYRR Ehgped to

hol d a nunmber of drug units 1610 that are serially aligned. For exanple,
t he chamdeir ci@p@nivayayde messnt mithhead.i ne as shown, or the channel 1608 may

cur,ye. 30The.channel. 1610 ma a crosss;sectiaon t i-s. slight ar ger
ChdiC ne. ar a0 e PRt ShSFRIRE doreatun 1336 Theopfih ity coel
wi t hi n hiebehanimkbd 46G8stidanPofaBE bat Ehanaslriag eesthmunication WHE tHeQ@ 14881 t i on

1606 may be renovable so that the base and cover portions 1604, 1606 can be
separ atddhg upsesgrviotidupkaddeld. TieogouwmH 436 tipytaablyet BeeaBIOPICTHE ol er

Cocur anrd SR RS HTd BE HRLESSR AP R BB TR B BERRERL b

secur etHowevichehe hannel 1486 @8naneecskagdad maydie ceiaadloe thet Vreuwav€s6 pagthcon
1606 may be($ssoclat%q wi th a nunmber of screws that can engage threaded
opefli nd¥OYIACE Heng & Whisdraepothe PEyAurzsH gaheouses B4 5ot 1Y AUABD 6 fhe

associ 1 t rtion
1604. g%ﬁg?ﬁ%%‘a?a atﬁgﬁg&gﬁgqugg%%ggéﬁgpgak%gagkg%ﬁgﬁ??ﬁ§§gg§£ and cover
porti ons 1604 o0n&60bGodinens elotsysttnt b4fdt dher inclubies aharfinelblddkOB81438. ridleat | vel y

encl osed. ex f an entry. 1612 located at the.rear, of e hol der 1602
o e B’ PsT i iokithae aic o thetprfise VagBo bRk JBURSE pEr % he
entry 18dguid e f@%&%hﬁlh%dmé bt oF (BOSH G WbcKRE e44inhy B8 hapRIl achstd@ exit

1614 may be associated with an entry
25  which the orifice 1470 is located about the entry 1464 or an intermediate section of the drug

reservoir lumen 1460. In such cases, the flow of pressurized gas may be inclined to escape

through the orifice 1470, such as once some of the drug units 1462 become positioned at the

exit 1466 of the drug reservoir lumen 1460. The orifice blocker 1438 may be omitted in

cases in which the orifice 1470 is located adjacent to the exit 1466, or in cases in which the
30  drug units 1462 have been loaded to a position past the orifice 1470.

In one embodiment, the system 1400 also includes a stopper 1440. The stopper 1440
may assist with stopping the drug units 1462 within the drug reservoir lumen 1460. For
example, the stopper 1440 may engage a first drug unit 1462 to apply a stopping force to the
first drug unit 1462. Thus, the first drug unit 1462 may be stopped at a selected axial
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10opening into the drug delivery device. Wen the source of pressurized gas
is operated, the gas may travel through the channel 1608 to drive the drug
tabl ets MOQotorsesesgh t he exit 1614 of the hol der and i nPOTiUs@01808G2§1 Openi ng
in the drug delivery devi ce. Any source of pressurized gas nmay be

used. In particyul ar enbodi ments source of pressuri gas is a syringe
of air resfige HEBES dEFFTE iehe AL ;4‘543@9%?6 g s 1“%6@?‘9% By 15 he
syri nge,pRyubf drilsedilsaideh M dehopal bY tHbhecddirh P 8nRY 146298atRY nde

depressed to expel air into"the channel 1608, driving the drug units 1610
f or war dongther moyiont he drug del i very devi ce may be | oaded. In sone

enbodi nent s,,t he holder 1602 further,.i ncl.ude nozzl.e 1616 tha .
Faorti ot s Tieagiguefin PR soPbe G0 s SR Raar EauS o7 P iaAmPing: | on
Wit t Brcend e fapedupdnit 1462 RRhéRQlafa ﬁgd@'Fdf%ké’rnTﬁIQYﬂhé@to phe14a9zzdye 1616
may be | ocated on the front of the holder 1600. e nozzle 1616 is

gener alhaye gisu%liembcms?qt expand rigglityh dn gritigulds (the eanjacy aigh o6 thestarpar 1449
. . . '
o t acd BroP R AT AA bro R A AE SrdO T 462 R TR IERRE R g

del i verperiinghe ffoacof preauiingl gasteodrtone atvdling cdevi ke deuy dfchevoioamher 1616.

For exanple, the nozzle 1616 may be ridged, furrowed, 25corrugated, or
othermﬁ@@ofoughened. The nozzle 1616 may have a tip portion 1618 of reduced

Cr qgs- Secti gfy, eg‘%\{l}gﬂ@aﬂhﬁ _eﬁl%B&ﬁ;%n{ Of thd Qﬁoﬂgé}&ﬂﬁ%h&%ﬂ Fll(%.?%ﬁn'&lﬂa& {13 entry

openi ng of the elivery devi ce. tip portion may terntnate in
t he exithath&idly catedds fremahapmethah668 428 ynte xhedrdg faemoitiemex il460 Gid atféutough
the tip

ortion 1618 d remainder .of the nozzle 1616 to the base and cover
por t1 onbHtRERAIdes BB IR et S50 PE diedre pF BSOGt 3B APA dRO PO BELds Ot he
drug t ghkedig 461 Q46BYs PEa il MeSLAl ROGrLhEs AN 1808 THE Qi hhg Jrozzl e
1616 and fromthe exit 1614 in the tip portion 1618 into the drug delivery

devi ce.thEot siaypeilaiee ynoughite Kep thrBrstidiug udis| 462 mthdetdoowletely tiénking the

pressurjzed gas. sourc e sh in the figures. WO .
D010/ 15 8O SseRPindnsb 4aM S haPe preSspS i Mgy Cominug reriahs fgh adret hods
descri hg@ thbeyvechaagell 1428t e | oadi ng drug delivery devices with drug tablets

or other drug units in a solid form Because the drug is substantially
solid, al arﬁ@rsmmuwﬂcﬁflwdmwgb@rﬁym@é byjap cpé serfacg|obthoaxitychamrl 1428,space,

whi ch . i i I i Vi ivers a
el oot ogpsRfal < EAMEl-gid: e HhAGeSinally! FRL AR A0bE, R Rl dTonid, o

devi ce mbvemnchel €d aafast a@a obtheand Guidhdealddd mdyterieatasti dyipatiatiasacopay! oad
and/ or decreased size of the device may be achievﬁg wi t hout, sggrificing

