P

IWORLD\ INTELLECTUAL PROPERTY ORGANIZATION
: . International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 4 :

(11) International Publication Number:

(43) International Publication Date: 9 February 1989 (09.02.89)

WO 89/ 00839

~ A61F 2/00 Al
: 1) lnternational Application Number: PCT/US88/02546
(22) Intel':national Filing Date: 27 July 1988 (27.07.88)
(31) Priority Application Number: 078,534
| (32) Priority Date: 28 July 1987 (28.07.87)
(33) Priority Country: T _US

(71) Applicant: BIOMEASURE, INCORPORATED- [US/
US); Hopkinton Industrial Park, 11-15 "E” Avenue,
Hopkinton, MA 01748 (US).

(72) Invehtors: MOREAU, Jacques-Pierre ; 159 Westboro
Street, Upton, MA 01568 (US). KITCHELL, Judith,
P. ; 71 Woodland Road, Newton, MA 02166 (US).

(74) Agent: CLARK, Paul, T.: Fish & Richardson, One Fi-
nancial Center, Suite 2500, Boston, MA 02111-2658.

(US).

(81) Designated State: JP.

Published
With international search report.

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt|

of amendments.

(54) Title: THERAPEUTIC AGENT DELIVERY SYSTEM

(57) Abstract

A therapeutic agent delivery system that includes a biodegradable polymer and a therapeutic agent, the delivery sys-
tem being coated with a barrier substance that decreases the quantity of the agent released from the system, compared to
the quantity of the agent released from a system not coated with the substance, in the forty-eight hours subsequent to the

parenteral injection or implantation of the system into a living person or animal.




AT

AU
BB

‘BE

BG
BJ
BR
CF
CG
CH
M
DE
DK
FI

FOR THE PURPOSES OF INFORMATION ONLY

Codes used toidentify States party to thePCT on the front pages of pamphlets pubhshmgmtematmna] appli-
catlons under the PCT.

Austria
Australia

‘Barbados

Belgium

Bulgaria

Benin -

Brazil -

Central African Repubhc
Congo

Switzerland

Cameroon

Germany, Federal Repubhc of
Denmark

Finland "

France

Gabon

United Kingdom

Hungary

Italy

Japan

Democratic People’s Republic
of Korea

.Republic of Korea
Liechtenstein
- Sri Lanka

Luxembourg
Monaco
Madagasca;

ML Mali
MR Mauritania
MW Malawi

-NL

NO
RO
SD
SE
SN

SuU
™

TG
us

Netherlands

Norway

Romania

Sudan

Sweden

Senegal

Soviet Union

Chad

Togo

United States of America

¥



WO 89/00839

.10

15

20

25

30

PCT/US88/02546

~ Therapeutic Agent Delivery System
Background of the Invention
This invention relates to the release of
therapeutic agents from delivery systems.
~ .Biodegradable polymers containing a therapeutic
agent: are often used to administer the agent to a
patient. Generally the release results from the
dissolution of the polymer and from the diffusion of the

rragent through pores and'channels in the matrix.

- Summary of the Invention
: In éeneral,'the invention features, in one
aspect, a therapeutic agent delivery system that '
includes a biodegradable'polymer and a therapeutic
égent, the delivéry system being coated with a barrier
substance that decreases the quantity of the agent
released from the system, compared to the guantity of

‘the agent released from a system not coated with the

substance, in the forty-eight hours subsequent to the
parenteral injection or implantation of the matrix into
a living person or animal.

In preferred embodiments, the barrier subs=tance

is silicone oil that has a viscosity of between 102

| centipoise (cp) and 10* cp.

~ In another aspect, the invention features a
method of providing a coated therapeutic agent delivery
system that includes a biodegradable polymer and a
therapeutic agent, <he method including the steps of
coating the delivery system with a barrier substance,
and treating the deliveryrsystem TO0 remove some tut not
all'of,:hé barrier substance. ' '

In some preferred embodiments, the barrier

substance is a silicone cil, and the treating :inc:iudes
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wasnlng the dellvery system w1th a solvent tnat removes
some -of the barrler substance

, Dellvery systems consisting of a blodegradable
polymer -and a therapeutic agent are made in a variety of
ways, e.9., solvent casting, coacervation procedures, or

dispersion. When the former procedure is used, the

~agent is dispersed as small particles_throughout the
_system. The Smallrparticles are irregularly shaped
with small jagged edges; the edges may extend to the

surface of. the system, or may ‘cause cracks in the system

 that extend to the surface. When such a system 1s

inserted into a patient ‘a dose of agent larger <han the

_des1red dosage is released from the system through these
”surface contacts. o

Dellvery systems prepared by coacervatlon
con51st of an aggregate of agent surrounded by the

fpolymer. The large crystal may have jagged edges

eXtending to the- surface, or may cause cracks that
extend to the surface. Accordingly, the initial burst

f_of agent problem is also present in these systems.

