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Description

FIELD

[0001] Described here are devices, systems, and kits
for the early evaluation of substances in humans. Spe-
cifically, devices that locally deliver microdose amounts
of the substances are described. Methods for assessing
the effect of the substances on a target tissue, as well
as delivery and retrieval of the devices from the target
tissue are also described. Devices that locally release
substances to aid diagnosis of various medical conditions
are further described.

BACKGROUND

[0002] Understanding the metabolism or efficacy of a
candidate drug is crucial in determining whether the drug
can be commercialized. Current methods of investigating
such drug aspects before entering human studies rely
heavily on animal and in vitro models. Thus, when taking
drugs into humans for the first time, there is a concern
that drug metabolism pathways, effect on target tissues
and organs, pharmacokinetics, etc., might differ substan-
tially from those predicted from the model studies. Some
of these differences are of no practical consequence,
while others are so serious that the development program
must be abandoned. Information about efficacy and me-
tabolism is also useful in determining the optimal drug or
drug combination to use in treating a given patient.
[0003] Given that the results of currently available
methods for screening candidate compounds are unpre-
dictable, drug development is a long, complex, and ex-
pensive endeavor. Typical development times may be
between 10 and 15 years. Furthermore, the cost of de-
veloping a newly marketed drug may reach between
about one to two billion dollars (Di Masi, J.A. et al. The
Price of Innovation: New Estimates of Drug Development
Costs. J. Hlth. Econ., Vol. 22: 151-185 (2003)).
[0004] WO 00/74767 relates to devices and methods
for increasing flux across a biological membrane. An im-
proved device is disclosed which incorporates a mech-
anism for greatly increasing the permeability of the sur-
face of the skin or other tissue. A method for forming
openings in a biological membrane is also disclosed com-
prising placing a microporation device in close proximity
of the biological membrane and triggering the micropo-
ration device to form at least one opening in the biological
membrane.
[0005] US 6,527,762 relates to microchip drug delivery
devices. The devices control the rate and time of release
of molecules. The devices include a substrate, at least
one reservoir in the substrate containing molecules, and
a reservoir cap positioned on the reservoir over the mol-
ecules, wherein the molecules are released from the res-
ervoir upon heating or cooling the device in a manner
sufficient to rupture the reservoir cap. The drug release
is dependent upon rupture or disintegration of the reser-

voir caps, whether in an active process or a passive proc-
ess. Further, the release of the molecules is over a period
of minutes to days, or one to twelve months.
[0006] US 2007/275035 relates to implantable medical
devices for controlled drug delivery. The devices may
include an elongated body containing two or more res-
ervoirs. Each reservoir includes one or more openings,
a drug formulation with at least one drug, and reservoir
caps. The release of the drug in vivo is controlled by the
in vivo disintegration or permeabilization of reservoir
caps. The devices are configured for prolonged drug re-
lease, such as between one and twelve months, and drug
is released into tissue at a rate determined by the size
and shape of the device body.
[0007] In view of the importance of drug development
in treating medical conditions, devices having improved
predictability would be useful. Devices for obtaining pro-
files of candidate drug data in humans would be desira-
ble. In particular, devices capable of providing human
data on the local effect of a drug candidate on the target
tissue or organ would be desirable.

SUMMARY

[0008] The invention is as defined in the claims. The
present invention as claimed in claim 1 provides a device
for implantation into tissue, the device comprising an
elongated support structure configured for administration
within a needle, laparoscope, endoscope, arthroscope,
or catheter; arrays along the length of the elongated
structure of multiple separate chambers being formed
within the support structure, each chamber having a
closed proximal end on the interior of the support struc-
ture and an open distal end on the outside of the support
structure, wherein each chamber comprises a solid ma-
trix forming a reservoir containing a microdose amount
of one or more therapeutic or diagnostic agents in the
matrix, which are released into the open distal end only
over a period between about one day and one week fol-
lowing insertion of the microarray device into tissue,
wherein the open distal end of the chamber is configured
to place the tissue in close proximity to the solid matrix
from which agent is released to a separate and discrete
area of the tissue.
[0009] Described here are devices, systems, methods
and kits for delivering substances to tissues. The devices
include multiple chambers and a reservoir within each
chamber. The reservoir locally delivers a microdose
amount of a substance to a target tissue. The term "tis-
sue" as used herein generally refers to groups of cells
that perform a particular function, including organs, which
are aggregates of tissues. By "locally" it is meant admin-
istration or delivery to a target tissue location from a
source that is at the target tissue location, or adjacent to
or in close proximity to the target tissue location. As used
herein, "microdose" refers to an amount of a substance
that is locally delivered to a tissue to determine one or
more parameters, such as efficacy or metabolism, of the
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substance. In some variations, a microdose amount is
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.
In other variations, a microdose amount is used to locally
treat a medical condition, e.g., a cancer or tumor. In yet
other variations, a microdose amount is used to locally
deliver a contrast agent for a structural or functional im-
aging procedure. In view of this, a microdose amount can
be tailored to the specific indication of the substance de-
livery. Each reservoir may deliver the same substance
or different substances. A single reservoir having a com-
bination of substances is also contemplated.
[0010] The devices may be configured for any route of
delivery to the target tissue or retrieval from the target
tissue. For example, they may be implanted via percuta-
neous, minimally invasive or open procedures into tissue,
ingested, or topically applied. The devices may also be
made to be flexible, bendable, expandable, or collapsi-
ble. In some variations, the devices are biodegradable
or include one or more biodegradable portions. In other
variations, the devices are nonbiodegradable.
[0011] The devices described here may be configured
as a microchip. In some variations, the devices include
a biopsy mechanism for retaining tissue upon retrieval.
In other variations, the devices include an assay compo-
nent capable of evaluating samples or the general be-
havior of a substance in vivo, and preferably in real time.
In vitro methods may also be used to evaluate samples
that are obtained, including samples withdrawn into a
reservoir of a device, or a cell that has migrated into a
vessel of the device. In further variations, the devices
include one or more sensors capable of sensing one or
more parameters of the target tissue. The devices may
include a memory component to store parameter or as-
say data, which can be downloaded after retrieval, or be
configured to communicate the data outside the body. In
another variation, the devices may be configured to de-
liver an active agent in response to the data or sensed
parameter. If desired, a control mechanism may be used
to time delivery of an active agent(s) to the target tissue.
The control mechanism may also be used to time delivery
of substances from reservoirs of devices having a plu-
rality of chambers.
[0012] The systems for delivering the devices may in-
clude one or more of the devices described above, or a
combination of those devices. A deployment tool for de-
livering the device and/or a retrieval tool for removing the
device may also be employed. In one variation, the sys-
tem comprises an imaging component for visualizing the
device within the target tissue. In another variation, the
system includes an energy source for activating release
of a substance from the device. The systems and devices
may be used to perform a diagnostic procedure, a ther-
apeutic procedure, or both.
[0013] The kits described here may also have one or
more devices, or a combination of devices. When multi-
ple devices are employed, they may be configured to

communicate with each other, such as via a base station
or a hand held wireless communication device. Any
number of deployment or retrieval tools may also be in-
cluded. The kit devices may deliver the same substance
or active agent or different substances or active agents.
Likewise, they may be designed so that the devices de-
livery the same microdose or different microdoses of a
substance. In some variations, the kits include one or
more ports or other assemblies that may be removably
secured to the devices for imaging tissue, delivering sub-
stances or active agents, or sampling tissue. For exam-
ple, the port may be a catheter that is removably secured
at one end of the device within the body, and the other
end located outside the body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 depicts a side, cross-sectional view of an ex-
emplary substance delivery device.

FIG. 2 shows a side, cross-sectional view of an ex-
emplary substance delivery device having a reser-
voir configured for implantation into tissue.

FIG. 3 shows a side, cross-sectional view of an ex-
emplary substance delivery device having an in vivo
assay component.

FIGS. 4A-4C illustrates an exemplary method of ob-
taining a tissue sample using an exemplary biopsy
device.

FIG. 5 illustrates a schematic view of an exemplary
substance delivery device having advanceable tis-
sue penetrating reservoirs.

FIG. 6 illustrates a cross-sectional view of an exem-
plary reservoir including lead screw and plunger sub-
stance delivery and multiple outlet ports.

FIG. 6A illustrates a cross-sectional view of the res-
ervoir of FIG. 6 with the plunger having advanced to
deliver the substance.

FIG. 7 illustrates an exemplary substance delivery
system including two devices implanted in a single
tumor and a percutaneous tool accessing one of the
devices.

DETAILED DESCRIPTION

[0015] Described here are devices, systems, and kits
for delivering substances to tissues. The devices include
multiple chambers and at least one reservoir within each
chamber. The reservoir locally delivers a microdose
amount of a substance to a target tissue. The target tissue
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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 and stomach. In a
preferred embodiment, the target tissue is 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 of
these.
[0016] In some variations, the devices obtain or "biop-
sy" a sample of the target tissue at the time of implanta-
tion, upon removal or some time therebetween. By "sam-
ple" it is meant a tissue specimen obtained from the hu-
man body. In other variations, the devices are capable
of obtaining in vivo data using an assay component cou-
pled to the devices, and preferably configured to gather
information in real time. The gathered assay information
may be used to modify substance delivery and/or initiate
or modify another medical event. In a preferred embod-
iment, the sample obtained is tumor cells and the assay
provides information on tumor response, such as to man-
ually, semi-automatically or automatically (i.e. closed
loop) modify the delivery of one or more agents. The as-
say 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. An agent may be
delivered as a result of the response parameter or in re-
sponse 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 chemotherapeu-
tic efficacy; activity such as tumor cell invasiveness; tox-
icity such as toxicity due to one or more agents being
delivered or toxicity due to cell death; and combinations
of these.
[0017] In yet further variations, the substance deliv-
ered by the devices is a position marker, such as a con-
trast agent. Image markers such as a radiolabel, a radio-
opaque label, a fluorescent label, a colorimetric label, a
dye, an enzymatic label, a GCMS tag, avidin, and/or bi-
otin may be used. Here the devices are generally em-
ployed in conjunction with an imaging modality, such as
x-ray, ultrasound, computed tomography (CT), magnetic
resonance imaging (MRI), or nuclear imaging. The con-
trast agent may be locally delivered to obtain structural
or functional information from the target tissue. The de-
vices may also deliver a sensitizing agent, alone or in
combination with a contrast agent. The sensitizing agent
may increase the sensitivity of the tissue to radiation (ei-
ther for imaging or treatment), or increase the contras-
tivity or resolution of the contrast agent within a tissue.
The substance delivered may include controls, such as
a negative control and a positive control often used in
the diagnosis of a cancer. The substance delivered may

include an efficacy indicator, such as an indicator of the
efficacy of a cancer treatment such as chemotherapy.
Efficacy indicators include but are not limited to: indicator
dyes, indicators comprising nanoparticles or a nanos-
tructure; and combinations of these.
[0018] The devices may be configured for any route of
delivery. For example, the device may be implanted, in-
gested, or topically applied. Depending on the form tak-
en, the devices will include suitable anchoring, fixation,
or adhesive features, or coatings to aid delivery or pre-
vent degradation or contamination. The substance deliv-
ered may include multiple agents, such as multiple
agents contained in a single chamber or reservoir, or the
agents may be stored and delivered singly, without any
mixing prior to delivery.

