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INTRACRANIAL DRUG DELIVERY MATERIALS AND METHODS

FIELD OF THE INVENTION

This application relates generally to the field of minimally invasive delivery of

therapeutic agents. Specifically, the present invention provides for materials and methods

directed to minimally invasive, targeted delivery of agents such as drugs, penetrants, blood

barrier augmentation agents or other compounds to certain localized brain regions through the

use of delivery balloon catheters.

BACKGROUND OF THE INVENTION

The worldwide incidence rate in 2012 of primary malignant brain and other CNS tumors

was 3.4 per 100,000 or an overall total of >250,000 individuals that year. The incidence rates

were higher in more developed countries. (GLOBOCAN 2012 vl.0, Cancer Incidence and

Mortality Worldwide: IARC CancerBase No. 11 [Internet], International Agency for Research

on Cancer; 2013). Glioblastoma multiforme (GBM) is the most common and most deadly

primary brain tumor and accounts for 12% to 15% of all intracranial tumors (U.S. National Brain

Tumor Society).

The incidence rate of childhood primary malignant and non-malignant brain and other

CNS tumors in the U.S. is 5.5 per 100,000. (Ostrom QT, et al., CBTRUS Statistical Report:

Primary Brain and Central Nervous System Tumors Diagnosed in the United States in 2009-

2013. Neuro Oncol. 20l6;l8(sS):ivl-iv76).



Treatment of most primary brain tumors usually includes cancerous tissue debulking

surgery, followed by radiation and chemotherapy to target any remaining and potentially

invasive tumor cells. Post-surgery delivery of these treatments has presented significant

challenges.

Chemotherapy has become a critical component to the treatment of primary brain tumors,

as well as many other types of cancer. A prerequisite for the efficacy of any chemotherapeutic

regimen is to ensure the drug reaches the tumor target in a therapeutically effective

concentration.

Carmustine is a nonspecific alkylating agent and is frequently used for brain treatment

after surgical debulking of tumors. Because carmustine can have considerable systemic side

effects, local delivery is accomplished using carmustine releasing polyanhydride biodegradable

wafers (Gliadel® wafer) placed directly along the wall of the surgical cavity after the debulking

procedure. Each wafer can deliver 7.7 mg carmustine while up to 8 wafers can be deposited.

The use of Gliadel® wafers is, however, not without potential complications, as the

physical presence of the wafer has been associated with difficulties during usual follow up

magnetic resonance imaging activities (Colen, R.R. et al., World J. Radiol. 3(1 1), 201 1, 266-

272), as well as surgery-associated adverse events and localized toxicity (Chowdhary S. A., et

al., J. Neurooncol 122, 2015, 367-382).

Other drugs have been considered and the local delivery of sirolimus from biodegradable

polymer beads when intracranially delivered into malignant glioma model rats has been reported

(Tyler, B. et al., Neuro Oncology 13(7) 201 1, 700-709). Sirolimus treated animals had

significantly longer survival times as compared to control animals. Interestingly, radiation

therapy in addition to the simultaneous sirolimus treatment led to longer survival duration than

either treatment alone.

Another often utilized type of cancer therapy relates to delivery of effective amounts of

radiation to the targeted tissue.



Delivery of radiation after surgery is commonly done and can be accomplished by

external as well as internal (brachytherapy) means. Recently, GliaSite®, a novel brachytherapy

technique, has been approved by FDA for treatment of malignant brain tumors. The GliaSite®

device is an inflatable balloon catheter that is placed in the resection cavity after surgical

removal of the tumor. The balloon is filled with an aqueous based radiation source and the

device is allowed to remain for 3 to 6 days before removal. Frequently, Gliadel® carmustine

wafers are additionally placed in combination with the GliaSite® catheter.

There is a need in the state of the art to improve the delivery methods and therapeutic

endpoints in the field, as well as combining known drugs with lipophilic compounds in order to

improve treatment paradigms for primary brain tumors.

SUMMARY OF THE INVENTION

The present invention provides for a medical device for intracranial delivery of

therapeutic agents comprising a balloon catheter, wherein the balloon comprises a first coating

and a second coating, further wherein the second coating is applied on top of the first coating.

Preferably, the first coating comprises a water soluble polymer. Most preferably, the water

soluble polymer is composed of a polymer or a protein having an approximate molecular weight

of between 50 to 200 kD and preferably is a globular serum protein having an approximate

molecular weight of between 65-70 kD. In a further embodiment the water soluble polymer is

selected from blood proteins such as globulins and/or fibrinogens having molecular weights up

to approximately 160 kD.

