I*I Innovation, Sciences et Innovation, Science and CA 2862443 C 2018/09/11

Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 862 443
(12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2012/12/28 (51) ClLInt./Int.Cl. A67K 9/00 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/07/04 A6TM 31/00(2006.01), GOTN 7/00(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2018/09/11 TEPPER ROBERT I.. US:
(85) Entree phase nationale/National Entry: 2014/06/27 FULLER, JASON, US;
(86) N° demande PCT/PCT Application No.: US 2012/072004 JONAS, OLIVER, US;
o o SANTINI, JOHN, US
(87) N publication PCT/PCT Publication No.: 2013/102034 o
L (73) Proprietaire/Owner:
(30) Priorité/Priority: 2011/12/30 (US61/582,009) KIBUR MEDICAL, INC., US
(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : DISPOSITIFS IMPLANTABLES ET PROCEDES POUR L'EVALUATION D'UN AGENT ACTIF
54) Title: IMPLANTABLE DEVICES AND METHODS FOR THE EVALUATION OF ACTIVE AGENTS

(57) Abregé/Abstract:

Devices for the local delivery of microdose amounts of one or more active agents, alone or in combination, in one or more dosages,
to selected tissue of a patient are described. The devices generally include multiple microwells arranged on or within a support
structure. The microwells contain one or more active agents, alone or in combination, In one or more dosages and/or release
pharmacokinetics. In an exemplary embodiment, the device has a cylindrical shape, having symmetrical wells on the outside of the
device, each well containing one or more drugs, at one or more concentrations, sized to permit placement using a catheter,
cannula, or stylet. Optionally, the device has a guidewire, and fiber optics, sensors and/or interactive features such as remote
accessibility (such as WiF1) to provide for in situ retrieval of information and modification of device release properties. In the most
preferred embodiment, the fiber optics and/or sensors are individually accessible to discrete wells.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



WO 2013/102034 A1 [HJ 1! SR O FH 0000 A ARRR 0O R

(43) International Publication Date

CA 02862443 2014-06-277

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

4 July 2013 (04.07.2013)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2013/102034 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(74)

(81)

International Patent Classification:
A61K 9/00 (2006.01) GOIN 1/00 (2006.01)
A61IM 31/00 (2006.01)

International Application Number:
PCT/US2012/072004

International Filing Date:
28 December 2012 (28.12.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/582,009 30 December 2011 (30.12.2011) US

Applicant: KIBUR MEDICAL, INC. [US/US]J; 29 New-
bury Street, Suite 301, Boston, MA 02116 (US).

Inventors: TEPPER, Robert, I.; 53 Laurel Road, Weston,
MA 02493 (US). FULLER, Jason; 373 Commonwealth
Avenue, #201, Boston, MA 02115 (US). JONAS, Oliver;
32 Forest Ridge Road, Weston, MA 02493 (US).
SANTINI, John; 1625 Hemlock Way, Chanhassan, MN
55317 (US).

Agents: PABST, Patrea, L. et al.; Pabst Patent Group
LLP, 1545 Peachtree Street, N.E., Suite 320, Atlanta, GA
30309 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, 5G, SK, SL, SM, ST, SV, SY, TH, TJ,
M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, IW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted a

patent (Rule 4.17(i1))

as to the applicant'’s entitlement to claim the priority of the
earlier application (Rule 4.17(1ii))

Published:

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: IMPLANTABLE DEVICES AND METHODS FOR THE EVALUATION OF ACTIVE AGENT

(57) Abstract: Devices for the local delivery of microdose amounts of one or more active agents, alone or in combination, in one or
more dosages, to selected tissue of a patient are described. The devices generally include multiple microwells arranged on or within a
support structure. The microwells contain one or more active agents, alone or in combination, in one or more dosages and/or release
pharmacokinetics. In an exemplary embodiment, the device has a cylindrical shape, having symmetrical wells on the outside of the
device, each well containing one or more drugs, at one or more concentrations, sized to permit placement using a catheter, cannula,
or stylet. Optionally, the device has a guidewire, and fiber optics, sensors and/or mteractive features such as remote accessibility

(such as WiF1) to provide for i situ retrieval of infos

'mation and modification of device release properties. In the most preferred em -

bodiment, the fiber optics and/or sensors are individually accessible to discrete wells.



CA 02862443 2016-01-21

WO 2013/102034 PCT/US2012/072004

IMPLANTABLE DEVICES AND METHODS FOR
THE EVALUATION OF ACTIVE AGENTS

5
10 FIELD OF THE INVENTION
The 1invention 1s generally related to devices, methods, systems, and
kats for the evaluation of therapeutic agents iz situ within tissues to be trcated
In patients.
BACKGROUND OF THE INVENTION
15 In recent years, research has demonstrated that the progression of

many diseases 1s governed by molecular and genetic factors which are
patient specific. For example, 1t 1s now understood that cancer 1s driven by
diverse genetic and epigenetic factors which are often patient specific. As a
result, disease progression and anti-cancer drug response 1s unique to every
20  patient. In spite of this understanding, most clinical treatments still follow
established standard-of-care guidelines and paradigms which fail to account
for patient-specific factors.
Personalizing therapeutic treatments in view of the patient-specific
molecular and genetic factors otfers the opportunity to improve therapeutic
25  outcomes. In order to tailor treatments in a patient specific fashion, tools
and mcthods of predicting and/or rapidly determining the responsc of a
patient to particular drug regimens are needed.
Therefore, it 1s an object of the invention to provide devices that can
be used to locally deliver discrete microdose quantities of one or more active
30 agents to tissues in a paticnt, and which can be easily removed with tissuc
remaining spatially positioned relative to the discrete dosages of active

agent.
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It 18 also an object of the imnvention to provide methods for the facile,
in vivo, analysis of the sensitivity of a disease or disorder in a patient to one
Or more active agents.

