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FIG. 1

(57) Abstract: An implantable medical device is provided for controlled drug delivery within the bladder, or other body vesicle.

& The dev ice may include at least one drug reservoir component comprising a drug; and a \esieie retention frame which comprises
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an elastic wire having a first end, an opposing second end. and an intermediate region therebetween. wherein the drug reservoir
component is attached to lhe intermediate region of the vesicle retention frame. The retention frame prevents accidental voiding of
the device from the bladder, and it preferably has a spring constant selected for the device to effectively stay in the bladder during
urination while rainimi/ine the irritation of the bladder.
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IVMIPLANTABLE DRUG BELIVERY DEVICE AND METHODS FOR
TREATMENT OF THE BLADDER ANMND OTHER BODY VESICLES OR LUMENS

Background of the invention
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more particularly in the figld of devices for the controlied reloase of & ding from a devige
iriplantable in the bladder or other budy lumen or gavity,

Drrug delivery is an imporiant agpect of medical treatment, The efficacy of ruany
drugs 16 directly related to the way in witdch they are adiministiered. Various systemic

10 methods of drog delivery include oral, intravenous, intramascular, and transdermal. Theso
sysiemio methods may produce undestrable side etfects and may resull in the
metavolization of the drug by physiotogical processes, ultimately reducing the quantity of
drug to reach the desired site. Accordingly, a vaviety of devices and methods have been
devetoped to deliver drug in & more targeted manner, For example, these devices and

15 methods may deliver the drug locally, which may address many of the problems associated
with systemic drug delivery.

fn recent years, the development of microdevices for Jocal drug delivery 15 one area
that has procecded steadily, Activation of drug releuse can bepassively or actively
controfled. Examples of controlled drug delivery devices are disclosed in ULS. Patents

28 No, 5,797,898, No. 6,730,072, Nn. 6.808,522, and No. 6,875,208,

These migradevices ¢an be divided roughly in (wo categories: resorbable polvmer
based devices and nonresorbable devices. Polymer devices have the potential for being
biodegradable, therefore avoiding the need for removal afier implantation. These devices
typically have been designed o provide controlled release of drug i vive by diffusion of the

25 drug out of the polymer and/or by degradation of the polymer over @ predetermined period
following administration to the patient.

Interstitial cystitis {1C) and chronic prostatifis/chronic pelvic pain syndrome
(CP/CPPS) are chronic painful disorders that atfect approximately 67 per 100,000 women
(Curhan ot al., J Urol, 1612 549-52 {(1999)) and 7 per 100,000 men (Cellins et al., J

30 Urol. 15904): 122428 {1998}) in the United States. Both conditions are chasaclerized by
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chronic pelvic pam, urinary frequency and urgency, and varable degrees of sexual
dystunction.  Pentosan polvsuligte sodium (PPS) currently 1s used to treat this condifion.
Howaever, conventional methods and devices {or delivening the drug have significant
shorlcomings. For example, oral delivery (ELMIRON™, Ortho-MeNeil) suffers from fow
broavarlabilitv, as low as 3 %6 due to a lugh fiest pass effect {Parsons et al., J Urol 15301
139-42 {(1090)), and causes some nuid side effects, such as headaches. PPS dehverad
infravesicaliy through cystoscopy (with a catheter through the wethra) can provide
improved therapeutic effects while reducing the side effects of the drug (Bade et al., 8r. /
Lol 792) 16871 (1997)). However, the instillation procedare 15 pamdul and requires
repeating the procedure twige per week for three months. The repetitive nature of this
procedure also engenders high risks for anmary tract miection and bacteremia. Thus, a
pronounced need exists for an mtravesical drug debivery device that wall substantially

reduce the number of ¢cvstoscopic procedures necessary 1o deliver an effective amount of

PPS or other drugs needed for local delivery over an extended penod.