Preferably, the second coating comprises or consists of a therapeutic agent, wherein the

therapeutic agent is selected from the group consisting of compounds as defined below.

Optionally, a radiation solution is co-administered with the balloon catheter.

In another aspect, the present invention provides for a method of treating a primary brain

cancer comprising:



(a) providing a balloon catheter comprising a first coating and a second coating,

preferably a first coating and a second coating as defined herein, on the balloon’s

surface;

(b) accessing a subdural space in a skull of an individual;

(c) inserting the balloon catheter into the subdural space;

(d) inflating the balloon for an effective amount of time to allow for release of the second

coating into the tissue.

In one aspect, the water soluble polymer is applied as the first coating, allowed to dry,

then the second coating is applied.

In one aspect, the second coating is comprised of a formulation comprising a first

component and optionally a second component. Preferable the first component is comprised of a

lipophilic compound, wherein the lipophilic compound is a macrocyclic triene

immunosuppressive compound having the structure:



where R is C(0)-(CH 2)n-X, n is 0, 1 or 2, X is a cyclic hydrocarbon having 3-8 carbons,

optionally containing one or more unsaturated bonds. In a preferred embodiment, C(0)-(CH 2) -X

has one of the following structures:

More preferably the first component is comprised of a lipophilic compound, wherein the

lipophilic compound is a macrocyclic triene immunosuppressive compound having the structure:



where R is C(0)-(CH 2)n-X, n is 0, 1 or 2, X is a cyclic hydrocarbon having 3-9 carbons,

optionally containing one or more unsaturated bonds. In a preferred embodiment, C(0)-(CH 2) -X

has one of the following structures:

Preferably the optional second component comprises a fatty alcohol, fatty aldehyde or fatty acid.

In another aspect the first component is comprised of only one of the above structures.

In still another aspect the first component is comprised of one of carmustine, temozolomide,

lomustine, procarbazine or vincristine alone or in combination with a macrocyclic triene

immunosuppressive compound as defined herein. Hence in one aspect the first component is

comprised of one of carmustine, temozolomide, lomustine, procarbazine or vincristine. And in

another aspect the first component is composed of one of carmustine, temozolomide, lomustine,

procarbazine or vincristine and one of a macrocyclic triene immunosuppressive compound as

defined herein.

In one aspect, the present invention teaches a method of manufacturing a medical device

for intracranial delivery of therapeutic agents as a balloon catheter comprising: (a) providing a

device, preferably a balloon catheter capable of radial expansion once inflated; (b) providing an

aqueous solution of a water soluble polymer as defined herein preferably comprising from about

10% to about 30% of the water soluble polymer in a solution of water; (c) coating, preferably dip

coating the device in the solution of (b); (d) allowing the coated device to dry; (e) applying a



solution comprising the first and optionally the second component as defined herein to the device

of (d); and (f) allowing the device of (e) to dry.

In one specific aspect, the present invention teaches a method of manufacturing a medical device

for intracranial delivery of therapeutic agents as a balloon catheter comprising: (a) providing a

balloon catheter capable of radial expansion once inflated; (b) providing an aqueous solution of a

water soluble polymer preferably comprising from about 10% to about 30% of the water soluble

polymer in a solution of water; (c) dip coating the balloon catheter in the solution of (b); (d)

allowing the dip coated balloon catheter to dry; (e) applying a solution comprising a macrocyclic

triene immunosuppressive compound and optionally at least one saturated fatty alcohol to the

balloon catheter of (d); and (f) allowing the balloon catheter of (e) to dry.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “macrocyclic triene immunosuppressive compound” includes

rapamycin (sirolimus), everolimus, zotarolimus, biolimus, novolimus, myolimus, temsirolimus

and the rapamycin derivatives described in this disclosure.

The present invention provides for devices and methods that can accommodate treatment

of primary brain tumors in an individual. The medical devices of the present invention provide

for a balloon catheter having a first coating and a second coating.

Preferably, the first coating is comprised of a water soluble material and forms the first coating

layer on the surface of the medical device, preferably a balloon catheter. This first coating layer

is preferably applied via dip coating, wherein the medical device, preferably the balloon catheter

is placed into a solution comprising the water soluble polymer, which is applied to the surface of

the medical device. Other suitable methods such as spraying or application of a solution by a

thread, a needle, a cannula, a sponge or a piece of cloth can be used for the coating procedure.