devilce the exdt shanpeh14284vhish gy parse themmtachaicr Ayritabls faeviPrRingdtedbeh a
| ' sh - . i ; i S d i
ow- prgffrh% ni® NBRSRW nﬁg{t%ltﬂégf]&gtuﬁﬁcé R Egim& dﬁg%éﬂﬁgﬁ@t Rt ioned in a

| unen e body, such as throu e ure a, an profil e shape
sui t ed dhennals twdinth mmmitrthafld® of awssurizofl gade thodypasithe dsystretssl 462 dndreathods

may permt | oadin tqg deyi ith.myltinpl gru units at a given tinme in a
mannor St SR8 Togatt oery TS okhe Srfdteradud28Rd ri it e Sulei S i o,
the | oaghiBenidy AcLES EPHcP B4ALBRL AR IRE] YcRHPIRL G WdBr SR kARG The dMgUse
and Applications of the Device
25 = reservoir lumen 1460 is removed. In still other embodiments, the stopper 1440 may be a thin
wire having a diameter that is relatively smaller than an inner diameter of the drug reservoir
lumen 1460, which may facilitate inserting the thin wire along the length of the drug reservoir
lumen 1460. Thus, the thin wire may facilitate stopping the first drug unit 1462 about an
intermediate section of the drug reservoir lumen 1460 without impeding the flow of
30  pressurized air toward the exit 2908. On the other hand, the thin wire may have a diameter
that is large enough to provide an end face with sufficient contact area for stopping the first
drug unit without imparting a damaging force or a rotating moment on the first drug unit. It

should be noted that the stopper 1440 may have a combination of these and other

configurations in other embodiments.
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The device may be inplanted in a body cavity or |unen, and subsequently may
15 rel ease one or nore drugs for the treatnent of one or nore conditions,

| ocal | y twoen®/d1893nre ti ssues at the depl oynent site amdrars2eegi@snal |y to
ot her tissues distal fromthe deploynent site. The rel ease may be

controlled n extended period. Thereafter, the Vi C y be renoved,
r esor bed, o?ﬁ'@a?é% ggide ViFopnes R Bmeodinka! Dk %gh%néﬂ lonel atfﬁ’”%)ass! ng
the drugdabideerc¥ 1960 Wag dhiy dighse2 20iidant QLiRT400) d YRR 1580dndye! easi ng
the device fromthe deploynment instrunent i'nto the body. In cases in which

t he devihdedd¢ sdaagd lmidet 1530, drupadi seave 1522 antha asessirized igadisharce ¥33d. devi ce

assunes a retention shape,, such as.an anded igher. profile pe,
oo the. devi e SRR e AR ISERRRS i b By ekt 43600S A,
exanpl ejurimgithd l8adin@hRitessN IrkfbodidenthiehicsROWSIdeh esMbeNhE Be S HuARiSHM Ng a
retenti on shape as the device exits a 25 deploynent instrunment 1802. The

depl oyrheid theklseg detvary dgoz 198) ibe sdesiedsliapabFer ¢xampte, dwveyice holdsh 1520 a

cat het t Y .

ot or crngiBin LR i, SlopEMRR ARG 1EAARRY PR S8 Gyhicn

depl oy reeitirugnietiveryelaticd 8860 imeldbearacleginneifcihal is pravaiipabl & geviadeodty a

devi ce speci al | é@gdapt ed for the present drug delivery devices. 300nce

i npl ant'8WM forferciravipe hapgysuch pea pEctch shapey d he srvatss pltide dayicp heldeghs20
ext;gnd i 1skpt j £ r rd10di : '

quatt i fomof RS 156 Pk Lt R e el PR e R ASO KBS e s
t he devoatkedoathodetony@etetynencddsigrtbd cldsteewné. Borsgmphaty, dre cdastie mdeeds petr | od,
such as. 12 hours, 24 hours, 5 days, 7 days, 10 days, 14 days, or 20, WO
2010/ 151898PCT/ US2010/ 040251 25, 30, 45, 60, or 90 days, or more. The rate

of deli very AdirosanSotc 1490 i 6 £afhecchRkRClh, daeRdl Rgpippsdt he drug

bei ng delivered and the disease ‘or condition being treated. I'n enbodi nents
i n whi chhetdreg dey saecebi?@maeke m cmmunigatiangath aldfugreniry eberting hSe¥ intirang f r om

t he .devi ce occu | J.owi, n i ssol.utjon, of the.dru it hin the device.
od y PG IR GO RS oy Tof rieBiGpiige Aol by T Ep MG e
drug, &P&nu&edrag%ﬁtgy opdengdi 5520ncadhArdugy GHifsf1562 snayremitebrd day iiteerdry f1 ows
fromthe device under osnotic pressure. For exanple, the drug may be

sol ubi |dhaeep! dp¥matdbn dagenity vrening ha52. nThedwwer lrﬁ%wmm@y theviors of s

| npl an?ﬁ?gvijcsy{}otdrﬂ%ctbdrﬁggﬁﬁs 15%%}?1%?1?@ ﬂ‘tell%?%élﬁﬁ’e%%\ﬁ {1553 FBF&a‘?ﬁ;g%g?(eed from

the bo ch™as 1Tn°cases 1 n wh ce d's non-resor e or

ot her wWin@paelsdd niay Hage adumebshapRahd hay dk pdevibaaisatone thehirg purpesain e known
in the art or can be speci.al I% %r%%uced. The device al so mafy be conpl etely
or 2Par thak1 plisimstiselsop aptidonalye hethaper 1ghP may emnley yherdeakiares, to dued; ¢ her

the enty,£ 84EMitS 56 B &R REG Q" endeNs §espsufficiently degrades for
expul si on Ifu%om tge %ﬁ aﬁ%@r durlgneaﬁgrpnat#on. ‘The devi ce may not be
retri eved orinmsesorchédddinmnid, as orrentofy dpheratis u§s4 orpopitehed bigivged Bwalsig or al |