I. DEVICES

[0019] The devices described here include multiple
chambers. The chambers have a proximal end and a
distal end. A reservoir is included within each chamber.
A support structure may also be coupled to the proximal
end of the chambers. The chambers may be arranged in
numerous geometries such as with the axes of the cham-
bers relatively parallel, the distal ends of the chambers
in a relatively single plane. In this configuration the cham-
bers can be arranged in rectangular or circular arrays.
The chambers may be equally spaced from one another
or irregularly spaced. Alternatively, the chambers may
be arranged in a three-dimensional pattern where the
distal ends of the chambers lie in multiple planes. In this
three-dimensional pattern the axes of the chambers may
be relatively parallel or be skewed relative to one another.
The devices may be made from any material that does
not interfere with delivery of the substance, assays per-
formed, or data collection, if employed. The material may
be a biodegradable or nonbiodegradable material, e.g.,
a polymer, a metal, etc., or combinations thereof. In some
variations, the devices include 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 the material of the de-
vice itself, or coated on the device, or portions thereof.
Other device modifications, including polymer treat-
ments, may also be used to prevent such reactions.
[0020] The chamber may be of varying design, so long
as its dimensions are suitable for the target tissue and
allow delivery of the appropriate microdose of a sub-
stance. For example, the chamber may be formed to have
a tubular, rectangular, square, etc., shape. When config-
ured to have a length and a width, the chamber may be
between about 1.0 mm to about 10 mm, between about
1.0 mm to about 5.0 mm, or between about 1.0 mm to
about 3.0 mm in length. With respect to width, the cham-
ber may be between about 0.1 mm to about 5.0 mm,
between about 0.1 mm to about 3.0 mm, between about
0.1 mm to about 1.0 mm, or between about 0.1 mm to
about 0.5 mm in width. Alternatively, the chamber may
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have a volume of between about 0.1 mm3 to about 1.0
mm3, between about 0.1 mm3 to about 0.5 mm3, or be-
tween about 0.1 mm3 to about 0.3 mm3. Other chamber
dimensions may be used, e.g., to optimize device place-
ment or to tailor the device for specific applications. For
example, the width, length, and diameter of the chambers
may be as small as 0.01 mm or larger than 10 mm. The
chambers may also be configured to hold another com-
ponent or device that would be capable of releasing a
substance or active agent.
[0021] As mentioned above, the devices include mul-
tiple chambers. Any number of chambers may be used.
For example, from two to five, from two to 10, from two
to 15, or from two to 20 or more chambers may be used.
When a plurality of chambers is employed, the chambers
may be directly adjacent to one another or have a space
between them. In some variations, the chambers are con-
figured to communicate with one another, e.g., so that
contents of the chambers may be mixed.
[0022] The chambers may be removably attached to
one another using an adhesive, or coupled to one another
via a support structure at their proximal ends. For exam-
ple, the support structure may include wells, depressions,
or other connective elements to which the chambers may
be friction fit, snap fit, or otherwise fixed to the support
structure. The chambers may also be formed by molding,
e.g., injection molding. If desired, the support structure
may also include microfluidic channels.
[0023] The support structure may also be configured
to have one or more areas of separation. For example,
depending on such factors as the material used and
number of chambers, the areas of separation may in-
clude perforations, a material of enhanced flexibility or
lower durometer, hinges, joints, etc., which allow portions
of the support structure to be separated. The chambers
may be separated, e.g., when samples are to be run using
different in vitro assays, or to group chambers by the
substance delivered, particular response parameter
sensed, or particular assay run in vivo. In some instances,
the chambers may be formed in the support structure,
by process such as etching, molding, or other machining,
to form, e.g., a microchip.
[0024] The chambers and support structures may be
made from any material or combination of materials. The
material is generally biocompatible and provides the de-
vice with the desired residence time within the target tis-
sue. In some instances a non-biocompatible material
may be employed that is coated with another material to
render the chambers and support structures biocompat-
ible.
[0025] Any biodegradable polymer may be employed.
For example, biodegradable polymers such as a poly(lac-
tide); a poly(glycolide); a poly(lactide-co-glycolide); a po-
ly(lactic acid); a poly(glycolic acid); a poly(lactic acid-co-
glycolic acid); poly(lactide)/poly(ethylene glycol) copoly-
mers; a poly(glycolide) /poly(ethylene glycol) copoly-
mers; a poly(lactide-co-glycolide) /poly(ethylene glycol)
copolymers; a poly(lactic acid) /poly(ethylene glycol) co-

polymers; a poly(glycolic acid) /poly(ethylene glycol) co-
polymers; a poly(lactic acid-co-glycolic acid) /poly(ethyl-
ene glycol) copolymers; a poly(caprolactone); po-
ly(caprolactone) /poly(ethylene glycol) copolymers a po-
ly(orthoester); a poly(phosphazene); a poly(hydroxybu-
tyrate) or a copolymer including a poly(hydroxybutyrate);
a poly(lactide-co-caprolactone); a polycarbonate; a pol-
yesteramide; a polyanhydride; a poly(dioxanone); a po-
ly(alkylene alkylate); a copolymer of polyethylene glycol
and a polyorthoester; a biodegradable polyurethane; a
poly(amino acid); a polyetherester; a polyacetal; a poly-
cyanoacrylate; a poly(oxyethylene)/poly(oxypropylene)
copolymer, or a blend or copolymer thereof, may be used.
Biodegradable shape memory polymers, such as those
commercialized by nmemoScience in Aachen, Germany,
or those described in U.S. 5,189,110 or U.S. 5,139,832,
may also be employed.
[0026] If a nonbiodegradable polymer is used in form-
ing the chamber or support structure, suitable nonbiode-
gradable polymers include, but are not limited to, po-
ly(ethylene vinyl acetate), poly(vinyl acetate), silicone
polymers, polyurethanes, polysaccharides such as a cel-
lulosic polymers and cellulose derivatives, acyl substitut-
ed cellulose acetates and derivatives thereof, copoly-
mers of poly(ethylene glycol) and poly(butylene tereph-
thalate), polystyrenes, polyvinyl chloride, polyvinyl fluo-
ride, poly(vinyl imidazole), chlorosulphonated polyole-
fins, polyethylene oxide, and copolymers and blends
thereof.
[0027] In some variations, the chambers or support
structure may be made from a metal. Examples of suit-
able metals include, but are not limited to, cobalt, chro-
mium, nickel, platinum, gold, silver, silicon metal, stain-
less steel, titanium, tantalum, and any of their alloys, e.g.,
nickel-titanium alloys, and combinations thereof. Biode-
gradable metals such as magnesium-based metals may
also be used.
[0028] Each chamber includes a reservoir. Some of
the chambers may serve as a control, from which no sub-
stance is delivered. The reservoir may be of any geom-
etry and of any type so long as it delivers the substance
to the target tissue in the desired manner and at the de-
sired microdose. For example, the reservoir may include
the substance in a liquid, solution, gel, film, layer, or par-
ticulate form. In some variations, the reservoir comprises
a polymer matrix that encapsulates the substance. In oth-
er variations, the reservoir includes a pump such as an
osmotic pump, a microfluidic pump, or a microelectronic
pump, or delivers the substance using such pumps op-
erably coupled to the device. The reservoir may comprise
a compressible bladder configured to deliver a substance
while being compressed, such as a continually com-
pressed bladder in fluid connection with a controllable
valve. The reservoir may be pressurized, such as a gas
pressurized reservoir, and the timing of the opening and
closing of one or more valves causes the desired amount
of substance to be delivered at the desired rate. The res-
ervoir may include a cylinder and piston construction,
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such as a lead screw and plunger or a hydraulic or pneu-
matically driven piston.
[0029] Release of the substance from the reservoir
may also be variously controlled. Control may be
achieved through microcontroller or other form (e.g. me-
chanical) control of the various fluid driving mechanisms
described above. Rates may be programmed into the
pump prior to use, such as prior to implantation, or may
be varied during use, such as an implanted delivery de-
vice that is in communication with an external controller.
For devices wherein the substance includes multiple
agents delivered independently, variable control is pro-
vided for each agent. Alternatively or additionally, the
substance may be held within a matrix formed of a bio-
degradable material or a material which releases the in-
corporated substance by diffusion out of or degradation
of the matrix, or by dissolution of the substance into sur-
rounding interstitial fluid. When provided in a matrix, the
substance may be homogeneously or heterogeneously
distributed within the matrix.
[0030] Selection of the matrix may be dependent on
the desired rate of release of the substance. Both biode-
gradable and nonbiodegradable matrices (release sys-
tems) 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 lim-
ited to, calcium carbonate and sugar. The release sys-
tems may be natural or synthetic. In some variations, the
release system may be selected based on the period
about one day to about one week.
[0031] The reservoir may also be configured to release
the substance continuously or non-continuously. In one
variation, when non-continuous release is desired, the
reservoir may be formed to provide one or more pulses
of the substance to the target tissue. The pulsed sub-
stance may be delivered from one reservoir or multiple
reservoirs. Incorporation of several layers of a release
system and/or other materials into a single reservoir to
achieve pulsatile delivery from a single reservoir is also
contemplated. When continuous release is desired, the
reservoir may include a release system that degrades,
dissolves, or allows diffusion of the substance from it over
a period of time. In some variations, a pump may be em-
ployed to achieve continuous or non-continuous delivery.
Delivery may also be controlled by a remote signal.
[0032] The reservoir may be made from any material
so long as it provides the reservoir with the desired re-
lease kinetics of the substance. In one variation, the res-
ervoir may be formed from a biodegradable material such
as a biodegradable polymer. Biodegradable polymers
suitable for use with the reservoirs described here in-
clude, but are not limited to, polymers such as a poly(lac-
tide); a poly(glycolide); a poly(lactide-co-glycolide); a po-
ly(lactic acid); a poly(glycolic acid); a poly(lactic acid-co-
glycolic acid); poly(lactide)/poly(ethylene glycol) copoly-
mers; a poly(glycolide) /poly(ethylene glycol) copoly-
mers; a poly(lactide-co-glycolide) /poly(ethylene glycol)