SUMMARY OF THE INVENTION

Devices for the local delivery of microdose amounts of one or more
active agents, alone or in combination, 1n one or more dosages, to selected
tissue of a patient are described. The devices generally include multiple
microwells arranged on or within a support structure. The microwells
contain one or more active agents, alone or 1n combination, 1n one or more
dosages and/or release pharmacokinetics. In certain embodiments, the
devices are configured to facilitate implantation and retrieval 1n a target
tissue. In an exemplary embodiment, the device has a cylindrical shape,
having symmetrical wells on the outside of the device, each well containing
one or more drugs, at one or more concentrations. The device 1s sized to
permit placement using a catheter, cannula, or stylet. In a preferred
embodiment, the device has a guidewire to assist in placement and retricval.
The device may also include features that assist in maintaining spatial
stability of tissue excised with the device, such as fins or stabilizers that can
be expanded from the device prior to or at the time of removal. Optionally,
the device has fiber optics, sensors and/or interactive features such as remote
accessibility (such as WiF1) to provide for in situ retrieval of information and
modification of device release properties. In the most preferred embodiment,
the fiber optics and/or sensors are individually accessible to discrete wells.

The devices are formed of biocompatible silicon, metal, ceramic or
polymers. They may include materials such as radioopaque materials or
materials that can be 1maged using ultrasound or MRI. They can be
manufactured using techniques such as deep 10n etching, nano imprint
lithography, micromachining, laser etching, three dimensional printing or
stereolithography. Drug can be loaded by injection of a solution or
suspension 1nto the wells followed by solvent removal by drying,
evaporation, or lyophilization, or by placement of drug in tablet or
particulate form into the wells. Drug release pharmacokinetics are a function

of drug solubility, excipients, dimensions of the wells, and tissue into which
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the device is implanted (with greater rate of release into more highly
vascularized tissue, than 1nto less vascular tissue).
In certain embodiments, the devices are implanted directly into a
solid tumor or tissue to be biopsied. Upon implantation, the devices locally
5  release an array of active agents in microdoses. Subsequent analysis of
tumor response to the array of active agents can be used to 1dentify particular
drugs, combinations of drugs, and/or dosages that are effective for treating a
solid tumor 1n a patient. By locally delivering microdoses of an array of
drugs, the microassay device can be used to test patients for response to large
10 range of regimens, without inducing systemic toxicities, quickly and under
actual physiological conditions. These data are used, optionally in
combination with genomic data, to accurately predict systemic drug
response.
BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 is a perspective view of a cylindrical device containing a
guidewire attached to the proximal end of the cylindrical device.
Figure 2 15 a cutaway diagram of a cylindrical device containiné a
fiber optic bundle extending from the proximal end of the cylindrical device.

Fiber optic elements are internally connected to cach of the microwells in the
20  device.
Figure 3 illustrates an in vivo method for analyzing the sensitivity of
solid tumor a patient to one or more active agents.
Figures 4A-D arc schematics showing the arrangement of drugs in
wells 1n the device (Figure 4A), implantation (Figure 4B), dosing where drug
25 1s released from the wells (Figure 4C), and the different results obtained
(Figure 4D).

Figure 5 1s a schematic showing testing of the device in mice.

30
DETAILED DESCRIPTION OF THE INVENTION

Devices and methods of use thereof are provided. Devices include

one or more microwells which contain one or more active agents, in one or

3
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more different dosages. The reservoir locally delivers a microdose amount
of an active to a target tissue located proximally to the microwell.
I. Definitions

“Microwell,” as used herein, refers to a chamber, void, or depression
formed within or on the support structure.

“Support Structure,” as used herein, refers to the body of the device
to which one or more microwells are attached or within which one or more
microwells are formed.

“Guidewire,” as used herein, refers to a wire-like structure attached to
the device which 1s intended to assist in the implantation of the device at a
site of medical interest and/or 1ts subsequent removal from the site of
implantation.

“Active Agent,” as used herein, refers to a physiologically or
pharmacologically active agent that can act locally and/or systemically 1n the
body. The term “active agent” includes agents that can be administered to a
subject for the treatment (e.g., therapeutic agent), prevention (e.g.,
prophylactic agent), or diagnosis (e.g., diagnostic agent) of a disease or
disorder.

“Anti-neoplastic agent”, as used herein, refers to an active agent that
either mhibits the growth and multiplication of neoplastic cells, such as by
interfering with the cell's ability to replicate DNA, and/or 1s cytotoxic to
neoplastic cells.

“Effective amount” or “therapeutically effective amount™, as used
herein, refers to an amount of one or more therapeutic agents which 1s
effective to decrease the size of a solid tumor or to inhibit the growth of a
solid tumor.