(One treatment for ICPBS endanls delivening a hdocane solution o the bladder via
mstillation (R, Henrv el al., "Absorption of alkalized imtravesical hidocaine i normal and
mnflamed bladders: a simple method for smproving bladder anesthessa” J Urad, 165:19GG-03,
2001, C. L. Parsons, "Successlul downregulation of bladder sensory nerves with
combimnation of heparin and alkalinized hdocame in patients with miterststial cystiis.”
Urology, 65:45-48, 2005). The bladder lirung has such a strong mucous bamer that normal
hidocaine has difficulty crossing through 1. However, researchers found that 1f the
anesthetic agent 18 alkalinized with a precise amount of sodinm bicarbonate. 1t improvead the
anesthelic agent™s abihiy to pass through the muacous 1o reach and soothe the imtaled nerves
and tissues beneath. In a conventional procedure, the mnstiliation delivers a bolus dose of
Hidocaine (or marcaine). heparin, and sodiwm bicarbonate to the bladder. Over the relatively
short ime that the solation 1s present in the bladder, the bladder tissue absorbs the hidocaine
also provides continued reliel as the hidocaine degrades from the bladder tissue. However,
fidocaine has a relatively short hall life, and therefore a relatrvely hugh mitial concentration
of hdocaine may be needed to provide continued rebiel and the penod of reliet hnmied m
duration. To achieve sustaned relief, subsequent imstillations may be required, such as
three times per week for two weeks, The frequency of such instiflations mav be
undesirable, as each instillation entails the inconvenience, discomfort, and nisk of infection

associated with unnary cathetenization. The durabion of reliet may be increased by
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mereasing the wihal concentration of idocaine absorbed mnto the bladder. such as by
mereasing the concentration m the solution. However, undesirable systenuc effects may
resull if the mitiad concentration of lidocaine 18 100 high.

Other therapies could banefit from unproved mtravesical drug delivery devices,
particidarty where local delivery of a drug to the bladder 1s preferred or necessarv—such as
when the side effects assoaiated with svstenuc dehivery of the drug are unbearable and/or
when bioavaiiability from oral admimstration is too low. For instance, oxvbutvnin 1s used
for the treatment of overactive bladder svndrome. Carrentlv, oxvbulynin 18 deliverad orally
or transdermaliy. Unfortunately, bowever, approximately &1 9 of patients taking the drug
experience side efiects and approximately 7 to 11 % of the patients actually stop treatment
due 1o the seventy of the side effects.

Situs Corporabron developed an intravesical drug delivery systemn (UROS mituser
device) for the delivery of pharmaceutical solutions of drugs. such as oxyvbutvnin {for the
freatment of overactive bladder) and mutomyvemn € (for the freatment of bladder cancer).
The UROS miuser device and methods of making and umplanting the device are described
i ULS. Patends No. €,171.298, No. 6,183,461, and No. 6,139.535. The UROS mnfuser
device has an elastomernic outer tubing and contans inex{ensible wire which connects both
nner ends. The device has @ iinear shape during the cvstoscopic insertion inlo the bladder,
changes to a crescenl shape followmng umplantation and fithing of the device with the
pharmaceutical solubion. and returns 1o a hnear shape after releasing all of the
pharmaceutical solution. Extended release of the pharmaceutical solution 1s condrolled by
means of a pressure-responsive valve and/or flow-resistive element mside the tubmng. The
size of the UROS infuser device depends on the size of each inner component, and a
considerable portion of the imer volume 1s used to contain the mechanical components, not
drug solution. With a length of approximately 10 co and an outer diameter of
approximately 0.6 cm. the large size of the UROS mibuser device can cause signiicand
discomiort and pamn to patients, particuiarly during arological deplovment and retneval of
the device. The UROS infuser device also requires an additional surgical procedure tor
ioading of the pharmaceutical solution inio the device foliowmy mmplaniation. Accordingly,
a need exists for an mtravesical drug delivery device that 18 smaller i size, o avond
unnecessary discomifort and pain in patients. In addition. 1t would be desirable to provide an
mtravesical drug delivery device that can minimize the number of surgical procedures

reciutred for umplantation and delivery of drug over the treatment period,
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There is also a need (o provide sustained delivery over a perniod of time, and. to
accomplish this in the bladder, the device desirably should be retamed 1 the bladder and
not excreted before the drug pavload can be af least substanfiallv released, even when the
drug pavioad needs 1o be deliverad over a period of severd davs or weeks. In general,
betler devices are needed for controlled delivery of drug to the bladder. Desirably. the
implaniable device should be easv to deliver into {(and if necessary. remove [rom) the
bladder with minimum pain or discomfort to the patient.

Sununary of the Invention

In one aspect, an smplantable medical device is provided {for controlied drug debivery
within the bladder. or other bodv vesicle. In one embodiment, the device includes at least
one drug reservolr component comprising a drug, and a vesicle retention {rame whach
comnprises an elastic wire having a lirst end, an opposing second end, and an wtlermedate
region of the vesicle retenfion frame. The retenfion frane has been determined 10 be crucial
to prevent acadental voiding of the device from the bladder. 1t praferably has a spring
constant selected for the device to effectively stay m the bladder dunng unnation whale
minmnizing the wyitaton of the bladder.