copolymers; a poly(lactic acid) /poly(ethylene glycol) co-
polymers; a poly(glycolic acid) /poly(ethylene glycol) co-
polymers; a poly(lactic acid-co-glycolic acid) /poly(ethyl-
ene glycol) copolymers; a poly(caprolactone); po-
ly(caprolactone) /poly(ethylene glycol) copolymers a po-
ly(orthoester); a poly(phosphazene); a poly(hydroxybu-
tyrate) or a copolymer including a poly(hydroxybutyrate);
a poly(lactide-co-caprolactone); a polycarbonate; a pol-
yesteramide; a polyanhydride; a poly(dioxanone); a po-
ly(alkylene alkylate); a copolymer of polyethylene glycol
and a polyorthoester; a biodegradable polyurethane; a
poly(amino acid); a polyetherester; a polyacetal; a poly-
cyanoacrylate; a poly(oxyethylene)/poly(oxypropylene)
copolymer, or a blend or copolymer thereof.
[0033] If a nonbiodegradable polymer is used in form-
ing the reservoir, suitable nonbiodegradable polymers
include, but are not limited to, poly(ethylene vinyl ace-
tate), poly(vinyl acetate), silicone polymers, poly-
urethanes, polysaccharides such as a cellulosic poly-
mers and cellulose derivatives, acyl substituted cellulose
acetates and derivatives thereof, copolymers of poly(eth-
ylene glycol) and poly(butylene terephthalate), polysty-
renes, polyvinyl chloride, polyvinyl fluoride, poly(vinyl im-
idazole), chlorosulphonated polyolefins, polyethylene
oxide, and copolymers and blends thereof. In some in-
stances the reservoir is made from a nonbiodegradable
polymer that is porous to allow absorption and/or diffu-
sion of the substance.
[0034] In other variations, the reservoir includes natu-
ral polymers. Representative natural polymers that may
be employed include, but are not limited to, proteins, such
as zein, modified zein, casein, chitin, gelatin, gluten, se-
rum albumin, or collagen; and polysaccharides, such as
cellulose, dextrans, and polyhyaluronic acid. Hydrogel or
sol-gel mixtures of polysaccharides are may also be em-
ployed. The reservoir may also be filled with a porous
polymer that provides controlled diffusion of the sub-
stance.
[0035] The reservoir may locally deliver any substance
to the target tissue. The substance may be any com-
pound, molecule, drug, prodrug, protein, peptide, gene
therapy preparation, cell, diagnostic agent, contrast or
imaging agent, etc., or combinations thereof. Such sub-
stances may be in bound or free form, liquid or solid,
colloid or other suspension, solution, particles, including
nanoparticles, or may be in the form of a gas or other
fluid. For example, the substance may be a small mole-
cule, DNA, RNA, polysaccharide, enzyme, or radioactive
compound. The substance may be a candidate com-
pound being evaluated for treatment of a medical condi-
tion or a substance for use in locally treating a medical
condition (e.g., a commercially available drug). As pre-
viously mentioned, the substance may also be a contrast
or imaging agent for use during a structural or functional
imaging procedure.
[0036] When the substance is being evaluated as a
candidate compound, it may be evaluated for the local
treatment of various medical conditions (including the lo-
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cal cure of various medical conditions). For example, it
may be evaluated to treat autoimmune conditions, can-
cer, cardiac conditions, endocrine conditions, dermato-
logic conditions, gastrointestinal conditions, genitouri-
nary conditions, gynecologic, hematologic conditions, in-
fectious conditions, inflammatory conditions, ischemic
conditions, neurologic conditions, obstetric conditions,
orthopedic conditions, proliferative conditions, pulmo-
nary conditions, renal conditions, and vascular condi-
tions, including cerebrovascular and peripheral vascular
conditions.
[0037] In view of the above, exemplary categories of
substances/candidate compounds that may be locally
delivered to target tissues and evaluated, include without
limitation, anti-inflammatory substances, antiproliferative
substances, and chemotherapeutic/antineoplastic sub-
stances. Examples of anti-infective substances include,
but are not limited to, antibacterial agents, antifungal
agents, antiparasitic agents, antiviral agents, and anti-
septics. Examples of anti-inflammatory substances in-
clude without limitation, steroidal and nonsteroidal anti-
inflammatory agents. In addition to that listed above,
these substances/candidate compounds may be
polypeptides, polynucleotides, including antisense oligo-
nucleotides, and naturally occurring or synthetic small
molecule compounds.
[0038] In one variation, the substances delivered to the
target tissue are naturally occurring or synthetic small
molecule compounds having a molecular weight of more
than about 50 and less than about 2,500 daltons. The
substances may include functional groups necessary for
structural interaction with proteins, particularly hydrogen
bonding, and may include at least an amine, carbonyl,
hydroxyl or carboxyl group. The substances may also
comprise cyclical carbon or heterocyclic structures
and/or aromatic or polyaromatic structures substituted
with one or more of the above functional groups. In some
variations, the substances may be saccharides, fatty ac-
ids, steroids, purines, pyrimidines, derivatives, structural
analogs, or combinations thereof.
[0039] When the substance is a protein, it may be a
human protein or a homolog or a protein (or fragment
thereof) from another species, i.e., another animal spe-
cies, e.g., rodents, such as mice and rats; domestic an-
imals such as horses, cows, dogs, or cats; and primates,
e.g., monkeys, or baboons. By "homolog" it is meant a
protein having at least about 35%, usually at least about
40% and more usually at least about 60% amino acid
sequence identity to the corresponding human protein
(sequence identity may be measured by the BLAST
Compare Two Sequences program available on the NC-
BI website using default settings).
[0040] In another variation, the substance delivered to
the target tissue site is a polynucleotide or nucleic acid.
The nucleic acid may be coding sequences, e.g., genes,
gene fragments etc., which may be present in expression
vectors, where such vectors generally have convenient
restriction sites located near the promoter sequence to

provide for the insertion of nucleic acid sequences. A
transcription cassette may be prepared that includes a
transcription initiation region, the target gene or fragment
thereof, and a transcriptional termination region. The
transcription cassette may be introduced into a variety
of vectors, e.g., plasmid; retrovirus, e.g., lentivirus; ade-
novirus; and the like, where the vectors are able to tran-
siently or stably be maintained in the cells for the desired
time period.
[0041] In other variations, the substance is an anti-
sense oligonucleotide, particularly a synthetic antisense
oligonucleotide having chemical modifications from na-
tive nucleic acids, or nucleic acid constructs that express
such anti-sense molecules as RNA. The antisense se-
quence may be complementary to the mRNA of a target-
ed gene, and may inhibit expression of the targeted gene
products. Antisense molecules inhibit gene expression
through various mechanisms, e.g., by reducing the
amount of mRNA available for translation, through acti-
vation of RNAse H, or steric hindrance. One or a combi-
nation of antisense molecules may be used as a sub-
stance. When a combination is used, the substance may
comprise multiple different sequences.
[0042] Alternatively, the substance may be double-
stranded RNA molecules. RNAi, otherwise known as
double-stranded RNA interference (dsRNAi) or small in-
terfering RNA (siRNA), has been extensively document-
ed in the nematode C. elegans (Fire, A., et al, Nature,
391, 806-811,1998). The RNAi molecules may be small
ribonucleic acid molecules (also referred to herein as in-
terfering ribonucleic acids), i.e., oligoribonucleotides,
that are present in duplex structures, e.g., two distinct
oligoribonucleotides hybridized to each other or a single
ribooligonucleotide that assumes a small hairpin forma-
tion to produce a duplex structure. By "oligoribonucle-
otide" it is generally meant a ribonucleic acid that does
not exceed about 100 nt in length, and usually does not
exceed about 75 nt length. However, in some instances,
the length may be less than about 70 nt. Where the RNA
agent is a duplex structure of two distinct ribonucleic ac-
ids hybridized to each other, e.g., an siRNA, the length
of the duplex structure may range from about 15 to about
30 bp or from about 15 to about 29 bp. Where the RNA
agent is a duplex structure of a single ribonucleic acid
that is present in a hairpin formation, i.e., a shRNA, the
length of the hybridized portion of the hairpin may be the
same as that provided above for the siRNA type of agent
or longer by 4-8 nucleotides. In this instance, the weight
of the RNAi agents may range from about 5,000 daltons
to about 35,000 daltons.
[0043] Referring to the figures, an exemplary device is
shown in FIG. 1. In this variation, substance delivery de-
vice (100) includes a plurality of chambers (102) having
a proximal end (104) and a distal end (106). A reservoir
(108) lies within each chamber (102). Although the res-
ervoir (108) is located at the proximal end (104) of the
chamber (102), other configurations are contemplated.
For example, as illustrated in FIG. 2, the chambers (202)
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of device (200) include elongate reservoirs (204) that ex-
tend from the proximal end (206) of the chambers (202).
The chambers may be configured to penetrate tissue,
e.g., by employing a sharp or needle-like distal end. The
reservoirs or portions thereof, may also be similarly con-
figured as a penetrating member, with a sharpened distal
end, in a near-linear and/or curved geometry. These pen-
etrating members may be configured to be deployed dur-
ing use, such as being advanced after the substance
delivery device has been attached to the patient’s skin
or after it has been implanted within the patient. Alterna-
tively or additionally, the penetrating members may be
configured to be advanced or retracted at any time, such
as prior to use, just prior to explantation, or after explan-
tation. The advancement or retraction of the penetrating
members may be image guided, such as real-time guid-
ance or guidance based on an image taken previously.
The penetrating members may be hollow or include one
or more lumens, and include stiffening means to aid in
advancement or retraction, such as to prevent buckling
during advancement. In a preferred embodiment, the
stiffening means comprises a dissolvable biocompatible
substance, not shown but preferably an inert compound
such as salt which is dissolved shortly after the device is
implanted. Alternatively, a removable mandrel may be
included within the penetrating member to provide stiff-
ness.
[0044] The penetrating members may be driven by one
or more linear actuators, such as hydraulic or pneumatic
pistons, magnetic drives, lead screw drives, thermal ex-
pansion or contraction assemblies, and other linear ac-
tuating assemblies configured to advance or retract the
penetrating members in a continuous movement and/or
in discrete steps. These penetrating members may be
advanced or retracted on demand by a user such as a
clinician or the patient, or may automatically advance or
retract. The substance delivery device may include a sen-
sor, such as a sensor on or near the penetrating member,
to detect and/or measure the movement of the penetrat-
ing member. The distal ends of the three or more pene-
trating members may lie in a single plane or multiple
planes. In a preferred method, the distal ends of the pen-
etrating members reside, with or without deployment, in
an area or volume with a substantially constant width,
thickness or diameter, such as in an area defined by the
long axis of a tumor. After delivery of one or more agents,
this defined area or volume is excised and analyzed. A
comparison of efficacy or other tissue response is per-
formed based on the independent delivery of two or more
agents to the defined area. Tissue excision is performed
at a time related to efficacy or other agent-related time
parameter. In a preferred embodiment, excision is per-
formed two to seven days after initiation of agent delivery.
In another preferred embodiment, excision is performed
one week to one year after initiation of agent delivery.
[0045] The devices described here may also include
one or more sensors for sensing a response parameter
in vivo. Any type of sensor may be employed. For exam-

