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An exanpl e user device rporation, sclosed in
U S Pdilﬁhites via instillation, but the frequent instillations required for sustained rehef entall

20  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
post-operative pain, could benefit from drug delivery devices for implantation in the bladder,

25  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
more deficiencies. Some such known devices are loaded with a drug solution, which are

30  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

solutions of, for example, oxybutynin for the treatment of overactive bladder or mitomycin C
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thereof In one case, the drug tablet is in the forntof a solid tabl et
which is greater than 50% by wei ghoWHBYocal anesthetic agent. The |oca
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In a particular embodiment, the drug tablet includes a local anesthetic agent. For
example, the local anesthetic agent may be selected from the group consisting of
aminoamides, aminoesters, and combinations thereof. In one case, the drug tablet is in the
25  form of a solid tablet which is greater than 50% by weight the local anesthetic agent. The
local anesthetic agent may be selected from the group consisting of lidocaine, prilocaine,
mepivacaine, bupivacaine, articaine, ropivacaine, and combinations thereof. The drug tablet
may be between 70 wt% and 99 wt% the local anesthetic agent. The drug tablet may be
made by granulating the local anesthetic agent into granules and then compressing the
30  granules into the solid tablet form.
The solid tablet may further include one or more excipients, such as a water soluble
excipient. The excipient may include a binder. The binder may be selected from the group
consisting of polyvinylpyrrolidone, poly(ethylene glycol), poly(ethylene oxide), poloxamers,

and combinations thereof. For example, the binder may include polyvinylpyrrolidone. The

2



The solid tablet may further include one or nore excipients, such as a

wat er sol ubl e excipient. The excipient may include a binder. The bi nder nmay
be sel ectwo 2broonfigdhe group consi sting of pol yvi nyl pyrr olPCaarse10/04025s

pol y(et hyl ene glycol), poly(ethylene oxide), poloxaners, and conbi nations

t hereof. For exanple, t .bi nd . 1 ncl ude | yvinyl qyrrolidone,.
TheexciBF @I ity ToIE WO 1 A corp s G o R oS BEREE 1  om
the gr Qe s kst 9aiRf1 duBbel HRrose QRkR, ILBHE Yéid Sidfidh foctfHGHADE Sbaar at e,
boric acid, sodium acetate, sodium ol eate, sodium stearyl funarate,

pol y( etshgivengiealyivolayate. oty (etbiishe alyiconsandrrembofatiomotherspanpdresxampks, thebr i cant

may i nglude PEG 8000 nbodi nent s he sol.i,d.tabl et. may i nclude a
"obr caHb GG ErRis PEG RO BTRRE R Ry sl R A et v on
aboyt GubriwhPabiaB@UIF o8 cRani10tBé hibhigaR @hdydintiabé Bétweanshdul . shitwsledd may

i ncl ude between about 1wt % and about 5 wt% of the solid tablet. In sone

enbodi ribALES.S P ofiihe salidrieblamgnd thelbingisr PR IBHOE kehdcanbopi hoér apdpbewcl ude

| yvi [ h : [ t | ubl
G pi opt OV of HeHAg Bl b A A o M 1ol ERPGyORRRE O ™ ©
enbodi eabimdeit ey theligle pabivatylpyaolidosd. ude from about 3 ng to about 40 ng of

a |lidocai ne hase. In other enbodinents, the dru? tapbl et may include_ from
about 3 ny t0cabbetabled My iBFlude QRst M WA sokificexgiqnty HdushaEe IOM Anot her
aspect ,wdhtd 4 el i: I : drug

B et & B o L L R R RS0, LRI R

t abl et sabothemgey nbaut Aymbef slidedinarbdses Hapeitr fobodiniantsy 8ei drag tabkes eratyi on. The

devi ce . further include a retention frame operaply connected to the
nous: ndnclte Bt Sersb e dbdn 4B rEhik Heigb eue S hRsERRg oy be s ved,
shaped, and 1ﬁ<aﬁ§ﬁlelugsb@ﬁ, élpihhﬂwﬁtmﬁaﬁiﬁg@ng%gwcb mdeg%n@%bf&frm i ncl ude

at least one orifice through which tl rug fromthe dosage form ich
becomegalyels ahd kibrsdmpatible ioysing conddipmg dlk oy wgnerrideugplabstsurldic ddvice axiyon, or

moi ol h f.. . dev, . f 10 f he.
B Rl Yl OIS o SR Bor Y R Gl Dt BB PR b B i, 4

ret ent i fedind 0% P PEHRBICY t6 RMBALIAE I0sonttecriiddimBgs of Suchtaldevican@t her aspect,
a method is provided for naking a solid drug tablet. The nmethod may incl ude

(i) corfsupinggay bersirgdi Mraped ené constracted fon ipfravesisel ingeatien. ohe hpasieg s ubl e
exci pi f Lt 1 00;: 1) r ' ption to
For m o Depd e OLIbR: GRTRARIALELhHML oGO IR ERA R EnERTBATA 27 1

i ncl udeslubilived &5 s@d, ipadltdsedibabasotid prassirey diffusiva, coapsrebiastibrhetebf ul'lat es
being ipn the formaqf a mnj-tablet which is greater than 70% by wei ght the
drd§, wicvisermy 1P Sieakl (g 1§ ofihq mipdrtabise a@&l&dw&%ﬁhwﬁwge 8dFHENT®Y of t he

further include a retention frame operably connected to the housing.

In still another aspect, a method is provided for making a solid drug tablet. The
method may include (i) combining a drug in particulate form with at least one water soluble
excipient to form a composition; and (ii) compressing the composition to form a solid drug

25  tablet.

In particular embodiments, a drug dosage form includes compressed particulates of a
drug, the compressed particulates being in the form of a mini-tablet which is greater than
70% by weight the drug, with the balance being at least one excipient. In embodiments of the
drug dosage form, the drug and the at least one excipient are water soluble. The drug dosage

30  form may be from 85 wt% to 95 wt% the drug. The mini-tablets may each be substantially

cylindrical with flat end faces.

Brief Description of the Drawings

FIG. 1 is a plan view of an embodiment of a drug delivery device.
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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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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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opportunity for infection and side effects, increasing the amount of drug delivered locally or
regionally to the bladder, and improving the quality of life of the patient during the treatment

Proccess.

I. The Implantable Drug Delivery Device
25 The drug delivery device generally includes two primary parts or portions: the drug
reservoir portion and the retention 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
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The drug delivery device generally includes two primary parts or portions:
the drug reservoir portion and the retention frame portion. The drug
reservoi rwpantosmaray hold the drug to be delivered int @CriisS2mody025and t he
retention frame portion rray facilitate retaining the device in the body.
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oyt oscoEdTat IR e o e Rat i 5aSr el oS aHa- 5T ¢ ho
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natural |y assunes the rel atively expanded shape, in which case the device
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initi alshaﬁeeﬂoatdtmioynﬁ ?d shape for retention in the body. In
particular, the retention frane portion may include a retention frame that
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as Lo lh&hddyP I THY @Y RRImay 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
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wall in other embodiments. Further, the two walls 322, 324 are attached along the entire

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



wal | in other enbodi ments. Further, the two walls 322, 324 are attached
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Once the drug units 312 are loaded, interstices 316 or breaks may be formed between
adjacent drug units 312. The interstices or breaks 316 may serve as reliefs that accommodate
deformation or movement of the device 300, while permitting the individual drug units 312 to

25  retain their solid form during storage and deployment. Thus, the drug delivery device 300
may be relatively flexible or deformable despite being loaded with a solid drug, as each drug
unit 312 may be permitted to move with reference to adjacent drug units 312. Along the
length of the device drug reservoir lumen 308, the drug units 312 may have the same
composition or may vary in composition, and in some cases drug units 312 of different

30  compositions may be in distinct reservoirs that are segregated, either axially or radially, along
the length of the drug reservoir lumen 308.

The 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



may be a nunber of end plugs 320 inserted into the end portions of the drug
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| ns2 t es all)er(]ittg fi (t r}gugghp; ha?r?o%!/ ltu%u{egtpgtlheovf%ddeployment instrument, such as a catheter or
cystoscope. Typically, a cystoscope for an adult human has an outer diameter of about 5 mm
and a working channel having a diameter of about 2.4 mm. Thus, the device may be
relatively 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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from the bladder through the urethra cystoscopically. Thus, the device may
be sized and shaped to fit through a narrow tubul ar path of a depl oynent
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selected depending upon a variety of factors including the specific site of deployment or
implantation, the route of implantation, the drug and dosage regimen, and the therapeutic
application of the device. The design of the device may minimize the patient’s pain and

25  discomfort, while locally delivering a therapeutically effective dose of the drug to a tissue site
in a patient, such as the urothelial tissue.

The implantable drug delivery device can 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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t he relrem‘eabd)sf artcheondresigybalslend agtriatwoficongtomrtipo bteddhoan théasdrt.i n part by t he

degradati on or. r sion characteristicgs.of the resor evi ¢e ody

N Dernat i vell§ e RSB EEe T G R0 5 e Sy e S B

parti a'de)&lc@Q@mﬁﬁﬁ%tﬁé@ya@saﬂﬂkcﬁ&{ﬁ%e@éﬁé% A&eSs 1rh§l§nt@§vhp%nﬁescafs&r ﬁ'féd from

materials suited for urol ogi cal applications, such as nedi cal grade

si | i corfisyicnanayrbel strtlizes aft@rTREdcd RTSBackRE@h, SuFGS; bystubjarting thestaekdge toii t i nol |
|on non. f tal alloy), polypropylene, polyethylene,

poﬁycar%1 Hat léra 61Py8§?%7fen%y¥'§ﬁ £%r conbi nations thereof. Foll ow ng rel ease

of the drug T}Qrmmlga(ds@ﬂ01ruabﬁldjleV| ce and/or the retention frame may be

renoved substanti al lé intact or in multiple pieces. In one particular
embodi ment , Ipwac gebpdiecns thdrug apscyroirawstione the deviehmeludpsaridongaied upon
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pr ef erred enbo}d?é% the drug delivery device is sterilized, such as after
t héOdevn ddom othghibrrathed/ assenbl ed and before the device is inmplanted. In
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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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gamma irradiation or ethylene oxide gas. The Drug Reservoir Portion In one
enbodi nent, the drug reservoir portion of the device includes an el ongated
t ube. An wot2erwisisdef t he tube nay define one or nore dr RETASSEOWPI2SS, and a
drug fornulation may be housed in the drug reservoir(s) I n anot her

enmbodi nent drug reservoi.r tion.is rm ot her .th a tube. The
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such as by redu0|ﬁg the osnotic surface area o uci ng
di f f usinumbeh amhgllac&th bﬁt]ne apeitires; Rod tigi drpg ifmrhmj/a,tlonhiesseluean pmfde ao®aRi ngs

814 t. sh dit h in FIGS. 1-4.
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material, such as a silicone, or tube may have a porous structure, or both.
Fol | ovmdvgcrtbvélfalmxampmn Thetercsos. IﬁirarmeS@eﬁﬁréldt)éQST At OLRYA) .t hesomesl | of t he

tu enters t erv nd is,inbi bed by the dr fornul ation,
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t hr oughexhitgt apfreeu@ti HEH-Leradeddr WElESse rate ] iV &vhily ca36 mz:tdveramlrcﬁa% e €ast prdfhe
reservoir. The deIiveré!rate and overal | performance of the osnotic punp is

af f ect eBable dogmuecdilar Radritpleerasordsr edeashete i the éotalmazlosd. Represamsdivet he

per maabéxh g}/es 8§%&£&C@J megn %iésgg?t n%t lugt!l ﬂﬁ%&dsetle%tlhg%ﬂeélt%rﬁlﬁhgba?e déSP lfé?tﬂ‘ﬁpe

si ze, Fures for mu i on

dlssoluﬂSohmamdﬁmhanmanﬁn@OOQ@@#%Bactors The delivery rate can be

predlcted frontthe physi cochem cal paraneters deflnlgﬁﬁ%hﬁl artlcu ar drug
¢

delvery sydf@maliguedrusmbrdinetiethe dexisamay Pt Fseent sion of

drug from the tube through (i) one or more discrete apertures formed in the wall of the tube or
(i1) through the wall of the tube itself, which may be permeable to the drug or may have a
number of pores machined or otherwise formed therethrough for permitting passage of the
drug, or (iii) a combination thereof. In embodiments in which diffusion occurs through the
25  wall, the aperture(s) may not be included. An example is provided below in Example 1. In
still other embodiments, the device may operate by a combination of osmosis and diffusion.
The drug reservoir portion may be formed from an elastomeric material, which may
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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descri bed for exanple in Theeuwes, J. Pharm Sci., 64(12): 1987-91 (1975).
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I'S Too t
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nonr esor na
are selected from poly(lactic acids), poly(glycolic acids), poly(lactic-co-glycolic acids),

