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MULTI-UNIT DRUG DELIVERY DEVICES AND METHODS 

 

Abstract of the Disclosure 

 

 Implantable drug delivery devices include a housing defining a reservoir, a first unit 5 

within the reservoir, and a second unit within the reservoir.  The first unit contains a drug and 

the second unit contains a functional agent that facilitates release of the drug.  Intravesical 

drug delivery devices include a housing portion containing a drug formulation and a housing 

portion containing an excipient, and are configured to release the drug according to a first 

release profile and the excipient according to a second release profile.  Methods include 10 

inserting any of these devices into a patient and releasing drug from the device. 
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MULTI-UNIT DRUG DELIVERY DEVICES AND METHODS 

Cross-Reference to Related Applications 

[0001] The present application is a divisional application of Australian Patent Application No. 2024204252, which in turn is a 

divisional of Australian Patent Application No. 2021282405, which in turn is a divisional of Australian Patent No. 2019203394, 

which in turn is a divisional of Australian Patent No. 2014309012, which is the national phase of International Application No. 

PCT/US2014/051672, filed on 19 August 2014 which in turn claims priority from US Provisional Patent Application No. 

61/867,245, filed on 19 August 2013 and US Provisional Patent Application No. 61/877,610, filed on 13 September 2013. The 

contents of each of the aforementioned applications are incorporated by cross reference in their entireties herein. 

Technical Field 

[0001a] This disclosure generally relates to controlled drug delivery to patients, and more particularly 

relates to medical devices for controlled drug release, including but not limited to devices deployable in the 

urinary bladder for release of drug into the bladder. 

Background 

[0002] Various implantable drug delivery devices are known in the art.  For example, U.S. Patent 

Application Publication No. 2007/0202151 to Lee et al. and U.S. Patent Application Publication No. 

2009/0149833 to Cima et al. describe drug delivery devices for minimally invasive deployment and 

retention in a cavity or lumen in a patient, such as the bladder.  The devices resist excretion, such as in 

response to the forces associated with urination.  For example, the devices may include a retention frame, 

which may be configured into a relatively low profile for deployment into the body, and once implanted 

may assume a relatively expanded profile to facilitate retention.  The devices may provide controlled release 

of drug over an extended period in a predefined manner.  In some embodiments, the devices include a 

water-permeable tube that defines a drug reservoir for housing a drug and at least one aperture for releasing 

the drug.  Osmotic pumping or diffusion may be the dominant mechanism by which the drug is released 

from the reservoir.  Highly water-soluble drugs, such as lidocaine hydrochloride, may be released via 

osmotic pressure at therapeutically useful rates over an extended period.  In other embodiments, the device 

may be configured to release lower solubility or other drugs primarily or exclusively via diffusion. 

[0003] It would be desirable, however, to provide improved drug delivery devices and systems.  For 

example, it would be desirable to provide devices, systems, and methods in which relatively lower solubility 

drugs can be released at therapeutically useful rates by an osmotic pressure means over an extended period.  

It would also be desirable to provide implantable drug delivery devices and systems capable of delivering a 

variety of active agents at a selected release kinetics profile and to provide additional techniques, structures, 

and/or formulations to enhance control of drug release in vivo, for example from a device deployed in the 

bladder. 
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release of the drug from housing.

10 according to a first release profile and is configured to release the excipient according to a

15 Brief Description of the Drawings

of FIG. 5.

[00013] FIG. 7 illustrates example configurations for drug delivery devices having

more than one drug housing portion.

30 [00014] FIG. 8 is a plan view of an embodiment of a drug delivery device having more

than one drug housing portion.

[00015] FIG. 9 is a graph showing the percent drug release over time of a single tablet

drug delivery device and a two tablet drug delivery device.
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[00016] FIG. 10 is a graph showing the drug release rate over time of a single tablet

drug delivery device and a two tablet drug delivery device.

[00017] FIG. 11 is a graph showing the percent drug release over time of a drug

delivery device having a laser drilled orifice and a drug delivery device having a spacer

5 orifice.

device having a laser drilled orifice and a drug delivery device having a spacer orifice.

[00019] FIG. 13 is a graph showing the percent drug release over time of a drug

delivery device containing a powdered drug and an osmotic agent tablet, and a drug

10

[00020] FIG. 14 is a graph showing the drug release rate over time of a drug delivery

device containing a powdered drug and an osmotic agent tablet, and a drug delivery

device containing a drug tablet and an osmotic agent tablet.

[00021] FIGS. 15A-15B are perspective and cross-sectional views, respectively, of one

15 embodiment of the housing for a drug delivery device.

[00022] FIG. 16 is a cross-sectional view of one embodiment of a drug delivery device

in which the reservoir includes a flow channel modulator.

[00023] FIG. 17 is a cross-sectional view of one embodiment of a multi-unit drug

delivery device.

20 [00024] FIG. 18 is a cross-sectional view of one embodiment of a multi-unit drug

delivery device.

[00025] FIG. 19 is a graph showing the amount of drug released over time from drug

delivery devices having various housing wall thickness and durometer.