Following this application of the first coating, the medical device and preferably the balloon

catheter is removed from the solution or the application device and allowed to dry, for example

at ambient room temperature for a time less than 24 hours.



The water soluble polymer that is meant to comprise the bulk of the first coating is a

polymer or a protein having an approximate molecular weight of between 50 to 200 kD. In one

embodiment the water soluble polymer is selected from water soluble human serum proteins or

water soluble blood proteins preferably having an approximate molecular weight of between 50

to 200 kD. In one embodiment the water soluble polymer is a polymer or a protein having an

approximate molecular weight of between 65-70 kD, preferably a globular serum protein having

an approximate molecular weight of between 65-70 kD. In a further embodiment the water

soluble polymer is selected from blood proteins such as globulins and/or fibrinogens having

molecular weights up to approximately 160 kD. More preferably, the water soluble polymer is

human fibrinogen or immunoglobulin. Most preferably, the water soluble polymer is a human

serum protein having at least 90% identity to the following sequence:

DAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVADES

AENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLV

RPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADK

AACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVS

KLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAE

VENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSWLLLRL

AKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFEQLGEYKFQNALL

VRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSWLNQLCVLHEK

TPVSDRVTKCCTESLVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQ

TALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAAL

GL (SEQ ID NO: 1)

In a most preferred embodiment of the invention the water soluble polymer is human serum

albumin.

The second coating may be comprised of a formulation further comprising a first

component and optionally a second component. Preferably, the first component of the

formulation is comprised of carmustine, temozolomide, lomustine, procarbazine, vincristine or a



macrocyclic triene immunosuppressive compound selected from the group consisting of

rapamycin (sirolimus), everolimus, zotarolimus, biolimus, novolimus, myolimus, temsirolimus

and derivatives related thereto or the macrocyclic triene immunosuppressive compound of the

first component of the formulation within the second coating is a rapamycin 40-ester analog

having the following structure:

where R is C(0)-(CH 2)n-X, n is 0, 1 or 2, X is a cyclic hydrocarbon having 3-8 carbons and

optionally contains one or more unsaturated bonds. In a most preferred embodiment, C(O)-

(CH2) -X has one of the following structures:



More preferably, the first component of the formulation is comprised of carmustine,

temozolomide, lomustine, procarbazine, vincristine or a macrocyclic triene immunosuppressive

compound selected from the group consisting of rapamycin (sirolimus), everolimus, zotarolimus,

biolimus, novolimus, myolimus, temsirolimus and derivatives related thereto or the macrocyclic

triene immunosuppressive compound of the first component of the formulation within the second

coating is a rapamycin 40-ester analog having the following structure:

where R is C(0)-(CH 2)n-X, n is 0, 1 or 2, X is a cyclic hydrocarbon having 3-9 carbons and

optionally contains one or more unsaturated bonds. In a most preferred embodiment, C(O)-

(CH2) -X has one of the following structures:



The optional second component of the second coating is a non-polymer, non-ionic, linear

hydrocarbon or surfactant selected from the group consisting of a lipoic fatty alcohol or a fatty

aldehyde or a fatty acid or combinations thereof. Preferably, the second coating is a member

selected from the group consisting of lauryl alcohol, undecyl alcohol, myristyl alcohol,

pentadecyl alcohol, palmitoleyl alcohol, palmityl alcohol, isocetyl alcohol, heptadecanol, lanolin

alcohol, stearyl alcohol, isostearly alcohol, 12-hydroxystearyl alcohol, heneicosyl alcohol,

behenyl alcohol, erucyl alcohol, 1-tricosanol, lignoceryl alcohol, 1-pentacosanol, ceryl alcohol,

l-heptacosanol, montanyl alcohol, l-nonacosanol, myricyl alcohol, 1-hentriacontanol, lacceryl

alcohol, 1-tritriacontanol, geddyl alcohol, arachidic acid, behenic acid, lignoceric acid and

cerotic acid and the like as well as the aldehyde version of each.