It one embodiment, the etastic wire may mchude or consist of a fow modulus
elastomer, such as sibicone, polvurethane, styremic thermoplastic elastomer, polv{glvcerol-
sehacate), or a combination thereof., In another embodiment, the elastic wire may mclude or
consist of a superetastic alloy or other shape memory material. For exanple, the
superelastic allov may comprise a biocompatible nickel-titanium allov (e g.. Nittnol) or a
ttaniwm~-molybdenum allov {e.2.. Flexium). In opne embodiment, the elastic wirg may bave
a brocompatible polymeric coating. such as silicone, polvurethane, stvrenic thermoplastic
elastomer, Silitek, Tecoflex, C-flex, and Percullex.

In one embodiment. the etastic wire i s uncompressed state may be mn a curled
form, for example, i the torm of two or more loops, spirals, or turns. The first and second
ends of the elastic wire may be bounded within said one or more loops. The first and
second ends of the elastic wire preterably are sobt and blunt. The elastic wire 1n 1S
uncompressed state may be cusled i the form of two or more loops, such that the wire can
be uncurlad nto an approximately linear shape to permit the device to be passed through a
tumen of g catheter sized for msertion through the urethra of a patient.

In one embodiment, the drug reservorr component includes at least one elongated

elastomeric tube having a first end portion and an opposing second end portion and
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comprising a drug formulation theremn. the tube being operable to dispense the drag ia vive
at a condrolled rate, I one embodiment. the tube 1s formed of a water permeable materal,
such as a silicone. In one embodiment. the tube mav be formed of a resorbable matenial. In
a preferred embodiment, the tube 1s formed of a material which comprises or consists of a
brocompatible, tow modulus elastomer.

A drug formulation may be positioned as a core within the tube. The drug mav be
dispensed from the device, 1.e., released from the tube in wvive {e.g.. within the bladder), at a
controtled rate by osmosis andfor by diffusion. In one embodiment, the tube may have no
aperture, and the drug mav, depending on 1ts motecular stze and/or structure, diffuse
through the tube. In one embodiment, the tube may mciude one or more apertures, and the
drug mayv be released al a rate controlied by osmesis. In an embodiment, the drug 15
dispensed al a rate controlied at least m part by diffusion andfor resomption or dissolution of
a matnx material, e.g., wherem the tube comprises a composite, such as a polvmer/drug
composite. The drug fornudation preferably 1s 1n a solid or semi-sohid form. This may
facilitate toading the required dosage in a relatively small volume, to munmimize undue
irritation and discomfort to the patient during and following implantation of the device

The device may include at least one magnetic element to faciintate cytoscopic
withdrawal of the device {rom the bladder, e.g., alter drug debivery has been completed. In
cerlamn ambodiments, the magnetic element may be localed at the hirst end, the second end.
or both the first and second ends of the vesicle relention frame. A solt polvimernie coating
miay be provided over the magnetic elements.

In an aliemative embodiment, the device mav be formed of resorbable matenals
such that retrieval of the device 15 unnecessary, m that 1t will degrade completely or at least
enough to void the renmanis of the device.

The aperture(s) for release of the drug are, in at least a preferred embodiment. within
a size range where release 1s controlied osmotically. In one embodiment, the aperture is
civcular and has a diameter between about 25 pm and about 300 wm. Drog release may
oceur 100 gquickiy 1 the aperture s oo laryge, and i was found that hydraylic pressure may
deform the drug reservoir tubing and possibly alter the aperture, 1f the aperture s1ze 15 {00
simall.

The device may further include a Hloatation feature by the use of low density
matenals and/or the inclusion of air or another gas m some part of the device. The

Hoatation feature may nunimize the possible irvitation of the trigone of the armary bladder

Y
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The device aiso may nclude, e g., embedded. radicopague matenals for possibie x-ray
monitoring of the device,

The size of the tubing lumen of the drug resecvolr component determines the
possibie drug pavioad volume. In one embodument, the hollow tube of the drug reservorr
component mav have an moner diameter between aboat 0.3 mm and abowt 2 mm and an
outer diameter between about 0.0 mum and about 3 mmy The length{s) of the tubing between
the end seals may vary, as mav the nunmber of {ubing segnients attached 1o any one retention
frame,

In a parbcular embodiment; the implantable medical device for controlied drug
delivery may mchude at least one drug reservolr component which comprises an elongated,
water permeable, elastomenc tube having a first end and an opposing second end, a sohid or
semi~solid drag fornudation core within the tube. wheremn the tube has one or more
apertures for dispensing the drug at a controlied rate; and a vesicle retention frame which
comprises an elastic wire having a {irst end, an opposing second end, and an mtermediate
region therebatween, wheren the elastic wire compnises a superelastic aloy or other shape
mermory material, or a low modulus elastomer, and the elastomeric tube of the drug
reservar component 15 attached to the vesicle retention frame about the miermediate region.