LATEE S TN T T A TR
a | at erppaffiRscutical or other materials handling equipment suited to serialize and orient the drug
25  units 1562 into an appropriate orientation for passing into the drug delivery device 1520.
Example orienting apparatuses may include a vibratory feeder, a gravity feeder, a centrifugal
feeder, an inline feeder, tracks, or guide rails, among others or combinations thereof.
In some embodiments, the drug unit source 1522 is associated with a drug unit source
valve 1556. The drug unit source valve 1556 may be positioned between the drug unit source
30 1522 and the drug entry opening 1552. The drug unit source valve 1556 may selectively
permit or prevent the passage of drug units 1562 through the drug entry opening 1552.
The pressurized gas source 1524 may have any of the configurations described above,

among other configurations. In some embodiments, the pressurized gas source 1524 is in

communication with the entry channel 1526 from a point upstream of the drug entry opening
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FIG 19 illustrates the inplantation of a device 1900 into the bl adder,
wherein the adult nale anatony is shown by way of exanple. A depl oynent

i nstrumrerwvo200215m%y be inserted through the urethra to rhe/usk@dder2s1 and t he
devi ce 1900 nay be passed through the 20depl oynent instrunment 1902, driven

by a st t or flow of lupricant or other fluid, for exanple, until the
devi ce 1%&58@“ Q?OcVé‘ﬁiS At ﬁfgprsqsaaaf‘éirgaS?hags)SlElWeprawrece‘niseﬂaﬁﬁﬁ}%aﬂtf%ﬁ‘&ltﬁ, % t he

bl adder, 0fsu@,diBla8 sQircd £55 i€ 2NOERRIRAH £PtesiRizRE géjs RhirdeaRIBRE, TRET her
adult or child. The device may be deployed into the bl adder of a

pat i entpréssuaredi gad spenderive pPIcmaybeporitionedepsireancof tha dnig dntryropthieg

ur ol ogi ot her. procedure o er i t.her bef.ore, duri,n 250r after
the or HaP2pd B Bt iRt B SR BB s EbraY preuEp St it Motheaf 36y o

del isvergeksti@zddasgkhrang! @E ch@gtemakbl 13285 Uds pt@bkuriR8aPYoREe PISARING @ S,

ei ther pen-operatively, postoperatively, or both. I n one enbodi nent,

t he i nphdnéaprecugeviasiiongd dewasteamfthetamplesnecedivgpisasroad, is depl oyed
whol |y wi t hi : i | , ' ' |
b R R R R AT g P S T

one drug 30l oca ' an e in vivo

depl oynise0 nafy Hehpetldd toeon@dl the dsig wmitpouick dalvefl S5é endylpeaduridedgdnsg i s
rel eased fromthe_device substantjally continually over an extended peri od,

to t he sQEseNVEdAPdirafapidisas Inading hedaigpits 1362, dior expmpls, hggalyes E3¥%cti ve to
rqwi d ' [ ' j a

B aPer T i 25 15 T i O B s e B S 1o IRl R v e

t he bl abldf8owrodldegsumty 1502 isdrangitedeandaal predietlgrprirmedthp élovoal, pressohzaisgats wo

weeks, thre eks,, four. S, a non or . nor. In such cases, the

Govi e R B MRS AR drus hisalBOF F wPtet afbedpi 0556, 155 map oA tcpaiiy <,

pel Vi C Ra&n dp¥REALI d&cRpBddEks B PP SwithbAdFSbpEAR &Rl d SAREMdGo

bl adder, neuropat hi c or 5non-neuropat hi c bl adder - sphi ncter dysfunction,

i nf ect icompepsase fos delgy el thp systenod S drethe géaractness, thelbypstarnd #5@0), amoedg othedi t i ons
tr gted mﬁtgidﬁu stdFI'vered to the bl adder. The device may deliver drugs
that i MyE8PR IR Plinct i on, such as bl adder capacity, conpliance, and/or

frequency ofinunbtAbi &hbREmEMNIHe6hiréINE 1560 allso isasheed PRI dnaOIthe bEgaFzedt 1N
t he bl adder or other nearby areas, or that have other effects, or

corbi naiap seiyee hededirectiiie Iibiugh gabodintenge ficrpatiodiSes cassy theaycsgetizoder a
et ap SIS LSERNE RSOk MBS s 95 BB iy, o
ur ol ogifteew oDpresspatigest i suchysiteimafts, theplaayized fulsodicogalod 558 nagton of
O U e S S b S
el ISR ot I FREEAIAR s By b oot
t ubes, opewibly totchatrsl tbe dmgninitrsatiico§22 and/or the orienting apparatus 1554, in whole or
in part.
FIGS. 16 and 17 illustrate another embodiment of a system 1600 for loading a drug
25  delivery device with drug units. The system 1600 generally includes a holder 1602 formed
from a base portion 1604 and a cover portion 1606. Together, the base and cover portions
1604, 1606 define a channel 1608 for receiving a number of drug tablets 1610. The channel
1608 may be shaped to hold a number of drug units 1610 that are serially aligned. For
example, the channel 1608 may be a straight line as shown, or the channel 1608 may curve.
30  The channel 1610 may have a cross-section that is slightly larger than the drug tablets 1610
so that the drug tablets 1610 can fit completely within the channel 1608 in a serially
arrangement.

The cover portion 1606 may be removable so that the base and cover portions 1604,

1606 can be separated to load the channel 1608 with drug tablets 1610. The cover portion
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t hereof For exanple, the intravesical drug delivery device may be used in
the treatnment of kidney stones or fibrosis, erectile dysfunction, anong
ot her di swazeny/15t8930r ders, and conditions. In some enbo®CRAISLGL0/08(261
intravesical drug delivery device is deployed into the 20 bl adder of a
pati ent

f i | d del i ] i i
Bt o 1B ool SeculfE Il hF Pgion TOREsh U Famab REARal 1y 10
ot her sih®s B8R fhe BlAddEr608 SHEN 098, R Yx B PO YDA BRicR 606 Matinee o

system ¢ adm nistration, which may entail undesirable side effects or
resul t asspciatelivith eingmbeboiomuveaid thigi dan eygagk thieededrapgningsminghe beselyodiiorent , t he

intravesi.cal drug deliver evice is inplanted into bl adder 25to0 |ocally
ol | verttgireshi el BombRibob SR atpeislPLD e By ity hiiea 2lefiiPany
SOURCE,th§ UAR pdtich 1H09E BikerRonBhGaisiRrard Ms@poNsivdIri nary tissues, or pain
stemm ng from any bl adder procedure, such as surgery, catheterization,

abl ati on, neWhemthedeasq angl qorvpr postions 994, K06rosrsutnd togntiedrgiic shyraet 1608npval |
anong Q X I I ed into
the b1 anag bl S R PP ab SFEY 18PEBLIG LGP REPDE RERGRE, TRIEARER L1

ar i si ngxitriemt davyitcdQs digrfesnt of thethobder PoG. - DRPeatibi ahpanty BEIR0aapbed W th the
passage of .a npedjcal device into or through a ureter or aqther .