[00026] FIG. 20 is a graph showing the amount of drug released over time from drug

25 delivery devices having various housing wall thickness and durometer.

[00027] FIG. 21 is a graph showing the amount of drug released over time from drug

delivery devices having a housing coating of various lengths.

Detailed Description

30 [00028] Devices are provided that can be inserted in a body cavity or lumen of a patient

for the purpose of delivering drug locally or regionally about an implantation site. In one

embodiment, the devices contain units of drug and separate units of a second agent that

promotes drug release. In vitro examples show improvements to both the short and long-
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5

and it is desirable to reduce the pH dependency of the drug release.

10 kidneys, prostate, seminal vesicles, ejaculatory duct, vas deferens, vagina, uterus,

15

20

25

and one or more functional agent units. As used herein, the term "functional agent" refers

30

4

20
26

20
20

74
   

   
18

 M
ar

 2
02

6

1
8
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
0
7
4

4



the drug to be delivered may be a low solubility drug and the functional agent may include

an osmotic agent to facilitate in vivo osmotic release of the drug.

[00033] As used herein, the term "low solubility" refers to a drug having a solubility

from about 0.001 mg/mL to about 10 mg/mL water at 37 °C. As used herein, the term

"high solubility" refers to a drug having a solubility above about 10 mg/mL water at 37

drug in the form of a water soluble salt may have a high solubility, while the same drug in

base form may have a low solubility.

[00034] With conventional drug delivery devices, high solubility drugs generally may

solubility drugs may be suited for release via diffusion through the wall or passageway in

the drug housing. The devices disclosed herein are able to deliver a variety of drugs via

various release modes and release kinetics profiles, and to provide additional techniques,

structures, and/or formulations to enhance control of drug release in vivo.

[00035] Whether the selected drug has a high or low solubility, it is to be delivered

(i.e., released from the delivery device) at a therapeutically effective rate, which may

require the addition of one or more functional agents (e.g., an osmotic agent to increase

water flux, solubilizing or solubility enhancing agent, pH adjusting agent, or stability

enhancing agent). Generally, the combination of the solubility of the selected drug in the

presence or absence of functional agents, if any, and osmotic water flux will determine the

release rate and duration, and such combination can be configured for the rate and

duration to be within a therapeutically effective range.

[00036] The devices and methods disclosed herein build upon those described in U.S.

Patent Application Publication No. 2010/0331770 to Lee et al., U.S. Patent Application

Publication No. 2011/0152839 to Cima et al., and U.S. Patent Application Publication No.

2012/0203203 to Lee et al., which are incorporated by reference herein.

[00037] I. Implantable Drug Delivery Devices

include a housing defining a reservoir, and first and second units contained within the

reservoir. For example, the housing may be an elongated, annular tube and the reservoir

may be the lumen of the annular tube.

5
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5

adjacently positioned in the reservoir.

10 which may be useful during the process of inserting the device into the patient.) The

15

20 contained within the reservoir 204. The first and second units 202, 210 are located in

[00042] The device structure, in combination with the drug and functional agent

25 diffusion.

pump. The device housing 208 includes a wall that is readily permeable to water but not

housing 208. That is, the water permeable portion may be substantially impermeable to

30 the drug in aqueous solution. The water permeable wall portion may define at least part of

the reservoir 204. After the device is deployed into a patient, water (or urine if in the

bladder) permeates through the wall, enters the reservoir 204, and solubilizes the first

and/or second units 202, 210. Alternatively, or in combination with a water permeable
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wall portion, the housing may include at least one aperture configured to permit a fluid to

enter the reservoir in vivo. For example, the housing and/or any water permeable wall

portions may be silicone, a thermoplastic polyurethane, ethylene-co-vinyl acetate (EVA),

or a combination thereof.

5 [00044] Injection of some portion of a solubilization fluid into the reservoir prior to

needed. In an embodiment, the device is configured to receive at least a portion of the

aqueous fluid needed to solubilize the functional agent and drug prior to implantation. For

example, the fluid may be delivered into the device reservoir via a needle and syringe. In

10

penetration by a needle or other instrument. For example, the housing may include a

coaxial spacer including a low durometer material portion surrounded by a high durometer

material portion. In another example, the housing may include a uni-directional hermetic

seal feature.

15 [00045] Following implantation, an osmotic pressure gradient develops between the

interior and exterior of the device housing 208, and once sufficient pressure is achieved,

solubilized drug is released from the reservoir 204 through at least one drug release orifice

206, which is in fluid communication with the reservoir 204, at a controlled rate, driven

by osmotic pressure in the reservoir 204. Such a release mode may be referred to herein

20

[00046] As shown in FIG. 2, the drug release orifice 206 may be provided in an end

plug located at an end of tubular housing 208. Such end plugs, also referred to as "spacer

March 5, 2014, which is incorporated herein by reference. FIG. 3 illustrates another

25

sidewall of the housing 308, the aperture being configured to allow solubilized drug to

[00047] As shown in FIG. 17, the drug delivery device 1700 may include a restraining

30
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5

[00048] In certain embodiments, the first unit, i.e., the drug unit, is located closer than

10 certain drugs, such as low solubility drugs.