ple, chemical sensors, mechanical sensors, optical sen-
sors, radiation sensors, temperature sensors, or a com-
bination of these sensors may be used. Nanosensors
may be employed. The response parameter may be any
parameter capable of being sensed or measured by the
sensor in the target tissue, and which relates to an effect
or response of the target tissue to the substance. The
response parameters may include without limitation, lev-
els of metabolites or precursors; levels of glucose, oxy-
gen, or other nutrients; cytokine levels; pH; or osmolality.
In some variations, the response parameters are struc-
tural in nature, and are obtained through visualization,
e.g., via an optical sensor. For example, visualization of
cellular or histological/histopathological changes may be
obtained. When devices that are removed take samples
from the target tissue, further in vitro characterization of
the samples may occur. A docking station or other device
may be used to collect the tissue samples or perform
various assays in further characterizing the samples.
[0046] The devices may also be configured to locally
deliver an active agent in response to the response pa-
rameter. Exemplary active agents that may be locally de-
livered include, but are not limited to, anti-infective
agents, anti-inflammatory agents, anti-proliferative
agents, and chemotherapeutic/antineoplastic agents.
Examples of anti-infective agents include, but are not lim-
ited to, antibacterial agents, antifungal agents, antipara-
sitic agents, antiviral agents, and antiseptics. Examples
of anti-inflammatory agents include without limitation,
steroidal and nonsteroidal anti-inflammatory agents.
[0047] Examples of antibacterial agents that may be
locally delivered include, but are not limited to, aminogly-
cosides, amphenicols, ansamycins, β-lactams, lincosa-
mides, macrolides, nitrofurans, quinolones, sulfona-
mides, sulfones, tetracyclines, vancomycin, and any of
their derivatives, or combinations thereof. In one varia-
tion, β-lactams are the active agents.
[0048] The β-lactams that may be used include, but
are not limited to, carbacephems, carbapenems, cepha-
losporins, cephamycins, monobactams, oxacephems,
penicillins, and any of their derivatives. In one variation,
penicillins (and their corresponding salts) are the active
agents.
[0049] The penicillins that may be locally delivered by
the devices described here include, but are not limited
to, amdinocillin, amdinocillin pivoxil, amoxicillin, ampicil-
lin, apalcillin, aspoxicillin, azidocillin, azlocillin, bacamp-
icillin, benzylpenicillinic acid, benzylpenicillin sodium,
carbenicillin, carindacillin, clometocillin, cloxacillin, cy-
clacillin, dicloxacillin, epicillin, fenbenicillin, floxacillin,
hetacillin, lenampicillin, metampicillin, methicillin sodium,
mezlocillin, nafcillin sodium, oxacillin, penamecillin,
penethamate hydriodide, penicillin G benethamine, pen-
icillin G benzathine, penicillin G benzhydrylamine, peni-
cillin G calcium, penicillin G hydrabamine, penicillin G
potassium, penicillin G procaine, penicillin N, penicillin
O, penicillin V, penicillin V benzathine, penicillin V hy-
drabamine, penimepicycline, phenethicillin potassium,
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piperacillin, pivampicillin, propicillin, quinacillin, sulbeni-
cillin, sultamicillin, talampicillin, temocillin, and ticarcillin.
Penicillins combined with clavulanic acid such as Aug-
mentin® (amoxicillin and clavulanic acid) may also be
used.
[0050] Examples of antifungal agents suitable for local
delivery include, but are not limited to, allylamines, imi-
dazoles, polyenes, thiocarbamates, triazoles, and any of
their derivatives. In one variation, imidazoles are the pre-
ferred antifungal agents. Antiparasitic agents that may
be employed include such agents as atovaquone, clin-
damycin, dapsone, iodoquinol, metronidazole, pentami-
dine, primaquine, pyrimethamine, sulfadiazine, trimeth-
oprim/sulfamethoxazole, trimetrexate, and combinations
thereof.
[0051] Examples of antiviral agents suitable for local
delivery include, but are not limited to, acyclovir, famci-
clovir, valacyclovir, edoxudine, ganciclovir, foscamet, ci-
dofovir (vistide), vitrasert, fomivirsen, HPMPA (9-(3-hy-
droxy-2-phosphonomethoxypropyl)adenine), PMEA
(9-(2-phosphonomethoxyethyl)adenine), HPMPG (9-(3-
Hydroxy-2-(Phosphonomethoxy)propyl)-guanine),
PMEG (9-[2-(phosphonomethoxy)ethyl]guanine), HPM-
PC (1-(2-phosphonomethoxy-3-hydroxypropyl)-cyto-
sine), ribavirin, EICAR (5-ethynyl-1-beta-D-ribofurano-
sylimidazole-4-carboxamine), pyrazofurin (3-[beta-D-ri-
bofuranosyl]-4-hydroxypyrazole-5-carboxamine), 3-
Deazaguanine, GR-92938X (1-beta-D-ribofurano-
sylpyrazole-3,4-dicarboxami- -de), LY253963 (1,3,4-thi-
adiazol-2-yl-cyanamide), RD3-0028 (1,4-dihydro-2,3-
Benzodithiin), CL387626 (4,4’-bis[4,6-d][3-aminophe-
nyl-N- -,N-bis(2-carbamoylethyl)-sulfonilimino]-1,3,5-tri-
azin-2-ylamino-biphenyl-- 2-,2’-disulfonic acid disodium
salt), BABIM (Bis[5-Amidino-2-benzimidazoly- 1]-meth-
ane), NIH351, and combinations thereof.
[0052] Antiseptic agents that may be locally delivered
include, but are not limited to, alcohol, chlorhexidine, io-
dine, triclosan, hexachlorophene, and silver-based
agents (e.g., silver chloride, silver oxide, silver nanopar-
ticles).
[0053] The devices may also locally deliver an anti-
inflammatory agent such as a steroidal anti-inflammatory
agent (corticosteroid). Exemplary steroidal anti-inflam-
matory agents include, but are not limited to, 21-acetox-
ypregnenolone, alclometasone, algestone, amcinonide,
beclomethasone, betamethasone, budesonide, chloro-
prednisone, clobetasol, clobetasone, clocortolone, clo-
prednol, corticosterone, cortisone, cortivazol, deflaza-
cort, desonide, desoximetasone, dexamethasone, diflo-
rasone, diflucortolone, difluprednate, enoxolone, fluaza-
cort, flucloronide, flumethasone, flunisolide, fluocinolone
acetonide, fluocinonide, fluocortin butyl, fluocortolone,
fluorometholone, fluperolone acetate, fluprednidene ac-
etate, fluprednisolone, flurandrenolide, fluticasone pro-
pionate, formocortal, halcinonide, halobetasol propion-
ate, halometasone, halopredone acetate, hydrocortama-
te, hydrocortisone, loteprednol etabonate, mazipredone,
medrysone, meprednisone, methylprednisolone,

mometasone furoate, paramethasone, prednicarbate,
prednisolone, prednisolone 25-diethylamino-acetate,
prednisolone sodium phosphate, prednisone, prednival,
prednylidene, rimexolone, tixocortol, triamcinolone, tri-
amcinolone acetonide, triamcinolone benetonide, triam-
cinolone hexacetonide, any of their derivatives, and com-
binations thereof.
[0054] In some variations, a nonsteroidal anti-inflam-
matory agent is locally delivered. For example, nonster-
oidal anti-inflammatory agents that may be used include,
but are not limited to, COX inhibitors (COX-1 or COX
nonspecific inhibitors) (e.g., salicylic acid derivatives, as-
pirin, sodium salicylate, choline magnesium trisalicylate,
salsalate, diflunisal, sulfasalazine and olsalazine; para-
aminophenol derivatives such as acetaminophen; indole
and indene acetic acids such as indomethacin and sulin-
dac; heteroaryl acetic acids such as tolmetin, diclofenac
and ketorolac; arylpropionic acids such as ibuprofen,
naproxen, flurbiprofen, ketoprofen, fenoprofen and oxa-
prozin; anthranilic acids (fenamates) such as mefenamic
acid and meloxicam; enolic acids such as the oxicams
(piroxicam, meloxicam) and alkanones such as nabume-
tone) and selective COX-2 inhibitors (e.g., diaryl-substi-
tuted furanones such as rofecoxib; diaryl-substituted
pyrazoles such as celecoxib; indole acetic acids such as
etodolac and sulfonanilides such as nimesulide).
[0055] In other variations, chemotherapeutic/antineo-
plastic agents are locally delivered. For example, chem-
otherapeutic/antineoplastic agents that may be delivered
by the devices described here include, but are not limited
to, antitumor agents (e.g., cancer chemotherapeutic
agents, biological response modifiers, vascularization in-
hibitors, hormone receptor blockers, cryotherapeutic
agents or other agents that destroy or inhibit neoplasia
or tumorigenesis) such as alkylating agents or other
agents which directly kill cancer cells by attacking their
DNA (e.g., cyclophosphamide, isophosphamide), nitro-
soureas or other agents which kill cancer cells by inhib-
iting changes necessary for cellular DNA repair (e.g., car-
mustine (BCNU) and lomustine (CCNU)), antimetabo-
lites and other agents that block cancer cell growth by
interfering with certain cell functions, usually DNA syn-
thesis (e.g., 6-mercaptopurine and 5-fluorouracil (5FU),
antitumor antibiotics and other compounds that act by
binding or intercalating DNA and preventing RNA syn-
thesis (e.g., doxorubicin, daunorubicin, epirubicin, idaru-
bicin, mitomycin-C and bleomycin) plant (vinca) alkaloids
and other anti-tumor agents derived from plants (e.g.,
vincristine and vinblastine), steroid hormones, hormone
inhibitors, hormone receptor antagonists and other
agents which affect the growth of hormone-responsive
cancers (e.g., tamoxifen, herceptin, aromatase inhibitors
such as aminoglutethamide and formestane, triazole in-
hibitors such as letrozole and anastrazole, steroidal in-
hibitors such as exemestane), antiangiogenic proteins,
small molecules, gene therapies and/or other agents that
inhibit angiogenesis or vascularization of tumors (e.g.,
meth-1, meth-2, thalidomide), bevacizumab (Avastin),
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squalamine, endostatin, angiostatin, Angiozyme, AE-
941 (Neovastat), CC-5013 (Revimid), medi-522 (Vitax-
in), 2-methoxyestradiol (2ME2, Panzem), carboxyami-
dotriazole (CAI), combretastatin A4 prodrug (CA4P),
SU6668, SU11248, BMS-275291, COL-3, EMD 121974,
IMC-1C11, IM862, TNP-470, celecoxib (Celebrex), ro-
fecoxib (Vioxx), interferon alpha, interleukin-12 (IL-12),
biological response modifiers (e.g., interferon, bacillus
calmette-guerin (BCG), monoclonal antibodies, inter-
leukin 2, granulocyte colony stimulating factor (GCSF),
etc.), PGDF receptor antagonists, herceptin, asparagi-
nase, busulphan, carboplatin, cisplatin, carmustine, chlo-
rambucil, cytarabine, dacarbazine, etoposide, flucar-
bazine, fluorouracil, gemcitabine, hydroxyurea, ifospha-
mide, irinotecan, lomustine, melphalan, mercaptopurine,
methotrexate, thioguanine, thiotepa, tomudex, topote-
can, treosulfan, vinblastine, vincristine, mitoazitrone,
oxaliplatin, procarbazine, streptocin, taxol or paclitaxel,
taxotere, analogs/congeners, derivatives of such com-
pounds, and combinations thereof.
[0056] In some variations, a closed feedback loop is
generated that is dependent on the sensed response pa-
rameter. For example, when a device is used to locally
deliver a chemotherapeutic agent to treat a malignant
tumor, or to determine the optimal agent or agent com-
bination to use for chemotherapy, decreased or in-
creased levels of the chemotherapeutic agent may be
released from the device based on the amount of tumor
cell apoptosis that is sensed. Similarly, when a device is
used to locally deliver an anti-inflammatory agent to treat
inflammation, decreased or increased levels of the anti-
inflammatory agent may be released from the device
based on the level of cytokines sensed in the target tis-
sue. In other variations, the sensed response parameter
is linked to systemic administration, e.g., intravenous ad-
ministration, of an active agent.
[0057] The devices described here may also include
elements that aid its identification or detection by imaging
modalities. With respect to detection, the devices may
have a radiopaque or fluorescent marker. A radiofre-
quency tag may be used for identification purposes. In
some variations, the devices include a visual indicator
for indicating upon explants whether a particular effect
or response has occurred in the target tissue. The visual
indicator may be a color change of all or a portion of the
device.
[0058] The substance delivery devices so far de-
scribed include multiple chambers and a reservoir within
each chamber. The reservoirs may contain a substance
for delivery to a target tissue. Taking this general struc-
ture, devices having a particular functionality or applica-
tion, as further elaborated below, may be designed. For
example, the substance delivery devices may be con-
structed to include microchips, biopsy mechanisms, or
various assay components. Devices with biopsy mech-
anisms may be suitable for implantation, while devices
including microchips or assay components may be suit-
able for either implantation, ingestion, or topical applica-

tion. As shown in FIG. 3, the substance delivery device
(300) includes a microchip (302) coupled to the proximal
end (304) of chambers (306). When an assay component
is employed, it may also be coupled to the proximal end
of the chambers.