’U

poly(caprolactones), and mixtures thereof. Other curable bioresorbable elastomers include
poly(caprolactone) (PC) derivatives, amino alcohol-based poly(ester amides) (PEA) and poly
25  (octane-diol citrate) (POC). PC-based polymers may require additional cross-linking agents
such as lysine diisocyanate or 2,2-bis(e-caprolacton-4-yl)propane to obtain elastomeric
properties.
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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tri anglgay Q@K@ggqmﬂﬁﬂqwqm&gbS@ghﬂggﬁgl cross-sectional shapes can be used,
anong others The ends of the tube may be sealed to limt escape of the

drug, such ds sqintlgmpogeednis,thestibaimpy haveonu Smm C ﬁlS/Oll‘Tfh@ al i ng
d modi b h lopheene hﬁa be

structu hayv ny. .shape. suite e.end uch as
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bal | - shaped sealing structures 116 and FIG 3 i Iustratlngamyllndrlcally

shaped oSkt iingrhithy Gace thegrt3mo StupfuEoNey BatsodRTESH ETOSS-BaFE0R tuber uct ur e

the tobee oiieh Rk R Oph g ARGt M R Bhl AR Rl ulﬁdéb&a?%%?ﬁlget the

t ube anglinéticil piugB08lod FIGa8Anbatslasucthy mebe andpha@qasteakhseev@am Iﬁaﬂlﬁons hown in

FI 8A. The sealing structure may be fornmed fro terial,
udi Y RO SGRICEHE Y ASSSSEAIH P%%%O@fieaéwcelg %8@%@1 eélgmr@dh% a
Cer am GybS aPpRMdrtiorlha FHO BSE-YErou@BPESNiS sSnéH-resorbable or resorbable and may

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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drug. Fc9§rpeﬁ§<i c¢&dru Qﬁcl%ktsﬁ& 08hodi€!@REEoRbr b WOMEREES tHrddtfahRIng Weher.

reservolrs can be s%aged
The apertures may be spaced along the tube to provide a passageway for release of the drug

formulation. The apertures or orifices may be positioned through a sidewall or an end of the
tube. The apertures may be in fluid communication with one or more reservoirs.

25  Embodiments of apertures are shown on the drug reservoir portions in FIGS. 1, 3, and 8 as
apertures 114, 318, and 810, respectively.

The aperture may be located about a middle of the drug reservoir portion or adjacent
to its exit, which may affect the case of loading solid drug units into the drug reservoir
portion as described below. The apertures may be positioned away from a portion of the tube

30  that will be folded during insertion to limit tearing of degradable membranes 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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eservolr portion or” adjacent to I1ts exit, which
may af feeatrolid¢teraasaclofisel af dlth drgg s dl dediadrtheg opeiiates printaoily eardosngpticeserpvoi r

ortion as, descri bed bel ow. The  apertures nay, be sitiqned,a froma
bor t i oMt HRENE QBB IACTHIYSIS12656 S|l GRHERIP TeryoF ALBRIaNGH BOUEMUERar | ng
of degrpd rﬁw&?ﬂ?&ﬁ&%ﬁeﬁ&g&h@d%ﬁﬁkﬁ% BPprihtel hB®YeSo kdudbieh t he

devi ce includes a device body that defines both drug reservoir and
r et ent itowldfip afvey drostesiespressushinglse tuhe  Bfitholtheanconstiawgs, tha size@nd Bumbgreof

aperture or apertures may have variou ositions.on th | 1. of the .drug
redar e rGRRT AateiE pETes O SR Gt RS PRt BBt b ien,

For exaxe! lar%ém%‘dlﬂ»féntsﬂth%'dﬁmere&,oftﬂﬁbe fiiFeUk BetdkBn BBVt RO [P hkEsbIubsGYIgh the
wal | 322 of the drug reservoir |lunen 308 on an opposite side fromthe wall

324 of prhessucktebdtivoen doan®S Lomer Ba0t 308 irer andtmaerelpysticabirlytetweenrabsitG0 5B,
the orifice 318 may be forned jn a groove or indent defined between the

val | s 392 angsboug 09 pan- dpege parisplpp Pramifrehc gUslugntrsianerehilem $aoahe
e SHBunfIGPMISBE I SRROHAR SRS MRS BP0 21 2 e
adj2ac erdpeta@estgtendriip badifalsicn thel dperturssi ey ®8 il hes Bhaddekrgsal A, single device
may have apertures of two or more different sizes. The aperture may be circular, although
other shapes are possible and envisioned, with the shape typically depending on
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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reducing the likelihood of delivering a |arge quantity of drug to one
particul ar | ocation However, such placenent may not be necessary, and
further, wWheowpsigoar e pl acenent shown in FIG 5A nay bePCelustinvshorseasi er
to achieve froma manufacturing perspective. The size, nunber, and
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| aser abl atlTiwD@g(FomnhkM The aperture may slightly taper from an
exterior to g)rlo of the gq{the erture maé!be created either
before or af r P&t By G?Sr‘?fl %@yt épev’f"l‘reprQB et so may be
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associ dreedn fcfudealitp alteypaye fopmn opueh asfsatt herns {rge ped ornsi frae bass foimse And ases

rel eas %jd?a?%‘etﬂ?lﬁgﬁ%cleﬁt‘?@ acS'J thid %&g%éérﬁhe %ﬂ?i@gﬁ Y ar? Ay rﬂ%} {%%rua@t rel ease

mechani grada ra a degrada nmenbr ane,
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re ister with the apeé%I re) to control the. on t of E}Ease of the drug

| TR NS I§HERERERAS R Peials apdinengiaBliey. dipPrstt igone  of
t he wettability, and/or release kinetics of the drug.

In a preferred embodiment, the drug formulation is in a solid or semi-solid form in
order to reduce the overall volume of the drug formulation and thereby reduce the size of the
device, facilitating implantation. The semi-solid form may be, for example, an emulsion or
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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el astic tube o
examples of opioid agonists include alfentanil, allylprodine, alphaprodine, anileridine,

benzylmorphine, bezitramide, buprenorphine, butorphanol, clonitazene, 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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drug reservoir. An exanple is provided below in Exanple 1, which describes
the rel ease of |idocaine hydrochl ori de nonohydrate, |idocai ne base, or
bot h, frowNDaewIses¥6ewi t h one aperture, a nunber of apert RCEAS2@0/08255
apertures. In ot her enbodinents, the drug may have a higher or |ower
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benzy! st R Doadrdtrih et oyl haReBamprer GhebTBRatoral 35 « azene,

codei ne, desqrRe BE‘[‘tl@ﬁLar Sa¥sdiRIRY, Ad d?ﬁg d@i%?ﬁ Héb%e dieih i atiof vahphone,
di hydr ocodei ne, di hydronor phi ne, di nenoxadol, di nepheptanol,

di met hyiladeimenbeft ceyreteral istsut shat asl to iigetraat, elrln@lnyplrgfam 198 urlewefmm:m?ef

et hepta i.ne. eth t hi anb L8 et h oni tazene .fentanyl,
nergi nreg e o S B o SRy s ER R ot el Mk REE

ket obe N denent ih@yd kian@lcarihiey aphe RSy, neRoIBAERd Eﬂétﬁﬁd]@ﬂﬂdlne srapes i di ne,
mept azi nol , metazoci ne, met hadone, met opon, nor phi ne, myrophine,
nalbupHﬁh@S narcei ne, niconorphine, norlevorphanol, nornethadone,

nal or phi ne, ﬂl%rdFﬁ%BQN%ﬁéd&}?{]epdaﬂg%%ggd £8P éﬁ( e m%ﬁ@a‘i’%ﬁ%ﬁeﬁ&’o’ﬁ%&ﬁ%”e

papaver etum pentazoci enha nazoci he
phenopétdqaieims, opirgemgd mmdmg uirig I[Iﬁ:ﬂhﬁh&nc@ aheqiraganiteinc@itionrahs well as

pro eridi ne, propiram propoxyphene, ntanil, tilidine, tranmadol,
madBEen s P has mraxhcaiss }npﬁxdﬁ @p@&o NG FECRISLFRISPISHIAEAZCN S MKk

Op' oi d i i488nic %g&ﬂs,§§2 ngm&él%ﬂﬂra aqgéng@cs?ﬁglcgﬁﬁlga%%, 'n&%pmephrme uptake

inhibitors, serotonin uptake inhibitors, calcium channel blockers, potassium channel openers,
and muscle relaxants. Representative examples of suitable drugs for the treatment of
incontinence include oxybutynin, S-oxybutytin, emepronium, verapamil, imipramine,

25 flavoxate, atropine, propantheline, tolterodine, rociverine, clenbuterol, 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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opi oid receptor agonists, are contenpl ated. Representative exanpl es of
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20 In other embodiments, the present drug delivery device is used to treat fibrosis of a
genitourinary site, such as the bladder or uterus. Representative examples of drugs for the
treatment of fibroids include pentoxphylline (xanthine analogue), antiTNF, antiTGF agents,
GnRH analogues, exogenous progestins, antiprogestins, selective estrogen receptor
modulators, danazol and NSAIDs.

25 In various embodiments of treatment methods, the implantable delivery device
includes one or more drugs, such as analgesics or anaesthetics, such as lidocaine,
bupivacaine, mepivacaine, prilocaine, articaine, and ropivacaine; anticholinergics;
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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I n anot her enbodi nent, the drug delivery device is used to treat urinary
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f| br os|ag0mfstsaesgfegmsob¢taﬁémerguct agonistee ricyslie prdi pl@d@@ts (onipraneings .