15

20 followed by a reduced, non-zero-order release rate over a decay period. A desired

permeability to water of the material used to form the wall; the shape, size, number and

25 agent.

diffusion, alone or in combination with osmotic release. The device may be configured to

apertures therein.

30 [00052] In certain embodiments, a water permeable wall portion of the housing is also

permeable to the drug in aqueous solution, such that solubilized drug is released via the

wall portion, also referred to herein as "trans-wall diffusion." After the device is

implanted, water or urine permeates through the wall, enters the reservoir, and solubilizes

8
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the functional agent and/or drug. The drug then diffuses directly through the wall at a

controlled rate, due to a drug concentration gradient between the interior and the exterior

of the device. For example, the housing and/or any water or drug permeable wall portions

may be silicone, a thermoplastic polyurethane, ethylene-co-vinyl acetate (EVA), or a

5 combination thereof.

release the drug through at least one drug permeable wall bounding the reservoir. For

example, the drug permeable wall may include a disk stabilized in the lumen of a tube at

or near an end of the tube, optionally sandwiched between an inner washer and an outer

10

14/216,112, filed March 17, 2014, which is incorporated by reference herein. In other

embodiments, the drug permeable wall is part of a sidewall of a tubular housing, or part of

an end plug located at the end of a tubular housing.

[00054] Alternatively, or in combination with a water permeable wall portion, the

15 housing may include at least one aperture configured to permit a fluid to enter the

reservoir in vivo. The housing may also include one or more apertures or passing pores

configured to permit solubilized drug to pass therethrough.

[00055] As described above, the device may also be configured to receive at least a

portion of the water or fluid needed to solubilize the functional agent and drug prior to

20

[00056] The device may exhibit a zero-order release rate for an extended period,

followed by a reduced, non-zero-order release rate over a decay period. Zero-order

across the housing wall once solubilized. The delivery rate is affected by the surface area

25

the wall; the charge or particle size of the drug; and the dissolution profile of the drug and

one or more apertures or passing pores, a number or combination of apertures or passing

30
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5

fraction of the drug and a relatively low weight fraction of excipients. For example, each

10 functional agent and drug housing and may be altered by adjusting the housing

15

20 may form reliefs that permit deformation of the device, while allowing the individual units

[00060] Some solid drug and/or functional agent payloads are flexible overall,

25 solid tablets 602, 610 that can move with reference to each other, as shown in FIG. 6.

water-permeable material. For example, the housing may be formed from a water-

length, a portion thereof, or at one or both ends of the device.

30 [00062] In a particular embodiment, the housing is in the form of one or more

elongated annular tubes, wherein the annular tube includes two wall portions, one being

water permeable and the other being water impermeable. One embodiment of the annular

tube is shown in FIGS. 15A-B. Here, the annular tube 1500 includes water impermeable

10
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wall portion 1510 and water permeable wall portion 1520. Upon insertion into the patient,

water permeates into lumen 1530 through wall portion 1520, where it would contact and

solubilize the solid drug and/or functional agent payloads therein (not shown). This

structure may be formed by co-extrusion, for example. The relative proportions of the

5 two wall portions can be selected, for example, depending on the rate of (and thus surface

example, to give the device the flexibility/durometer values needed for transurethral

insertion and bladder retention and tolerability, as described for example in U.S. Patent

Application Publication No. 2011/0152839 to Cima et al.

10

impermeable coating region 1809 along at least a portion of tubular housing 1808. That

is, a water impermeable wall portion may be formed by coating the housing with a water

impermeable material. For example, osmotic tablets 1810 and drug tablets 1802 may be

contained in reservoir 1804, which is bounded by a sealed end 1813 and a release orifice

15 plug 1806. Upon insertion into the patient, water permeates into reservoir 1804 through

water permeable housing 1808 (but not through water impermeable region 1809), where it

contacts and solubilizes the functional agent and drug tablet payloads therein. The water

impermeable region allows for the controlled solubilization and release of the drug. In

particular, a housing coating may be useful for osmotic release devices where the housing

20

[00064] For example, a water impermeable coating region may extend along from 4 cm

to 11 cm of the housing length, such as 6.5 cm along the housing length. In certain

cm of functional agent tablets and 2 to 4.5 cm of drug tablets, while having an

25

example, a water impermeable parylene coating may be provided on a silicone or other

[00065] As mentioned above, the wall of the device housing may have one or more

30
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5

poly(methacrylates), poly(vinyl pyrolidones), poly(vinyl acetates), poly(urethanes),

10 from poly(amides), poly(esters), poly(ester amides), poly(anhydrides), poly(orthoesters),

15

20 flexible and can act as a water-permeable membrane when formed as a thin wall, with the

other wall thickness can be used. Further, a thin wall of silicone may be permeable to

25 molecule, its molecular weight, or its charge.

based on the volume of drug and functional agent formulations to be contained, the

device within the body, the desired mechanical integrity for the device, the desired release

rate or permeability to water and urine, the desired induction time before onset of initial

release, and the desired method or route of insertion into the body, among others. The

tube wall thickness may be determined based on the mechanical properties and water

permeability of the tube material, as a tube wall that is too thin may not have sufficient

12
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mechanical integrity while a tube wall that is too thick may experience an undesirably

long induction time for initial drug release from the device and/or may not have sufficient

flexibility to permit delivery through a urethra or other narrow body lumen.