Microchip Devices

[0059] In one variation, the substance delivery device
includes a microchip. The microchip may be used to lo-
cally deliver the substance to a target tissue, control sub-
stance delivery, etc. For example, each of the reservoirs
of a microchip may be loaded with different substances
and/or different microdose amounts of the substances,
which can be released independently. Release from a
microchip device may be controlled by a preprogrammed
microprocessor, remote control, or by sensors.
[0060] Release of the substance from each reservoir
may be separately controlled, for example, by a barrier
membrane or other controllable member that controllably
effects release of the substance from the reservoir. Res-
ervoirs may be filled with different drugs, and the reser-
voirs can be capped with materials that either degrade
or allow the drugs to diffuse passively out of the reservoir
over time. The capping material may be structured such
that upon exposure to an energy source, it erodes quickly,
changes permeability or otherwise responds to a signal
to release the substance. The sites and times of this sub-
stance release may then be controlled by a remote con-
troller, by an integrally implanted programmed micro-
processor, by an implanted but externally programmable
unit, or other effective arrangement.
[0061] The microchip devices and other devices of the
present invention may also include a pump such as a
microfluidic pump, an osmotic pump, or a microelectronic
pump. In general, the pump assembly, or multiple pump
assemblies, will deliver a carrier fluid to a fluid outlet, and
a fluid delivery pathway will extend from the outlet past
a reservoir to a distal ported outlet, which is implanted at
a target tissue site. In this configuration, the reservoir,
positioned in or in communication with the fluid delivery
pathway, releases a substance into the carrier fluid,
which is delivered by the pump assembly at a rate effec-
tive to establish a local pressure gradient in the region
of the ported outlet at the target tissue site, so that the
substance is delivered into the tissue at the target tissue
site. The carrier may be, e.g., a biologically inert or inac-
tive fluid such as physiologic saline, or it may be an en-
dogenous body fluid. In an alternative embodiment, mul-
tiple pump assemblies deliver carrier fluid to one or more
fluid conduits and fluid outlets, such as to deliver different
types of carrier fluids for combination with different
agents released by different reservoirs into the fluid con-
duits or outlets. Each pump assembly is preferably inde-
pendently controllable, to allow independent control of
each agent’s delivery rates, time of infusion and amount
of infusion.
[0062] When the reservoir is a pressurized assembly,
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such as a pressure-driven bellows, the pump assembly
may work by simply providing one or more valves, re-
strictors or other elements that regulate the time and/or
the rate at which the substance is allowed to pass from
the reservoir. Alternatively, the pump may be an electri-
cally powered assembly, having a power source and a
controller.
[0063] The precise pump structure may include any
suitable structure as known in the art, either with an elec-
tromechanically-actuated peristaltic or displacement
pumping mechanism, or with a pressurized reservoir or
osmotically-driven source connected to a control valve
or restrictor assembly to regulate the provision of fluid
into the fluid delivery path. In either case, whether pow-
ered by pressure or electromechanically, the pump as-
sembly will be configured to produce an accurate and
sustainable flow of a total volume of fluid at a suitable
flow rate.
[0064] The control circuitry may consist of a timer, a
demultiplexer, a microprocessor, and an input source,
for example, a memory source, a signal receiver, or a
biosensor. The timer and demultiplexer circuitry may be
designed and incorporated directly onto the surface of
the microchip during electrode fabrication. The micro-
processor will generally be of small size, have a low pow-
er requirement, and have the ability to translate the output
from memory sources, signal receivers, or biosensors
into an address for the direction of power through the
demultiplexer to a specific reservoir on the substance
delivery device. Selection of a source of input to the mi-
croprocessor such as memory sources, signal receivers,
or biosensors depends on the particular application of
the delivery device and whether the device operation is
preprogrammed, controlled by remote means, or control-
led by feedback from its environment.
[0065] The criteria for selection of a power source for
a microchip may be small size, sufficient power capacity,
ability to be integrated into the control circuitry, the ability
to be recharged, and the length of time before recharging
is necessary. Several lithium-based, rechargeable mi-
crobatteries have been described by S. D. Jones and J.
R. Akridge, "Development and performance of a re-
chargeable thin-film solid-state microbattery", Journal of
Power Sources, 54:63 67 (1995); and J. B. Bates et al.,
"New amorphous thin-film lithium electrolyte and re-
chargeable microbattery", IEEE 35th International Power
Sources Symposium, 337 39 (1992). These batteries are
typically only about 10 mm thick and occupy about 1 cm2

of area. One or more of these batteries may be incorpo-
rated directly onto the microchip device.
[0066] Referring now to FIG. 5, a substance delivery
device of the present invention is illustrated. Device 500
includes housing 505, which surrounds an electronic con-
troller, microcontroller 501 which is electrically attached
to wireless transceiver 503 and a power supply, battery
502. Device 500 is configured for placement near target
tissue, such as via adhesive attachment of a portion of
housing 505 to the patient’s skin, or via implantation with-

in the patient such as by using suture and suture loops
504 to fixate housing 505 to tissue proximate the target
tissue. Device 500 includes a series of chambers, includ-
ing chamber 520a. Each chamber includes and slidingly
receives a movable reservoir, such as reservoirs 550a,
500b, 550c and 550d. Each reservoir is configured to
contain one or more agents, as are described and listed
in detail throughout the application, and deliver these one
or more agents to the target tissue. The target tissue can
be any location in the patient’s body, such as organ tissue
and tumor tissue. In a preferred method, the target tissue
includes both tumor and healthy tissue, such as when
substance is delivered into, and/or tests are performed
on, both tumor and healthy tissue, such as to include a
control. A typical embodiment of a reservoir is described
in reference to FIGs. 6a and 6b below. Chamber 520a
and reservoir 550a are sized and constructed such as to
form a seal such that gas pressure created within cham-
ber 520a causes reservoir 550a to advance. A sealing
component, not shown but preferable an O-ring, can be
included between reservoir 550a and chamber 520a to
form the seal. Reservoir 550a is attached to microcon-
troller 501 via a spiral wire 551a. Spiral wire 551a is con-
figured to accommodate the advancement of reservoir
550a, such as the advancement of reservoir 550b and
550c shown in FIG. 5. Reservoir 550a includes at its distal
end tip 555a, preferably of an anti-coring needle config-
uration with a lumen configured to deliver the one or more
agents contained in reservoir 550a, such as through a
hole in the distal end of the tip or from side holes located
along the side of the tip, not shown but described in detail
in reference to FIGS. 6a and 6b below. Cylinder 521a,
contained within chamber 520a, is preferably a gas de-
livering element such as a gas generator assembly, or a
compressed gas vessel controlled by one or more valves.
[0067] Cylinder 521a is electrically connected to mi-
crocontroller 521 such that a precise amount of gas can
be released by cylinder 521 to specifically advance res-
ervoir 550a and tip 555a into the target tissue. One or
more sensors, not shown but preferably an optical or
magnetic sensor, can be placed to detect and/or quantify
the motion of cylinder 550a and provide closed loop mo-
tion information to microcontroller 501. While the cham-
bers and reservoirs are shown in a linear configuration,
numerous two and three dimensional arrangements of
chambers can be employed, such as a ten by ten square
array of chambers and reservoirs. While each reservoir
of FIG. 5 is advanced by increasing the pressure in the
associated chamber, other linear actuators can be em-
ployed. In a preferred embodiment, a lead screw is driven
by a rotational motor, both not shown, wherein the res-
ervoir is rotationally attached to the lead screw and the
reservoir can be advanced or retracted by associated
forward and reverse rotations of the motor. Advancement
and retraction of the reservoir can be performed prior to,
during, and/or after skin attachment or implantation of
the substance delivery device of the present invention.
The fluid delivery and other moving components of the
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substance delivery devices of the present invention may
be constructed using semiconductor-like machinery,
such as with microelectromechanical system (MEMS)
construction. MEMS assemblies and components in-
clude motors, valves, actuators and other electrome-
chanical components that can be produced at extremely
small dimensions, such as the dimensions that are pre-
ferred for the components and devices of the present
invention.
[0068] Referring now to FIGS. 6a and 6b, a preferred
embodiment of a reservoir of the present invention is il-
lustrated. Reservoir 550 includes one or more attached
wires, not shown but preferably for connection to one or
more electronic circuits, such as microcontroller 501 of
FIG. 5. Motor 552, a rotational motor such as a stepper
motor including one or more gear reducing assemblies,
is connected to lead screw 554 such that rotation of motor
552 causes lead screw 554 to rotate. Motor 552 may
include one or more rotational sensors such as optical
encoders or Hall effect motion sensors. Plunger 553 is
rotatingly attached to threads of lead screw 554, not
shown but of a constant or otherwise thread pitch such
that the linear advancement of plunger 553 can be cal-
culated based on known angle of rotation of motor 552.
Plunger 553 forms a seal against the walls 558 of reser-
voir 550 such that linear advancement of plunger 553
causes a specific amount of agent 10 to be delivered to
target tissue. Plunger 553 may have an eccentric cross-
section, or include one or more notches that mate with
walls 558 such as to prevent rotation of plunger 553. The
distal end of reservoir 550 includes a sharpened distal
tip configured to penetrate tissue, and outlet ports 557a,
557b and 557c, all fluidly connected to the agent 10 con-
tained within the walls 558 of reservoir 550. Reservoir
550 may include varied placement of one or more fluid
delivery outlet ports, and the outlet ports may have dif-
ferent geometries and/or cross-sectional areas. For ex-
ample, a first outlet port distal to a second outlet port may
have a bigger cross-sectional area such as to cause the
same amount of agent to be delivered through each outlet
port. The outlet ports may be equally spaced and/or the
ports may be oriented in a spiral pattern.
[0069] Retraction of plunger 553 is caused by rotation
of the motor in the opposite direction to that causing ad-
vancement. Retraction of plunger 553 can be used to
extract fluid from the patient into reservoir 550. Such ex-
traction may occur when reservoir 550 is void of agent
10, such as after plunger 553 has been fully advanced
or when plunger 550 is provided in the fully advanced
position (i.e. no agent included). The extraction can be
used to withdraw one or more body fluids including but
not limited to: blood; lymphatic fluid; urine; semen; cer-
ebral spinal fluid; interstitial fluid; and combinations of
these.
[0070] Reservoir 550 includes a first sensor, volume
detector 523 which is integrated into reservoir 550 behind
plunger 553, and attaches to electronic circuitry, not
shown but preferably similar to microcontroller 501 of

FIG. 5. Advancement or retraction of plunger 553 can be
confirmed and/or quantified by the change in volume be-
hind plunger 553. In a preferred embodiment, volume
detector 523 includes circuitry to produce, or otherwise
is provided (e.g. from the microcontroller) a range of fre-
quencies which are converted to sound by a speaker of
volume detector 523. A microphone of volume detector
523 records the sounds created within the confined
space or cavity around volume detector 523 such that a
resonant frequency can be detected. This resonant fre-
quency, the Helmholtz resonance, is proportional to the
volume of the confined space.
[0071] Reservoir 550 further includes, at or near its dis-
tal tip, sensor 556 configured to be advanced into the
target tissue as reservoir 550 penetrates the target tis-
sue, such as been described above in reference to FIG.
5. Sensor 556 may be configured to detect motion, such
as an optical detector configured to detect and/or quantify
the motion of reservoir 550. Alternatively or additionally,
sensor 556 may be a sensor such as a strain gauge, an
accelerometer, a temperature sensor, a pH sensor, a
chemical sensor, a mechanical sensor, a radiation sen-
sor and/or a physiologic sensor. Numerous physiologic
sensors can be employed such as those configured to
assess one or more cell activities.