Preferably the fatty alcohol or fatty aldehyde or nonionic surfactant is linear and contains

at least 12 carbon atoms. Alternatively, more preferably, the second component of the second

coating comprises a compound having the formula CxHyO, wherein x is at least 16 and y is at

least 26. Yet more preferably, the second component of the second coating comprises a

compound having the formula CxHyO, wherein x is at least 18 and at the most 35, and y is at

least 36 and at the most 72. In one further embodiment, the second component of the second

coating comprises a compound having the formula CxHyO, wherein x is at least 16 and y is at

least 26 and the compound is a non-polymer, linear, branched or cyclic, saturated or unsaturated

fatty alcohol. Yet more preferably, the second component of the second coating comprises a

compound having the formula CxHyO, wherein x is at least 15 and at the most 35, and y is at



least 30 and at the most 72 and the compound is a non-polymer, linear, branched or cyclic,

saturated or unsaturated fatty alcohol. In one preferred embodiment there is provided a medical

device and preferably a balloon catheter preferably having a surface that lacks structural

modification and a second coating layer consisting of a non-polymer, saturated or unsaturated

fatty alcohol or saturated or unsaturated fatty aldehyde as described herein and at least one

therapeutic agent as described herein. In one further preferred embodiment there is provided a

medical device and preferably a balloon catheter preferably having a surface that lacks structural

modification herein with a second coating layer consisting of a non-polymer, saturated or

unsaturated fatty alcohol as described herein and at least one therapeutic agent as described

herein.

In one embodiment, the formulation of the second coating layer comprises 100% by weight of

the first component. In another embodiment the formulation of the second coating layer

comprises at least 80% by weight of the first component as defined herein and at least 15% by

weight of second component as defined herein. In a preferred embodiment of the invention, the

formulation of the second coating layer comprises from 60 to 95% by weight of the first

component as defined herein and 5 to 40% by weight of the second component as defined. The

formulation may further comprise an adequate amount of a solubilizing agent, such as a suitable

organic solvent, and particularly a nonpolar organic solvent to facilitate suitable application of

the formulation such as spray coating. Similarly, the amount of the first component as defined

herein applied per drug eluting device, and in particular per balloon catheter is between 5 pg to

25 mg, preferably from about 1 mg to about 10 mg, depending on implant size. The amount of

the second component is between 1 pg to 16.7 mg, preferably from about 2 pg to about 2.9 mg.

In a most preferred embodiment, the drug load of the drug as defined herein per unit length of

the catheter balloon from about 0,5 pg/mm to 10 pg/mm and preferably from about 1 to 3

pg/mm 2 .

In a preferred embodiment, the second coating comprising the first component and the

second component is applied to the surface of the balloon after the first coating has dried. In a

preferred embodiment the second coating is applied via spray coating on top of the first coating.



In one aspect, the second coating is vacuum dried at a temperature higher than ambient room

temperature, preferably in the range of 30 to 50 °C and most preferably at 40 °C.

Additionally, the present invention provides for a method of treating an individual having

a primary brain tumor, the method comprising:

(a) providing a balloon catheter comprising a first coating and a second coating on

the balloon’s surface;

(b) accessing a subdural space in a skull of an individual;

(c) inserting the balloon catheter into the subdural space;

(d) inflating the balloon for an effective amount of time to allow for the release of the

second coating into a tissue.

Examples

The macrocyclic triene immunosuppressive compound of the present invention has more

than one embodiment and may be described as comprising at least one of the following species

from Table 1 :



Table 1

Description of CRC-015 species

CRC-015 is a term meant to encompass a genus and used to refer to each of the following

species from Table 1 : CRC-0l5a, CRC-0l5b, CRC-0l5c, CRC-0l5d, CRC-0l5e, CRC-0l5f,

CRC-0l5g and CRC-0l5h.



I . GliaSite® Drug Delivery:

Drug delivery directly from the GliaSite® balloon would potentially eliminate the use of

drug delivery wafers. Drug could also be delivered from a separate balloon catheter used in

conjunction with the conventional GliaSite® device. As a proof of principle carmustine was

delivered from a balloon catheter simulation of the GliaSite® balloon.

A. PTCA 5 x 40mm (Biotronik ®) balloon catheters were first balloon expanded and dip

coated using a 40% wt/vol solution of human serum albumin (Sigma A7736) (HSA) in D.I.

water and allowed to dry overnight at ambient temperature (~2l°C) to prepare the first coating.

For the second coating, the HAS-coated balloons were deflated and 7 mg carmustine (Sigma

CO400) dissolved in 50 micro.liter acetone was hand applied to each balloon using a 100

micro.liter glass syringe.

Drug coated balloons were allowed to dry overnight at ambient temperature as before.

The dried balloons were examined at 20X magnification which indicated a dull opaque coating

appearance as compared to shiny uncoated balloons. For drug release testing the balloons were

each placed into 30 mL PBS buffer pH 7.4 at ambient temperature and inflated. After 60 minutes

the balloons were removed from solution and allowed to dry for evaluation of drug transfer.