In a preferred embodiment, the elastomenc tube s formed of a sthicone,

In another aspectl, a method 15 provided for admamstration of a drug {0 a local fissue
site withi/adjacent a body lumen of patient, lor example. into a patient’s bladder. In one
case, the method mav comprise providing a tumen device. such as a urethral catheter or
cvioscope, which has a distal end. an opposing proximal end. and an open lurmen extending
therebetween, mserting the distal end of the urethral catbeter inlo the bladder of a patient o
need of treatment, where the proximal end of the wethral catheter remains outside of the

0

patient; defornung {e.g., uncurling) the implantable drug defivery device and passing it mito
the proxamal end of the lumen of the urethral catheter; driving the deformed device through
the lumen and out of the humen, whereupon the device retums Lo s undeformed shape for
referttion in the bladder; and removing the urethral catheter from the patient. Thereafter, the
drug 18 released m a controlled manner from the drug reservorr component of the device. In
certam embodiments of this method, the pabient may be iy need of treatment for inlerstitial
cvstitis, overactive bladder syndrome, or bladder cancer.

In still another aspect. a method of treatment of the biadder 1 a patient 1s provided.
In one embodiment, the method comprises implanting wholly within the patient’s bladder a

drug release device, and controllably releasing a local anesthetic agent from the drug

&
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dehivery device m a manner providing a sustained, therapeutically effective concentration of
concentrations of the anesthetic agent. The anesthetic agent may be hidocaine. In one

ernbodiment, the concentration of the anesthetie agent i the urothelnam 13 at {east 1000

ftmes higher than the plasma concentration. In one embodiment, the therapeuticaliy

effective concentration of the anesthetic agent in the urothelium is sustained lor between |
and 30 davs.

In vl another aspect, a method s provided for freatment of the bladder 1 a patient,
i whach the method imcludes tmiplanting wholly withm the patient’s bladder a drug release
device; and controllably releasing a drug from the drug dehiverv device i a manner
providing a sustainad, therapeutically affective concentration of the drug in the wrothelium
of the bladder, winle avording high peak plasma concentrations of the anesthetic agent,
wherem the drug has a half-life that 15 equivalent to or within 25% of that of hidocame.

Brief Description of the Drawings

FIG. 11s a plan view of an embodiment of a drug debivery device i a relatively
expanded shape

FI1G, 215 a plan view of the embodiment of the drug delivery device shown m FIG.
1, iflustrating the drug debivery device i a relatively fower profile shape mside of a
catheter.
device. wherein FIG, 3A 18 a side view, FIG., 3B 15 a cross-sectional view. and F1G. 3C i1s a
cross-sectional view.

FIG. 4 15 a cross-sectional view of an embodiment of a drug reservoir portion that
mcludes multiple reservorrs separated by partifion structures.

FI1G. 515 a crosswsectional view of an embodiment of a drog reservorr portion
having an ondice structure at one end and an aperture formed through the onfice structure.

F1G, 6 dlustrates example shapes Tor a vesicle retention frame portion ol the drug
detivery device, the shapes including one or more loops, curls, or sub-~circles.

FIG, 7 idlustrates example shapes tor the trame that include one or more circles or
ovals arranged n a two-dimensional or a three-dimensional conlhiguration.

FI1G. 8 itlustrates examples embodiments of a pretzel shaped retention frame having
one or more drug reservonrs attached at an miermediate regiom of the relention frame.

F1G. 9 shows another embodiment of a retention frame having a number of drug

reservolr porlions attached at an itermediate region of the retention frame, with F1G, SA

7
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Hiustrating the device shown in a relatively expanded shape and FIG. 9B ilusirating the
device in a relatively lower profile shape within a catheter.

F1G. 10 idlustrates cross-sectional views of example embodiments of a drug delivery
device having a drug reservory portion substantially aligned with a retention frame.

F1G. B dlustrates cross-sectional views of example embodimends of a drug debvery
device having a number of drug reservory portions substantially abigned with a retention
frame.

FIG., 12 dlustrales an embodiment of a drug delivery device wherein a refention
frame componenl extends through a portion of a drug reservorr compoenent o altach the two
componentis togather.