post - opstesiateewphpsose of pressusised gasrang he ¢rdt Hlddpet be asgocsed pathian iy

e di : I i nay (A i . iLyar to the
brtaigdeig,?) leﬁgqﬁlt??géc%?ﬁg@%éy gglg%n{t@%ﬁg%ssloycgg)‘lfggésg%g&?ér{g?nseltsg)gy iéegl i @g over an
ext endegs pewyitogel throughehechbonk1e08 to drocahe deigi teldety 1610 thirdughathoexit d6tdhe

urot hel ium of the WD 2010/ 151893PCT/ US201Q/.040251 .bl adder is provided from
the pr&ddht NSJdqriadd oje oF iny; QSBIMEAR iy foa el ¥ oyed into the bl adder

in a manner A & QAFRUES RIS il B8 dséE VIl pafticuldr dRBBHRRNAD MEBOLRE of
concentration that could be obtainéd for an extended period via

i nsti | lracdsonzedygas isv symge of hie agoglateidniith tk epepnl6 Bosiethe bdlder 1600i mstip bf at i on

and .wi t hout . si gni f.i cant stemc.c ntrations. Thereb a smal | Spayl oad
IR TS T R L PR S R S St A
devi ce ih@i th&/ElRnnéMB08Ndriviflg tHedRe@imie 1610 Fervwaed f DRdreRe e drsig elivdagr reduci ng

the size of the device to reduce bladder irritation and patient disconfort.
The |i disgemeayhplosdeddel i vered without regard to the pH of the urine. In

o X i o
N e

rel ati yehogmgthic ckarinel 60801 thiOholied 00 e cormanitapaywihthomyrypcnidapited f or
nore continuous rel ease. For examl e, the first Blayl oad méwbe in liquid

f ordth orth%ﬁvgﬁiéﬁﬁw%w-n% peazig 1618y beslocated pmredaarbof thediotdst 168knh as a
my bo CSIRa Farre Breeliy SR EL Iy PRIIRD e e dbWe: SRR nces an
i ni ti aldedekayn be planctldtouothetnonde hef®rla soeleeatiodgnensah oasr surgickiof dree t ube
havi ng naozélgllgi% Yseslhgpetdhtio %iée%l‘;e a\lngr{clti'on H{l uwslt’h drug delivery device, facilitating retention
of the device on the nozzle 1616. For example, the nozzle 1616 may be ridged, furrowed,
25  corrugated, or otherwise roughened. The nozzle 1616 may have a tip portion 1618 of
reduced cross-section, which is suited for guiding the nozzle 1616 into the entry opening of
the drug delivery device. The tip portion 1618 may terminate in the exit 1614, and the
channel 1608 may extend form the exit 1614 through the tip portion 1618 and remainder of
the nozzle 1616 to the base and cover portions 1604, 1606. When the source of pressurized
30  gasis operated, the drug tablets 1610 may be driven along the channel 1608 through the
nozzle 1616 and from the exit 1614 in the tip portion 1618 into the drug delivery device. For
simplicity, neither the drug delivery device nor the pressurized gas source are shown in the

figures.
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15t he met hod may continuously rel ease |lidocaine into the bladder during an
initial, acute phase and during a maintenance phase. Such a nethod may
conpensatwoforo/@Emni ti al i nduction tinme of the devi ce. PCT/US2010/0¢025T esent
i nvention may be further understood with reference to the foll ow ng
nonlim'tin Ies Exanpl e, 1: ffusi t hrou h e Vall of
a Drug ResergBpaaIments of ﬁoewﬁav%%%w%fiﬁ%ag%%é FRHAE 19 i bil i ty
of del 'déﬁ%x@%e@’{cb@witﬂ "dﬁ}ggtgblfeﬂeor‘@ﬁl& dﬁfg u?hlt‘é g sélﬁﬁf%h%o'ﬂecé’ds@tﬁjé &rﬁg'%! on.

Devi ces weré forned formsilicone tubes having an inner di aneter of about
0. 060 mubﬁ@glallambmwargdr ameurgof dfugOanBe finohes|atizely smallgrfgnatﬁ othictbout 3
cm The devices | oaded .wi t h sol d dru l.ets of for a
Cotal dugt B ordSate e g e b e RabBAtTHE Rl EE: P it per t ure

f or ged ihheamghtht PeylobdMarahl be HBIRy BREfR bl REI01d sdlcbtb@bRé & aof 150 gm
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and vvere oade evi ces were

t est ed beﬁzvéldntal‘lOwl-p?roﬁﬁtﬁﬁp@iultab)@(bﬂm%ﬁﬁ&rﬁhr(ﬁgh%a&@lo@h&ht peitibakd irdle homst r at ed
that it |s feasible to deliver drug via diffusion through a silicone wall

wi t houtofahe baskyr susphas thrpech e artlaray dder Ngh-rrefilg shapsisyit IGPHION iBger a
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devi ce t hroug avvaII of ad servoir and froman aperture in the
el 1 orcpeledhog Sialpbir st b TR S Popie SR cons f ubes havi ng
a | engtyly of @@%&pﬂmatfghgoﬂﬁ,\é@&@cemre I oaded with solid drug tablets of
| i docai ne base, for a total payload of about 60 ngy. Five devices had an

i nner di ametBre dsvicaloaytbednpediddiohdw dzsavignorduten, adlldan’eieeuemlb' 183y076

5i he The first devic d one a ture with of about 150
LIS eled sk e deut e Sy RO P g of i SR trR okl Snf 8P More Shout
360 | amisstidiat tmldeglo?ﬁﬁéhpﬁtem@d/otrm 16041 13RE bihdf @SutdibtabPReh thadeRodhanet er of
about 360 |lam the fourth device had sixty apertures that each had a

di anet eitcoflhakensc 38O beaantrelingd avsean pxtendcdepried Ragicafrrapedevieesiay hesi xt h
devi ce I r of about 0.062 inches, an outer dianeter of
0. 095 m'qﬁ pt)%dd(qje%ggetpt)girtures The devices were tested in vitro in

wat er at abdutonazﬁmlﬂe teagdevips Bfimpancdtty mhanethetdnad délivdgcdivive thasghaan be
rel eased froma, silicone tube. w éhout any Eertures and that the reI ease
ratd calPemeAtngEaBENt#)d stensHYF lAperYiet %gmtt fephoaeat dustrumentigfathe: st udy