s TR RN LR TR T R O

anal og Lf@@htaﬁﬁ?@ﬁtﬂ@@lse tPi@e$é.b el haaaﬂeﬁéxgmtagamstss(ph@ﬁdlamme@sf rogen
receptor nodul ators anazol (5) NSAI Ds. I n various enbodi nents of

t r eat meshelipgsgisoldn yehaothes pﬁlﬁ@@me@t deg dryg ﬂ%/seénsmdcf@m aelong estidelnggicnor e
drugs, %s}keagp lo%?ﬁécéals’ nﬁ&ﬁﬁﬁél%‘?&ég‘éﬁ (c %\l}'gf?:rg? é?ér;]’lfa%' i} alo*?a’s"(gvgaca' ne,

nepi vacal ca|n ticalne i chol T ner gits

ant i must@pingi mpslumlfnea,sldampmm/ymhamﬁm@raﬁd)bwhamemhol (a gv,and hust¢adincsuch as

ca aicin or Lesl ni f eratoxin; antimnuscarinics such as ones that act on the
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GABA B agoni"ﬁ{e%xéfﬂféﬂt 8B %l?l!lé)fo?ﬁulageﬁ Hla'y@)%rymatrlx material, selected to modulate

or control the rate of release of the drug from the reservoir. In one embodiment, the matrix
material may be a resorbable or non-resorbable polymer. In another embodiment, the
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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may include more than 50% drug by weight. The large ratio of drug load to device size
permits loading a therapeutically effective amount of drug into a relatively small device for
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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In sonme enbodi nents, the drug fornmulation is in solid form For exanple,
the drug formul ati on may be a nunber of solid drug units |oaded into the
drug resewoanty/15esdsi on as descri bed bel ow. The drug for ROTAISR@0/0#28D nay be
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characteristics. In a preferred enbodi nent, each drug unit includes a
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Or rTDr &iRRAERGEYh ARk o ACHERLARY EMEXLHPLE BER, @E&voir lumen 308 shown in
FIG. 5. Such drug units 312 may be loaded into the lumen 308 under a flow of pressurized

gas that radially expands the drug reservoir wall 322 so that the drug units 312 may travel
through the drug reservoir 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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i ncluded, the excipients may facilitate |oading the solid drug units in the
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reservojr Jumen 308 shown jn FIG 5. Such drug units 312 may be | oaded into
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drug reservolr |unen in an axial direction, and when the fl ow of
pr essurdopechtional drug tablets that tend to be short and squat. The drug units may be tall enough

to retain their orientation once loaded in the drug reservoir, with reduce tipping or rolling.
On the other hand, the drug units may be short enough to provide enough interstices or breaks
25  so 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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catheter or cystoscope. To achieve such a result, the retention frame may have an elastic

limit, modulus, and/or spring constant selected to impede the device from assuming the
relatively lower-profile shape once implanted. Such a configuration may limit or prevent

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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the body. The retention frame in the relatively expanded shape nay be
shazgged BCVEle ERAPEYRC PRI Dody cavity, and the retention frame in the

relatively I\Qper aR:OEAiS FRAPR ifRYe REISBGRKPanded shape, such as the coiled

shapes shown in FIGS. 1 and 3, the device may occupy a space having dimensions suited to
impede expulsion from the bladder. When the retention frame is in the relatively lower-
profile shape, such as the elongated shapes shown in FIGS. 2 and 4, the device may occupy
25  an area suited for insertion into the body, such as through the working channel of a
deployment instrument. The properties of the elastic wire cause the device to function as a
spring, deforming in response to a compressive load but spontaneously 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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for insertion into the body through the working channel of a depl oynent
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the drug reservoir sel ect
comprising one or more loops, curls or sub-circles. As shown in Examples A through G of

FIG. 9, the curls may be connected linearly or radially, may turn in the same or alternating
directions, and may or may not overlap. The ends of the elastic wire may be adapted to avoid

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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orientation wth reference to the retention frame 314. The filling materi al
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enbodi nents in which the retention frame.conprises a, shape-menory. materi al,
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such as when exposed to body tenperatures upon entering the b?ladder. The
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raciar Do Gl S PR B or it B SR S B ryaath L Tor
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frame may have a di aneter and/ or shape that provides a spring constant

wi t houtEXaRIPEhshen@s preahld illpsiragrdsindilGr Bdarfiaayingresnsrsheatheiapd epeations &8s of
L e T L L
achi eve a ddaiohabmdogipient) ghecdovideantlndsuge heasisong radiviopgquegpsti@nsdr striuctune r ange
of 26(1)bOL‘Icto fa?cilli\‘yatré1 Je?ecta}loor? g} Viggvinl?gv (g? g.,%ry Xn:?aqyein?a?grir}gi Ocru u%qrols%’op;l)nof ttl?eedevice by a
medical practitioner as part of the implantation or retrieval procedure. 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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range of about 3.6 NNmto about 3.8 NNm Such a spring constant nmay be
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that water permeating through t
2007/0202151 Al. In these and in other embodiments, the device may be retrieved using

conventional endoscopic grasping instruments, such as alligator forceps, three or four-
pronged optical graspers. For example, if the device has an O-shaped or coiled portion, the
25  removal of the device can be facilitated by those grasping instruments.

Combination of the Components

The drug reservoir portion and the retention frame portion are associated with each
other to form the drug delivery device. A variety of different associations are envisioned.
For example, the drug reservoir portion may be attached to an intermediate region of the
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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joins together multiple discrete tubes. The tubes rnay 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
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1000 mg of lidocaine to the bladder, such as about 200 mg, about 400 mg, about 600 mg, or
about 800 mg of lidocaine. For example, a smaller payload may be delivered from a smaller
device or from a device loaded with fewer tablets, the remainder of the space in the device
being loaded with a spacer or filling material. The end plugs 320 may be silicone plugs
25  having an outer diameter sized accordingly.
The foregoing specific configurations are merely possibilities of the type of devices

that may be created by a person skilled in the art upon reading the present disclosure.

II. Solid Drug Tablets
In a preferred embodiment, the solid drug tablets have a relatively high drug or API
30  (active pharmaceutical ingredient) content by weight, which may be particularly well suited
for use with an implantable drug delivery 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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The drug reservoir may have an 1 nn er of 3to
about 3rBg mabictsuch as about 1.5 to about 3.1 mm an outer dianmeter of about

1.7 to about 3.7 mm such as about 1.9 to about 3.4 mm and_a |ength of
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mni-tablets nay eac avi ng
drug. In a preferred embodiment, the drug tablets are formulated to be sterilizable, either

within or outside of the drug delivery device, without substantial or detrimental changes in
the chemical or physical composition of the drug tablets. Such drug tablets may be quite

25  different from conventional drug tablets, which typically include active ingredients that
constitute less than 50% of the drug tablet content by weight, with the remainder of the drug
tablet comprising excipients that are often insoluble and/or may not be suited for
conventional sterilization. Furthermore, the present drug tablets may be sized 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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wi N a RS BrOPPXY GBI OF T 4B e, TFRCYRC, SRE fPTa6HPS Qther anesthetiCs, such as

lontocaine, also may be used. The drug content may include other drugs described herein,
alone or in combination with a local anesthetic agent. The local anesthetic agent could be an
antimuscarinic compound that exhibits an anesthetic effect, such as oxybutynin or
propiverine.

25 In a preferred embodiment, the drug tablets include lidocaine. A drug delivery device
having drug tablets that primarily comprise lidocaine may be wholly deployed in the bladder
of a patient in need of treatment for interstitial cystitis, neurogenic bladder, or pain, among
others. Other diseases or conditions may also be treated using this device. In other
embodiments, other drugs, alone or in combination 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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are required for tablet manufacturing and device assenbly and use
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composition may be compressed using a tableting machine. Due to the increased particle size
that results from granulating the drug with the binder, the drug tablet can be manufactured
using a smaller quantity of lubricant, which may decrease the overall quantity of excipient
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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about 80% or nore of the weight of the drug tablet. For exanple, the drug
content may conprise between about 85% and about 99. 9% of the weight of the
drug t ablw0.2010ms5s896e enbodi nents, the excipi ent content PCRAUISR@EOMI2ES ed
conpletely. The term"excipient” is known in the art, and representative

exanpl es ,of. exci pients. useful in the present drug tablets may include

i ngr edi @AYt Sy ha@f@, on GRsRROCERE Q?aﬁlf{lmcg‘}“% GG aHE S 881 or s,
Filler s, afll H4ENTRe sEQAEd BYHiaNdoRERSAIV@nbiERs adfin¥elrhctRA 0Pt rug
ingredients to facilitate manufacturing, storing, or admnistering the drug

t abl et .tablet ynecighto ddiome ampodiment thaydrog tabdets farmetl mdtsthaseleaedsexcgment] ocal

class oPnanE e vU%e RaP FOPR AR e Reg R ER B gBRLER el BRb MG Ton

t heseofa comxAeiRa8S r&fsomdbldiret 138 Sar@BFb@ité MScdnfolsiida far the GRémRd route of
bupi vacai ne, carticaine, cinchocaine, etidocaine, |evobupivacailne,

| i docaiadEninigEgiopasigistible ivrthe viéidad enviegwineat & i, apdharavidortbe eauecd Bugnpl es
of the r@l%ﬁferliiﬁét%ﬁn angst hetics include anyl ocai ne, benzocai ne, butacai ne,
chl oroprocai ne, cocai ne, cyclonethycai ne, di nmethocai ne, hexyl cai ne,

| ar ocai ne, nMepaybeadnmimdimeitabhid excytiantrventcat inbpbakdlestedbysed ogai ne, procai ne,
pr opoxycai ne, proxynetacai ne, risocajine, and tetracaine. O her_ anesthetics,

such asMBMGERNERINSIHPREONEIN RS 1o BEAUCehdrugriglcicisningrt suab!cisAkIPUE bt her
Ar4gs dgeNBedhiRlElillics AR iPlonithBBRRIMAR QR MR mAGal anest hetic

agent. The local anesthetic agent  cou be an anti nuscarinic conmpound t hat
exhi bi tchamnteastestdiehd drugfrdsentojr euponas (oxy the patenalend ptrogimesrfitihecladtic a
preferred. enbodi nent, the dru abl ets j.nclude lid ine. A drug delivery
fevi ce e KRG BiGghs dkdts it B raiiged § b AP SR MaS4 ne my be winol |y
depl oyed i n 1 harRuRdd8bo@nBtsPiic’Bhidnt R8RS £ivalct SaLIRMindcPhind Mvalst i ti al
cystitis, neurogenic bladder, or pain, anong others. Qher diseases or

condi t isoh®laapriedns.o Wakertspdtoeak cipséntgfacitaie delubibieationrpfdhhémg éstdesdi mont s,

ot her drug al one, or in, combinatipn wth |idocaine e u to treat
s st 4oy Riestsh GBI o BBk BRRER BB RS VR | pe

bl adderexcipienfiikdndghdthdlldibtiglot akéledss orifide ofli deigattveRtdeonalbf exaifd ents may
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PEG. Other binders and lubricants also can be used, cither alone or in combination with the
water soluble binders and lubricants provided above, especially if such other binders and
lubricants satisfy the additional criteria outlined above.
25 In a particular embodiment, the binder is povidone. Povidone is highly adhesive in
relatively low volumes, which facilitates creating a solid drug tablet having a relatively high
concentration of drugs. Povidone is particularly suited for agglomerating drugs using, for
example, a wet granulation process, which may reduce the amount of lubricant needed to
form the drugs into a solid drug tablet. Solid tablets made using povidone are often hard and
30  non-friable. Povidone also is generally soluble, which may be particularly advantageous for
drug tablets that are designed to be implanted intravesically in a drug delivery device, such as
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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melting temperature suitable for use in drug tablets that are implanted in a body cavity or

lumen for continuous release over an extended period. In other embodiments, other
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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FIG. 11 is a block diagram illustrating an embodiment of a method 1100 for making a
solid drug tablet. In block 1102, a drug 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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bl adder. Povidone may facilitate a reliable dissolution rate of a solid
drug tablet, and may enhance the solubilization of a dissolution-limted
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8000, whi.¢hbles generally a waxy, free-flow ng powder, which facilitates the

drug tableting processes. PEG 8000 has a nelting tenperature suitable for
use in dr ug Ingidfetred ethbedimentsi a’tmaahtﬁledmgm@tembdl}d bavulircanir conteme arefio the
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The bin can conprise a as povi
c ases tdegvdingeelicnt osriterttin @ dod heing fluidirdd| ayr, granalanipg dtcelcyiveigrddiome cadtenite The
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powder to the desired moisture content. However, other granulation processes may be used.
In embodiments in which the active ingredient content comprises lidocaine
hydrochloride monohydrate, the active ingredient content may be granulated in a number of
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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er‘r‘o1 di rSHES B1°940 SRYHSA IS For  mai ng a solid drug tablet. In block 1102,

a drug cont erte sand tablet UL bPFRfied 6OAY &Mty BF orFRRitIdAS bubidpaatiGapposi ti on of
ingredients to be tableted. In block 1104, the conposition of ingredients
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the urethra, as described above with reference to . In_some