[00069] For example, the housing may be an elongated, annular tube having an inner

5 diameter from about 2 mm to about 5 mm. The first and second units may be solid tablets

tube. One or more of the first unit tablets may fill a length from about 1 cm to about 3 cm

of the lumen of the tube, and one or more of the second unit tablets may fill a length from

about 10 cm to about 15 cm of the lumen of the tube. In one embodiment, the ratio of

10

Other lengths and ratios of the tablet payloads are envisioned.

[00070] For example, the housing may be an elongated, annular tube having a wall

thickness from 0.1 to 0.4 mm, such as a wall thickness of 0.2 mm. The housing material

may be selected such that the housing has a durometer from 25A to 80A, such as 25A,

15 50A, 65A, 70A, or 80A.

[00071] In certain embodiments, the device is elastically deformable between a

relatively straightened shape suited for insertion through the urethra of a patient and into

the patient's bladder and a retention shape suited to retain the device within the bladder.

For example, the device may include a retention frame lumen having a retention frame

20

elastic wire, as described in U.S. Patent Application Publication No. 2010/0331770 to Lee

et al., which is incorporated herein by reference.

a housing 508 that houses the first and second units 502, 510, and a retention frame 512.

25

a flexible material, which permits moving the device 500 between the retention shape

"Retention shape" generally denotes any shape suited for retaining the device in the

30
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5

1600 includes a flow modulator channel 1642 positioned between the first and second

10 drug from the housing by limiting the ability of the functional agent to contact the drug.

15

20 be combined to achieve a desired drug release profile. For example, the excipient may be

drug formulation and/or the excipient may be in the form of one or more tablets.

25 induction or lag times before the onset of initial release, that release the drug and excipient

release the drug and excipient for different periods before the payloads are substantially

combined to achieve a desired release profile from the drug delivery device as a whole,

30 such as a release profile that demonstrates a relatively short initial lag time and thereafter

demonstrates continued release at a relatively constant rate over an extended period.

[00076] For example, the drug and excipient may be released by osmotic pumping or

diffusion, as described above, or some combination thereof. In certain embodiments, the

14
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drug is released from the first housing portion, through an aperture in the first housing

portion, primarily via osmotic pressure, and the excipient is released from the second

housing portion by diffusion. In another embodiment, the drug is released from the first

housing portion by diffusion through a drug permeable wall in the first housing portion,

5 and the excipient is released from the second housing portion, through an aperture in the

[00077] In particular embodiments, the drug delivery device includes at least two

discrete or segregated housing portions associated with a single retention portion. The

housing portions may be separate reservoir housings each associated with the retention

10

associated with the retention portion. FIG. 7 illustrates example housing portions with

separate reservoir housings in Examples A through C. FIG. 7 also illustrates example

housing portions that are segregated areas within a single housing in Examples D through

F. FIG. 7 also illustrates housing portions in Examples G through I that could have either

15 configuration depending on materials and construction.

[00078] FIG. 8 is a plan view of another embodiment of a drug delivery device 800

having a housing that is partitioned into multiple segregated housing portions. Three

housing portions 802, 804, and 806 are shown, although any number may be used. Each

housing portion is defined by a portion of the wall of the housing and at least one partition

20

partition structure 808 may be a plug inserted into the housing, such as a cylinder, sphere,

or disk, among others, which is secured in place due to its size or with an adhesive. The

as by molding. For example, the webs shown in Examples D through E of FIG. 7 are

25

[00079] A device with at least two discrete housing portions may be suited for

agent payload from a corresponding number of reservoirs. The two discrete portions may

30
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5

[00082] In some embodiments, the devices provide pain relief to the patient. A variety

10 anesthetic agent is an aminoamide, an aminoester, or combinations thereof.

15

20 may be used. The drug also can be an antimuscarinic compound that exhibits an

[00083] In certain embodiments, the analgesic agent includes an opioid.

25 anileridine, benzylmorphine, bezitramide, buprenorphine, butorphanol, clonitazene,

dihydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol, dimethylthiambutene,

ethylmorphine, etonitazene fentanyl, heroin, hydrocodone, hydromorphone,

30 hydroxypethidine, isomethadone, ketobemidone, levorphanol, levophenacylmorphan,

lofentanil, meperidine, meptazinol, metazocine, methadone, metopon, morphine,

myrophine, nalbuphine, narceine, nicomorphine, norlevorphanol, normethadone,

nalorphine, normorphine, norpipanone, opium, oxycodone, oxymorphone, papaveretum,

20
26

20
20

74
   

   
18

 M
ar

 2
02

6

1
8
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
0
7
4



pentazocine, phenadoxone, phenomorphan, phenazocine, phenoperidine, piminodine,

piritramide, proheptazine, promedol, properidine, propiram, propoxyphene, sufentanil,

tilidine, tramadol, pharmaceutically acceptable salts thereof, and mixtures thereof. Other

opioid drugs, such as mu, kappa, delta, and nociception opioid receptor agonists, are

5 contemplated.

agents as salicyl alcohol, phenazopyridine hydrochloride, acetaminophen, acetylsalicylic

acid, flufenisal, ibuprofen, indoprofen, indomethacin, and naproxen.