F1G. 1315 aside view of an embodiment of a drug delivery device, ilustrating rate
controiling coatings or sheaths posibioned near a release aperture, with mtenor components
of the device beng tlustrated with cross-hatching.

FIG. 14 15 a block diagram illustrating an embodiment of a method of making an
ymplantable drug delivery device.

FIG. 15 llustrales a method ol implanting an intravesical drag dehivery device.

FI1G. 1615 a block diagram illustrating a method of delivermg hdocane to the
bladder.

FI1G, 17 dlustrates cross-sectional views of three ditterent embodiments of a drag
detivery device.

FIG. 18 is a graph iflustrauing in virro drog release profiles for the three
embodiments of the drug delivery device shown i Fit, 17

FIG. 19 dlustrates an embodiment ol a pretzel shaped relention [rame, at three
different pomts during a compression lest wherem a compressive force was applied to the
frame.

FI1G. 20 15 a graph iHustrating force and displacement data coliected during the
compression lest performed on the device shown i FIG, 19
various implantable drug debivery devices.

FIG. 2215 a graph ilustrating hidocaine plasma concentration over tume exhibiied
for various instiliabions and implanded devices i vive 1 rabbit bladder.

FI1G. 23 a graph illustrating lidocaine plasma concentrgtion over ting, exhibuted for
various nstiliations and 1mplanted devices /i wive in rabbi bladder. with the v-axis
modilied.
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FI1G. 24 15 a graphadlustrating the lidocaine fissue concentration over iime, exhibiled
for vartous implanied devices i vive m rabbit bladder.

F1G. 25 15 a graph illustrating the correlation between lidocaine tissue concentration
and hdocame plasma concentration, exhabited for vartous mstitlations and implanted
devices i vivo n rabbit bladder.

FIG. 2615 a graph dlustrating ldecame concentration in tissue and unne, exhibited
by devices implanted in wive in rabbit bladder for three davs and for six davs.

FIG. 27 18 a graph dlustrating the ettect of pH on the absorption of hidocaine,
exhibiled dunng studies perlformed in virre on rat bladder Lor one hour and tor one day.,
respectively.

F1(. 28 15 a graph dlustrating hidocaime tissue concentration over time, exhibited
during studies performed in virro on rat bladder with 1079 and 1% lidocaine solutions of
varving pH.

Detailed Description of the Invention

Improved drug delivery devices are provided for implantation and retention m the
bladder ov other body vesicles or lumens. The device can be talored 1o release one or move
drugs ovar an extended period of ime i a predelined manner, for therapies requinng bolus
{one-time}, puisatile, or constant drug dehivery,

Importanty, the smplantable device 1s designed for retention wathin the body. such

as within the bladder. That s, the device 15 designed 1o resist excretion, such as in response

to the forces assoctated with unnation. For example, the device may include g retertion

frame. The retention frame may be contigwred mto a relatively low profile for deplovinent
o the body, and once smplanied may assume a relatively expanded profite lo facihitate
retention, The device may be lnghlv Qexible. so that the drug-loaded device can easily be

deformed, such as from a coiled shape to a strarghtened shape, to permut deploviment

through a lumen of a catheter mnto the bladder

The device may be non-surgically implanted, such as through a evtoscope, and the
an indweliing catheter. which mav act as a path tor bacteria to nugrate into the bladder, the
implanted device advantageously 1s able to be located entively within the bladder. Thug, the
opporturuiy for inlection 1s greatly diminished with the present device.

Regarding the bladder specificatly, the device also advantageously addresses many
of the deficiencies of conventional {reatment oplions, such as drug delivery via instiliation,

systemue drug delivery, and drug delivery via devices ovstoscopically ymplanted o the
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bladder. The present device can be smplanted once and can release the drug over an
exiended pertod, without requinng surgery or requent interventions {such as to re-fili the
drug reservoir of a conventional device). By limiting the number of procedures required to
be performed on the pattent during the freatment process, the present local drug delivery
system can improve the qualiy of bife of the patient dunng the treatment process. The drug
delivery device can also avord potentigl side elfects associgted with systenuc administration
of the drug while increasing the amouryt of drug delivered {ocally o the bladder.

In one embodument, the drug delivery device may permut delivering hidocame {or

another cocaine analogue) localiv Lo the bladder over a relatively exlended penvod of time.