Examination at 20x revealed a shiny balloon surface devoid of coating and comparable to

uncoated control balloons indicating carmustine release had occurred. For combination

brachytherapy and chemotherapy, a drug coated GliaSite® balloon catheter would simply be

utilized in a manner consistent with usual GliaSite® directions for use.

B. PTCA 3.5 x 20mm (Biotronik®) balloon catheters were first balloon expanded and dip

coated using a 40% wt/vol solution of human serum albumin (HSA) in deionized water and dried

overnight at ambient temperature to prepare the first coating. For the second coating, the HSA

coated balloons were deflated and 40 micro.liter of a 50 milli.gram/milli. liter solution of CRC-

015 in acetone was hand applied to the balloon before allowing the balloon to dry overnight at

ambient temperature.



C. Balloons with drug releasing layer were prepared as in B above. Balloons were spray

coated using an acetone solution containing a mixture of 12.5 milli.gram/milliliter CRC-015 and

4.16 milli.gram/milli. liter stearyl alcohol (Sigma 8.07680.0100) resulting in a 2 milli.gram CRC-

015 drug dose per balloon. When released into tissue from the balloon the drug/fatty alcohol

blend serves to provide an in situ deposition for sustained drug elution.

II. Burr Hole Balloon Catheter Drug Delivery in Porcine Model

Burr hole surgery is a procedure to produce a hole in the skull to access the subdural

space for removal of blood clots or to insert catheters for fluid drainage. The usual hole size is 14

milli.meter in diameter and is made with a specialized electric or hand drill. The present

invention provides for balloon technology capable of localized drug delivery in conjunction with

conventional burr hole surgery or with burr hole surgery utilizing much smaller cranial hole

diameters, thus making it possible to conveniently deliver accurate drug amounts to well defined

subdural locations in need of therapy. After the procedure has been completed smaller holes may

simply be left to heal with the scalp closed over the opening.

A 5/8 inch diameter cranial burr hole was prepared from each of two recently euthanized

animals utilized for an unrelated medical procedure. 100 micro. liter sterile saline was placed into

the burr hole cavity before insertion of a CRC-015 coated balloon catheter. The balloon was then

inflated at a steady rate and held for 60 seconds. The balloon was then deflated and withdrawn.

Any residual drug was extracted from the balloon with acetonitrile before measurement

by HPLC. Results are reported in Table 2 and indicate rapid and convenient drug release from

balloon to tissue. It is anticipated that other drugs/excipients and drug combinations could be

delivered either together or individually at the same or different locations with minimal cranial

invasiveness. It is also anticipated that reduction of burr hole size as well as improved balloon-

to-balloon quantitative release and precision can be accomplished with additional development

activity.



Table 2

Delivery of CRC-015 from 2 mg Drug Delivery Cranial Balloon

The inventions illustratively described herein can suitably be practiced in the absence of

any element or elements, limitation or limitations, not specifically disclosed herein. Thus, for

example, the terms “comprising,” “including,” “containing,” etc. shall be read expansively and

without limitation. Additionally, the terms and expressions employed herein have been used as

terms of description and not of limitation, and there is no intention in the use of such terms and

expressions of excluding any equivalents of the future shown and described or any portion

thereof, and it is recognized that various modifications are possible within the scope of the

invention claimed. Thus, it should be understood that although the present invention has been

specifically disclosed by preferred embodiments and optional features, modification and

variation of the inventions herein disclosed can be resorted by those skilled in the art, and that

such modifications and variations are considered to be within the scope of the inventions

disclosed herein. The inventions have been described broadly and generically herein. Each of

the narrower species and subgeneric groupings falling within the scope of the generic disclosure

also form part of these inventions. This includes the generic description of each invention with a

proviso or negative limitation removing any subject matter from the genus, regardless of whether

or not the excised materials specifically resided therein.

In addition, where features or aspects of an invention are described in terms of the

Markush group, those schooled in the art will recognize that the invention is also thereby

described in terms of any individual member or subgroup of members of the Markush group. It

is also to be understood that the above description is intended to be illustrative and not

restrictive. Many embodiments will be apparent to those of ordinary skill in the art upon



reviewing the above description. The scope of the invention should therefore, be determined not

with reference to the above description, but should instead be determined with reference to the

appended claims, along with the full scope of equivalents to which such claims are entitled. The

disclosures of all articles and references, including patent publications, are incorporated herein

by reference.