[00085] In embodiments, the drug delivery device is used to treat inflammatory

10

cystitis induced by radiation and chemotherapy, ketamine cystitis (or ketamine bladder

syndrome), painful bladder syndrome, prostatitis, urethritis, post-surgical pain, and kidney

stones. Non-limiting examples of specific drugs for these conditions include lidocaine,

immunosuppressive agents (e.g., tacrolimus, liposomal tacrolimus), glycosaminoglycans

15 (e.g., chondroitin sulfate, sulodexide), pentosan polysulfate sodium (PPS), dimethyl

sulfoxide (DMSO), oxybutynin, mitomycin C, heparin, flavoxate, ketorolac, or a

combination thereof. For kidney stones, the drug(s) may be selected to treat pain and/or to

promote stone dissolution.

[00086] In some embodiments, the drug delivery device is used in association with the

20

resulting from ureteral stent placement. Non-limiting examples of specific drugs for such

treatment include anti-muscarinies, -blockers, narcotics, and phenazopyridine, among

others.

[00087] The drug delivery device can be used, for example, to treat urinary

25

incontinence, as well as trigonitis. Drugs that may be used include anticholinergic agents,

anticonvulsants, norepinephrine uptake inhibitors, serotonin uptake inhibitors, calcium

30

17

20
26

20
20

74
   

   
18

 M
ar

 2
02

6

2
0
2
6
2
0
2
0
7
4
 
1
8
 
M
a
r
 
2
0
2
6

1
7



5

[00088] In other embodiments, the drug delivery device is used to treat urinary tract

10 urinary tract cancer include Bacillus Calmette Guerin (BCG) vaccine, docetaxel,

15

20 (FGFR3)-selective tyrosine kinase inhibitor, a phosphatidylinositol 3 kinase (PI3K)

25 bladder, the prostate, and the urethra. Antibiotics, antibacterial, antifungal, antiprotozoal,

such infections. Representative examples of drugs for the treatment of infections include

amoxicillin, nafcillin, trimethoprim, sulfonamides trimethoprimsulfamethoxazole

30 erythromycin, doxycycline, metronidazole, tetracycline, kanamycin, penicillins,

cephalosporins, and aminoglycosides.

[00090] In other embodiments, the device is used to treat fibrosis of a genitourinary

site, such as the bladder or uterus. Representative examples of drugs for the treatment of
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fibroids include pentoxphylline (xanthine analogue), antiTNF, antiTGF agents, GnRH

analogues, exogenous progestins, antiprogestins, selective estrogen receptor modulators,

danazol and NSAIDs.

[00091] The drug delivery device also may be used to treat neurogenic bladder.

5 Representative examples of drugs for the treatment of neurogenic bladder include

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 receptor (mAChRs); antispasmodics

10

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).

15 [00092] Drugs for the treatment of neurogenic bladder may be categorized into one of

two general types: those for treating spastic neurogenic bladder and those for treating

flaccid neurogenic bladder. In embodiments, the drug is selected from those known for

the treatment of incontinence due to neurologic detrusor overactivity and/or low compliant

detrusor. Examples include bladder relaxant drugs (e.g., oxybutynin (antimuscarinic

20

propiverine, impratroprium, tiotropium, trospium, terodiline, tolterodine, propantheline,

oxyphencyclimine, flavoxate, and tricyclic antidepressants; drugs for blocking nerves

innervating the bladder and urethra (e.g., vanilloids (capsaicin, resiniferatoxin),

botulinum-A toxin); or drugs that modulate detrusor contraction strength, micturition

25

benzodiazapines). In other embodiments, the drug is selected from those known for the

adrenergic agonists, estrogens, beta-adrenergic agonists, tricyclic antidepressants

30
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5

facilitate in vivo release or delivery of the drug to the implantation site. For example, the

10 and excipients that may be used include cyclodextrins, glycerol, polyethylene glycol,

15

20 weight functional agent. The remainder of the units may include excipients such as

25 [00095] In a particular embodiment, the first unit contains at least 75 percent by weight

example, the first unit may contain about 80 percent by weight gemcitabine HCI, and the

[00096] In one embodiment, the housing is water permeable, the first unit includes a

30 first tablet that contains a low solubility drug, and the second unit includes a second tablet

that contains an osmotic agent that facilitates release of the drug from the housing by

osmotic pressure. In one embodiment, the drug is gemcitabine and the osmotic agent is

urea.
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[00097] The device may be inserted in a body cavity or lumen of the patient. Once

implanted, the device may release one or more drugs for the treatment of one or more

conditions, either locally to one or more tissues at the deployment site, regionally to other

tissues distal from the deployment site, or both. The release may be controlled over an

5 extended period. Thereafter, the device may be removed, resorbed, excreted, or a

[00098] In certain embodiments, the device is inserted into a patient by passing the

device through a deployment instrument and releasing the device from the deployment

instrument into the body. The deployment instrument may be any suitable lumen device,

10

commercially available or specially adapted for deploying the present device. In

particular embodiments, the device is implanted in the bladder. The device is then

retained in the bladder due to the retention feature, such as by assuming a retention shape

or anchoring in the bladder.