[ FIG. 6
ent8di e igpssh gekinengder particulat erpROJIMGRte diodH teotigen tsedhdierungbssi pi ent

may have substantially flat faces for forming flat mini-tablets. Tableting studies were
performed using lidocaine. The results of these studies are below in Examples 5-7.
Once the solid drug tablets are formed, the drug tablets may be loaded into the drug
delivery device. An example method for loading the tablets is described below with
25  reference to FIG. 13. After the device is loaded, the device preferably is sterilized. The
selected sterilization process does not undesirably alter the physical or chemical composition
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
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content are directly conbined to create the conposition of ingredients. The
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enbodi merwe 20fo/151896k 1102, the conposition of ingredi enPETitsS2610/08@45 i n at

| east two discrete stages. In a first stage, at |east a portion of the

active jngredjent content is aqgglonerat into particles of increased size,
whi ch 4oE S RRE {hat b %ﬁ‘@%yggggto'ﬂg% Bhfesior bl ey Wmeth §F BHUESS cont ent
can be jaggL.8mniah edn#SIRdn AW IhAM} at i on process, such as wet granul ation,
dry granulation, fluid bed granul ation,or a conbination thereof, either

al one or in Inkddippesbadaigdhblai cex bt picahredshetdre as aierdpatieg/assgnhlyuhtd ng t he

active jnagredi ent conte into er particles.reduces jts .fa area as
2 whor SO B e S Dt e s B RE R s PG T B 55 Shab S s G
CO“Bentin%%‘tEﬂgtHe%nip@bﬂtiBﬁ bNthetdi@: GBIFROS bpproPriatd féH RE Intdhli@d rodt®of second
stage, the granules are conmbined with any remaining ingredients to formthe

conposiadnonistgidie iststplemegidiFepnditiansmng previdespranaleetsd.agprogecibleakiged wi t h
| ubric - e Ly ent s [ i ng: uch as in a
Vbl endar s Hintie b RS S Bl b RO RS AP B 11027 1
enbodi reentisuduslywbicade drhig aexqiifabBntabtontediugioned dndtsscndedparitelr. and a

| ubricant, the binder. can be us i e first stage to_granul ate the

iact i ve i ngr edieeh SYRt @RIt W&t%grs{)h?% }1{2@ teftlets g deadEhpdabore asdiynge
f 3?9:9 gﬁﬂ%h&z@&hpﬁ%&%ﬂ%q dhpg SEPISA Oﬂgw%é}giﬁ Bfctih of %ﬁgﬂ&ﬁ@,l{h@?olﬁa&ﬁg been

e to the granul@ation of the active ingre t content, a
rel ati weblyts smeyl Hage agpiematght fragfonl afllrig; asypecratly 1 easaesdebich Witei teblel iowledss t he

overal | i ght.of the excipient .content in the finpal. tablef. | referred
enbodi redire Pibis g ety vy b A et uBitieaeecsreeReta et n°t he
for m ofh dadoPANGES Stheidldk LEmbRGtHINAGEoLONt ent may be a powder or a
solution. For exanple, the drug content can be a powder that is granul ated

wi t h anlbhoMethes ofi Makingitbe Bgvigef | ui d bed granul ati on process, and the

resulting gr l.es. ¢ . dr ended with the lubrica ormt he
Corost ¢ Pon 11512 Tt &Bbe? Tt PLRBET M e dffenosbt SN Cet BHThb A | o

pr e- bl epglangablh@uadtiivgy dedee dineiéckcIen trugiiclveg Aevist Rdfofrhed. dinzgstiai r
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I n enbg%ﬁ%%%béhfﬁgg Ich the active ingredient content conprises |idocaine
hydr ochl or i de embodinyshtg f@mitihthealtig dediviengdeeitiednblozkR el inagayclbd: @recanrul at ed

in_a nunber of different manners, Variou tudies were perfornmed to
i n#¥st igaeet ﬁb&f%ha\gﬂ%fsu P& et thﬁi’?ﬁblféﬂgﬁngéfﬁtﬁnﬁ“? ¥a%ne, such as
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Forming the device body may include forming a flexible body having walls that
define a drug reservoir lumen and a retention frame lumen. For example, the device body
25  may be formed by extruding or molding a polymer such as silicone. In particular, forming
the device body may include integrally forming two tubes or walls that are substantially
aligned and adjoined along a longitudinal edge. Alternatively, the two lumens may be
separately formed and attached to each other, such as with an adhesive. Other methods of
forming the device body also may be employed.
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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generally show that fluid bed granulation may be particularly suited for
granul ating an active ingredient such as |idocaine hydrochl oride
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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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reference to FIG 13. After the device is |oaded, the device preferably is
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the drug tablets.is appropriate for the intended route of adm nistration,
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t he bl adder to contli nuous rel ease at a suitably stable rate drug
over anirextidncdeddpeacd wih dﬁigtdmdﬂgmhmthoﬁdbﬂemydmd ot mlvod?,mbmtd)f dircudyugabl et s

are descr.i bed above a V|n h wei ctl on or. APl and a
o oGt i s ter sl Rkt SBluiRudor el v e Py Ninve any
vei ght Aithaesd SBedrud aagverﬁmgés%lr lobhek BrGaARas nia) bohbsded! e AR Rlivedcl udes a

drug that is extrenely potent, a stabilizing agent, or an agent that
i ncr easﬁ@ylcﬁ @en@“@mmmlclud@g/ammtt}’r@ddnwlt dooexpranltehs divg debnasi davicomayher eof .

1] of Maki,n he vice FIG mlllus rating an
erf3al oo oS Wb deabs Bt M onsis TS APl dSde bR by e
bl ock J@Qﬁmg&rdﬂ[mmmwmhyendew ceis fornmed. In block 1204, a nunber of
drug tablets are fornmed. In block 1206, the drug tablets are | oaded into

the drug dellpbéack 1383 @ or mpre ABEHMHS atesnosftionggl A tEchE ert%d@é delery devi ce
bl
in Oc%oﬁéga]fa% 1§ Lﬁ‘{%’a tsgcrh? s og%ﬁlﬁé%to%%x{b?% 1u%nnq>o§ eV| %%H%%Ia‘%or mng a

devi ce ormng a ré I on assocl ating the
t he retunits hBo nigyanendaodedtognhandugneitoto smdrehadeptdaliesy idavichendiemict e body
20  along a length of the drug delivery device. For example, the drug units may be oriented in a
line or a row adjacent to the entry, either with automatic feeding and orienting equipment,
with a push rod, or manually. Positioning the drug units may comprise positioning the drug
units between the entry and a pressurized gas source, such as by positioning the pressurized
gas source upstream of the drug units. The pressurized gas source may be a conventional
25  syringe filled with air or any other embodiment of a gas source described herein.
In block 1304, the drug units are driven into the drug delivery device by a flow of
pressurized gas. Driving the drug units into the drug delivery device may comprise operating
a pressurized gas source of the type described herein. 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
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Form ng the device body may include formng a flexible body having walls
that define a drug reservoir lunmen and a retention franme |unen. For
exanpl e, wheotersiigse body nay be fornmed by extrudi ng or ROITAISAELOM4025% yrer
such as silicone. In particular, formng the device body may include

integrally formng two bes or.walls that gre substantially aligned and
2l o netr e o it a1 Riisg Sy ot g 2ot %@H{ﬁﬁsp THEFSI By be
separ atg|,¥c fitb Mrdh AN sBlitAGNEShsliPiveRER datGlits RIHE hea 1 titoRth AdRRS| Ve.

Q her nethods of form ng the device body also may be enployed. Fornming a

r et ent iunvihg theedmaynitniotoitie dfugr delingryatevisk absoingaywneled¢ pparptifas vasxanpl e, a
superel astic- all oy or shape-nenpry material and "progranmng”, the elastic
wire t 6oRseuar VRSl RRRR R ¥ arBh 5 pRinalh fan SHEMAL R nkfien "oy be
used t alepv@gideMict Nehich atliphllhd @ukAnAS MddBetdi@: EXRIRIENi&hAREdrubQhitexanpl e,
the retention frane may be fornmed by form ngthe elastic wire into a pretzel
shape an# brekath ppehediing thdevigedstd Bowiof east pasitiserpesare pred pulked iodhoC for a
peri od AEREAY ] SOCIat [ Nt i i ntion
Prane. iy B Tl bPULES oo PRIRHPaRk ARy UG BRERAM U PBREE™ 2T

| umen afevichalsdendyciaclhddplocking aokestenbodfioeof the daugdictivaly dernitcoBlddiéng

retention frane is blunted or is caovered in a snooth ball of _i ncreased
cross SOQIEA Ay imRgds hedlowy efpremsutizrd gesdiom ssaripg Saughhths ofifiec.| DREWE The

bal i Jk YRR i ty frame
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enbodi mxamgle, thealradevmiceminobky stopne dnsingl anginibodinnanpf e sepperbiesanded aboe.

S aces U P RIS S0 L g R DR Lo SO LA, e

Faci Il t@liv8g de9REIG be! 1B RATR HLATRAIINBIES casRHIRES 20218hd 1394481 68 body with
the retention frame further includes filling the retention frame |unmen wth
a fill iakgrnetedenid apeatede The iefalrdose nf divg ubrtamay ibs divadeteidto arteast fwd gragps,

i al ies the.r i nd f the | . ' b he . [
e, 4 ACENRG Sene PRUFI REF o RLabi-LCR 601t 4P EPHE & i MGRAFOT o0

or rot ahedalQltiverl Rievice ieblbtio M3 (4 Bidre thofecoxBERLE is sl foskidned Mid Ragder
pol ymer may be injected or poured into the retention frane |unmen and nmay

cur e t heHkother nracossasare paspibi wishinghe scopeef heipiyentfiscisyice body with t he
retention fr rtihan: { i . I rtions
t oget her, Sl}@%@%@ﬁgéﬂb&%ﬁ&%ﬁ, g}%%&b ﬁ%lﬁ/ﬁ%é@b%élya%b%{lg?%%ﬁp{a ene'?(lﬂon frane.
For m ngpenereoin thiodeviapear inpeds theririghenicefvora esdapihy inmayt firdra ltheddrup dskverdri | |1 ng

ap Dt s J0 WIS o HBRIGIHT A ARSI PYCE Bod HoBHOSE: OBy, such as
by ol dinaginWhdRP deRASHHEYic@frough 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
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described in U S. Patent No. 6,808,522 to Richards et al. In block 1204,
the drug tablets are fornmed using an enbodi nent of the nmethod 1100
descri bedwalkzowelswosh reference to FIG 11, although ot h@ecTdrsegonaibet
form ng net hods nay be used. In block 1206, the drug tablets are | oaded

into the dru ver an enbodi f ot et hod 0

desor | 5088 Bl ot aiish Gubs - 8o EnBY echdds srPHosal Hg: dr ug

t abl et 514840%9118@%09@[11&%&&10%%% PSS oOthe AN RMBeQfdchRadi ng solid drugs are
descri bed below with reference to FIGS. 14-15. Sone of the steps and

sub- st eps ofThehj@Vmediok?@r 1492pmay b4 theadimg I%@qmalynbe 1460 fror smeidblen ot her

d | sl F f
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apertures formed in the device body in bl ock 1202 either before or

after trn@mwﬁ@ th%méi%ﬁ%nféhﬁr dagaeperoipluaek 1400 6Thadrgmatisaeise 4422 may net hod
1200 marXtaI &{ekb? Ll% 11@%4%2 F}h&nﬂoqgac{l'xl{% Q}Ea%léseli LYo h alJtrl[I Ny Icz%ts&te
mul tiple 0 or nore

scr ete reservo osl | onin
parti t iastorage bidt & hespewidritbmbinadon afghese aad vsthef stbtarge Ideifllesa Mhel pressmatddng
fashion with the | oading.of the drug tablets in block, 1206. |In enbodi nents,
t he netgﬁléamﬂ@b"%dyax Wrdéra floyk plies & @apitahle preesur givashedagiumit kd02evi ce