“Biocompatible” and “biologically compatible”, as used herein,
generally refer to materials that are, along with any metabolites or
degradation products thereof, generally non-toxic to the recipient, and do not
cause any significant adverse effects to the recipient. Generally speaking,
biocompatible materials are materials which do not elicit a significant

inflammatory or immune response when administered to a patient.
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“Bi1odegradable Polymer” and “Bioerodible Polymer” are used herein
interchangeably, and generally refers to a polymer that will degrade or erode
by enzymatic action or hydrolysis under physiologic conditions to smaller
units or chemical species that are capable of being metabolized, eliminated,
or excreted by the subject. The degradation time 1s a function of polymer
composition, morphology, such as porosity, particle dimensions, and
environment. Suitable degradation times are from hours to weeks, more
preferable from days to weeks.

“Tumor,” as used herein, refers to an abnormal mass of tissue that
results from the proliferation of cells. Typically, solid tumors do not contain
cysts or liquid areas within the tissue mass. Solid tumors can arise 1n any
part of the body, and may be benign (not cancerous) or malignant
(cancerous). Most types of cancer other than leukemias can form solid
tumors. Solid tumors include, for example, adenocarcinomas, carcinomas,
hemangiomas, liposarcomas, lymphomas, melanomas and sarcomas.

“T1ssue,” as used herein, refers to groups of cells that perform a
particular function, as well as organs, which are aggregates of tissues.

“Local Delivery” and “Local Administration,” as generally used
herein, refer to the administration of an active agent to a target tissue location
from a source that 1s at the target tissue location, or adjacent to or in close
proximity to the target tissue location.

“Microdose,” as used herein, refers to an amount of an active agent
that 18 locally administered to a tissue to determine one or more clinical
parameters, such as efficacy of active agent, the metabolism of the active
agent, or a combination thereof.

I1. Devices
Support Structure

Devices generally include one or more microwells formed on or
within a support structure. The support structure forms the body of the
device. The support structure can be fabricated to form devices having a
variety of shapes. For example, the device can be cuboid, cubic, or
cylindrical in shape. In the preferred embodiment, the device 1s cylindrical.

The support structure may also be configured to have one or more areas of

S
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separation. For example, depending on such factors as the material used and
number of microwells, the arcas of separation may include perforations, a
material of enhanced flexibility or lower durometer, hinges, joints, etc.,
which allow portions of the support structure to be separated or flex.

5 Preferably, the dimensions of the device are suitable to allow for
implantation using an 18 gauge biopsy needle, stylet, cannula or catheter. In
certain embodiments, the cylindrical device has a diameter of between about
0.5 mm and about 2 mm, more preferably between about 0.5 mm and about
1.5 mm, most preferably between about 0.5 mm and about 1.0 mm. Ina

10 particular embodiment, the cylindrical device has a diameter of
approximately 0.9 mm. In certain embodiments, the cylindrical device has a
length of less than about 5 mm, more preferably less than about 4 mm, most
preferably less than about 3 mm. In a particular embodiment, the cylindrical
device has a length of approximately 2.5 mm.

15 Microwells

The surtace of the device includes one or more microwells, each of
which typically includes a solid bottom proximal to the support structure,
one¢ or more solid side walls, and an opening located on the surface of the
device distal to the support structure. Alternatively, the microwells can be 1n

20  the form of a hemispherical bowl.

Devices can contain any number of microwells. In the device shown
in the attached figures, wells are provided 1n five rows of eight wells.
Representative numbers of microwells range from four to about 100. The
microwells may have any shape (e.g., circular or rectangular) and

25  dimensions (e.g., length/width, diameter, and/or depth) suitable for a
particular application. In some embodiments, all of the microwells 1n a
device have the same shape and dimensions. In these cases, all of the
microwells in the device have substantially the same volume. In other
embodiments, the array contains microwells with multiple shapes,

30  dimensions, or combinations thereof. In these cases, microwells with a
variety of volumes may be incorporated into a single device.

The microwells can have any suitable shape. For example, the

microwells can be circular, ovoid, quadrilateral, rectangular, square,

0
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triangular, pentagonal, hexagonal, heptagonal, or octagonal. In some
embodiments, the microwells are rectangular in shape. In these mstances, the
shape of the microwells can be defined in terms of the length of the four side
walls forming the perimeter of the rectangular microwell.

In certain 1nstances, the rectangular microwells have side walls
ranging from about 50 microns to about 500 microns 1n length, more
preferably from about 100 microns to about 400 microns in length. In
particular embodiments, the four side walls forming the perimeter of the
rectangular microwell are of substantially equivalent length (i.e., the
microwell has a square shape). Preferred sizes are 100 x 100, 200 x 200, and
400 x 400 microns, with depths of 100 to 300 microns.

In some embodiments, the microwells are spherical 1n shape. In
certain instances, the spherical microwells have diameters ranging from
about 50 microns to about 500 microns, more preferably from about 100
microns to about 400 microns.

The depth of the microwells, governed by the height of the solid side
walls forming the microwells, can vary to provide microwells having the
desired volume and/or volume-to-surface-area ratio for particular
applications. In certain instances, the depth of the microwells ranges from
about 50 microns to about 500 microns, more preferably from about 75
microns to about 400 microns, most preferably from about 100 to about 300
MICrons.