15 [00099] The device may be deployed in an independent procedure or in conjunction

with another urological or other procedure or surgery, either before, during, 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.

20

occur, as described above, due to an osmotic pressure gradient between the interior and

exterior of the device, the drug passing through one or more orifices or passing pores in

the device under the force of osmotic pressure. Release may also occur by diffusion,

whereby the drug passes through one or more orifices or passing pores in the device

25

between the interior and exterior of the device. Combinations of these release modes

achieve an overall drug release profile not readily achievable from either mode

30
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5

such as immediate and delayed release; profiles that exhibit different durations of release,

10 functional agent payload relatively quickly, and the device may release a drug payload

15

20 21 days, from 1 day to 14 days, from 2 days to 14 days, or from 5 days to 7 days, etc. In

25 for this purpose are known in the art or can be specially produced. The device also may

entire device is resorbed or the device sufficiently degrades for expulsion from the bladder

2012/0089122 to Lee et al., which is incorporated herein by reference. The device may

30 not be retrieved or resorbed until some of the drug, or preferably most or all of the drug,

has been released. If needed, a new drug-loaded device may subsequently be implanted,

during the same procedure as the retrieval or at a later time.
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[000105] 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 locally to the bladder in an effective amount. Following in vivo deployment of the

device, at least a portion of the payload of drug is released from the device substantially

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

a preferred embodiment, the device resides in the bladder releasing the drug over a

predetermined period, such as two weeks, three weeks, four weeks, a month, or more. In

such cases, the device may be used to treat interstitial cystitis, chemical cystitis, radiation

10

ketamine bladder syndrome), pelvic pain, overactive bladder syndrome, bladder cancer,

neurogenic bladder, neuropathic or non-neuropathic bladder-sphincter dysfunction,

infection, post-surgical pain or other diseases, disorders, and conditions treated with drugs

delivered to the bladder. The device may deliver drugs that improve bladder function,

15 such as bladder capacity, compliance, and/or frequency of uninhibited contractions, that

reduce pain and discomfort in the bladder or other nearby areas, or that have other effects,

or combinations thereof.

[000106] In some embodiments, the drug delivery device is deployed into the bladder of

a patient for regional drug delivery to one or more nearby genitourinary sites. The device

20

bladder-deployed device also may deliver a therapeutically effective amount of one or

more drugs to other genitourinary sites within the body, such as other locations within

urological or reproductive systems of the body, including one or both of the kidneys, the

urethra, one or both of the ureters, the penis, the testes, one or both of the seminal

25

the vagina, the uterus, one or both of the ovaries, or one or both of the fallopian tubes,

may be used in the treatment of kidney stones or fibrosis, erectile dysfunction, among

30
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inner diameter of 2.64 mm.

pharmaceutical lubricant LUBRITAB® (commercially available from JRS PHARMA,

2.5 percent polyethylene glycol (PEG) 8000. The drug tablets filled a length of 2.8 cm

[000112] The total formulation of the multi-unit device was 18.9 percent gemcitabine

PEG 8000, which was comparable to the total formulation of the single unit device. In

unit device contained 163.8 mg gemcitabine FBE.

[000113] The in vitro drug release profiles were measured for both the single unit and

multi-unit devices in water. FIGS. 9 and 10 show the percent drug release and release

rate (measured in mg gemcitabine FBE per day) versus time, respectively. Overall, the

multi-unit device performed better than the single unit device, releasing a higher
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percentage of the drug, and maintaining a higher release rate of the drug for a longer

period. As shown in FIG. 9, the multi-unit device released over 90 percent of its drug

payload in a 7 day period, while the single unit device released less than 80 percent of its

drug payload in the same period. As shown in FIG. 10, the multi-unit device also had a

5 "flatter" release profile in which the drug release rate plateaued between days 2 and 4. A

flat profile is desirable for extended release of the drug. For example, the multi-unit

device performs much better than the single unit device at continuous, extended drug

release over 5 to 7 days.

[000114] Example 2: Laser Drilled Versus Spacer-Type Release Orifices in Multi-

10 Unit Devices

[000115] A multi-unit device having a spacer-type release orifice was prepared, in

accordance with the device embodiment shown in FIG. 2. The release orifice had a

length of 5 mm and an inner diameter of 0.3 mm. The spacer orifice was located at one

end of the tube.

15 [000116] A multi-unit device having a laser drilled release orifice was prepared, in

accordance with the device embodiment shown in FIG. 3. The release orifice had an

inner diameter of 0.150 mm and was located in the housing wall of the device.