body. | Ff% tH@HHl r lli'iﬁiénelhﬁﬁeleg&hu%{gf‘préé%i%h %&Qné@g%@!i el £ase

contro ng st uctures wth t eser vol unmen, suc s a sheath or
coatlngmpkadﬁdsmmﬂmsapmﬁe&&@dﬂop&ﬁhn@ngmﬁmmhesBmmgatermgonhmadmvmce body to
contr ol rate of reIe e of the dru able an |tioned
oo sl B S i B BT s O RS o FBPS WE TR R Ag et

rel easengfpd iieqdrug therethrough. FIG 13 is a bI ock diagramillustrating
an enbodi'ment of a nethod 1300 of |oading a drug delivery device wi th drug
unl ts. The oty rBamehhy2d maximhldenrbbdg mégitpogfont H@7dnd gn dielinlolepoytierevi ce

hereln t h. enbqdi nent s drug units desc e hereln
al tRough 29 theo i LT DERRRRTLBT bt P SR S T T Ged. e
dr ug debuieny2ziend ¢e aganRt portiyn 1429 kg Se aNc@ihbicaish with afelﬂressﬁ@iedegaarml e,
the drug dellver¥hdeV|ce may be a flexible |unen, the entrémi y be an

openi ngsomted@ﬁe ¢ aiximeteorinnelt29amy harnakod relapg tophe deviep 9idof rom t he
f1 exi blfgcdlté@étetﬁg ﬂgr U pgg%%&;egi aé(ﬁﬂg 1R enth cﬁarq{e'f'?4w|1£1§wg\;e? tRJ%%hlte oned

upstream o lver evice a acen O Its ent r’y sucn as an

openi ngpoirtidme need hevdielpreviiedren. Posi tioning the drug units also may include

or i2%nt ing t hAe dg\EVIliIs reléjlpnl etnsd Jf?heegr}tre}lrchgggel%gg rncailg Ible \églrlple(? teovtlheC gnt%I;] 94&4 oaf\{[ﬁé
drug reservoir lumen 1460, so that drug units 1462 may be loaded into the drug reservoir
lumen 1460 under a flow of pressurized gas. The exit channel 1428 may be coupled to the
exit 1468 of the drug reservoir lumen 1460, so that the flow of pressurized 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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along a length of the drug delivery device. For exanple, the drug units may
be oriented in a line or a row adjacent to the entry, either with automatic
feedi ng awo 20t0/esm95ng equi prent, with a push rod, or mam@alusg010@eEss i oni ng
the drug units may conprise positioning the drug units between the entry

and a pressurized gas source,. such b sitionjng the pressyrized gas
Sour ce UPBRHEhANSs e A v e Ut HR2 hrLbSensatiogeate i SldEs e 3
conventihahalrf dMBEddui Ik LBV ol ifheR 1466 and Eyanglt aﬁrfa@gmcflﬁer@ﬂ% ufthts P4gaS
source described herein. In block 1304, the drug units are driven into the
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a flsow 162 g Rtaupssdtéd, bBciodsefesetied bERRY Wvithefefened® PRY, 1BUsh the drug units
into the drqugellvery device. For exanple, the pressurized gas source may

be a si npl e Bgriresgarizdd) gas gowire 424 may hapositéongd pipstsesariot the grupundts 1462 | ow of
air int. L yer ice.qln. hodi £l of

ot essuri St AFE O Vori KB, o SRIPRGRRE AT RS e G B¥ 2L e e
pr ocessdigfindedah fig dnhg 1d6digp thoiding rebdiveiagiasen MEONITOb didtcdbiag beni ts are
aligned in the channel of a hol der positioned adjacent to the entry of the
drug delfficsny tyersuesethe flomatmyesswaesdiegs trmppicd ppreenot dradruasnity 82 devi ce

Ay nCOo i i recti ; : j i e hol der
Ml S ot S L S S R R T Sl
Dri vi ngetchted dnsegl amnfdrexample, the@udbagofdehig veits/1462\td de leldsd amdatheilengtudie

operatin vacuum soyr ce.. The vacu source apply a negati ssure

Lo a vortmarrngaaes, i thedige yay IBAmacts eeitioni Betveay Tty mfaid ¥ o

uni ts iaHQhd ORryl 46d (8 8ld MBS YesB€BIrdEment NP6 0N thatiWhES tHEBYeREiRAIAs Byghed into
the device by a flow of gas at positive pressure and pulled into the device
by a f |l of onsaaicdita firogat pressupeebgasrdsivepihievirpgyunitsel 462 uiefo dird drsgirgseyoithe dr ug
deliverxngeYh@F al so may include bl ocking at | east one orifice of the drug

del'Pvery d&vite. Blocking an orifice may inpede the flow of pressurized gas

f rom escapi ng pluar g mdyhe psitlohe®in tBe tnignglet portidh U2 TBéfbR thopRsiutzedr ug
delivery device nay further include stopping the drug units. For exanple,
t he dr uigs seHTes 1424is pacrgtedpdéd Pl WG4 anpyenrpvsdt tsrflovoel presubpgrbair fiegicr i bed
above. : . . N xanpl e,
the. ar (b SEELARY AR LR M B iAG RERSC IR ARt AR ngL BE PR Oy RO
1302 arigldit3Q4d thegughehatitar crahed 1426 to dpesathe drughhets 1d6nintel oreired redemvgiruni t s
may be dividgg into at |least two groups, a first group being positioned
neX? t JuPRe 1490%g delivery device in block 1302 and | oaded into the drug

0o T SR i 0 e e sccant maguine st ppaldaned o
di scl o-sd]mgunits 1462 into the drug delivery device. For example, the pressure may be selected
based on factors such as the size and shape of 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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In certain enbodi nents, the nmethod 1300 further includes blocking entry and
exit apertures in the device to inpede the drug units from escapi ng intact
from t he wWouglodeshsssery devi ce. The bl ocki ng al so i npede®CeAtSermako2agent s,
such as fluid in the bladder, fromentering the drug delivery device

through the entry and exit. .In such enbodi ments, blocking the entry and
exit may incIPQHEGWﬁg qnhénénrﬁrébr? Og?*r?e‘im%bfiséfcy@rilwpﬁni%@ @@{q\gé%ﬁd t he
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channel” 1426 nounted to the entry 1464 of the drug reservoir |unmen 1460 and
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oriior to1 ol ARE SRS ShPIEEE AR THR WO o,
a hoppehay &4 pssaitaed dbivaitcadf oftthe st adnelt 1328 i1t tah@geicoedt wWRE theldx 1468
pressuri zed gas source 1424 may provide a flow of gas at a suitable

pr essurd thodggirgservotidugend 46thi Tlae vasgpm; 1486 mayepabiagnaeates pisssure thaen 1460.

Exanpl edr%?ﬁ%‘ﬁoi\x?@ rg?sﬁri?e‘%fgégﬁ%n}ﬁ%%xﬂﬁ}igé Rehes: Asdemt ‘fo%dﬁ@rgééé?p' les a

pressuri zed tlow of" I'ner S such as nitrogen or argon, or evice suited
for prddeusictithgvaniinel#36as notsiecdss@rs aad eeyheessiaed, oAtlsl viplen I¥86 nae bki | | ed
with air alsp may be used. The entry channel 1426 may include a drug inlet
portdi orPr‘iYT‘éé?‘? %&%@%W&@ Gopg BE PEOPYITZSA Sinsuiress] A2A0HY, NoFREPRIY & Oi""n‘Pf{at portion

1427 By eRBritdd QUTHUEARLIr&RuM b thd By A469 of Heldrug reservoir lumen 1460.

In one embodiment, the system 1400 also includes an orifice blocker 1438. The
orifice blocker 1438 may be positioned adjacent to or in the orifice 1470 to block the flow of
pressurized gas from escaping. The use of the orifice blocker 1440 may be helpful in cases in

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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source 1422 and the air inlet portion 1429 may be in conmunication with the
pressuri zed gas source 1424. The air inlet portion 1429 may be angl ed

rel ati ve wo 20tve1sek9¢i ce | umen to facilitate the fl ow of pCceasarneRsyas i nto
the entry channel 1426. However, two inlet portions need not be provided. A
domnstrean1end

e entry chann 1426 be co to the entry 1464
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partially automated as descri bed below with reference to FIG 15.
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resgrvoir | ypery g@ thd RELOEH B‘f tha s ﬁ?@r 193Y P& Rld B SRLiLals %l’egw' th

each drug unit 1462 in a Sui t ab e orientation for passing into t dr ug
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drug units 1462 nmay be manually reoriented in a suitable orientation, or
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1426. Hafo thxaiptiemnéle28ir inl et portion 1429 may be | ocated at a di stance

fromthe entry 1464 to the drug reservoir lumen 1460. The di stance nay be
¢

suf ficient tOcetpeel 440alsa may be fosmed Siien gad sgdascios ﬂwmiﬁ cagnighd#2%am of the
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channel ance nay e s8l'ect ad ba exanpl e,

nunber mévedtang Tid ssfatdbi2atbodtheent cadedt WAA nidyebel ieagised b paaifly dnclgsingi t
1462. Thus,. the dru 1462 may be position en the air inlet
1428 arfbe ?ﬁ&cleﬁp?wgﬁ fn@@ M dnGIrang thesamfashiica wﬁw BorRige fiirsuhen t he

pressurjzethigas SHEGhodiments, the end surface may include one or more cut outs or

channels, which permit the flow of pressurized gas to travel past the drug units 1462 and out
of the drug reservoir lumen 1460. The exit channel 1428 also may have a porous end portion,
which may act as a stopper 1440 and as a filter, such that drug powder debris exiting the drug

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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1424 is operated, a flow of pressurized gas drives the drug units 1462 into
the drug reservoir lunmen 1460. A plug 1434 may be positioned in the drug
inl et porwpanil¥ePebefore the pressurized gas source 1l4PETits2apeumsed. The
plug 1434 may prevent the flow of pressurized air fromtraveling backward

t hr ough the i.nl et ort| surln the f pressurized air
is di ?ect ed lﬂﬁgégwﬁlﬂ %@ﬁ%ﬁ@bo I75E ¢ Wﬁr%{fﬂﬁf e,mgﬁa 48 1462
into thglideydict RS qsmwithl ugﬁmasﬁ@@z TH& tRE SR8 S46UTRIQYSENPYS00

pressurized gas source 1424 is sufficient to drive the drug unltsy 1462 into
t he dr ugcldéd & devige ldéd@rdémﬂodrugnawpb@ce 1522, pnés prassuriza¢ ghesosiedeeki2dd based

e g e A e W T A

wei ght , duging tEOBhERE ﬁﬁtfceéshem‘éﬁibgdﬁkwnissthlt%zlceﬂlbﬁieflllsmﬂhaﬁf)e eorfutbdli ths 1462
to be driven into t drug reservoir |unmen 1460 at tinme, the |engt hof

the drdl d@@éi%dq—hmmdml@dééﬂ i seledicdliapn Forexampdg. thei deyice hgher 4 and
the ””@?ﬁ@{] hARG Pk QDL T sk fde% 2 h%f’a7?f1]er P gyBé}ﬁse‘%&HH RSB YRIch ' umen

1460 other factors or conbl na |ons ressure my be

suffi cnﬁatimtgaiehauselemhe IHGGJ@CHJGSSEHEHIQHS’tldWlllﬂ@fhlaﬂ.lé@eecbﬁﬁgllré@ tmipenanéamly y
expand. Thus, the flow of pressurized gas _may travel  about. out
per i pherfﬂiué%woef refqREoy .Sla@euwcla &8s 3 peppeel §1aﬁp€héﬂle PH’éfaB’é%Of e dpyige h@d@xﬁmt he

dryg r qﬁ%’ P{(ﬁﬂrf d A lgéﬁar ggﬁlﬁgﬂpgut?e}fi' sttat t@lﬁlna%?@ﬁmt {'Ne%%wc_g rlﬁ?(h A Wod s 1462

t hat have a re ativel Ianmeter t ug reservoir n 1460
may be led@dthoancmebietedrmqurlegetha‘/ellastld \umeanrélsﬁlﬁpmaW thetdiashic afiteas nothe
pressurized gas flow abates to snugly retain the drug units 1462.1n one
enmbodi MBAY™ an inner surface of the drug reservoir |umen 1460 is provided