The microwells may have any volume suitable for a particular
application. In certain instances, the volume of the microwells ranges from
about 1.25 x 10° cubic microns to about 1.25 x 10° cubic microns, more
preferably from about 1.00 x 10° cubic microns to about 6.40 x 10 cubic
microns, most preferably from about 1.00 x 10° cubic microns to about 4.80
x 10’ cubic microns.

The microwells may be arranged on or within the support structure 1n
a variety of geometries depending upon the overall device shape. For
example, in some embodiments, the microwells are arranged on or within the
support structure with the axes of the microwells relatively parallel and the

distal openings 1n a relatively single plane. In this configuration the
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microwells can be arranged in rectangular or circular arrays. Alternatively,
the microwells may be arranged in a three-dimensional paftem where the
distal ends of the microwells lie in multiple planes. In this three-dimensional
pattern the axes of the microwells may be relatively parallel or be skewed
relative to one another, depending on the overall shape of the device.

The microwells may be equally spaced from one another or
irregularly spaced. In preferred embodiments, the edges of neighboring
microwells are separated by at least about 50 microns, mofe preferably at
feast about 75 microns, most preferably at least about 100 microns. In
certain embodiments, the edges of neighboring microwells are separated by
at least about 100 microns, about 200 microns, about 300 microns, or about

400 microns.

Materials Used to Form Devices
Devices may be fabricated from any biocompatible material or
combination of materials that do not interfere with delivery of one or more

actlve agents, assays performed, or data collection, if employed.

In certain embodiments, the device is radiopaque to facilitate imaging
during implantation, residence, and/or removal. In some cases, one or more
portidns of the device 1s fabricated from a material, such as stainless steel,
which is radiopaque. In some cases, one or more contrast agents are
incorporated into the device to improve radiopacity or imaging of the device
in vivo.

The microwells and support structure are generally fabricated from
biocompatible materials that provide the device with suitable integrity to
permit device implantation and removal, and to provide the desired residence
time within the target tissue. In instances where the microwells, support
structure, or both are fabricated from a non-biocompatible material, the non-
biocompatible material is generally coated with another material to render

the microwells and support structure biocompatible.

8
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In some embodiments, the microwells and support structure are
formed from a single material. In other embodiments, the microwells and
support structure are formed from multiple materials that are combined so as
to form an integral structure. Examples of materials that can be used to form

5 the microwells and/or support structure include polymers, silicones, glasses,
metals, ceramics, inorganic materials, and combinations thercof. In certain
embodiments, the microwells and support structure are formed from
composite materials, such as, for example, a composite of a polymer and a

semiconductor material, such as silicon.
10

In some embodiments, the microwells, support structure, or
combination thereof, are formed from or include a polymer. Examples of
suitable polymers include polyacrylates, polymethacrylates, polycarbonates,

15 polystyrenes, polyethylenes, polypropylenes, polyvinylchlorides,
polytetrafluoroethylenes, fluorinated polymers, silicones such as
polydimethylsiloxane (PDMS), polyvinylidene chloride, bis-
benzocyclobutene (BCB), polyimides, fluormated derivatives of polyimides,
polyurethanes, poly(ethylene vinyl acctate), poly(alkylenc oxides) such as

20  poly(ethylene glycol) (PEG), or copolymers or blend thereof.

Although not preferred, in certain embodiments, microwells, support
structure, or combination thereof, are fabricated from or include one or more
biodegradable polymers. Examples of suitable brodegradable polymers
include polyhydroxyacids, such as poly(lactic acid), poly(glycolic acid), and

25  poly(lactic acid-co-glycolic acids); polyhydroxyalkanoates such as poly3-
hydroxybutyrate or poly4-hydroxybutyrate; poly(caprolactones);
poly(orthoesters): poly(phosphazenes); polyesteramides; polyanhydrides;
poly(dioxanones); poly(alkylene alkylates); poly(hydroxyacid)/poly(alkylene
oxide) copolymers; poly(caprolactone)/poly(alkylene oxide) copolymers;

30  biodegradable polyurethanes; poly(amino acids); polyetheresters;
polyacetals; polycyanoacrylates; poly(oxyethylene)/poly(oxypropylene)

copolymers, or a blend or copolymer thereof, may be used. Biodegradable
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shape memory polymers, such as those described in U.S. Patent No.
5,189,110 or U.S. Patent No. 5,139,832, may also be employed.
In some embodiments, the microwells, support structure, or
combination thereof, formed from or include a metal. Examples of suitable
5 metals include, but are not limited to, cobalt, chromium, nickel, platinum,
oold, silver, silicon, stamless steel, titanium, tantalum, and any of their alloys
(e.g., nickel-titantum alloys), and combinations thercof. Biodegradable
metals such as magnesium-based metals may also be used.
In particular embodiments, the microwells, support structure, or
10  combination thereof are fabricated from or include silicon or a ceramic such
as hydroxyapatite. In particular embodiments, the microwells, support
structure, or combination thereof are fabricated from or include a polymer

formed from SU-8, the structure of which 1s shown below.
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In some embodiments, the device includes an agent that prevents or
reduces biofilm formation or inflammation or other foreign body reaction to
the device once implanted. Such an agent may be incorporated within one or

20  more of the component materials of the device, or coated on a surface the
device, or portions thereof. In certain embodiments, one or more portions of
the device 1s coated with a polymer coating to prevents or reduces biofilm
formation or inflammation or other foreign body reaction to the device.