[000117] Each tube was filled with a plurality of drug tablets and a plurality of

functional agent tablets. The functional agent tablets contained 90.0 percent urea and 10.0

20

percent gemcitabine HCI, 13.3 percent urea, 4.2 percent PVP K29-32, and 2.5 percent

polyethylene glycol (PEG) 8000, and filled a tube length of 2.5 cm. The laser-drilled

device contained 141.6 mg gemcitabine FBE, and the spacer orifice device contained

140.5 mg gemcitabine FBE).

25

agent tablets 310 were located on each side of 2.5 cm of drug tablets 302, such that the

the spacer orifice device 200, 2.5 cm of the drug tablets 202 were located adjacent the

30
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10

15

20 [000124] The in vitro drug release profiles were measured for both the laser drilled

25 release rate profiles of the devices are also similar, with a plateau region above 20 mg

[000125] As can be seen from the above Examples, multi-unit drug delivery devices

comparable single unit devices. These devices advantageously allow for controlled,

30 extended drug release, for example zero-order release over 5 to 7 days. Moreover, these

devices provide a means for delivering low solubility drugs to patients via osmotic release

devices. This is especially useful for drugs that are difficult to reformulate into more

highly soluble forms. Thus, these devices are able to deliver a variety of drugs via various
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release mechanisms and release kinetics profiles, and provide enhanced control of drug

release in vivo, for example from a device deployed in the bladder.

[000126] Example 4: Effect of Wall Thickness and Durometer of Silicone Tube

Housing on Drug Release from Device

5 [000127] A multi-unit device having drug tablets and functional agent tablets was

prepared, in accordance with the device embodiment shown in FIG. 17. The functional

agent tablets were osmotic tablets. The osmotic tablet mass and length were

approximately 400 mg and 6 cm, respectively, and the drug tablet mass and length were

approximately 150 mg and 2 cm, respectively. The drug (gemcitabine) tablet formulation

10 was 85.5 percent gemcitabine HCI, 5 percent urea, 4.5 percent PVP K30, 2.5 percent

Neusilin, and 2.5 percent magnesium stearate. The osmotic tablet formulation was 90

percent urea and 10 percent Lubritab. All tablets were made by direct powder compaction

method.

[000128] Four different kinds of extruded silicone tubular housings were used in this

15 example: 1) 2.64 mm inner diameter, 0.13 mm wall, 65A Shore A durometer (MED-4765,

NuSil Technology LLC); 2) 2.64 mm inner diameter, 0.1 mm wall, 80A Shore A

durometer (MED-4780, NuSil Technology LLC); 3) 2.64 mm inner diameter, 0.2 mm

wall, 50A Shore A durometer (MED-4750, NuSil Technology LLC); and 4) 2.64 mm

inner diameter, 0.4 mm wall, 25A Shore A durometer (MED-4720, NuSil Technology

20

[000129] In each device, as in FIG. 17, one end of the tube was sealed by silicone

adhesive MED3-4213-1 (NuSil Technology LLC) and the other end included a restraining

plug made from EVA support beading (FBK medical tubing), comprising Elvax 760,

ethylene vinyl acetate (EVA) copolymer. The EVA plug had approximately 2.74 mm

25

plug. The void space created by the cut surface and the silicone tube was filled with

detachment of the plug when osmotic pressure was built in the silicone tube. In vitro

30
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gemcitabine release was affected by the wall thickness and the durometer of the silicone

tube housing. These results indicate that the size of the housing, including the thickness

5 of the wall, and the hardness and flexibility of the housing material, may be selected based

on the volume of drug and functional agent formulations to be contained as well as the

desired rate of delivery of the drug from the tube.

10

15

20 4.5 percent PVP K30, 2.5 percent Neusilin, and 2.5 percent magnesium stearate. The

25 are not seen if they are smaller than symbols. As used in the legend, "O" refers to osmotic

[000134] In particular, FIG. 20 shows the amount of drug released over time from the

gemcitabine release was affected by the wall thickness and the durometer of the silicone

30 tube housing. These results indicate that the size of the housing, including the thickness

of the wall, the length, and the hardness and flexibility of the housing material, may be

selected based on the volume of drug and functional agent formulations to be contained as

well as the desired rate of delivery of the drug from the tube.
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[000135] Example 6: Effect of Length of Impermeable Coating Region of Silicone

Tube Housing on Drug Release from Device

5

placed at one end of the tube while the other end was sealed by silicone adhesive MED3-

4213-1. Three different configurations of the silicone tube housing were tested: 1)

10 Osmotic tablet mass/length: 700 mg/11 cm, drug tablet mass/length: 320 mg/4.5 cm,

parylene coated region length: 6.5 cm; 2) Osmotic tablet mass/length: 700 mg/11 cm, drug

tablet mass/length: 320 mg/4.5 cm, parylene coated region length: 11 cm; and 3) Osmotic

tablet mass/length: 400 mg/6 cm, drug tablet mass/length: 150 mg/2 cm, parylene coated

region length: 4 cm.

15 [000137] In vitro release was performed in deionized water at 37°C and the results are

shown in FIG. 21. The sample size for each group was 2, and the error bars indicate

standard deviation (SD) around the mean. Some error bars are not seen if they are smaller

than symbols. As used in the legend, "O" refers to osmotic tablet and "A" refers to active

pharmaceutical ingredient, i.e., drug, tablet.