Wi th a powderh @ LRigsouHCIs25mAY 6 PBRLEC BRI iR &uéd 4 hépcLXHRI ent
agent, or a conbihation thereof.” The powder coating may act as a |ubricant

t hat déBreahseunit sovcr@a bR 2reaynkein qomnldnwglou rwithsa dpg Zntmdpetieg 1Heintosar f ace

O 51 S5 TRAAL bR, 50 SRR R o BB SRRl &

be s u p mrdrﬁ dlebdtu@ éﬁt(?ﬁ 6mﬁﬁgﬁmstzhg1cﬂrtmg dheglﬁﬁfltsqlssz mayeR dl46@d dito ksl i ght
disinte ratlon of drug units 1462 traveling through the drug reservoir

| umen X 1A% goheidresoty ongningyS¥e Tha happeidl 30 mavecrandpy therfarsset 1428, 1n
o T g P R P R
pressurlioppet 1549 nedyttewe aduire sidipy gnd elaly \be pysidenddcehoves tlteYdrag ciitdy opRMinge any
co%am IHS%Qt SAI‘}epn%tﬁVgg or a(%l‘?lgr? (ily, the hgpper 1550 may employ an external force to direct
the drug units 1562 through the drug entry opening 1552.
In some embodiments, an orienting apparatus 1554 is positioned between the drug
unit source 1522 and the drug entry opening 1552. The orienting apparatus 1554 may be any
pharmaceutical 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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the drug units 1462. As another exanple, a downstreamfilter may filter the
fl ow of pressurized gas exiting the drug delivery device, such as in cases
i n whi ch wowdaviszsdd drug and/ or exci pients may be preseRCTiUs201084@285. The

pressuri zed gas source 1424 al so may include a vacuum 1436. The vacuum 1436

may be i tiioned, downstream of. the exit channel 1428 in co ni cati.on with
the e_xiﬁg?(&%pameﬁé%m RESBFZS 435 Ph B HYBRToSStHe WaLRGPR88 Sy Rppl y a
negat i yR.RIBAIWaS sbtd 150 sdobRd Witk PhrRiRSsd bhZRdr@aac158BL igc exit 1468
to further assist the |oading process. wever, the vacuum 1436 i s not

necessangssancedray shiaconilye 388 may boposraened mpsiaaen ol durgmnayiopeningl one, in

br easurion TReRar pobid GuSgab IS bR PPkl s M gor

I eS@r VQirésshtiRiad #GBugH fhe NGy ERDE 1826 The PeesSuSie Fad dRPccal 199 alddGhades an
orifice blocker 1438. The orifice bl ocker 1438 may be positioned adjacent

to or ilpclp¢ea vrquumepositioped dewnitse thifeapplieng edgapyerssirzed gas from

escaping. T .orj fi : | in
o oh the ol areobRRELL GE AR R0 RCRACTRYORRUIFLNE oSS, LT
sect i onl560 nidyebetbpathbicedenI@bIrthe divgrunitdolice valve USHR6 a@bths prash@ided @as of
pressuri zed gas nmay be inclined to escape through the orifice 1470, such as
once soRBISMabRd SEP tRyfagiitate lopds thedwaangs el Jimsgxamplenbcarives 1586 of t he
dr r ISl ] ifl r Qi I n cases
i nq\%hi ?ﬁg? ﬁlgdyz)t)rei I céehl %Lnilﬁgcgosley?%g%? E%gﬁﬁé{%ﬁﬁ t%l%ﬁtg ﬁeﬁ?%stpﬁ llzgigg% g’?el? n cases
i n whi ¢he flbe adfidog wnist1S62 &GR rinated, ekaltchodicrely teomas theSlow aiprpastizddhngs

orifice 1470. .In e enbodi_nepnt, th ystem 14 I i ncl.udes a stopper
70, * THEENGDS BBt B0y SR dievaNtich Bheog SThe 388 L i Gmtedlz o ¢ hi n
the drugtw&apEREd arldwiBRd b§ifondiQlopfE@FPIERN ah Bﬁ;gr%bﬁﬂ@ eimcldtl AavegIABIe a
first drug unit 1462 to apply a stopping force to the first "drug unit 1462.

Thus, tdespensase fod delgyumi the dysgm hH80 diethe oppeity efithesydne d 5@ ampenalogesi ti on,

suc*lﬁ asoradlé] {:neptnsttge} QF exit 1466 fromthe drug reservoir |unen 1460. In
turn, 58 %ugnl? drug units 1462 may be stopped by the preceding drug units

1462 that arig afethkoaAgRIdinBntcicontrolTdra 56® kb GLpREdbdtoQontrbieths haRRLized 440
may be selected to apﬁl y an adequate stopping force to the first drug unit

1462 wigenseircahidodimgtlyt In smsh cevadimants, thecostrobpd 508 sapenthy rresverized
LT 0L 8 e gReand 6 A P L SHLAL SRS A 6, o
1462 f ritow bf presduringl gaar Wasathvdmbodirpattstithd pregsutibed fdsoouet vpive 4568 hmagdrgas to
co nt()i n unela; 1206}[\]/2)% lpilronvgideodl.J tln%];nbtogi%lecriltcsui% v&tlﬁcs:he{h\é%irerssllrtljzrg%%a& 306119.06 1524 includes a
vacuum, the controller 1560 also may control the vacuum. The controller 1560 may be
operable to control the drug unit source 1522 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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For exanpl e, the enbodi nent of the stopper 1440 shown in FIG 14 includes a
|l eg that axially extends fromthe exit channel 1428 into the drug reservoir
| umen 14600 2ardisgsoboot that protrudes upward from a di srall/tsagoofo2she | eg.
The foot may apply a stopping force to the first drug unit 1462 as it

travel s rough the drug.reservoir |unmen 1460. The contact ar of the foot
ARSI T o RS A e Pt B P R i e R

bl ocki ngn 1R Geh4Din RS BRI 608 FRE: HAGKQ. I%f?_e&ﬁﬁ%le}ﬂﬂ@ cW&%@H{anﬁi%%a{y el ow
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have a ¢uirieds leacdpotie feont ofthicdioldeay 662 t Inapeantioh appentryd #6I2 aadbas a filter,
such that drug powder debris exiting the drug reservoir lunen 1460 is

r enovecﬂssqcﬁ‘t%‘? Vith 2 3pWEr ObPHsEYT Fehess andlae @%lbﬁqiérmqy4bma5%f9at%wathtaﬁieﬁtrw re
havipng i i Y | ' 1. di ter, of the
dr \38 re ﬁ@g?@%ﬁ%ﬁ%ﬂg?ﬁ%@%@% ?r)lé%n acio}lﬁeaoif ?e:g%lg{e%re %i .ﬁﬁﬁ“t" %I%%ﬁl’ ﬁlewi re

al ong tgae nlagrigivhl tbfough ¢hadchagnel d 668 todnve therdruglttdl@ots 16hishrotdhethe bkin16l4 e may

facilitate stoppi the first dru nit 1462 about an internedi ate section
of t he Bl S88R0 St W Spasued fiotive 58 R itche 11 ow of pressur | zed
air tovard tAg &Xkde APP&suirdidae nfal e husORNE. paktR@ld BiboWinfc@itd TR SBANE oft
dianeter that is |arge enough to provide an end face with sufficient

cont actpresseazddgas st pppingg of hie assogigteddyitiythasntry Wptheflthe haldar 1609g Aatiafragi ng

f or,ce a rotati .nonent _.on the first dr unit. |t, shoul d be not.ed that
{ aSe, dho SyriRh NS ARAGH b8 Tt by 4613, g MO ieh ol o B BB S o
i n ot hdhtoah® OlinABINt6BS Fdriwind bhel Bu@usitsdB 19 ifeMraed. Bnathekhedrigdemny of a

system 1500 for | oading a drug delivery device 1560 with drug units 1562.

Li ke t Hvigpsnayrhelaatyd. t he system 1500 may i ncl ude a device hol der 1520, a

d it - ' ri hed
above. the dbvons TEPYPA ool et e 2R P e e Rod R ot B AESELE® G  ng
t he | ogdadigg thechassl 1608 Ethohbldernted it bemohevicagorhweltt dic hbH3®paniyg o

configured to hold the drug delivery device 1560 in a select shape. For
exafpl éfle 3% d&EW&éGW&F-aEH@ 1oy H§ TRk e lgcat 9%%@%@?%3\%@% & a

devi ce iRl el 4826 i BeYicify Y58d W cdrtsFARas thd\diidfivery device so that the

device can be placed about the nozzle 1616. In some embodiments, an outer surface of the
nozzle 1616 is shaped to create a friction fit with 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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the drug delivery device 1560 includes an elastic wire that is
preconfigured to spontaneously return to a retention shape, such as a
pretzel swapelo/ Fid6curvature of the device hol der 1520 may/usedid/osi2ss devi ce
1560 in a partially curled state, which may permt the device 1560 to be

| oaded with t S npl et uncurl i th | asti For si iLcity, the
elastic wir Bn it YRS andigeid ded faeﬁﬁabféféga%tﬁted%aﬂy
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2 For exanpl e, the hopper 1550 may have a funnel shape
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inline feed tra ks |Is no ers or conbi nations
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a drug]ﬂﬂit‘@QNﬁﬁﬁA?ﬁﬁ&@mﬁ@ﬁﬁﬂwﬁﬂﬁﬂa{Ug unit source valve 1556 may be
posi ti oned between drug unit source 1522 and the drug entry opening

1552 The drihy demice maydregmpleaitadein B3®EY wavityser lonei \ﬂelld)sub@qmrtﬂyanamr event t he

age 0 f drug unit drug entr
DS et By Gyt it B85 OOt s o thof iSRS Dol Be aZB8rS ped
above tRITRG eHehRplogaiRhi Gleraatiiop Rsxiodally 36 Gc£filRaeN dBtat ﬁfomttﬁ@d?ﬂ@&ﬁéiﬁl zed gas
source 1524 is in comunication wth the entry channel 1526 from a p0|nt

upst r eatff ofl he Flcase mpydstcpptrolfrdmvisyanedended psried doereftar) thodeficomesdar i zed

gas at r In sonme enbodi ments, the pressurized gas source
1524 ig%g@ﬁ%%?%%ﬁ)ﬁ &ﬁﬁggﬁgressurlzed gas source valve 1558. The

pressuri zed Igaac seamgle, thaldywcd B5Bphmieddy asshg therdea desteredovifthionghdr ug

entry openi ng 1552. The Ssuri gas_source val ve 1558 may. sel ectively
perdi P tewtﬂerﬁ%ntfapgwﬁeﬁsm&tég 3% 1?%%811@5%3%936%% psrEMsAt e GRannel