In preferred embodiments, the device 1s cylindrical in shape to

25  facilitate implantation and minimize tissue damage. A representative

example of a cylindrical device 1s 1llustrated in Figure 1. The device (10)

10



CA 02862443 2014-06-277

WO 2013/102034 PCT/US2012/072004

10

15

20

25

30

contains a support structure (16), forming the body of the device. The device
has a proximal end (14) and a proximal end (12), from which a guidewire
(20) extends, and a plurality of microwells (18) formed within the support
structure. One or more of the microwells contain an active agent or agents
(22), which can be released independently or in combination.

In the preferred embodiment, the device 1s formed of silicon, which
has the advantages of being biocompatible, resistant to fracturing, easily
manufactured with high resolution) or SUS polyethylene, which has the
advantage of being very biocompatible, and softer thereby allowing
microtome sectioning.

Guidewires

In some embodiments, the device also includes a guidewire designed
to assist in the implantation of the device at a site of medical interest and/or
its subsequent removal from the site of implantation. The guidewire may be
attached to or extend from any portion of the device. In certain
embodiments, the guidewire extends from the proximal end of the device.

The guidewire can be any wire-like structure dimension and length
which 1s suitable to assist in the implantation of the device at a site of
medical iterest and/or its subsequent removal from the site of implantation.
In certain embodiments, the guidewire has a diameter of between about
0.010 inches and about 0.065 inches. The length of the guidewire typically
ranges from about 30 cm to about 300 cm (or more) 1n length; however, the
cuidewire 1s typically long enough to extend from the site of device
implantation to a point outside of the patient’s body, such that the guidewire
remains externally accessible after implantation of the device.

Guidewires can be fabricated from any material or combination of
materials, such as polymers, metals, and polymer-metal composites.
Examples of suitable materials include metals, such stainless steel (e.g., 304
stainless steel), nickel and nickel alloys (e.g.,NITINOL® or MP-35N), and
cobalt alloys, polymers, such as polyurethanes, elastomeric polyamides,
block polyamide-ethers, and silicones. Radiopaque alloys, such as platinum
and titanium alloys, may also be used to fabricate, in whole or 1n part, the

guidewire.

11
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In certain embodiments, the guidewire is coated or treated with
various polymers or other compounds in order to reduce foreign body
reaction provide or to provide desired handling or performance
characteristics such as to increase lubricity. In certain embodiments, the

5  guidewire is coated with polytetrafluoroethylene (PTFE) or a hydrophilic
polymer coating, such as poly(caprolactone), to enhance lubricity and impart
desirable handling characteristics to the guidewire.

Sensors; Fiber Optics
In some embodiments, the device also includes a fiber optic bundle,

10 orother interrogatable or addressible means extending from a portion of the

microassay device. The length of the fiber optic bundle typically ranges

from about 30 cm to about 300 cm (or more) in length; however, the fiber

optic bundle is typically long enough to extend from the site of device

implantation to a point outside of the patient’s body, such that the fiber optic
15  bundle remains externally accessible after implantation of the device.

In these embodiments, individual fiber optic elements within the fiber
optic bundle may by internally wired to one or more of the microwells in the
miroassay device. The fiber optic elements can be interfaced with external
signal processing means to analyze the contents of the microwells, the nature

20 of tissue proximal to the microwells, and combinations thereof. The fiber
optic elements can also be interfaces with an external energy source to
trigger the release of a drug or to provide photodynamic therapy.

The 1nterrogatable means may be connected to sensors adjacent to or

within the microwells. These may also have means for remote accessing,

25  such as a WiFi1 connection.

30

Figure 2 illustrates a cylindrical device containing integrated fiber

optic components. In this embodiment, the device (30) contains a support

12
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structure (36), forming the body of the device. The device has a distal end
(34) and a proximal end (32), from which a fiber optic bundle (40) extends,
and a plurality of microwells (38) formed within the support structure.
Individual fiber optic elements within the fiber optic bundle are internally
5  wired to the microwells 1n the miroassay device.
lTissue Retainers
In some embodiments, the device also contains a feature, such as an
overhang or lip, to facilitate the removal of a tissue sample immediately
surrounding the device upon device removal. The device may also include
10  retainers that are recessed into the device until implantation or removal.
These are then expanded outwardly into the tissue where they can serve to
stabilize or maintain the spatial arrangement of the tissue relative to the
device and/or decrease any overlap in drug diffusion between wells.
The device can also contain a fastening means, such as a snap-lock
15  fastener, or a magnet at the proximal end of the device to facilitate device
removal.
B. Active Agents
One or more active agents are incorporated in one or more of the
microwells 1n the devices. In some devices, all of the microwells contain one
20  or more active agents, 1n one or more dosages. In other devices, not all of
the microwells contain an active agent. In these embodiments, empty
microwells may serve as a control, or increase distance between released
drug to decrease overlap 1n diffused drug.
In some embodiments, each microwell which contains an active
25  agent contains a different active agent or different combination of active
agents. In some embodiments, a plurality of microwells each contains an
active agent or combination of active agents 1n differing amounts of active
agents, differing ratios of active agents, or different excipients/formulations
of active agents. This allows variation not only of the drug, but also the
30  dosage, release pharmacokinetics, and testing of various combinations at the
same.
The devices deliver a microdose amount of a substance to a target

tissue. A microdose amount may be from about 0.001 ug (or less) to about

13
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1,000 ug, or about 10,000 ug (or more) of the substance. Those of skill will
readily appreciate that microdose levels may vary as a function of the
specific substance employed, the target tissue, and/or the medical condition
being treated. Appropriate doses may be determined as described 1n example
1.