Thus. the device mayv provide a beneficial alternative to frequent intravesical mstiliations of

a hidocamne solution tor the treatment of 1C/PBS. The device may be a passive, non-

resorbable device that may be deploved and retneved by a conventional cathetenzation, a

simple non-surgical outpatient procedure. Unhike miravesical instillation, which loads the

bladder with g relatively high concentration of lidocaine over a relatively short fime span,

the present device mav permit conbinuousty releasimg a relatively fower level of hdocame
over a relatively longer time span. Thus, the patient may experience sustained relief from
the sympioms of IC/PBS without recerving a high suiial concentration of hdocaine and
withowt expertencing the discombort and mconvenience of repeated nfravesical instatlations.
Further. 11 15 nol necessary to delyver the hidocaine i an alkahine solution in order to aclueve
effective bladder Lissue concentrations.
. The Implantable Drug Dehivery Device

In embodiments, the drug dehivery device mav include two primary parts or
portions: the drug reservor portion and the vesicle retention frame portion. The drug
reservoir portion may be referred to herein as the “device body™ and may hold the drug to
be dehivered o the badv. The refention frame portion mav be associated with the drug
reservolr porlion and may facihitate retaiming the device i the bodv. FIG. 1 itlustrales an

example embodiment of the device 19, the device having both a drug reservoir portion 12

and a retention frame portion 14, In embodiments i which the device 1s designed for
implantation 1 the bladder, the retention frame portion mav mmpede accidental vording of
the device, and thus the drug reservorr portion, from the bladder

More specifically, the drog delivery device mav be elastically deformable between a
refativelv expanded shape and a relatively tower profile shape. The relatively lower profile
shape may be sutted for msering the drug deliverv device into the body. For example. the

retatively lower profile shape mav be swled {or mserting the drug delivery device through a
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catheter o a cavity of the body, such as through a urethral catheter mito the bladder. An
exagmple m shown in FIG, 2, which iflusirates the device 10 of FIG. 1 it a channel 20, such
as a working channel of a cvstoscope or other catheter.  In such embodiments, the relatively
fowear profile shape may be a relabivaly tubular, elongated, or hinear shape, such as the shape
shown in FlG, 2, so that the device may pass through the catheter. Following passage mio
the body. the device mav assume the relgtively expanded shape, such as the shape shown in
F1G, 1, which may faciiitate refention of the drug delivery device in the body cavity.

In embodiments, the drug delivery device mav naturally assume the relatively
expanded shape. The device may be elasticaliv deformed o the relabvely fower profile
shape for insertion into the body, and the device may spontaneously or naturally returmn 1o
the intial, relatively expanded shape once umplantad for relention within the body.

The retention frame may bave a cerlain elastic hout and modulus that aliows the
device to be mitroduced nto the body m g relatively lower profiie shape but then permuis the
device to retum the relatively expanded shape once inside the bodyv. The device mav also
have a suthicient elastic modulus 1o smpede the device from assuming the relatively lower
profile shape once smplanted, so as to lomit or prevent accidentally expulsion of the device
from the bodyv under expected forces. For exampie, the charactenstics of the retention
frame may be selecied 1o facilitate retaining the device in the relatively expanded shape
despite expecied forces m the bladder, sach as the hvdrodvnanuc forces associated with
urination or contraction of the detrusor muscle. Thus, expulsion from the bladder is
impeded or prevented.

In embodiments 1 which the drug delivery device 15 designed 1o be ymplanted m the
bladder, the drug delivery device mav be designed to be inserted into and retneved from the
bladder through the urethra cvstoscopically, Thus. the device mav be sized and shaped to i
through a narrow tubular path of a cvioscope. Tvpically, a eyvtoscope for an adult human
has an ouder diameler of about 5 mwn and a workimg channel having a dsameter of about 2.4
an. Thus, the device may be relatively small i size. For example, when the device 18
elastically deformed to the relatively lower profile shape, the device may have a total outer
diameter that 1s less than about 2.4 mm. such as bebween about 2.0 mm and about 2.3 mm.

In addstion Lo permutting Insertion, the relalively small size of the device may also
reduce patient discomlbort and trauma to the bladder. For example, the relatively small size
of the device may reduce irnitation of the Madder tnigone, which is responsibie for creating
the sensation of wrgency of wrination. The device mav also have a densitv that is less than

the density of urine or waler, so that the device may Hoat inside the bladder. Such
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fioatation, atthough not required, may prevent the device from touching the sensitive ingone
region of the Madder near the bladder neck. For example. the device mav be formed from
refatively low density materials of construction, or air or other gas may be entrapped in the
device. The ouler surface of the device, hurthermore, may be soft and smooth without sharp
edges or Ups.