of Par ty gl € ok 4Es ﬂnr\%l@ﬁ‘ Pw% g 31%8 i¥th3 bd ?Q%ﬂgsu%ﬂ Q4 ﬁl%rblécfd%fuhé"’as
performed’to determne ea5| Ity of increasi'ng the particle 15size of
| i docaideeichyshuosh |a06mdiﬂbmﬂ1ap$1)sdclaﬁﬁaanxp8ﬂldt@g]r thggheApipfileshapé,amchtweel ed di e
was us e({jevice emerges from the deployment instrument into the cavity. An example is illustrated in
FIG. 18, which shows the device 1800 assuming a retention shape as the device exits a
25  deployment instrument 1802. The deployment instrument 1802 may be any suitable lumen
device, such as a catheter, urethral catheter, or cystoscope. These terms are used
interchangeably herein, unless otherwise expressly indicated. The deployment instrument
1802 may be a commercially available device or a device specially adapted for the present
drug delivery devices.
30 Once implanted, the device may release the drug. The device may provide extended,
continuous, intermittent, or periodic release of a desired quantity of drug over a desired,

predetermined time period. In embodiments, the device can deliver the desired dose of drug

over an extended period, such as 12 hours, 24 hours, 5 days, 7 days, 10 days, 14 days, or 20,
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for the study. In one case, an attenpt was nmade to slug |Iidocai ne w thout
any added excipient. However, the |idocaine would not fill the die cavity,
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or in conjunction with another urological or other procedure or surgery, either before, during,

25  or after the other procedure. The device may release one or more drugs that are delivered to
local and/or regional tissues for therapy or prophylaxis, either peri-operatively, post-
operatively, or both.

In one embodiment, the implantable device, with a self-contained drug payload, is

deployed wholly within the bladder to provide local, sustained delivery of at least one drug

30 locally to the bladder in an effective amount. Following ir vivo deployment of the device, at
least a portion of the payload of drug is released from the device substantially continually

over an extended period, to the urothelium and possibly to nearby tissues, in an amount

effective to provide treatment or to improve bladder function in the patient. In a preferred
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granul ating agent, as particle size was not increased. However, |idocaine
Is amenable to fluid bed granulation with an aqueous solution of PVP. The
spray ratwoahiwisesPVP sol uti on shoul d be controll ed to easarseolpOOREr
granul ation, and the inlet tenperature should be controlled to prevent

melting qf the Ijidagcaine.. WO 2010/ 151893RPCT/ US2010/ 040251 Table 1. Results
of Li dcfeﬁmgn?i}tlﬁha BUES @Sléiﬁfj}”a'fz‘F Bhedesiairs e ?Eﬂiaéﬁ?dle@%lﬁtﬂdé’teflﬂﬁa Agent
Bat ch QiR asRiAYedRal @rdufeckl, TB{ATRUR! 2 RERMH! &r hbocai ne DI Water 600 g 10
g/mn Not recorded G anulation was too wet. Particle size was acceptabl e,

but aggl onerlatsidncaed theglpvegandyore wed tr resd infprsntidicy stitipgradiptipn [cpstis, spr ay
rate. Lpie \E %eilirrl,e ov%lrac%% %fadgeorosygdr%hl%, gl/a(rl]gierllr cgr?ce?j n%u%og%r%% bgadder, neuropathic or
5 non-neuropathic bladder-sphincter dysfunction, infection, post-surgical pain or other
diseases, disorders, and conditions treated with drugs delivered to the bladder. The device
may deliver drugs that improve bladder function, such as bladder capacity, compliance,
and/or frequency of uninhibited contractions, that reduce pain and discomfort in the bladder
or other nearby areas, or that have other effects, or combinations therecof. The bladder-

10 deployed device also may deliver a therapeutically effective amount of one or more drugs to
other genitourinary sites within the body, such as other locations within urological or
reproductive systems of the body, including one or both of the kidneys, the urethra, one or
both of the ureters, the penis, the testes, one or both of the seminal vesicles, one or both of the
vas deferens, one or both of the ¢jaculatory ducts, the prostate, the vagina, the uterus, one or

15  both of the ovaries, or one or both of the fallopian tubes, among others or combinations
thereof. For example, the intravesical drug delivery device may be used in the treatment of
kidney stones or fibrosis, erectile dysfunction, among other diseases, disorders, and
conditions.

In some embodiments, the intravesical drug delivery device is deployed into the

20  bladder of a patient for regional drug delivery to one or more nearby genitourinary sites. The
device may release drug locally to the bladder and regionally to other sites near the bladder.
Such delivery may provide an alternative to systemic administration, which may entail
undesirable side effects or result in insufficient bioavailability of the drug.

In one embodiment, the intravesical drug delivery device is implanted into a bladder

25  to locally deliver a local anesthetic agent for management of pain arising from any source,
such as a disease or disorder in genitourinary tissues, or pain stemming from any bladder
procedure, such as surgery, catheterization, ablation, medical device implantation, or stone or
foreign object removal, among others. For example, a local anesthetic agent can be released
into the bladder for regional delivery to nearby sites to manage nearby pain arising from any

30  source, such as post-operative pain associated with the passage of a medical device into or
through a ureter or other post-operative pain in sites apart from the bladder.

In one particular embodiment, a device having a payload of lidocaine may be
delivered to the bladder, and lidocaine may be continuously released from the device over an

extended period. In one embodiment, local delivery of lidocaine to the urothelium of the
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Batch too small; no inprovenent in particle size, flow, or handling;

bl ocki ng overni ght. Conposition was noi sture sensitive. Aggloneration and
cl oggi ng wo=nloesas93Try | arger batch size, |onger run timeT/ustdooaizae Di
Water 1000 g 4.5-6.5 g/mn 54.5 min / 300g No inprovenent in particle size,

Li docaiteNEmmmmte o B eouu gl b HoAGh AL Ry RBDUOCBEd BarDF cl o
Fermper AL B B e o e
i nl et ttbawouldi htarbedines! f0096 PMPNdadinetivd mialiogllaion, yt §itbof/the highnifihpeak 300g
observed with instillation and without significant systemic concentrations. Thereby, a small
5  payload may be implanted, reducing the risk of systemic effects in the event of device failure.
Implanting lidocaine in solid form permits further reducing the size of the device to reduce
bladder irritation and patient discomfort. The lidocaine may be delivered without regard to
the pH of the urine. In one embodiment, the device may have two payloads of lidocaine that
are released at different times. The first payload may be adapted for relatively quick release,
10 while the second payload may be adapted for more continuous release. For example, the first
payload may be in liquid form or may be housed in a relatively fast-acting osmotic pump,
such as a silicone tube having a relatively thinner wall, while the second payload may be
solid form or may be housed in an osmotic pump that experiences an initial delay or
induction time before releasing, such as a silicone tube having a relatively thicker wall. Thus,
15  the method may continuously release lidocaine into the bladder during an initial, acute phase
and during a maintenance phase. Such a method may compensate for an initial induction
time of the device.

The present invention may be further understood with reference to the following non-

limiting examples.