It will be apparent to those skilled in the art that numerous modifications and variations

of the described examples and embodiments are possible in light of the above teaching. The

disclosed examples and embodiments may include some or all of the features disclosed herein.

Therefore, it is the intent to cover all such modifications and alternate embodiments as may come

within the true scope of this invention.



CLAIMS

What is claimed is:

1. A medical device for intracranial delivery of therapeutic agents comprising a balloon

catheter, wherein the balloon comprises a first coating and a second coating, further wherein the

second coating is applied on top of the first coating.

2 . The medical device according to any preceding claim, wherein the first coating comprises

at least one water soluble polymer.

3 . The medical device according to any preceding claim, wherein the at least one water

soluble polymer comprises a globular serum protein having an approximate molecular weight of

between 65-70 kD.

4 . The medical device according to any preceding claim, wherein the second coating is

comprised of a formulation having a first component and optionally a second component.

5 . The medical device according to claim 4, wherein the first component of the formulation

comprises carmustine, temozolomide, lomustine, procarbazine, vincristine or a macrocyclic

triene immunosuppressive compound selected from the group consisting of rapamycin

(sirolimus), everolimus, zotarolimus, biolimus, novolimus, myolimus, temsirolimus and

derivatives related thereto or a rapamycin 40-ester analog having the following structure:



where R is C(0)-(CH 2)n-X, n is 0, 1 or 2, X is a cyclic hydrocarbon having 3-9 carbons and

optionally contains one or more unsaturated bonds.

6 . The medical device according to claim 5, wherein C(0)-(CH 2)n-X has one of the

following structures:



7 . The medical device according to claim 4, wherein the first component of the formulation

consists of one of carmustine, temozolomide, lomustine, procarbazine or vincristine.

8. The medical device according to claim 4, wherein the second component is a non

polymer, non-ionic, linear hydrocarbon or surfactant selected from the group consisting of a

lipoic fatty alcohol or a fatty aldehyde or a fatty acid or combinations thereof.

9 . The medical device according to claim 8, wherein a hydrocarbon or surfactant is a fatty

alcohol having the formula CxHyO, wherein x is at least 18 and at the most 35, and y is at least

38 and at the most 72.

10. A method of treating an individual having a primary brain tumor, the method comprising:

(a) providing a balloon catheter comprising a first coating and a second coating on

the balloon’s surface;

(b) accessing a subdural space in a skull of an individual;

(c) inserting the balloon catheter into the subdural space;



(d) inflating the balloon for an effective amount of time to allow for the release of the

second coating into a tissue.



INTERNATIONAL SEARCH REPORT
International application No

PCT/EP2018/0835 12

A. CLASSIFICATION OF SUBJECT MATTER
INV. A61L29/08 A61L29/16 A61K9/00 C08L89/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61L A61K C08L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , EMBASE, WPI Data, BIOSIS



INTERNATIONAL SEARCH REPORT
International application No

PCT/ EP20 18/0835 12

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT
International application No

Information on patent family members
PCT/EP2018/083512

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 3228335 A1 11-10-2017 CN 107261300 A 20-10-2017
EP 3228335 A1 11-10-2017
US 2017281912 A1 05-10-2017

US 2016250388 A1 01-09-2016 US 2016250388 A1 01-09-2016
US 2018036458 A1 08-02-2018

WO 2013007273 A1 17-01-2013 ES 2554519 T3 21-12-2015
ES 2620527 T3 28-06-2017
J P 6038912 B2 07-12-2016
J P 6097748 B2 15-03-2017
J P 2014526916 A 09-10-2014
J P 2014527421 A 16-10-2014
PT 2729195 E 18-12-2015
US 2014350464 A1 27-11-2014
WO 2013007273 A1 17-01-2013
WO 2013007653 A1 17-01-2013
WO 2013007666 A1 17-01-2013

US 2017136155 A1 18-05-2017 AU 2009270849 A1 21 01-2010
CA 2730995 A1 21 01-2010
CA 2946195 A1 21 01-2010
CN 102159257 A 17-08-2011
EP 2313122 A1 27-04-2011
J P 2011528275 A 17-11-2011
US 2010015200 A1 21 01-2010
US 2017136155 A1 18-05-2017
WO 2010009335 A1 21 01-2010

WO 0067816 A1 16-11-2000 CA 2373362 A1 16-11-2000
EP 1176996 A1 06-02-2002
J P 2002543885 A 24-12-2002
US 2002016574 A1 07-02-2002
WO 0067816 A1 16-11-2000


	abstract
	description
	claims
	wo-search-report