20 [000138] In particular, FIG. 21 shows the amount of drug released over time from the

devices having various water impermeable coating region lengths. The performance of

gemcitabine release was affected by the length of parylene coated region relative to the

lengths of osmotic and drug tablet regions. These results indicate that the length of the

water impermeable region, may be selected based on the volume of drug and functional

25 agent formulations to be contained as well as the desired rate of delivery of the drug from

the tube. Moreover, a housing coating may be useful where the housing material is drug-

permeable and osmotic release is desired.

[000139] Publications cited herein and the materials for which they are cited are

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

30 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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Claims

We claim:

1. A drug delivery device comprising:

a housing defining a reservoir;

a first unit contained within the reservoir, the first unit comprising a drug; and

a second unit contained within the reservoir in a position distinct from the first

unit,

wherein the second unit comprises a functional agent that facilitates in vivo

release of the drug from housing.

2. The device of claim 1, wherein the functional agent is an osmotic agent, a drug

solubilizing agent, or a combination thereof.

3. The device of claim 1, wherein the housing comprises a water permeable wall portion

defining at least part of the reservoir.

4. The device of claim 3, wherein the water permeable wall portion is substantially

impermeable to the drug in aqueous solution.

5. The device of claim 3, wherein the water permeable wall portion is permeable to the

drug in aqueous solution.

6. The device of claim 1, wherein the housing comprises at least one aperture configured

to permit a fluid to enter the reservoir in vivo.

7. The device of claim 1, wherein the housing comprises at least one drug release

orifice, which is in fluid communication with the reservoir.

8. The device of claim 1, wherein the housing comprises an elongated, annular tube and

the reservoir comprises the lumen of the annular tube.

9. The device of claim 8, wherein a drug release orifice is provided in an end plug

located at an end of the tube.
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10.

tube.

12.

13.

in the lumen of the tube at, or near, an end of the tube.

14.

an outer washer.

15.

tube.

16.

located at an end of the tube.

17.

and the functional agent is an osmotic agent.

18.

the form of one or more solid tablets, or wherein the first unit and the second unit

19. The device of claim 1, wherein the device is configured to release a therapeutically

20. The device of claim 1, wherein the housing comprises an elongated annular tube, the
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The device of claim 20, wherein the water impermeable wall portion comprises a

22. The device of claim 20, wherein the first unit is located closer than the second unit to

the drug permeable wall.

The device of claim 1 or claim 20, wherein the housing comprises an elongated,

annular tube having a wall thickness from 0.1 to 0.4 mm.

The device of claim 1 or claim 20, wherein the housing has a durometer from 25A to

The device of claim 1 or claim 20, wherein the housing comprises silicone, a

thereof.

26.

gemcitabine, docetaxel, carboplatin, cisplatin, oxaliplatin, trospium, tolterodine, or

mitomycin C.

27. The device of claim 1, wherein the drug comprises gemcitabine and the functional

agent comprises urea.

28. The device of claim 27, wherein the first unit comprises at least 75 percent by weight

gemcitabine HCI and the second unit comprises at least 85 percent by weight urea.

29. The device of claim 1, comprising a plurality of solid first units and a plurality of

solid second units.
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30.

the housing comprises a water permeable, elongated, annular tube having an

inner diameter from about 2 to about 5 mm,

more solid tablets of the first unit filling a length from about 1 cm to about 3 cm of

substantially the same as the inner diameter of the elongated annular tube, the one or

of the lumen of the annular tube.

31.

volume of the second unit is from about 0.05 to about 0.5.

32. The device of claim 1, wherein the device is elastically deformable between a

relatively straightened shape suited for insertion through the urethra of a patient and

bladder.

and overlapping pair of coils.

34.

frame lumen and a retention frame positioned in the retention frame lumen.

35.

other elastic wire.

36. The device of claim 1, wherein the reservoir comprises a flow modulator channel

between the first and second units.
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The device of claim 1, wherein:

and

the second unit comprises a second tablet that comprises an osmotic agent that

38. The device of claim 37, wherein the drug comprises gemcitabine and the osmotic

39.

a first housing portion loaded with a drug formulation which comprises a

drug; and

wherein the device is configured to release the drug according to a first release

40.

through an aperture in the first housing portion, primarily via osmotic pressure.

41. The device of claim 40, wherein the excipient is released from the second housing

The device of claim 39, wherein the drug is released from the first housing portion by

The device of claim 42, wherein the excipient is released from the second housing

pressure.

44.

solubilizing agent, stabilizing agent, or permeation enhancing agent.
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45.

of one or more tablets and the excipient is in the form of one or more tablets.

46.

releasing the drug from the inserted device.

48. The method of claim 46 or claim 47, wherein, following insertion of the device into

the patient, water or other aqueous bodily fluids enter the housing and solubilize the

49. The method of claim 48, wherein the drug is released from the device at a zero order

50. The method of claim 48, wherein the drug is released from the device at a zero order

rate over a period from 2 to 14 days.
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