20  Example 1: Diffusion of Drug through the Wall of a Drug Reservoir
A study was performed to determine the feasibility of delivering drug through the
wall of a drug reservoir via diffusion. Devices were formed form silicone tubes having an
inner diameter of about 0.060 inches, an outer diameter of 0.076 inches, and a length of about
3 cm. The devices were loaded with solid drug tablets of lidocaine, for a total payload of
25  about 60 mg. Some of the devices included an aperture formed through the tube wall, the
aperture having a diameter of 150 um. These devices were loaded with solid tablets of either
lidocaine hydrochloride monohydrate or a combination of lidocaine hydrochloride
monohydrate and lidocaine base. Other devices did not include an aperture and were loaded
with solid drug tablets of lidocaine base. The devices were tested in vitro in water at about
30  37°C. Release profile data demonstrated that it is feasible to deliver drug via diffusion
through a silicone wall without an aperture. The release rate was relatively zero-order over a
period of about four days, tapering off thereafter, with the release rate varying based on the
device.
Another study was performed to investigate the feasibility of delivering drug from a
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Good particle size, flow, and Handling: no re-aggloneration Lidocaine 10%
HPC sol ution 1000 g 4.5-6.5 g/mn 51 mn / 275g Good particle size, flow,

and Handlwogpiomisi189e- aggl onerati on Exanple 5: Study of PCTASRo1ComESESSi ONn
of Lidocaine Tablets A study was perforrred to determine the feasibility of

formng, a. lidoc e tablet by 5directio ression. of a powder or powder
bl end Aosice S uE B b ehfgste srveri e fegy aRFé“i“FFgméL?(WP@&ﬁqﬂdW%bl et
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in the study. One conposition consisted of only Iidocai ne HCL H20 (obtain
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process to formthe tablets. The results of the study i'ndi cat e t hat

| i docaidswice dbd 6v¢ rrrivigs thet chelthad ¢ diemgtoppf abiit A0 am, fheabird doviee baki pient to
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Results of Lidocaine Direct Comression Stud No. % by Wi ght Lidocaine
sixth device had an inner diameter of about 0.062 inches, an outer diameter of 0.095 inches,
10 and no apertures. The devices were tested in vitro in water at about 37°C. Release profile
data showed that lidocaine base can be released from a silicone tube without any apertures

and that the release rate can be increased by adding apertures to the device.

Example 2: Study of Particle Size Increase of Lidocaine via Slugging
Another study was performed to determine the feasibility of increasing the particle
15  size of lidocaine hydrochloride monohydrate by slugging. A 7/16” flat beveled die was used
for the study. In one case, an attempt was made to slug lidocaine without any added
excipient. However, the lidocaine would not fill the die cavity, even after a force feeder was
employed. A composition was then formed by blending lidocaine and PVP. The
composition included of 97.1% lidocaine and 2.9% PVP by weight. The composition was
20  subjected to a slugging process, which generated granules with an average particle size of
about 424 micron. However, a high percentage of the composition was wasted upon sieving.
Particularly, when the granules were sieved with a #30 mesh screen, about 52% of the
granules passed through the sieve, about 30% of the granules remained above the sieve, and
the remainder of the granules were lost to mill waste. This approach is less favored due to
25  the high scrap rate associated with the slugging process, the poor particle size distribution of
the slugged composition, difficultly in packing the slugged composition to achieve a suitable

packing density for tableting, and issues during tableting such as sticking.

Example 3: Study of Particle Size Increase of Lidocaine via Roller Compaction
Yet another study was performed to determine the feasibility of increasing the particle
30  size of lidocaine hydrochloride monohydrate by roller compaction. In one case, lidocaine
without any added excipient was processed by roller compaction, which generated granules
with an average particle size of about 666 micron. When the granules were sieved with a #40
mesh screen, about 28% of the granules passed through the sieve and about 72% of the

granules remained above the sieve. A composition was then formed by blending lidocaine
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Ej ection force exceeded conpression force. 2 95% Li docai ne 5% Sodi um
Benzoat e WO2B10/13189%0ne resi due on die. Some sticking 3 #b¥WUS2aoma28e 5%
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force. and PVP. The composition included 97.1% lidocaine and 2.9% PVP by weight. The
composition was subjected to roller compaction, which generated granules with an average
particle size of about 776 micron. When the granules were sieved with a #40 mesh screen,
about 25% of the granules passed through the sieve and about 75% of the granules remained
5  above the sieve. The granules were more robust and included fewer fines than the granules
produced through roller compaction alone. However, the process was inefficient since the

granules were subjected to fluid bed granulation in advance of the roller compaction process.

Example 4: Study of Particle Size Increase of Lidocaine via Fluid Bed Granulation
A study was performed to determine the feasibility of increasing the particle size of
10 lidocaine via fluid bed granulation. In each instance, lidocaine hydrochloride monohydrate
was granulated in a fluid bed granulator in the presence of a granulating agent, either water or
an aqueous solution of 10% PVP. The batch size of the lidocaine and the spray rate for the
granulating agent were recorded, along with the run time and the amount of granulated
material generated. The results of the study are provided below in Table 1. The results
15  generally indicate that lidocaine is not amenable to fluid bed granulation with water as the
granulating agent, as particle size was not increased. However, lidocaine is amenable to fluid
bed granulation with an aqueous solution of PVP. The spray rate of the PVP solution should
be controlled to ensure proper granulation, and the inlet temperature should be controlled to

prevent melting of the lidocaine.
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Table 1. Results of Lidocaine Fluid Bed Granulation Study

Batch Size
Active Ingredient Spray Rate
Granulating Agent | Run Time/Amount | Regult
Granulation was too wet. Particle size was
600 g acceptable, but agglomeration and aggregation
Lidocaine 10 g/min occurred upon sitting.
DI Water Not recorded Try lower spray rate.
Batch too small; no improvement in particle size,
flow, or handling; blocking overnight. Composition
600 g was moisture sensitive. Agglomeration and
Lidocaine 4-6 g/min clogging resulted.
DI Water 25min/ 120 g Try larger batch size, longer run time.
1000 g No improvement in particle size, flow, or handling;
Lidocaine 4.5-6.5 g/min blocking overnight.
DI Water 54.5 min / 300g Try another granulating agent.
Good particle size, flow, and handling. Clogging
1000 g on inlet screen due to high inlet temperature above
Lidocaine 4-8 g/min melting point of drug
10% PVP solution | 46 min / 300g Try different spray rate, lower inlet temp.
1000 g
Lidocaine ‘ 4.5-6.5 g/min Good particle size, flow, and
10% PVP solution | 50 min/ 300g Handling: no re-agglomeration
1000 g
Lidocaine 4.5-6.5 g/min Good particle size, flow, and