The exact configurgtion and shape of the mitravesical drug delivery device may be
selected depending upon a varnety of factors including the specific sie of implantation,
route of implantation, drug, dosage ragimen, and therapeutic apphication of the device.
Preferably, the design of the device will minimize the patient’s pain and discomforl, while
delivermg a thergpeutically effective dose of the drug locally o the patient.

The mtravesical drug delivery device can be made to be completely or partially
resorbable so that no explantation of the device 1s required [oliowing release of the drug
formudation. As used herain, the term “resorbable™ means that the device, or part thereof.
degrades in vive by digsolution, enzymatic hvdrodysis, erosion, or a combingtion thereof
This degradation occurs at a ime that does not intertere with the nlended kinetics of release
of the drug from the device. For example, substantal resorption ol the device may not
occur uniil after the drug formulation s substantialiv or completely released. Alternatively,
the intravesical drug delivery device may be at least partially non-resorbabie, such that the
device may be removed following release of the drug tormulation. In such embodiments,
the device mayv not be completely resorbable; for example. the device may be partially
resorbable so that the device, upon partial resorption. breaks into non-resorbable pieces
siizali enough to be excrated from the bladder, Usetul biocompanbie resorbable and non-
resorbable matenials of construction are known 1 the art. In embodiments, the device may
be tormed from matenials suited for urological applications. such as madical grade silicone,

natural {atex, PTFE, ePTFE, staidess steel, mitinol, eipidoyv {non ferro magnetic metal allov),

...........

The Drug Reservoir Porlion

The drug reservorr portion of the device may include an elongated tube. The tube
mav have a first end and an opposing second end.  An intenor of the tube mav define a
reservoir, and a drug formulation core may be housed i the reservor. The drug
fornmaiation mav be m a substantially solid form, such as a drug rod, altbough other
conligurations are possibie. The tube may have one or more apertures for dispensing the
drug. such as via osmosis, diffusion, or a combination thereof, among others. In

emmbodiments, the release rate of the drug trom the drug reservour portion may be controiled.
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For example, a degradable membrane may be disposed over or i one or more of the
apertures to control the mitiation of release of the drug formulation trom the reservolr. As
another example. a sheath mav be positioned over a porfion of the tube {0 reduce the release

rate, such as by reducing the osmolic surface area of the tube or by reducing dulfusion

through the tube wall. Also, the drug reservoir portion may be {formed Ivom a drug polvmer

compostie designed 1o release at a known rgte.
An example of such a drug reservour portion 18 shown m FIGS, 3A-3C. As shown,

the drug reservolr portton generally includes a body {formed from an elasiomeric tube 30

The lube 30 defines a reservoir 32 that contamns a drug rod 34, Ends of the tube 30 mav be

seated with seahing structures 3§, further desenbed below, An array of apertures 36 mav be
disposed m the twbe 30 closed off by degradable timing membranes 38.

in a preferred embodiment. the drug reservoir portion operales as an osmolic pump,
I such embodiments. the tube may be formed from a water permeable matenial, such as a
stlicone. Followmg tmplantation, water or urine permeates through the wall of the tube,
enters the reservorr, and 15 imbibad by the drug formulaton. Solubibized drug 15 dispensed

al a controlied rate out of the reservolr through the one or more apertures, dnven by osmolic

thickness of the tube wall, the permeabiiityv to liquid of the matenal used o form the tube,

and the shape, size, number and placement of the apertures, among others. The delivery
rate can be predicted from the phyvsicochenucal parameters definmg the particular drug

delivery svstem, according to well known pninciples, which are descnbed for example

Theauwes, J Pharm. Sor, 64121 1987-91 (1975). Example osmotic pump designs, and

equations for sach selecting such designs, are described below with reference to Examples

E~3

drug rom the tube through, for example, one or more of the gpertures, the waill of the tube,

or a combination thercol. In still other embodiments, the device mav operale by g
combination of osmosis and diffusion.

In embodiments, the drug reservorr porlion may be formed from an elastomeric
matersial, which mav permit efastically deforming the device {or msertion. For example, the
tube may be elastically deformed along with the vesicle retention Irame for intravesical
implantation, as described in further detail below.

in embodiments, the drug reservoir portion mav be made of a hiocompatible, water

permeable matenal known i the art, which may pernud releasing the drug from the

13
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PESCEVOIr Via 0smosis. The drug reservoir portton altginatively may be substanfially waler
nnparmeshie.

i1 embodiments, the drug reservoir portion may be formed from a material that is
both elastomerie ang water permeable. An example material 18 sticone that is both
glastomeric and water permeable; although olher bioconipatible maierials may be used.