The substance may be delivered 1n a controlled release, sustained
release, delayed release, or pulsatile fashion. Delivery may also occur over
any time period. For example, 1t may occur over a period of minutes to
hours, or days to weeks. In the preferred embodiment, release 1s complete
within 48 hours, with substantially all drug being released within 12, 24, 36,
or 48 hours.

The drug may be applied as a powder, particulate, or 1n a solution or
suspension, with the solvent removed by drying, evaporation, lyophilization
or or suction. A membrane or film may be applied to the well after the drug
1s 1ncorporated to 1solate the drug until the time of use. Alternatively, a
porous membrane may be used to cover the microwells to control rate of
release after implantation. The drug may be held within a matrix formed of a
biodegradable material or a material which releases the incorporated
substance by diffusion out of or degradation of the matrix, or by dissolution
of the substance into surrounding interstitial fluid. When provided 1n a
matrix, the substance may be homogencously or heterogeneously distributed
within the matrix.

Selection of the matrix may be dependent on the desired rate of
release of the substance. Both biodegradable and nonbiodegradable matrices
(release systems) can be used for delivery of the substances. Suitable release
systems include, without limitation, polymers and polymeric matrices, non-
polymeric matrices, or inorganic and organic excipients and diluents such as,
but not limited to, calcium carbonate and sugar. The release systems may be
natural or synthetic. In some variations, the release system may be selected
based on the period over which release 1s desired. Drugs from wells can be
released not only with distinct drugs and concentrations, but also at different
kinetics, depending on (potentially) a different material coating in each well

(such as platinum or gold or polymer).

14
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In preferred embodiments, the active agent 18 an anti-neoplastic agent.
Representative anti-neoplastic agents include, but are not limited to,
alkylating agents (such as cisplatin, carboplatin, oxaliplatin,
mechlorethamine, cyclophosphamide, chlorambucil, dacarbazine, lomustine,
carmustine, procarbazine, chlorambucil and 1fosfamide), antimetabolites
(such as fluorouracil (5-FU), gemcitabine, methotrexate, cytosine
arabinoside, fludarabine, and floxuridine), antimitotics (including taxanes
such as paclitaxel and decetaxel and vinca alkaloids such as vincristine,
vinblastine, vinorelbine, and vindesine), anthracyclines (including
doxorubicin, daunorubicin, valrubicin, 1darubicin, and epirubicin, as well as
actinomycins such as actinomycin D), cytotoxic antibiotics (including
mitomycin, plicamycin, and bleomycin), and topoisomerase inhibitors
(including camptothecins such as camptothecin, irinotecan, and topotecan as
well as derivatives of epipodophyllotoxins such as amsacrine, etoposide,
ctoposide phosphate, and teniposide).

Other drugs may be anti-infectives such as antivirals, antibiotics, or
antifungals, immunomodulators, either immunoenhancers, vaccines, or
immunosuppressants, or hormones or analogues, agonists or antagonists
thereof.

Active agents may be small molecule active agents or larger
molecules (e.g., macromolecules) such as proteins, peptides, carbohydrates
and nucleic acids. A preferred class of protein 1s antibodies and fusion
proteins. “Small Molecule™, as used herein, refers to a molecule, such as an
organic or organometallic compound, with a molecular weight of less than
2,000 Daltons, more preferably less than 1,500 Daltons, most preferably less
than 1,000 Daltons. The small molecule can be a hydrophilic, hydrophobic,
or amphiphilic compound.

C. Methods of Manufacture

Devices can be fabricated using methods known 1n the art, such as
patterning, photolithography and etching. Suitable methods for the
manufacture of devices can be selected 1n view of a variety of factors,

including the design of the device (e.g., the size of the device, the relative

15
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arrangement of device features, etc.) and the component materials used to

form the device.

Examples of suitable techniques that can be used, alone or in
combination, for the fabrication of devices include LIGA (Lithographic
Galvanoforming Abforming) techniques using X-ray lithography, high-
aspect-ratio photolithography using a photoresist, such as an epoxy-based
negative photoresist such as EPON™ SU-8 (also referred to as EPIKOTE™
157), microelectro-discharge machining (WEDM), high-aspect-ratio
machining by deep reactive ion etching (DRIE), hot embossing, 3-
dimensional printing, stereolithography, laser machining, ion beam
machining, and mechanical micro-cutting using micro-tools made of hard
materials such as diamond.

Detailed methods for microfabrication are described in, for example,
“Microreactors, Epoch-making Technology for Synthesis” (edited by Jun-
1chi Yoshida and published by CMC Publishing Co., Ltd.,‘2003) and “Fine
Processing Technology, Application Volume—Application to Photonics,
Electronics and Mechatronics—" (edited by the Meeting Committee of the

Society of Polymer Science, Japan, and published by NTS Inc., 2003.