1526. mﬁyp [ESRMS AP cRAR ROKEGEIhIRAIRBA YBRY cavity such as the bladder, the

device assumes a retention shape, such as an expanded or higher profile shape, once the
device 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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i ncl ude a vacuum positioned downstreamthat applies a negative pressure. In
preferred enbodi nents, the system 1500 i ncludes a controller 1560. The

cont rol | eWO2BB0ISKeY be operable to control the drug uni PCIaseTe/vREYe 1556
and the pressurized gas source valve 1558 to facilitate | oading the drug

units 6 or ex e, the valves 1556, 1558 be ened and closed in
a manné?%’gﬁ)ra ﬁ?w?ﬁ? Y%Wénmr%ﬁlaﬁra&@?@hﬁfi@&ﬁ?@ﬁﬁéﬁ%@@g FAT% of drug
units %@Etetﬁieﬁ&{dm%ﬁlfoﬁ,th@ﬁ&%g@ein%rd%ﬁ%rwhﬁ{d PRdNch& 6rQ%nﬁi'tiQﬁVb9iB%We§t%§.U“ zed
gas when the flow of ‘drug units I562 is prevented. The val ves 1556, 1558

may be al t erlnambddivetnieinnlogethedlenied cempusnd aplyeg tni osudidifarnymbeiintad dryg t h an
appropriate tine dela neeged t 0 conpensat e f.or, del ays j n..t he.system
1500 or T resB sty T e IStk BORE dBn G s B sy i Y
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control the pressurized gas source 1524 directly. In such enbodi nents, the
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pr event I j - 524 i di . t he.

bt cssurqryb iy BE SORHTEEE lodRRrBRLLTR i LSOTIRLRD HWick Rl ¢ 15ss
may or thapladédr. be provi ded. In enbodi nents in which the pressurized gas
source 1524 includes a vacuum the contraller 1560 also may control the

vacuum The Batqusnberthadyiratagy beregirranion the beanisHel ay Reagsdly Wit sour ce
1521_%| ?D[Hé A&viL M8 nBhIrELIABE FRRAL- AT Sicd RS ’be'r&n%g%egiﬁes}apdm&ts 'foﬁhfgs- 16 and

7 illustrate another enbodi nent of a system | oadi ng a drug

del i verpprptev aceknawtnhindihaigt ondanshe spbaalsypioducctl6 Al gleviee alsd ynayrbel udes a
hol der 1602 forned from a base porti 1604 and a cover portion 1606.
Toget nPISHE 9Acer Al ogvar b SrednEn £808Y2| ToRR ger e b &R F608 f or
recei ViQagicd ieheEd 6f thd gt abki ﬁtrllyl@éé}ade-m& &J@ﬁtlrmﬁﬂ flr&ﬁ%dmd/de?auﬁﬁgﬁpfd to

iefe
hold a number of drug units 1610 that are serially aligned. For exanple,
t he chanmetion.clig: drycchpaanadtbeatighved entesabedsungiiome pf theelredh annesiferad9ps may

curye. The chanpel 161 have oss-section that, ks.slightly |arger
Chan t HESeCa PEfe ot RaTBealeihsd THBRGRES S aMut it BB Y complet el
wi t hi n subgqasanRe imbedSed, auﬁn%@feisaﬂnbpr@emeggﬂ@%t.rieme)rcaoywternﬁﬁé.i on 1606
may be renovable so that the base and cover portions 1604, 1606 can be

separat ed t d'Iodd Herratsh il asg@nafiaricicad 9% iteths bleltior, wiivesio dieer
por 1 AR AL STRY i SN USRI O DR 1 0001 s
For exangirted thrbegicihe @rctipartd tharbldGiR6 amd yhddevicesSIO00 atagbewlakdedahrougibehe of
S¢ r2%ws Jegﬁoglmce%p ingt?gr?lgnet 1t98£,e nqz%g bg %es?}ilgtgo?’ ffor\}v otff]lelbr?gl?l‘[e orpoot{léri f?qu, for
example, until the device 1900 exits into the bladder. Thus, the device is implanted into the
bladder of a male or female human patient in need of treatment, either adult or child.
The device may be deployed into the bladder of a patient in an independent procedure
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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1604, or the cover portion 1606 nmay be associated with a nunber of clanps
that can clanp to the base portion 1604. Oher configurations are al so
possi bl e. wohlen/tsied6base and cover portions 1604, 1606 aP€TAScuomg2sHget her,
the channel 1608 is relatively enclosed except for an entry 1612 | ocated at

t he rear of .t he hol der 1602 an Xit. 1614 | ocated at t front of .the
hol der STER9IIMETH, ‘gﬁé{?‘é}ﬁ’ Bides it %ﬁPaﬁgeffélfésl%ﬁh%*éu%%%%&Pé?‘g&el’wlt Psr8thur ce

of pre%ﬁHﬁh?@@y&&%s@Bﬁmkﬂ%k@%bﬁr&&%ﬁzﬁﬁ%n@@o@&@ﬁﬁ'ated wWith an entry
opening into the drug delivery device. Wen the source of pressurized gas

i s oper at ed,Intsheh gaa@ﬂ, ntimydetvrca\may ltehrsodlmtr@dﬁ@lt@ﬂsahd@bfstm@oeldtabwdrcwélst he drug

tablets 1610 .t hr ou E@dg 614 Qe Qolder anqr T § t he enHE% gpeni ng
in the Rfr'lgPY8 R y‘V%‘l gYA F SPIGHISUNETYS 1SS BRYOBEN SR, 1 n
par i CUio@fne@fﬁp@ﬂilmﬁﬂ&er-sbﬂlﬂct%pbliéfﬁlcﬁbnﬂh%%ﬁblﬁ Ifb@tds@g@aupauﬁor&ymrnge of air
associated with the entry 1612 of the holder 1600. Atip of the syringe may
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portloqiﬁg%g into the drug delivery device. For sinplicity, neither the
drug delivery device nor the pressurized gas source are shown in the
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Io d|n elivery devic h drug tablets or other drug units in a
d f @, T PRIEat 1oy &SP }'Ug elivery to one or more nearby genitourinafy 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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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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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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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

10

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.

58

be

e

he

n



37 C. Release profile data denonstrated that
via diffusion through a silicone wall

it

W t hout an aperture.

is feasible to deliver drug

The rel ease rate

was rel atwoeb1/se896- or der over a period of about four d&g3useapowing of f

t her eaf

study was perforned t
t hr nnnh bot I

adevi ce

ter,

with the rel ease rate varying based on the device.

0 |n%es£|%§E§lth%7£easigrl

wal | of
a | engt

t he
hNof

(% g Wagler voi

dlbdothing cm T

% bpaVeights wer e
lBxcifgstitces were

f Babhezd
| Siagled

Anot her

ty .of _.delivering drug from
Eﬁﬂiiﬁﬂﬁﬁan_apeLLuLe-rn t he

formsilicone tubes |
Wdshiesol id drug tabl

navi ng
bt s of

| i docai
i nner d
The fir

e Da

i anet er

J0B% rdecadise | e

st | de

SE, for—a tot

of about 0.

at—paytoad—of
060 i nches and
ture with a

about

60
an out g

dingeret e

T FT Ve ueVI CceES Hdu
El‘lart%ef%ﬁ cxeccded76 i
rcoawf%ﬁﬁ’@ﬂt 011950 mm tf

an
nches.
ne

second
t he thi

devi
rd de

fnur

e had two ape

\él @/edm*&%‘@'alﬁ

el ce

{rr
('Q)(\

rtures that each

t5)6/? gB&uhluég %0(11

TaT A

had a

LEsaii

fn glout  36(
@Q’Eﬁ \ilge

D mm
put 360
about

mm the
360 mm
di anmet e
apertur

and
r of
es3 |

Aot o

the fifth dey
about 0.062 i

F@@o Mb@ﬁﬁe

i ce had no apert
nches, an outer

58, S@&hﬁﬁA&éﬂaté” t

Ao ar na

ures. A
di anet €

r@25H1V

ter of abq

di_anet er of
Suinxd Residey be dichad an
rSovhc QicRAB. i nches, al
@th%hetaéj ec?iléﬁ Yored 7 C k

aacad

i nner
nd no
Rel ease

profil e
t ube w
addi ng

of Lido
f easi bi
nonohyd
I n one

exci pi e

a forceH

udat

t hout]
apér t

any aperture
Wi d$o Lalochiec d

s and that the r
évi‘6d.cuginanpl e 2

el ease
0.2%itnud

CI cTAasSCTuU IIUIII(J. DI II\.:\

rpmee gaidupen fabta: eased
yLoferRaction facsSi ze |1

one
1 by
crease

cai ng
y

Ii%
rate

> via Sl uggi ng

fhAlEReL"

Anot her study was perf

trcle Si

&B)]?Eg‘ %Pat bev

b

rreed tood rmnetI
3}% gdrrs

ne
le
udy.

case,
nt6 k

f nnr
A~

an attenpt v
'l@wvﬁrdocaﬁ

QI’ \ADC QI’Y\'\ f\\

vas made to sl ug

'5%9@!052%&‘3457‘1 n

| i docai

28 1!

%chlonr
'T%oWﬂb{ifq}f)b

@fethe st
ndpKigdded
&@ﬁ %bgggaV|ty

n after

| i docai

ne al

by wei g
gener at

However ,
Part i Clﬂml?le

52% of the grap
remai ned above

mll

ht7 7

1d PVP. The (of4

F@é?&bﬂpmﬁhéic

‘ r\nr'n'\nC| L I

nposrtron |nclud

n \ADC
T L

ed of 9
t@2airs|

P %Bslogarbpreldte d

. evel
'Péﬁ%ﬂbwdmoamnwn&nd 2.

ng
9% PVP
n

hi nnrll i
u@@th@n&mgcess, whi cf

ed g

a hig

anures W th an average particie siz
ercent age of the conposition was wasted upon sieving.
leting brdaﬁ%rnegnd/éfaéusrsaﬁ@wlwt@h a #30 mesh screen,

E M?lgf gft)t%f.’illetl %ﬂ/&
wastpicnidila cagpineaste, raseoinpﬁﬁnérahaﬁ@gilldhrﬁlrieolyﬂfmhmlgb nimbApirae] e

T 5B

eve,

assqciated with the slugg

of Phe POViFggEnd SHESHEIAT 18 varians Fmeynts wys rrﬁciré%nﬁg[rrlﬁb wblsgoe B8

f}%lg%'tdlg SEPVIded bRlow APHfRE 89, and issues during

to achifyfif SH-LARIE o

tabl eting such as stic

k

AFS At

dtth rd?t!r’]é%mte thie

e renal I’l

gi ng process, the

59

poor

of about 424 T crormn.

calnehv%thgv

es were

about

%RM%es

particle srze di stribution

osition



Exanple 3 : Study of Particle Size Increase of Lidocaine via Roller
Conpaction Yet another study was perfornmed to determne the feasibility of
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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.
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| i docai ne and a relatively | ow wei ght percentage of one of several
different excipients. Table 2 describes the various tablet conpositions,
tabl et siwe,20emid1896e results of the direct conpression PCOASE004026Hr M t he
tablets. The results of the study indicate that |idocaine tableting my be
facilit teFI.by addi ng at | east sonme excipient to the tableted conposition,
such as"t§%8duce the ejection forces, to inprove the flowability of the
conposition, and to reduce residue and sticking within the tableting

appar atus. Ex : T&,Qhﬁ{ Li docai ne and Various Excipients A study was
perfor rrléd toqgg%l%rtgnblrelte t he S?%gsi bility of tableting |idocaine wth various
exci pi ents. | n eaclhcilnstsintie,agentcolrpies iftoinothe lpamipngnbistioraf aneanhiyidarocl) or i de
nonohydr ate, povi done, and gﬁg 8000, i n various anmpunts was processed into
[ mini-] tablaéltaéma?leséertaé@lae“to iioRehcrsife results of the study are provided

bel ow in Tabl e 3.Jiabtig 1} 438 eaHIdisSs Qlfthéifcgﬁlc@fia@%liﬁ%l?ﬁ&tﬁcﬁs@e%ﬁm e 7

Tabl eting Various Drugs w thout Excipients Mni-tablets were nade from
vari ous dif f¥¥ehy werahgthe loeal andsihetic agendt , nmini -t abl ets were made from
| i docai ne (base). In a second test, mni-tablets were nade from bupi vacai ne

mepi vacei ne RYGRBERPGE REGT i Sargrts Taubi A Aeb PR e el ¢ made {1 om

oxybutynin hydrochloride. In a fifth test, mni-tablets were made from

OXYbUL Vi 1 bR, ERRIE: bADLEA I NAnGERnPIANHSRY Tlthhabhehs successfully. The

mni-tablets ha I anmeter of abou nm an ength of about 2 mm No
exci pients were added to any of the tableted conpositions. Publications
cited herei mhaniug taelaraf enindB swhatinwhd o drieyrealiw @bleedcaah ercspbahftiatial | y
i ncorporated by reference. di fications and variations of the nethods and
devi ces desciiB&iraheithiTlet Gid 12c¢fe obvi ous to those skilled in the art from
the foregoing detail ed description. Such nodifications and variations are

i ntend to .t hi f - |.Aa | @i Do A
drug t abl ot Engry LblH Br 40y ROPREe s A ARAERC B LB TS B e B
consi sting décahanarticiioagémde, an am noester, and a conbination thereof,
wherein the drug tablet is in the formof a solid tablet which is greater

t han 50% by vvei(ggé the | ocal anesthetic agent. 2. The drug tabl et of claim
1, wher®ein tHe faglet abelaim | swhereigrihg edisldabletip betveen 85 pre andifly wiabthst of
claim1l, wh i . id tablet is a mni-tablet. 4. The drug tabl et of
claim 3, V\hglr;%llﬁm%s gugﬁééng'r nore drug tablets each are substantially

7. The drug tablet of claim 1, wherein the solid tablet further comprises at least one

water soluble excipient.
8. The drug tablet of claim 7, wherein the excipient comprise a binder.