Biopsy devices

[0072] In another variation, the substance delivery de-
vice may be configured to obtain a sample upon its re-
moval from the target tissue. The sample may be cells
or portions of tissue from any organ (e.g., liver) or target
tissue (e.g., a cancer or tumor) at the target site. The
sample may also be a body fluid sample such as serum,
blood, blood cells (e.g., white cells), plasma, sputum,
urine, peritoneal fluid, pleural fluid, cerebrospinal fluid,
or lymphatic fluid. As mentioned above, the samples may
be obtained using a sampling port.
[0073] The devices may obtain samples using any type
of biopsy mechanism. In one variation, as shown in FIG.
4B, device (400) has a biopsy mechanism that causes
the distal end (402) of the chambers (404) to move from
an open position (FIG. 4A) to a closed position (FIG. 4B).
Such a biopsy mechanism may include hinges, springs,
shape memory elements, wires, or combinations thereof.
The biopsy mechanism may be activated by an external
controller, pressure changes, temperature changes, etc.,
or be automatically activated after a predetermined pe-
riod of time. Furthermore, the biopsy mechanism may
include a chamber having a cutting edge at its distal end.
[0074] Upon closure of the distal ends (402) of the
chambers (404), a sample, e.g., tissue (406) may be re-
tained within the chambers (404). Tissue (406) may then
be subjected to various in vitro assays for evaluation of
response parameters. Suitable in vitro assays are well
known in the art. For example, binding assays, spectro-
photometry, gel electrophoresis, chromatography, etc.,
may be performed using the samples.
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Assay Devices

[0075] In other variations, the devices include an assay
component (see, e.g., FIG. 3, element 302) for evaluating
a sample obtained from the target tissue in vivo. The
assay may incorporate one or more sensors, as previ-
ously described, or other elements capable of analyzing
the sample. For example, the assay may include ele-
ments capable of detecting levels of antibodies, serum
proteins, enzymes, viral or bacterial proteins, cholesterol,
glucose, polysaccharides, nucleic acids, metabolites, cy-
tokines, tumor antigens or cancer markers, and apopto-
sis. In some variations, the assay devices are configured
to deliver an active agent in response to the data obtained
from the assay. The active agents that may be delivered
are the same as those previously described above. How-
ever, specific examples of what the assay component
may detect and analyze, and the corresponding active
agents that may delivered in response to the assay data
is further provided below.
[0076] In some variations, the assay devices are used
to monitor or locally treat various types of tumors and
cancers. Here the assay component may be configured
to detect and analyze genes or their products which are
over-expressed or over-active in cells undergoing un-
wanted proliferation. For example, the assay device may
be implanted into a tumor or a tissue suspected of con-
taining a tumor such as a cavity or space left behind fol-
lowing a biopsy procedure. If the assay component de-
tects increased concentrations of such biological ana-
lytes or mutated over-active forms of such analytes (both
disease markers), then the assay device may be config-
ured to release an active agent such as a cytotoxic agent.
Similarly, a cytotoxic agent may be released in response
to analytes corresponding to neointimal proliferation,
among other pathologic conditions.
[0077] In other variations, the biological analytes are
tumor specific antigens, which may be expressed on the
surface of or released from cancer cells, for example the
tumor specific antigen MUC-1. Here the assay device
may be configured to release a cytotoxic agent in re-
sponse to the detection of MUC-1.
[0078] In yet other variations, the assay component
detects the presence of receptor tyrosine kinases (RTKs)
in the sample. These receptors are frequently present in
common human cancers such as breast cancer; squa-
mous cell cancer of the lung; bladder cancer; esophageal
cancer; gastrointestinal cancer such as colon, rectal or
stomach cancer; leukemia; ovarian cancer; bronchial
cancer; and pancreatic cancer. Accordingly, detection of
abnormally high levels of RTK expression or signaling
activity through nucleic acid detection or by protein ac-
tivity can constitute a disease marker and can warrant
the release of RTK inhibitors or cytotoxic agents as active
agents.
[0079] In further variations, the assay component is
configured to detect analytes that may be indicative of
inflammation, such as TNF-alpha, IL-1, IL-8, IL-2, IL-3,

IL-4, GM-CSF, INF-gamma, MIF, and TNF-beta. The de-
tection of abnormally high concentrations of such ana-
lytes may trigger the localized release of anti-inflamma-
tory drugs or antibodies as active agents.
[0080] In yet further variations, the assay component
is configured to detect analytes that may be indicative of
infection by a microorganism. Here the analytes may in-
clude viral or bacterial proteins or nucleic acids or frag-
ments thereof. For example, detection of analytes such
as bacterial toxins including exotoxins and enterotoxins
as well as TSST-1, or other bacterial superantigen, or
botulinum toxin, diphtheria toxin, anthrax protective an-
tigen, anthrax edema factor, and anthrax lethal factor,
etc., as well as viral proteins such as influenza hemag-
glutinin or neuraminidase, may indicate an infection and
might trigger localized release of an anti-infective agent
or a toxin-specific antibody as active agents.
[0081] In another variation, the assay component is
configured to detect abnormal cellular proliferation, and
coordinate localized release of an active agent that has
an anti-proliferative effect. For example, sirolimus (ra-
pamycin) or paclitaxel, which are effective in inhibiting
smooth muscle cell proliferation during neointimal hyper-
plasia, may be released. In yet another variation, 5-FU
chemotherapy is locally released from the assay device
in response to detected analytes associated with abnor-
mal cellular proliferation. 5-FU-based chemotherapy
may comprise administration of 5-FU, its derivatives,
alone or with other chemotherapeutics, such as leucov-
orin or with a DPD inhibitor such as uracil, 5-ethynyluracil,
bromovinyluracil, thymine, benzyloxybenzyluracil (BBU)
or 5-chloro-2,4-dihydroxypyridine.
[0082] Alternatively, genotoxic agents such as DNA
alkylating agents and DNA intercalating agents may be
delivered. For example, psoralens, antineoplastic antibi-
otics, which include, but are not limited to, amsacrine;
actinomycin A, C, D (alternatively known as dactinomy-
cin) or F (alternatively KS4); azaserine; bleomycin; car-
minomycin (carubicin); daunomycin (daunorubicin), or
14-hydroxydaunomycin (adriamycin or doxorubicin); mi-
tomycin A, B or C; mitoxantrone; plicamycin (mithramy-
cin); and the like, may be delivered. Another general class
of genotoxic agents that may be locally delivered, and
which alkylate DNA, are those that include the haloethyl-
nitrosoureas or chloroethylnitrosoureas. Representative
members of this class include, but are not limited to, car-
mustine, chlorozotocin, fotemustine, lomustine, nimus-
tine, ranimustine and streptozotocin.
[0083] In some instances, platinum coordination com-
pounds such as cisplatin or oxaliplatin may be delivered
alone or in combination in response to analytes associ-
ated with testicular, endometrial, cervical, gastric, squa-
mous cell, adrenocortical, and small cell lung carcino-
mas, as well as medulloblastomas and neuroblastomas.
[0084] Yet another general class of genotoxic agents
that may be locally delivered in response to a detected
tumor analyte includes the sulfur and nitrogen mustards.
These compounds damage DNA primarily by forming
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covalent adducts at the N7 atom of guanine. Represent-
ative members of this broad class include chlorambucil,
cyclophosphamide, ifosfamide, melphalan, mechlo-
roethamine, novembicin, and trofosfamide. Oligonucle-
otides or analogs thereof that interact covalently or non-
covalently with specific sequences in the genome of se-
lected cells may also be used as genotoxic agents, if it
is desired to select one or more predefined genomic tar-
gets as the locus of a genomic lesion.
[0085] In some variations, the assay component is con-
figured to detect an analyte indicative of a microbial path-
ogen. In response, the device may be configured to lo-
cally release an active agent that has an antimicrobial
effect. For example, an antibiotic or antiviral agent may
be released.
[0086] In other variations, the assay component is con-
figured to detect an analyte indicative of hyperglycemia
and the assay device, in response, designed to locally
release an active agent suitable to reduce serum glucose
levels. For example, when excessively high levels of glu-
cose are detected by the assay component, the assay
device may respond by releasing a sufficient amount of
insulin to normalize the blood glucose level.

Patch devices (not part of the invention)

[0087] The substance delivery devices may also be
formed as a patch. The patch may be useful when topical
application of the device to the skin is desired. In this
variation, the reservoir containing the substance may be
a layer underlying an upper backing layer. The patch may
contain a single reservoir, or it may contain multiple res-
ervoirs. When multiple reservoirs are employed, they
may include the same substance or different substances,
or each reservoir may include a combination of substanc-
es. The patches may also be configured to include a com-
ponent that modifies delivery of a substance therefrom.
For example, a rate-limiting membrane may be placed
between the reservoirs to modify release of the sub-
stance. Representative materials useful for forming rate-
controlling membranes include polyolefins such as pol-
yethylene and polypropylene, polyamides, polyesters,
ethylene-ethacrylate copolymer, ethylene-vinyl acetate
copolymer, ethylene-vinyl methylacetate copolymer, eth-
ylene-vinyl ethylacetate copolymer, ethylene-vinyl pro-
pylacetate copolymer, polyisoprene, polyacrylonitrile,
ethylene-propylene copolymer, and the like.
[0088] In some variations, the reservoirs may comprise
a polymeric matrix of a pharmaceutically acceptable ad-
hesive material that serves to affix the patch to the skin.
For example, the adhesive material may be a pressure-
sensitive adhesive (PSA) including, but not limited to,
polyethylenes; polysiloxanes; polyisobutylenes; polyacr-
ylates; polyacrylamides; polyurethanes; plasticized eth-
ylene-vinyl acetate copolymers; and tacky rubbers such
as polyisobutene, polybutadiene, polystyrene-isoprene
copolymers, polystyrene-butadiene copolymers, and ne-
oprene (polychloroprene).

[0089] The backing layer may function as the primary
structural element of the patch and may provide the de-
vice with flexibility and in certain variations, occlusivity.
The backing may be comprised of a flexible elastomeric
material that serves as a protective covering to prevent
loss of the substance via transmission through the upper
surface of the patch, and may impart a degree of occlu-
sivity to the patch, such that the area of the body surface
covered by the patch becomes hydrated during use. The
material used for the backing layer may permit the patch
to follow the contours of the skin and be worn comfortably
on areas of skin such as at joints or other points of flexure
that are normally subjected to mechanical strain, with
little or no likelihood of the patch disengaging from the
skin due to differences in the flexibility or resiliency of the
skin and the patch. The materials used as the backing
layer may be either occlusive or permeable, as noted
above, and may be made from synthetic polymers (e.g.,
polyester, polyethylene, polypropylene, polyurethane,
polyvinyl chloride, and polyether amide), natural poly-
mers (e.g., cellulosic materials), or macroporous woven
and nonwoven materials. In other variations, a microchip
and/or assay component may be provided in lieu of a
backing layer. Alternatively or additionally, the adhesive
may be applied to the skin-contacting surface of the patch
in discrete areas, such as to allow certain portion of the
patient’s skin under the patch to remain unattached (i.e.
the areas void of adhesive). This discontinuous configu-
ration may avoid undesired cosmesis and other skin ef-
fects, as well as accommodate skin motion thus avoiding
undesired detachment of the patch. In an alternative em-
bodiment, the patch is flexible, or includes one or more
hinge portions configured to permit motion without de-
tachment of the patch.
[0090] When a layered patch device is used, samples
may be obtained via microneedles that are fixed or re-
movably secured to the skin-contacting layer of the patch.
The microneedles may be about the size of a human hair
and have an integrated microreservoir. The microneedle
will be generally configured to painlessly penetrate the
skin. The microneedles may be constructed out of silicon
or other suitable metals and polymers, and may be about
10 mm to about 200 mm, about 50 mm to about 150 mm,
or about 100 mm in diameter. In some instances, the
microneedle will be designed to obtain blood samples.
Here the microneedles may collect about 0.01 to about
1.0 microliter, about 0.05 to about 0.5 microliters, or about
0.1 to about 0.3 microliters of capillary blood. The micro-
needles may be deployable, injectable through the skin
after placement of the patch on the patient’s skin. The
microneedles may be deployable simultaneously, or in
subsets of the entire group, and may be deployed on
demand, at a particular time event, and/or when an anal-
ysis, such as an assay analysis, produces specific re-
sults. The tips of the microneedles may be arranged in
a single plane, or may lie in multiple planes. One or more
of the microneedles may be straight or curved. The di-
ameter of the microneedles may be consistent or may
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vary. The microneedles may be deployed into tumor tis-
sue, such as skin cancer or other cancer close to the
epidermal layer of the patient’s skin.
[0091] In general, microfabrication processes that may
be used in making the microneedles disclosed herein
include lithography; etching techniques, such as wet
chemical, dry, and photoresist removal; thermal oxida-
tion of silicon; electroplating and electroless plating; dif-
fusion processes, such as boron, phosphorus, arsenic,
and antimony diffusion; ion implantation; film deposition,
such as evaporation (filament, electron beam, flash, and
shadowing and step coverage), sputtering, chemical va-
por deposition (CVD), epitaxy (vapor phase, liquid phase,
and molecular beam), electroplating, screen printing, and
lamination. Alternatively, the needles may be molded in
silicon wafers and then plated using conventional wire
cutting techniques with nickel, gold, titanium or various
other biocompatible metals. In another variation, the nee-
dles may be fashioned from biopolymers.