III. Methods of Use

The device 1s implanted directly into a tumor or other tissue to be
treated. The tissue will typically be transformed, 1.e. cancerous tissue, but
may also be infected with bacteria, fungus or virus, in need of
immunomodulation (i.e., immunosuppression or immunoenhancement), or in
need of hormonal adjustment. In some cases the hormone may be useful for
treating a cancer. The device 1s particularly useful in treating refractory

disorders and in testing combination of drugs that may be more effective in

combination.
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The device releases an array of drug micro doses locally, and uses
state of the art detection methods to identify the drugs or combinations
inducing a response. By using micro doses of drugs, the device is capable
of testing each patient for response to large range of regimens, without

5 inducing systemic toxicities. These data can be used along with genomic data
to accurately predict systemic drug response.

In some variations, a microdose amount 1s used in early human
studies, e.g., before a phase I clinical trial, to evaluate the effect of the
substance on a target tissue, or to obtain pharmacokinetic or metabolic data.

10 In other variations, a microdose amount 1s used to locally treat a medical
condition, ¢.g., a cancer or tumor. In yet other variations, a microdose
amount 18 used to locally deliver a contrast agent for a structural or
functional imaging procedure. In view of this, a microdose amount can be
tallored to the specific indication of the substance delivery.

15 The assay may be used to detect one or more of: a degree of agent
permeation through the target tissue; detect a physiochemical effect of the
agent on the target tissue; and detect a pharmacological effect of the agent on
the tissue. In further variations, the devices may include a sensor for sensing
one or more parameters of the target tissue after delivery of the substance.

20.  Anagent may be delivered as a résult of the response parameter or in
response to the data obtained by the assay and/or sensor. The assay may be
configured to provide various data such as data related to efficacy such as
chemotherapeutic efficacy; activity such as tumor cell invasiveness; toxicity
such as toxicity due to one or more agents being delivered or toxicity due to

25  cell death; and combinations of these.

30
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A. Target Tissues

The target tissue may be located anywhere in the patient’s body such
as locations including: liver, lung, kidney, prostate, ovary, spleen, lymph
node, thyroid, pancreas, heart, skeletal muscle, intestine, larynx, esophagus

5 and stomach. In a preferred embodiment, the target tissue 18 tumor tissue

including but not limited to: adenoma, adenocarcinoma, squamous cell
carcinoma, basal cell carcinoma, small cell carcinoma, large cell
undifferentiated carcinoma, chondrosarcoma, fibrosarcoma, and
combinations thereof.

10 The target tissue may also be a tissue which 1s infected, for example,
with a virus, bacteria, fungus or parasite, or which 1s characterized by
inflammation or 1s in need of immunostimulation.

B. Delivery and Retrieval of the Device
Devices may be implanted via percutancous, minimally invasive, or

15  open procedures into the tissue of a patient. For example, devices may be
delivered via an open surgical procedure, or by a minimally invasive
procedure such as laparoscopy, endoscopy, arthroscopy, and catheter-based
procedures. The devices may also be delivered percutancously, for example
using a needle, such as an 19 to 24 gauge biopsy needle. Retrieval of the

20  devices may occur via the same processes, typically also using a biopsy
needle with but with a larger diameter, such as a 16 to 18 guage needle. The
inserting needle 1s a cutting needle that has a smaller diameter than the
retrieval needle, which 1s a larger diameter coring needle.

An 1mage of the target tissue, such as a tumor, may be performed

25  prior to implantation, during implantation, during implant residence, during
implant removal, after implant retrieval, and combinations thereof. In
certain embodiments, the microassay device 1s implanted in the patient with
1mage guidance.

In most cases, the device 1s implanted into a tumor using a biopsy-

30 type needle, cannula, catheter or stylet. The device can also be placed in a
lumen, such as a bile duct, alveoli or bronchi or kidney tubule. Alternatively,
the device can be placed during a procedure such as a biopsy or excision of

ftumor.
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In the preferred embodiment, the device is placed using a cutting
biopsy needle with sharp stuffer tip. The stuffer needles are then retracted
while keeping the needle in place. The device is delivered through the
needle, then the needle is retracted. A guidewire may be attached prior to or
at the time of implantation. The advantage of this method is that there is
better tissue penetration into the wells, and less tissue injury.

The device is retrieved 1n conjunction with the adjacent tissue. The
goal is to analyze the tissue in the spatial onentation relevant to the device,
to allow assessment of efficacy, dose dependency, and type of response (i.e.,
apoptosis, necrosis, inflammation, subclinical response). In a preferred
embodiment, the device 15 retrieved by excising the device and associated
tissue at one time, for example, by cutting out the device with a uniform
amount of tissue around the device. In the case of a cylindrical device, one
excises the device using a cutting needle or catheter that is of a greater
diameter than the device. The guidewire may be used to insure that the
tissue remains placed in the same proximity to the device, Stabilizers or
retainers may be used in either the cutting removal device or the implanted
device to help maintain spatial relationship with the device and treated tissue.

C. Analysis of Tissue

Following retrieval, usually less than 7 days from implantation, the
treated tissue samples are analyzed, for example, by microscopic
¢xamination, by enzyme assays, and other histology and
immunohistochemistry techniques used to assess cancer or infected cells.

Figure 3 illustrates an in vive method for analyzing the sensitivity of
solid tumor a patient to one or more active agents. An 18 g cutting biopsy
needle 51 with stylet 52 is inserted 1nto a solid tumor 50. The stylet 52 is
retracted, leaving the needle 51 1n place. The stylet 52 is used to push the
device 53 into the tumor 50. The device 53 remains in the tumor 50 except
for a retrieving device 54.. A larger 14 gauge coring needle 55 is inserted
into the tumor 50 around the device 53. The needle 55 is retracted, taking
the device 53 and surrounding tissue 56. The device 53 13 then embedded in

acrylic 57, sectioned and histology preformed.