10% HPC solution

51 min / 275g

Handling; no re-agglomeration

Example S: Study of Direct Compression of Lidocaine Tablets

A study was performed to determine the feasibility of forming a lidocaine tablet by

direction compression of a powder or powder blend. Various tablet compositions were tested
using a Korsch XL tablet press. A laboratory scale conical mill and a V-blender were also
employed in the study. One composition consisted of only lidocaine HCI H,O (obtain from
Spectrum Chemical). Other compositions included a relatively high weight percentage of
lidocaine and a relatively low weight percentage of one of several different excipients. Table
2 describes the various tablet compositions, tablet size, and the results of the direct
compression process to form the tablets. The results of the study indicate that lidocaine
tableting may be facilitated by adding at least some excipient to the tableted composition,
such as to reduce the ejection forces, to improve the flowability of the composition, and to

reduce residue and sticking within the tableting apparatus.
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2 | 95% Lidocaine | 5% Sodium Benzoate | 0.25 in. | Some sticking.
Some residue on die.
Some sticking.
3 | 95% Lidocaine 5% Sodium Acetate | 0.25 in. | Higher ejection force.
Some residue on table.
4 | 94.7% Lidocaine | 5.3% Leucine 0.25 in. | Lower ¢jection force.
No residue on table.
5 1 92% Lidocaine 8% PEG 8000 0.25 in. | Higher ejection force.
Poor flow upon holding
6 | 95% Lidocaine | 5% Poloxamer 407 0.25 in. | after blending.
Poor flow upon holding
7 | 95% Lidocaine 5% Poloxamer 188 0.25 in. | after blending.

Example 6: Tableting Lidocaine and Various Excipients

excipients. In each instance, a composition having lidocaine hydrochloride monohydrate,

5  povidone, and PEG 8000 in various amounts was processed into [mini-] tablets on a tablet

A study was performed to determine the feasibility of tableting lidocaine with various

machine. The results of the study are provided below in Table 3.
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Lidocaine (92.23%)
Povidone (2.77%) No sticking.
2 | Leucine (5.00%) Ejection forces were higher than compression forces.
Lidocaine (95.15%) Ran for 15 minutes. No sticking.
Povidone (2.85%) Some instability in compression forces due to
3 | PEG 8000 (2.00%) insufficient lubrication.
Lidocaine (89.34%)
Povidone (2.66%) Ran for 60 minutes without problems.
4 | PEG 8000 (8.00%) Preferred formula.
Lidocaine (93.20%) Ran for five minutes. No sticking.
Povidone (2.80%) Some instability in compression forces due to
5 | PEG 8000 (4.00%) insufficient lubrication.
Lidocaine (91.26%) Ran for 15 minutes. No sticking.
Povidone (2.746%) Some instability in compression forces due to
6 | PEG 8000 (6.00%) insufficient lubrication

Example 7: Tableting Various Drugs without Excipients

Mini-tablets were made from various different drugs. In a first test, mini-tablets were

made from lidocaine (base). In a second test, mini-tablets were made from bupivacaine

5 hydrochloride monohydrate. In a third test, mini-tablets were made from mepivacaine

hydrochloride. In a fourth test, mini-tablets were made from oxybutynin hydrochloride. In a

fifth test, mini-tablets were made from oxybutynin base. Each tableting test produced mini-

tablets successfully. The mini-tablets had a diameter of about 1.5 mm and a length of about 2

mm. No excipients were added to any of the tableted compositions.

10

Publications cited herein and the materials for which they are cited are specifically

incorporated by reference. Modifications and variations of the methods and devices

described herein will be obvious to those skilled in the art from the foregoing detailed

description. Such modifications and variations are intended to come within the scope of the

appended claims.

60



5 hydrochl ori de nonohydrate. In a third test, mni-tablets were made from
nmepi vacai ne hydrochloride. In a fourth test, mni-tablets were nade from
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10Publ i cations cited herein and the materials for which they are cited are
speci filal | yA dpectobgeatdssicsgomprisingnce. Nbdlflcatlons and variations of the

The ‘art from t he 107 Loa0Hy “WRPHrPea ciktrats SRR Buchor Raliineel, "

variations are inigodéd dsﬂxondmbnvprééaemdlﬁﬂgeatﬂet@pesménddhﬁ tmnegld@drv@iral s.
WO 2010/ 151893PCT/ US2010/ 040251 W claim 1. A drug delivery device
conpri si ng: UMel Wdyi ce body conprising a drug reservoir |umen and a

retention fram |uiRfiiof rRiBlilibiedth Olkdhiok AIRARRER drug tabl ets
positioned in the rug reser&bl unen a retention frame positioned in

the retention frane lunen. 2. The drug delivery device of claim1, further
conpri s3.ng &rhd diig deliviceeddvicam@tldiet MEatheaaoympritingdh atedticcdotged Bhlvets, t he
interstice faC|I|tat|n def ormati on of the device hody. 3. The drug

del i very deA¥éverdiere] ﬁirlagtahlﬁer@ﬁﬁntﬁﬁécefaaglt%%l(@tfw&}%f)f e dle}’lﬁ%cal ne
hydrochlorlq% Zn tablet form 4. The drug delivery device of claiml,
wherein the drug tablets conprise |idocaine base in tablet form 5. The
drug delivery device of any one of clains 1 to 4, wherein the drug tablets
are m rg.- t abfetdugti¢lpredddvicd dfeldinug wiessn weidrug tibkms copritbéiddedige del i very
device of claiml, wherein the device body conprises: a drug reservoir tube
that defi nedwdpeh BFE§1?8@5¥@HP¥ | umen; and a retention frane tube that
defines the retentlon frame | unen, the retention frame tube longitudinally
al i gne and r e deV|ce
of cl a:j4m 6, er e§ ﬂeIE @; %196 O&(e%é%&l\sllgﬁ% % @ {h%bG@% {aﬁleﬂr%eotng rtélg(l)lﬂgéarl%err%%

are fornmed tiogdidornby an extru5|on process or a nol ding process. 8. The
drug delivery device of claim7, wherein the two tubes conprise a water
permeabl e silicone. 9. The drug delivery device of any one of clains 1 to

8, wher®i n tHe deyfeecpodgyi y 9ae ohelammyel tout avhicreif thei dug tabtatiareat i on
with the d“{ﬂmg‘?a%fété’éﬁ el WIBR- ﬁ%é’reseTxb&rﬂ[&{ delivery device of claim 1,

wherein the retention franme co I'ses an elastic wre.