The length, diameter, and thickness of the tube may be sclected based on the volume
of drug formulation to be contained, the desired rate of delivery of the drug from the tube,
the intended site of implantation of the device within the body, the desired mechanical
integrity for the device, the desired release rate or permeability o water and urine, and the
desired method or route of insertion mto the body, among others, In embodiments, the dimg
reservoir portion has a length in the range of 2bout 1 om 10 abious 10 om, an ihner diamieter
in the range of about 0.3 nuw (o about 2 mm, and an outer diamnetsr i the range of abdul 0.6
mm and about 3 mm.

In one embodiment, the device body 15 non-resorbabie. 1t may be formed of a
medical grade siticone tubing, as known in the art, Other examples of suitable non-
resorbable materials include synthelic polymers selected from poly(ethers), poly{acrylates),
noly(methacrylaies), poly{viny! pyrolidones), poly{vinyi gcetates), poly{urcthanes),
cellufoses, cellulose acetstes, polv(siloxanes), poly(ethylene), polylictrafluoroethylene} and
other fluorinated polymers, poly(siloxanes), copelymers thereof, and combinations thereof.

In another embodiment, the device body is resorbable, In oneembodimeni of'a
resorbable device, the tube of the body is formed of a biogegradable or tioerodible polymer,
Exampies of suitable resorbable materials include synthetic polymers selected from
noly(amides). poly{esters), poly{ester amides), poly{anhydrides), poly{orthoesters),
polyphosphazenes; pseudo puly{amino acids), poly{glycerol-sebacate), copolymers thereof,
and mixtures thereof. In 2 preforred smbodunent, the resorpabie synihells polyimers are
selected from poiv{lactic goids), polydglyveolic acids), polytlactic-eo-giveolic acids),
poly{caprolactones), and mixtures thereot, Other Curable bioresorbabie elastomers include
poly{caprolactone) (PC) derivatives, amino alcohoi-based poly(ester amides) (PEA) and
poly {octane-diod citrate) (POC). PC-based polymers may require addifional Crass-finking
apents such as lysine difsoeyanate or 2,2-bis{_~caprolacton-4-yDpropane to obtain
clastomeric properiies.

The drug reservoir portion may be made as described in U.S. Patent Application
Publication No, 2007/02021581 to Lee el al.
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As meniionad, the tube may be hollow, so that the drug reservorr 15 delmed therain

For example, the tube may be sobstantially hinear, such as substantiallv cvlidncal in shape.

L

the tube are envisioned, such as square, nangle, hexagon, and other polyvgons, among

othars, The ends of the tube may be sealed 1o hout escape of the drug. For example. each
end of the tube may be closed off using, a sealing structure, a medical grade sthicone
adhesive, other sealing means known in the art, or combinations thereof. In embodiments in
which the {ube 15 sealed with a sealing structure, the sealing structure mav be a ball, a disk,
or any other shape swted to plug, close, the end of the tube. An embodiment of a ball-
shaped sealing structure 35 i shown in FIG, 3B, Such a sealing structure mav be formed
from a maleniat a biocompatible metallic matenial such as stamless sieal or a brocompatbie
polyvmenc matenal, such as a biodegradable or bioerodible polyvmer, alithough other
materigls may be used. The sealing structure mav have a relativelv larger diameter than the
inner diameter of the tube, such that the tube stretches to it snugly about the sealing
strudtura.

in one embodiment, the tube has multiple reservoirs. Multiple apertures may aither
share a common drug reservolr or have separate reservoirs. Such a multi-reservolr device 18
usetul 1t at least two particular types of device embodiments: (1) when two or more
separate drug formgdations are 10 be delivered from a single device, or (2} when a single
drug is to be debivered at two different rates or al different times following implantation,
such a5 when a first dose of the drug s pre~-programmeed to release at a first time and &
second dose 1s pre-progranuned to release at a second, later ume. This different pre-
programmmg can be achieved by using diflerent tming membranes for the dulerent

reservoirs, for mstance with two or more reservoirs, the reservoirs being defined by the

partiiion struchure also mav be m the shape of a disk or eyhinder. Other configurations are
also possible. The partition mav be non~resorbable or resorbable. In one embodiment, the
parfition structure may be made of a biocompatibie polvmernic matenal. such as a
brodegradabie or bioerodible polymer.

An embodiment of such a drug veservoir portion s shown m FiG. 4. The drug
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