Ingestible Devices (not part of the invention)

[0092] The ingestible device may be any one of the
devices described above that has been modified for in-
gestion. Thus, the ingestible device may be a microchip
or assay device having a coating or other component that
protects it from premature degradation and/or contami-
nation. The device or portions thereof may be made from
ingredients included in conventional oral dosage forms.
Such ingredients are known, or will be apparent, to those
skilled in the art (see, e.g., Remington’s Pharmaceutical
Sciences, Mack Publishing Company, Easton, Pa., 17th
edition, 1985; Remington: The Science and Practice of
Pharmacy, A. R. Gennaro, (2000) Lippincott, Williams &
Wilkins).

Imaging Devices

[0093] The substance delivering device may also be
suitable for use as an imaging device. The imaging device
may be of any configuration described herein, so long as
it delivers a contrast agent detectable by an imaging mo-
dality. Examples of imaging modalities include x-ray, CT,
MRI, ultrasound, PET scan, fluoroscopy, and the like.
Here the contrast agent is used to obtain structural or
functional information about the target tissue. Contrast
agents that may be employed include without limitation,
barium sulfate, iodinated contrast agents, water, gado-
linium, iron oxide, and fluorescent imaging agents. Ex-
emplary iodinated contrast agents that may be delivered
include, but are not limited to, diatrizoate, metrizoate,
ioxaglate, iopamidol, iohexal, ioxilan, iopromide, and io-
dixanol. Contrast agents that may be activated to indicate
the presence of particular analytes may also be em-
ployed. As mentioned above, a port may also be included
or removably secured to the device for imaging purposes.

II. SYSTEMS

[0094] In general, the systems will include a substance
delivery device as herein described, e.g., a biopsy de-
vice, an assay device, a microchip device, an imaging
device, or a combination thereof, and a deployment tool
for delivery of the device to a target tissue. Any deploy-
ment tool may be used to deliver the device. The config-
uration of the deployment tool may depend on such fac-
tors as the type of device used, the route of delivery em-
ployed, and the particular target tissue. The deployment
tool may be designed for delivering the device via any
route. For example, the deployment tool may include fea-
tures useful for delivery during open, laparoscopic, en-
doscopic, arthroscopic, percutaneous, and robotic pro-
cedures. In some variations, the deployment tool com-
prises a catheter/pusher assembly. In other variations,
the deployment tool includes jaws.
[0095] The systems may also include a retrieval tool
for removing the device from the target tissue. These
retrieval tools may be formed to include suction, jaws,
hooks, magnets, etc. to aid removal. In some variations,
an energy source is provided in the systems to activate
release of the substance contained within the reservoirs.
In other variations, e.g., when an imaging device is part
of the system, an imaging modality as previously de-
scribed may be included in the system. Additional com-
ponents, e.g., in vitro assays, may also be included to
tailor the system.
[0096] Referring to FIG. 7, a substance delivery system
is illustrated. System 600 includes substance delivery
devices 500a and 500b, of similar construction to delivery
device 500 of FIG. 5, with the same reference numbers
used to refer to the same or like parts. Devices 500a and
500b each include a microcontroller, 501a and 501b re-
spectively, which transmit and receive data from wireless
transceiver 503a and 503b respectively. Wireless trans-
ceiver 503a and 503b are further configured to commu-
nicate with each other such that information obtained or
produced from device 500a or 500b can be transmitted
to the other. In the configuration of FIG. 7, devices 500a
and 500b have been implanted below the skin of the pa-
tient at the site of a single tumor. In an alternative method,
device 500a may be implanted in a first tumor, and device
500b may be implanted in a different tumor of the same
patient. In another alternative method, device 500a may
be implanted in a tumor and device 500b implanted in
healthy tissue, such as to act as a control. Device 500a
and 500b further include ingrowth assemblies 560a and
560b respectively. Ingrowth assembly 560a and 560b
comprise a vessel configured to allow cells, such as can-
cer cells, to migrate into the vessel. In a preferred em-
bodiment, the vessel is coated or otherwise includes a
biologic growth factor such as epidermal growth factor
(EGF). Numerous growth factors can be included in or
on ingrowth assemblies 560a and 560b including but not
limited to colony stimulating factor (CSF) and one or more
cytokines such as SDF1-alpha. Each ingrowth assembly
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may receive the same or different growth factor than a
different ingrowth assembly. Ingrowth assembly 560a
may be removably attached to device 500a or may be a
separate component, such as a separate implant assem-
bly that include communication means, such as wired or
wireless communication means to communicate infor-
mation to one or more separate devices such as device
500a. Device 500a and/or device 500b (hereinafter de-
vice 500a only for simplicity) may include a second in-
growth assembly, such as to attract a different type of
cells. Alternatively ingrowth assembly 560b may be con-
figured to attract different cells, such as where one cell
type is a housekeeping or control cell, used to confirm
results or compare to results obtained from ingrowth as-
sembly 560a, such as when ingrowth assembly 560a is
configured to attract cancer cells.
[0097] The ingrowth assemblies may include an assay
function or component, as has been described herea-
bove. Ingrowth assembly 560a of device 500a includes
assay component 561 configured to produce data based
on the cells that migrate into assembly 560a. In a pre-
ferred embodiment, assay component 561a performs an
analysis of cancer cells such as to assess the invasive-
ness of a cancer. The data produced by assay compo-
nent 561a may be used by the microcontroller to start,
stop or modify the delivery of one or more agents by
device 500a, such as to maintain or increase delivery of
a therapeutic agent (e.g. chemotherapeutic) with con-
firmed benefit and/or decrease or stop delivery of a ther-
apeutic agent with no confirmed benefit.
[0098] Device 500a further includes access port 570,
containing a resealable membrane, septum 571 config-
ured to be repeatedly accessed with a sharp tool such
as a needle while maintaining a seal. System 600 further
includes a percutaneous access tool, syringe 610 shown
accessing port 570 through septum 571. Access port 570
can be used to deliver one or more agents into ingrowth
assembly 560a, and/or to remove material, such as the
migrated cells, from ingrowth assembly 560a. Alterna-
tively or additionally, a similar access port can be inte-
grated into or attached to another part of device 500a
such as to add an agent to a reservoir of device 500a, or
otherwise add or remove a material from device 500a.
[0099] Device 500a of system 600 further includes an
electrode on the distal end of each reservoir. Reservoir
550a’ includes electrode 580a’, reservoir 550a" includes
electrode 580a", reservoir 550a’’’ includes electrode
580a’’’, and reservoir 550a’’’’ includes electrode 580a"".
Each of the electrode 580a are configured to produce an
electrical field in or about device 500a and/or the target
tissue, a tumor as shown in FIG. 7, such as by delivery
of current between one or more electrodes 580. Alterna-
tively or additionally, device 550b may include one or
more electrodes and current may be delivered between
an electrode of device 500a and an electrode of device
500b. Alternatively or additionally, one or more elec-
trodes may be included at a different location of reservoir
550a or device 500a, such as on or in chamber 520a, or

on housing 505a. The energy delivered by one or more
electrodes 580 may be based on the results of an anal-
ysis, such as an analysis performed by an assay com-
ponent of device 500a. Electrodes 580 may be placed
into the target tissue, such as in the tumor of FIG.7, due
to reservoir 580" and 580’’’ having been previously ad-
vanced into the tumor as has been described in reference
to FIG. 5. The electric fields generated by electrodes 580
may be used to enhance delivery of drug through ionto-
phoresis and/or electroporation, drug delivery enhance-
ment means well known to those of skill in the art. The
electric fields generated may be an additional or alterna-
tive way to modify the actual amount of agent delivered,
such as when device 500a delivers fluid at a continuous
rate, but modifies the electric field produced by elec-
trodes 580 to enhance or diminish fluid transfer through
iontophoresis, or cellular uptake with electroporation.

III. METHODS

1) Delivery and Retrieval

[0100] The devices described here may be delivered
in any manner. For example, they may be delivered via
an open surgical procedure, or by a minimally invasive
procedure such as laparoscopy, endoscopy, arthrosco-
py, and catheter-based procedures. The devices may
also be delivered percutaneously or topically. Delivery
using a robotic device is also contemplated. Retrieval of
the devices may occur via the same processes. An image
of the target tissue, such as a tumor, may be performed
prior to, during, or after use of the device. In a preferred
embodiment, the device is applied to the patient’s skin
or implanted in the patient with image guidance. The de-
vices of the present invention include one or more pen-
etrating or advanceable members such as advanceable
reservoirs. In a preferred embodiment, the penetrating
or advanceable members penetrate or advance into tis-
sue using image guidance, such as images created be-
fore or during penetration and/or advancement.
[0101] In general, the device including a microdose of
a substance is delivered to a target tissue, e.g., by im-
plantation into the target tissue, such as to perform a
diagnostic and/or therapeutic procedure. The substance
is locally delivered in a concentration adequate to result
in a pharmacological effect. A sample from the target
tissue such as a biopsy of the tissue, is then obtained.
In one variation, the sample is obtained by the device
that delivers the substance. In another variation, the sam-
ple is obtained via procedures such as percutaneous bi-
opsy, open biopsy, needle aspiration, and the like. The
sample tissue can then be subjected to various assays
for evaluating the substance effect on the target tissue.
For example, the sample may be subjected to genomic,
proteomic, biochemical, and/or histopathological charac-
terization.
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2) Dosing

[0102] The devices described here deliver a microdose
amount of a substance to a target tissue. A microdose
amount may be from about 0.001 mg (or less) to about
1,000 mg, or about 10,000 mg (or more) of the substance.
Those of skill will readily appreciate that microdose levels
may vary as a function of the specific substance em-
ployed, the target tissue, and/or the medical condition
being treated.
[0103] The substance may be delivered in a controlled
release, sustained release, delayed release, or pulsatile
fashion. Delivery may also occur over any time period.
For example, it may occur over a period of minutes to
hours, days to weeks, weeks to months, or even one year
or more.

3) Medical Conditions and Target Tissues

[0104] In some instances, the devices described here
may be used to locally deliver a substance that is a can-
didate compound being evaluated for the treatment of a
medical condition. In other instances, the substance itself
is locally delivered to treat a medical condition. Medical
conditions that are contemplated, include, but are not
limited to, autoimmune conditions, cancer, cardiac con-
ditions, gastrointestinal conditions, genitourinary condi-
tions, hematologic conditions, infectious conditions, in-
flammatory conditions, ischemic conditions, neurologic
conditions, obstetric conditions, orthopedic conditions,
proliferative conditions, pulmonary conditions, and vas-
cular conditions.
[0105] Furthermore, the devices may be delivered to
any target tissue within the human body. Target tissues
may include the neurologic tissues, pulmonary tissues,
gastrointestinal tissues, genitourinary tissues, cardiac
tissues, vascular tissues, muscle, bone, skin.

IV. KITS

[0106] The kits may provide one or more devices de-
scribed here, e.g., one or more biopsy devices, microchip
devices, assay devices, or imaging devices. The devices
include reservoirs that deliver the same substance or dif-
ferent substances. Likewise, the devices include reser-
voirs that deliver the substances in the same or different
microdoses. Any number and type of deployment tools,
retrieval tools, energy components, and imaging devices
may also be included. The kits may also contain addi-
tional in vitro assays for evaluating samples.
[0107] The kits may further include instructions for us-
ing the devices, tools, and/or assays contained therein.
These instructions may be present in the kits in a variety
of forms, one or more of which may be present in the kit.
One form in which these instructions may be present is
as printed information on a suitable medium or substrate,
e.g., a piece or pieces of paper on which the information
is printed, in the packaging of the kit, in a package insert,

etc. Yet another form would be a computer readable me-
dium, e.g., diskette, CD, etc., on which the information
has been recorded. In some variations, a website ad-
dress may be provided that can be accessed via the in-
ternet to obtain the instructions.
[0108] Reference signs are not to be construed as lim-
iting the extent of the matter protected by the claims; their
sole function is to make claims easier to understand.