6. The drug delivery device of claim 1, wherein the device body comprises:
a drug reservoir tube that defines the drug reservoir lumen; and
a retention frame tube that defines the retention frame lumen, the retention

frame tube longitudinally aligned and coupled to the drug reservoir tube.

7. The drug delivery device of claim 6, wherein the drug reservoir tube and the retention

frame tube are formed together by an extrusion process or a molding process.

8. The drug delivery device of claim 7, wherein the two tubes comprise a water

permeable silicone.

9. The drug delivery device of any one of claims 1 to 8, wherein the device body

comprises an aperture in fluid communication with the drug reservoir lumen.

10.  The drug delivery device of claim 1, wherein the retention frame comprises an elastic

wire.
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WO 2010/ 151893PCT/ US2010/ 040251 11. The drug delivery device of any one of
clains 1 to 10, wherein the retention frane is configured to spontaneously
assunme a woebwels1898ke shape. 12. A nethod for | oadi ng aPdras2aelosocsr y

devi ce, the nethod conprising: positioning one or nore solid drug units

upstre of the dryg.delivery device; .and drivjng the drug units into the
drug dar verf}lecﬁé% Ay fievaF Gy ope BF@_@%& b2 ,_g%lrelq c r%ﬁ’é“‘??eg%ﬂlsof
claim 12, Wh%hﬁ?&p&ﬂ?s HAcHRY ¥RiMe dPYites-1KQRRLISes an el astic tube. 14.
The nethod of clfaim 12, wherei’n positioning one or nore drug units upstream

of the drug delivery device further conprises orienting the drug units to
enter tlRe drAignetleld foelopdagwi dreg ddiberylieiceetirankthdéd odraprimidg?, wher ei n
positioning one or nore drug units upstream of the drug, delivery device
Further compr i sedOsITOBERRe OR B sy iie gmitwpétr?%oga]em9@%%#%% ry
into the druggdelivery device. 16. The nethod of claim 12, wherein driving
the drug units into the drug delivery device with a flow of pressurized gas
conpri ses direct idiyizg thodiug wats pnte skadrag gabvdry devitowithd finw enpressuofed he
drug delivery device. 17. The nmethod of claim 12, wherein driving the drug
units into t é‘drug delivery device with a flow of pressurized gas

conpri ses depressing a syringe filled with air. 18. The nethod of claim 12,

wher ei n3dri Vigndihsd f USint M, tehekdth ehd dieg HEMErHIgEVIVES M ARYE S cMtfchube.f | oW Of
pressuri zed gas conprises operating a vacuum-associated with an exit of the
drug delivery device. 19. The nethod of claim 12, wherein driving the drug
units ildt o tHe methgd dedlametl, weviio posifidiing ofi¢ ommofe drogssity usedargas thieur t her

conprises bl pcki at .| eas ne orifice.of. the drug delivery device to
 mpede the fITERATIoRY ASdGh oBE WRPTRPYHRLBE VS BT PRGN THE of cl ai m
12, further LauRYiRLRE stopping the drug units fromexiting the drug
delivery device. "WD 2010/ 151893PCT/ US2010/ 040251 21. The nethod of cl aim

12, further conprising permtting the flow of pressurized gas to travel
about odlft er Prermghed ofdaiof 12, véhedeingositionisg o2Qor Mbee dreg hoits wfstredraiofitht?2,

further conpyi si filteri the flow qf pressyrized gas before the gas
enters the drigUeBRm APgeciihe ompriEr s TR ArE s 41 4 5037 et ba of
claim12, fqhﬁ?%ﬁoq&g@ﬁf%EHQK§H£§@5ing the flow of pressurized gas after
the gas exits the drug delivery device to renove at | east a portion of any

drug particles and/or excipient particles entrained in the pressurized gas.
16.  The method of claim 12, wherein driving the drug units into the drug delivery device

with a flow of pressurized gas comprises directing a positive pressure gas flow toward

an entry of the drug delivery device.

17.  The method of claim 12, wherein driving the drug units into the drug delivery device

with a flow of pressurized gas comprises depressing a syringe filled with air.

18.  The method of claim 12, wherein driving the drug units into the drug delivery device
with a flow of pressurized gas comprises operating a vacuum associated with an exit

of the drug delivery device.

19.  The method of claim 12, wherein driving the drug units into the drug delivery device
with a flow of pressurized gas further comprises blocking at least one orifice of the

drug delivery device to impede the flow of pressurized gas from escaping.

20.  The method of claim 12, further comprising stopping the drug units from exiting the

drug delivery device.

62



24. A systemfor |loading a drug delivery device, conprising: an entry
channel in comunication with the drug delivery device, the entry channel

conpri si Nyoaotriigsoent ry openi ng; a drug unit sour ®@eTius2€0/M2Ai cat i on
with the entry channel via the drug entry opening; and a pressurized

gas souysce iy co icatio ith the entry channe|l froma | ocation upstream
of the drug %m%%cﬁ%ﬁﬁwg} ?%n}?‘wléqrﬁom@ﬂag @ggﬁrtinzgethe gay S prsewised gpt abl e
to direct a el PrESiHphéed F% &ALeHah the entry channel. 25. The
system of claim 24, further conprising: a drug unit source val ve

operable to selectively permt or prevent drug units from passing through
t he dr 2. entThe rogthod ofyglaim 12, fudhqorcespuising édtegas thediovw ef pratsvezapgrsabl e to
selectivelylgﬁ{nit or rev%r fl ow of pressurized gas from passing

nt t@g.
t hrough t he BSHIF {hecss sRisrs thg depe deliverydeyish o gmaye cop@rENE t o control the

drug unit source valve and the pressurized gas source val ve.
23.  The method of claim 12, further comprising filtering the flow of pressurized gas after

the gas exits the drug delivery device to remove at least a portion of any drug particles

and/or excipient particles entrained in the pressurized gas.

24. A system for loading a drug delivery device, comprising:
an entry channel in communication with the drug delivery device, the entry
channel comprising a drug entry opening;
a drug unit source in communication with the entry channel via the drug entry
opening; and
a pressurized gas source in communication with the entry channel from a
location upstream of the drug entry opening, wherein the pressurized gas source is

operable to direct a flow of pressurized gas through the entry channel.

25. The system of claim 24, further comprising:
a drug unit source valve operable to selectively permit or prevent drug units
from passing through the drug entry opening;
a pressurized gas source valve operable to selectively permit or prevent the
flow of pressurized gas from passing through the entry channel; and
a controller operable to control the drug unit source valve and the pressurized

gas source valve.
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