19
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Figures 4A-D are schematics showing the arrangement of drugs in
wells in the device (Figure 4A), implantation (Figure 4B), dosing where drug
s released from the wells (Figure 4C), and the different results obtained
(Figure 4D).

5 IV, Kits

Kits may contain one or more of the devices described above. Any
number and type of deployment tools, retrieval tools, and imaging devices
may also be included, The kits may also contain additional i vitro 488ays
for evaluating samples, such as a matrix for fixing tissue samples for future

10 histological analysis.

The kits may also tnclude instructions for using the devices, tools,
and/or assays contained therein.

Examples
Example I: Prototype testing in Mouse Model
15 Materials and Methods

As shown in Figure 5, a mouse model for a human cancer cell line 1s
prepared by injection of human cancer cells such as MDA MB-231 into the
mammary fat pad of an immunodeficient mouse. Tumors are allowed to
implant and proliferate to approximately 150-170 mm”.

20 Individual drugs are administered systemically by injection to the
mice to establish local phammacokinetics for the drugs. For breast cancer
cells, representative drugs to'be tested include docetaxel, doxorubiein,
irnotecan, transtuzumab, and bevacizumab.

235

A device with 14 reservoirs was loaded with approximately 1.5
microgram doxorubicin (crystalline powder) per reservoir. The device can
be loaded with the same drugs based on the results of the systemic testing.

30  Each drug is loaded separately and in more than one concentration, as well as
in combination. After 12, 24, 36 and 48 hours, devices are removed and

histology conducted to look at the effect on the twmor cells adjacent to each

well.

20
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The effects of compounds eluted from reservoirs can be assessed by
different techniques. Excised tissue with device ¢an be assayed by standard
histopathological techniques, inecluding immunohistochemistry and
immunofluorescence. Mass spectrometry may also be used to measure local

5  biomarkers indicative of an effect of a compound. |

Analysis for apoptosis, necrosis, mitotic cell death, and proliferation

can also be conducted. The local microdose response is then determined and

can be used to define an appropriate therapeutic regime for the cancer.

10

15

20

235

30
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We claim:

l. An implantable microdevice comprising

a cylindrical support structure having on the surface thereof a plurality of

5  microwells formed on or within the support structurc and along the longitudinal axis of
the cylindrical support structure, the microwells each releasing a microdose of one or

more therapeutic or diagnostic agent into discrete areas of tissues each adjacent to a
microwell after implantation, permitting individual assessment of the effect of the
microdose of the therapeutic or diagnostic agent on the adjacent tissue, and one or more

10 features maintaining spatial stability of the device after implantation or means

facilitating removal after implantation,

the device having dimensions that permit implantation into a tissue using a

catheter, cannula, or biopsy needle.

15 2. The microdevice of claim 1 comprising one or more sensors integrated within

the device or microwells and fiber optic or other addressible or interactive means for

remotc mtcrrogation of the device.

3. The microdevice of claim | or 2 comprising a plurality of active agents,
20  combinations of active agents or active agents with plurality of concentrations or

release pharmacokinetics thereof.

4, The microdevice of any one of claims 1 to 3, wherein the device 1s cylindrical in
shape and having a diameter of between about 0.5 mm and about 2.0 mm, and a length

25 of less than 5.0 mm.

5. The microdevice of any on¢ of claims 1 to 4 formed by a method selected from
the group consisting of lithographic galvanoforming abforming, high-aspect-ratio
photolithography using a photoresist, microelectro-discharge machining, high-aspect-
30  ratio machining by deep reactive 1on etching, hot embossing, 3-dimensional printing,

stereolithography, laser machining, 1on beam machining, and mechanical micro-cutting.

22
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6. The microdevice of any one ol claims 1 to 5 comprising a guidewirc attached to

an end of the device.

7. The microdevice of any one of claims 1 to 6 comprising means for maintaining
5 tissue in a spatial orientation to the microdevice at the time of or after removal of the

device.

8. A kit comprising the microdevice of any one of claims 1 to 7/ and a means for

insertion and/or removal.

10

9. The kit of claim 8 wherein the means for insertion is a biopsy cutting needle

between 19 and 24 gauge.

10.  The kit of claim 8 wherein the means for removal is a biopsy coring needle

15  between 16 and 18 gauge.

11 The kit of claim 8 wherein the device comprises a guidewire attached to an end
of the device, one or more sensors intcgrated within the device or microwells, and fiber
optic or other addressible or interactive means for remote interrogation of the device,

20  comprising means for interacting or receiving signals from the microdevice.

12. A use of the microdevice of any one of claims 1 to 7 for assaying tissue tor an
effective active agent, effective dosage, effective pharmacokinetics of an active agent,

or a combination thereof.

235
13. The use of claim 12 wherein adjacent tissue that has been removed with the
microdevice is analyzed.
14, The use of claim 12 or 13 wherein the tissue 1s a tumor.
30
15. The use of claim 12 or 13 wherein the tissue is infected or in need of

immunomodulation or hormonal treatment.

23
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