Claims

1. A device (100) for implantation into tissue, the device
comprising
an elongated support structure configured for admin-
istration within a needle, laparoscope, endoscope,
arthroscope, or catheter,
arrays along the length of the elongated support
structure of multiple separate chambers being
formed within the support structure, each chamber
having a closed proximal end on the interior of the
support structure and an open distal end on the out-
side of the support structure,
each chamber (102) comprising a solid matrix form-
ing a reservoir (108) containing a microdose amount
of one or more therapeutic or diagnostic agents in
the matrix, which are released into the open distal
end only over a period between about one day and
one week following insertion of the microarray device
into tissue,
wherein the open distal end of the chamber is con-
figured to place the tissue in close proximity to the
solid matrix from which agent is released to a sepa-
rate and discrete area of the tissue.

2. The device of claim 1 wherein the device is further
configured to provide a sample of tissues, cells or
fluid at the sites of administration upon its removal
from the target tissue, wherein the device comprises
a biopsy mechanism.

3. The device of claim 2 wherein the device includes
an assay component for evaluating the sample.

4. The device of claim 1 wherein the device provides
for separate release of agent in the separate reser-
voirs.

5. The device of claim 1 wherein each of the reservoirs
may be loaded with different substances and/or dif-
ferent microdose amounts of the substances, which
can be released independently, further comprising
means for controlling release selected from the
group consisting of a preprogrammed microproces-
sor, remote control, and one or more sensors.

6. The device of claim 1 wherein the solid matrix com-
prises a biodegradable polymeric matrix which re-
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leases the one or more agents as a function of dif-
fusion or degradation.

7. The device of claim 1 or 2 further comprising a sensor
selected from the group consisting of a strain gauge,
an accelerometer, a temperature sensor, a pH sen-
sor, a chemical sensor, a mechanical sensor, a ra-
diation sensor and a physiologic sensor configured
to assess one or more cell activities.

8. The device of claim 1 or 2 comprising penetrating
members, optionally retractable.

9. The device of claim 1 or 2 comprising an assay com-
ponent configured to detect analytes that may be
indicative of inflammation, to detect and analyze
genes or their products which are over-expressed or
over-active in cells undergoing unwanted prolifera-
tion, to detect infection or to detect abnormal cellular
proliferation.

10. The device of claim 1 or 2 comprising imaging
means.

11. The device of claim 1 or 2 in combination with a de-
ployment or retrieval tool.

12. The device of claim 1, wherein the device adminis-
ters different amounts of the same therapeutic or di-
agnostic agent from the different reservoirs.

13. The device of claim 1, wherein the device adminis-
ters different therapeutic or diagnostic agents from
the different reservoirs.

14. The device of claim 1, wherein the device adminis-
ters therapeutic or diagnostic agent in response to
analysis or sampling of the cells or tissue.

Patentansprüche

1. Vorrichtung (100) zur Implantation ins Gewebe, wo-
bei die Vorrichtung eine langgestreckte Stützstruktur
umfasst, die zur Verabreichung innerhalb einer Na-
del, eines Laparoskops, eines Endoskops, eines Ar-
throskops oder eines Katheters konfiguriert ist, wo-
bei entlang der Länge der langgestreckten Stütz-
struktur Arrays von mehreren getrennten Kammern
innerhalb der Stützstruktur ausgebildet sind, wobei
jede Kammer ein geschlossenes nahes Ende auf
der Innenseite der Stützstruktur und ein offenes fer-
nes Ende auf der Außenseite der Stützstruktur auf-
weist, wobei jede Kammer (102) eine feste Matrize
umfasst, die ein Reservoir (108) bildet, das eine Mi-
krodosismenge eines oder mehrerer therapeuti-
scher oder diagnostischer Wirkstoffe in der Matrize
enthält, die in das offene ferne Ende nur über einen

Zeitraum zwischen etwa einem Tag und einer Wo-
che nach der Einführung der Mikroarrayvorrichtung
in das Gewebe freigesetzt werden, wobei das offene
ferne Ende der Kammer konfiguriert ist, um das Ge-
webe in unmittelbarer Nähe der festen Matrize zu
platzieren, aus der der Wirkstoff in einen getrennten
und diskreten Bereich des Gewebes freigesetzt wird.

2. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
ferner konfiguriert ist, um eine Gewebe-, Zell- oder
Fluidprobe an den Verabreichungsstellen nach ihrer
Entfernung aus dem Zielgewebe bereitzustellen,
wobei die Vorrichtung einen Biopsie-Mechanismus
umfasst.

3. Vorrichtung nach Anspruch 2, wobei die Vorrichtung
eine Testkomponente zum Bewerten der Probe be-
inhaltet.

4. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
eine getrennte Freisetzung des Wirkstoffs in den ge-
trennten Reservoiren bereitstellt.

5. Vorrichtung nach Anspruch 1, wobei jedes der Re-
servoirs mit verschiedenen Substanzen und/oder
verschiedenen Mikrodosismengen der Substanzen,
die unabhängig voneinander freigesetzt werden
können, beladen werden kann, wobei die Vorrich-
tung ferner Mittel zur Kontrolle der Freisetzung, aus-
gewählt aus der Gruppe, die aus einem vorprogram-
mierten Mikroprozessor, einer Fernsteuerung und
einem oder mehreren Sensoren besteht, umfasst.

6. Vorrichtung nach Anspruch 1, wobei die feste Matri-
ze eine biologisch abbaubare Polymermatrize um-
fasst, die den einen oder die mehreren Wirkstoffe
als Funktion der Verbreitung oder des Abbaus frei-
setzt.

7. Vorrichtung nach Anspruch 1 oder 2, die ferner einen
Sensor umfasst, der aus der Gruppe ausgewählt ist,
die aus einem Dehnungsmesser, einem Beschleu-
nigungsmesser, einem Temperatursensor, einem
pH-Sensor, einem chemischen Sensor, einem me-
chanischen Sensor, einem Strahlungssensor und ei-
nem physiologischen Sensor besteht, und der kon-
figuriert ist, um eine oder mehrere Zellaktivitäten zu
beurteilen.

8. Vorrichtung nach Anspruch 1 oder 2, die Durchdrin-
gungselemente, wahlweise einziehbar, umfasst.

9. Vorrichtung nach Anspruch 1 oder 2, die eine Test-
komponente umfasst, die konfiguriert ist, um Analy-
ten zu erkennen, die auf eine Entzündung hindeuten
können, um Gene oder deren Produkte, die in Zellen,
die eine unerwünschte Proliferation durchlaufen,
überexprimiert oder überaktiv sind, zu erkennen und
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zu analysieren, um eine Infektion oder eine abnor-
male Zellproliferation zu erkennen.

10. Vorrichtung nach Anspruch 1 oder 2, die Abbildungs-
mittel umfasst.

11. Vorrichtung von Anspruch 1 oder 2 in Kombination
mit einem Bereitstellungs- oder Abrufwerkzeug.

12. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
verschiedene Mengen des gleichen therapeuti-
schen oder diagnostischen Wirkstoffs aus den ver-
schiedenen Reservoiren verabreicht.

13. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
verschiedene therapeutische oder diagnostische
Wirkstoffe aus den verschiedenen Reservoiren ver-
abreicht.

14. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
einen therapeutischen oder diagnostischen Wirk-
stoff als Antwort auf die Analyse oder Probenahme
der Zellen oder des Gewebes verabreicht.

Revendications

1. Dispositif (100) destiné à une implantation dans un
tissu, le dispositif comprenant
une structure de support allongée conçue pour une
administration à l’intérieur d’une aiguille, d’un lapa-
roscope, d’un endoscope, d’un arthroscope ou d’un
cathéter,
des jeux ordonnés d’échantillons le long de la lon-
gueur de la structure de support allongée de plu-
sieurs chambres séparées étant formés à l’intérieur
de la structure de support, chaque chambre ayant
une extrémité proximale fermée sur l’intérieur de la
structure de support et une extrémité distale ouverte
sur l’extérieur de la structure de support,
chaque chambre (102) comprenant une matrice so-
lide formant un réservoir (108) contenant une micro-
dose d’un ou plusieurs agents thérapeutiques ou dia-
gnostiques dans la matrice, qui sont libérés dans
l’extrémité distale ouverte uniquement sur une pé-
riode comprise entre environ un jour et une semaine
après l’insertion du dispositif de microréseau dans
un tissu,
dans lequel l’extrémité distale ouverte de la chambre
est conçue pour placer le tissu à proximité immédiate
de la matrice solide à partir de laquelle l’agent est
libéré vers une zone séparée et discrète du tissu.

2. Dispositif selon la revendication 1, dans lequel le dis-
positif est en outre conçu pour fournir un échantillon
de tissus, de cellules ou de fluide aux sites d’admi-
nistration lors de son retrait du tissu cible, le dispositif
comprenant un mécanisme de biopsie.

3. Dispositif selon la revendication 2, dans lequel le dis-
positif comprend un composant de dosage destiné
à évaluer l’échantillon.

4. Dispositif selon la revendication 1, dans lequel le dis-
positif prévoit une libération séparée de l’agent dans
les réservoirs séparés.

5. Dispositif selon la revendication 1, dans lequel cha-
cun des réservoirs peut être chargé de différentes
substances et/ou de différentes quantités de micro-
doses des substances, qui peuvent être libérées in-
dépendamment, comprenant en outre des moyens
destinés à commander la libération choisis dans le
groupe constitué d’un microprocesseur préprogram-
mé, d’une télécommande et d’un ou plusieurs cap-
teurs.

6. Dispositif selon la revendication 1 dans lequel la ma-
trice solide comprend une matrice polymérique bio-
dégradable qui libère le ou les agents en fonction de
la diffusion ou de la dégradation.

7. Dispositif selon la revendication 1 ou 2 comprenant
en outre un capteur choisi dans le groupe constitué
d’une jauge de contrainte, d’un accéléromètre, d’un
capteur de température, d’un capteur de pH, d’un
capteur chimique, d’un capteur mécanique, d’un
capteur de rayonnement et d’un capteur physiologi-
que conçus pour évaluer une ou plusieurs activités
cellulaires.

8. Dispositif selon la revendication 1 ou 2 comprenant
des éléments pénétrants, éventuellement rétracta-
bles.

9. Dispositif selon la revendication 1 ou 2, comprenant
un composant de dosage conçu pour détecter des
analytes qui peuvent être révélateurs d’une inflam-
mation, pour détecter et analyser des gènes ou leurs
produits qui sont surexprimés ou suractifs dans des
cellules subissant une prolifération indésirable, pour
détecter une infection ou pour détecter une prolifé-
ration cellulaire anormale.

10. Dispositif selon la revendication 1 ou 2 comprenant
des moyens d’imagerie.

11. Dispositif selon la revendication 1 ou 2 en combinai-
son avec un outil de déploiement ou de récupération.

12. Dispositif selon la revendication 1, dans lequel le dis-
positif administre différentes quantités du même
agent thérapeutique ou diagnostique à partir des dif-
férents réservoirs.

13. Dispositif selon la revendication 1, dans lequel le dis-
positif administre différents agents thérapeutiques
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ou diagnostiques à partir des différents réservoirs.

14. Dispositif selon la revendication 1, dans lequel le dis-
positif administre un agent thérapeutique ou dia-
gnostique en réponse à l’analyse ou à l’échantillon-
nage des cellules ou du tissu.
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