9. The drug tablet of claim 8, wherein the binder is selected from the group consisting of
polyvinylpyrrolidone, poly(ethylene glycol), poly(ethylene oxide), poloxamers, and

combinations thereof.
10.  The drug tablet of claim 7, wherein the excipient comprise a lubricant.

11.  The drug tablet of claim 10, wherein the lubricant is selected from the group
consisting of leucine, sodium lauryl sulfate, sucrose stearate, boric acid, sodium
acetate, sodium oleate, sodium stearyl fumarate, poly(ethylene glycol), and

combinations thereof.

12.  The drug tablet of claim 7, wherein the excipient comprises a lubricant and a binder.
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cylindrical wth flat end faces. 5. The drug tablet of claim1, wherein the
solid tablet is between 70 Wt % and 99 w % the | ocal anesthetic agent. 6.
The drug wabkbsvisefecl aim 1, wherein the solid tabl et isPOEUsREN/ 08B5M % and
95 Wt % the | ocal anesthetic agent. 7. The drug tablet of claim1, wherein
the solid tablet further conprises at | east one water soluble excipient. 8.
The drug tabl et of claim7, wherein the excipient conprise a binder. 9. The
drug tablet Or Erafaiasof gawn 7.7V R%enbi nder is sel ected fromthe group

consisting of POLMYLBHCANIOA AR R HOEL Y WENGE GRS wWRRlA Rt Dylgene

oxi de), pol oxaners, and co nations thereof. 10. T rug tabl et claim
7, wherein tthdetexod pi ent conprise a lubricant. 11. The drug tablet of claim

10, wherein the |ubricant is selected fromthe group consisting.of |eucine,
sodi um 1 auryl sulbobeiBlommed ST Dy handebaR SBF ehinscidt e, “sodt um
ol eate, sodigunpstearyl fumarate, poly(ethylene glycol), and conbinations
thereof. 12. The drug tablet of claim7, wherein the excipient conprises a

| ubri cant and a binder.13. The drug tablet of claim 12, wherein: the
| ubri cadt cdprdrsgsibleedidem dhouticr&n Shanbsicemd carbputes BES $A0%anfl thdieindal i d

tabl et; and the bi ndgv.csan?ri fffs bet ween about 1wt % and about 5 wt % of the

sol i d tabl etCMPESCSHRL ARYIGYRAHIOBE of clai m 13, wherein the |ubricant

conpri ses PEG 8000 and the binder conprises polyvinylpyrrolidone. 15. The

drug tal et i £ sk €1 OndB8 158051 Hh i one or
Bl S'Ig{eucﬁlé aBlet of YRR 810 \Ié—{?lc Oldifd 191941% V\%It/tgo{ngﬁffesccﬂ{%r Sie

t
nore water excl prents, h are from 5 W% of the solid
tabl et. 16. vidte sotuble ¢xalipietts,ofhich aicdraan watetodfS wetaohthe folidtablf. wherei n t he
| ocal anesthetic agent is selected fromthe group consisting of |idocaine,
pril ocai ne, nepjvacajne, bupivacaine, .articaine, ropjvacaine, and
Conbi nak ond KBy GBPIct ehclamnanypnepiiciaims t%f”a‘ﬁ@“@ﬁéh%\ocgl aRFyHRetic 4ggnt 5.
wher ei n t he ;sgliided abheh LhRGSink 0P MiaLAH pldLH: Qitlyirfd0 1My of
|i docai ne base, 18. The %g'ggpt a%sﬁsgltn%oo? any onbd of (I:Ifagp% 140 15, wherein
the solid tdbpstcannprtiees, faporacaine, and combinations thereof.

17.  The drug tablet of any one of claims 1 to 15, wherein the solid tablet comprises from

about 3 mg to about 40 mg of lidocaine base.

18.  The drug tablet of any one of claims 1 to 15, wherein the solid tablet comprises from

about 3 mg to about 40 mg of a water soluble salt of lidocaine.
19.  The drug tablet of any one of claims 1 to 15, wherein the drug tablet is sterilized.

20.  An implantable drug delivery device comprising:
one or more of the drug tablets of any one of claims 1 to 19; and

a biocompatible housing containing the one or more drug tablets.

21.  The device of claim 20, wherein the one or more drug tablets each are substantially

cylindrical with flat end faces.

22.  The device of claim 21, having from 10 to 100 drug tablets aligned in the housing

with the flat end faces of adjacent tablets abutting one another.

23.  The device of claim 21, wherein each drug tablet has a cylindrical side face having a
length from about 1.5 mm to about 4.7 mm and flat end faces, ecach end face having a

diameter from about 1.0 mm to 3.3 mm.
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about 3 ng to about 40 ng of a water soluble salt of |idocaine. 19. The
drug tablet of any one of clains 1 to 15, wherein the drug tablet is
sterilized02000/1588%i npl ant abl e drug delivery devi ce compCITAiSp@L0/0¢0285 or nor e
of the drug tablets of any one of clains 1 to 19; and a bi oconpati bl e

housi ng containing the one or nore drug tablets. 21. The device of claim
20, wherein _the one qr nore drug.tabl ets each are substantially cylindrical
with flI% erlderdgriss of 9121m¥ﬂewwégﬂsc9ézeéfané|sa@n?ﬁzfqt ingavssigl MeFHPA0 to 100 drug
tablets aligned in the housing with the flat end faces of adjacent tablets
abutti on r Vi . ¢l al i h drug tabl et
has a cn%l'i n rhl%(fmél{lﬁgioggl%ﬁggg’hﬁ%é\%&\égtﬁe:h eshné%"”@ﬁ %gn?% oﬁf 8%[%%?11%}1 to about 4.7
mm and fl at e&tbniaizasbe.each end face having a dianeter fromabout 1.0 nmto
3.3 mMm 24. The device of claim 20, which is sized and shaped for
intravesical insertion. 25. The device of claim 20, wherein the housing
conpri s a Mstdsvicpef pletnt 0. feithes compripiag e ugientionfranmhepaebly cennstteditai ms 20,
further Comﬂéﬁ&{}%ga retention frane operably connected to the housing. 27.
A met hod of making-a solid drug tablet conprising: conmbining a drug in
particulate formw th at | east one water soluble excipient to forma
CONPOSiA7. ON; A aehodUTRAASS NlidRug PRASHIpALIng0 forma solid drug tablet,
wherein the drug conprises a |ocal anesthetic agent selected fromthe group
consi sting of an @mbiaskdaug Amagirulbebrarvithdcast exnyrtsasalebic exapient | and
t he excipie ' ) es han 50% of the solid drug tablet by weight.
28. The net H%é&%?yé(?lg?%%ﬁij%erei n the | ocal anesthetic agent is selected
fromthe group cawnsipséssing thd cdmsiatinne forpt 4 kalzlpdrog tabepi vacai ne,

bupi vacai ne, articaine, ropivacaine, and conbinations thereof. 29. The

met hod of cl ai m 27ICriRéhef e cARPESiadot BResthatis ag@ttielesfed GFoft 95 8FRYPI9 wt %

the | ocal a%ﬁgigﬁ{eg-s&faaﬂgl%ﬁoan%ge, &Lﬁiﬁﬁés@%rﬂfa %j@l%%)?lﬁ% " gadthkhe

exci pi ent conpris bi nder an ricant. thod of claim 30,
wher ei n contrxaipmgnt térepises desaticint 3080 ektbe polehdrugoahpetibyesciglyr anul ati ng t he
drug wth the binder to formgranul es, and

28.  The method of claim 27, wherein the local anesthetic agent is selected from the group
consisting of lidocaine, prilocaine, mepivacaine, bupivacaine, articaine, ropivacaine,

and combinations thereof.

29. The method of claim 27, wherein the solid tablet is between 70 wt% and 99 wt% the

local anesthetic agent.
30.  The method of claim 27, wherein the excipient comprises a binder and a lubricant.

31.  The method of claim 30, wherein combining the drug and the excipient comprises:
granulating the drug with the binder to form granules, and

dry blending the granules with the lubricant to form the composition.

32.  The method of any one of claims 27 to 31, wherein the solid drug tablet is a mini-
tablet.
33. A drug dosage form comprising:

compressed particulates of a drug,
wherein the compressed particulates are in the form of a mini-tablet which is

greater than 70% by weight the drug, with the balance being at least one excipient.
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dry blending the granules with the lubricant to formthe conposition. 32.
The nmet hod of any one of clains 27 to 31, wherein the solid drug tablet is
a mnitabWwet201033189% drug dosage form conpri sing: conpre®sEASp@wiessd at es of
a drug, wherein the conpressed particul ates are in the formof a

bei ng. ot 1 edl dietdelt it o o it faadageb kot sahubriodd Uher oi n

the mni-takhelrybs from 85 W%t o 95 w % t he drug. 35. The drug dosage form
of claim33 or 34, wherein the mni-tablets each are substantially
cylindrical with flat end faces. 36. An inplantable drug delivery device
conpri siSng: Tdwrelrog dosape farfn dffvdaiohr B rdds e ercfrothomiof-tabieys canieawf clains 33 to
35; and a flexible and r.meab housi ng contai ning the one or nore
dr ug dosageEWEﬁﬁﬁwHKHXPﬁﬁ [Wﬁﬁﬁ%h§1 °Ss sized, shaped, and constructed
for intravesical insertion. 37. The device of cIain136, having from 10 to
100 of 4¢he mpiqhiabhetsrd daned dRidRenpusibng. 38. The device of claim 36,
further conpr€3|%g a repg%f%b%@»rahe og@rgng connected to the housing. 39.
The devi ce of anynee nwic ofmeralwg’ﬂcﬁasa@ fo8ms wharyeone: oftcheemel BBigp 8% aad| ocal
anest heti c agent, ant m cr obi al ent.,, or a chenot herapeutjc agent; and
P8 Tt Brfh @i ohiibe fhufintit e onc of RS drie

t he excipient co
dosage forms,

wherein the housing is sized, shaped, and constructed for intravesical

insertion.

37.  The device of claim 36, having from 10 to 100 of the mini-tablets aligned in the

housing.

38.  The device of claim 36, further comprising a retention frame operably connected to
the housing.

39.  The device of any one of claims 36 to 38, wherein:

the drug is a local anesthetic agent, and antimicrobial agent, or a
chemotherapeutic agent; and

the excipient comprises a binder and a lubricant.
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