Coatlng the surface of tr delivery system with

‘a barrier substance limits the release of agent from the

delivery system for the initial one or two day period .
following administ ration, thus decreasing the agent’'s
possible deleterlous side effects that can result from

Vlnltlal bursts of nlgh agent release. - In addition,
because the initial quantlty'of agent released is

1ted more ‘agent remains in the system al low1na for a,
longe: ef ectlve period- of use for the matrix.
' The dellve*y system ls easy to use aud

) lnexne 51ve T0 make. OEEOVE&, because of the coatl.;cr

the dellvery system has ‘superior Handllng properties in

" <hat it does not clump together when in powdered form. -

(2]



A

- WO 89/00839 ~ PCT/US88/02546

, 'Other'featutes and advantages of the invention
- will .be apparent from the followihg description of the
preferred embodiment, and from the claims.
- Description of the Preferred Embodiment
5 ~ We now describe the structure, method of
preparétich; and use of the preferred embodiment.

‘Structure
, ‘The delivery system employs a biodegradable
pblymer containing a thetapeutic agent. The system is

10 ‘coated with a barrier substance; the barrier substance,
when the system is introduced into a vertebrate
i(preferably a mammal such as a human or domestic animal
such as a dog or cow) decreases the initial burst of
therapeutic agent from the system.

15 . : A biodegradable polymerris a polymér which
'slowlyrdiss01Ves or degrades in a physiological
énVironment into low molecular weight molecules that are
‘then transported from the site. Types of biodegradable

, - polymers suitable for use in a delivery system include

20 polyanhydrides, partially crosslinked proteins,

' 7polylactic-acid,_polygiycolic acid, polyorthoesters,
rpolysaCCharides, polaxomers, hydroxypropylcellulose,
polyethyleneglycol, copolymers of lactide and glycolide,
and carboxymethylcellulose. Some representative

25 . examples of poly(iactide/giycolide) biodegradable

' polymers are described by Kitchell & Wise, 112 Methods
In Enzymology 436 (1985). 7

 The delivery sysytems of the inventiocn
preferably are injected or implanted parenterally into

30 an animai or a human patient: Where the system is to be

' '-injected,-it should be small enough in diameter to fit.
through'thé needle tip of the sYringe. The preferred
delivery systems for:injection have an average size of

ct

500 microns or less (more preferably 230 microns or
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1ess, most prefereably 100 or 200 microns); "od shaoed
systems of 1- 10 mm diameter, whlch generally are: ~ong
and slenoer,,may also be used

The. term therapeutlc agent as used hereln,
means any agent used to treat or prevent any disease or

,dlsorder of the body. Representatlve agents 1nc1ude
";hormones (and hormone fragments and analogues) e.g.,
testosterone, lutelnlzlng hormone -releasing hormone

(LHRH) ;" diuretics, e.g., chlorothiazide;

anti-inflammatories; pain killers, e.g., morphine;

antibiotics, e.g., tetracycline; antipsychotic“drugs;r
anticancer'drugs, e‘g},!methotrekate, actinomycin D,
vinblastine, and cytosine arabinoside; vaccines; and -
antlarthrltlc drugs, e.q. ibuprofen and flurbiprofen.

' One of the roles of the barrier substance is to

limitftherlnltlal burst—of,therapeutlc agent from the

- delivery system. ?The substance should not affect the
- long term sustained release of the agent, and therefore |
should be a substance that dissolves or wears off the

surface of the system within a short period of time
after injection; preferably, the barrier substance-
3hould'dlssipate within 5 days after injection, more

d;orererably within 2 days after injection. The subst ance-
ifshould be non—tox1c, non—lrrltatlng, non—sens*tlzlng, o
~ and hydrophoblc Preferab Y the substance is on the '

= GRAS list or is USP approved

Examples of suitable barrier substances 1nclude

zpara‘flns, beeswax, and, preferably, sil 1cone OllS

a
[

5o
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 Silicone oils are organo-siloxane polymers
based on a structure consisting of alterating silicon
and oxygen atoms w1th organic grouos (R) attached to the

511¢con atoms , —
R R R

[, A
—?10—?1—0?1-
R R R

Typical silicone 0oils include those in which R is a
lower alkyl group hav1ng six or less carbons, e. g., a
methyl group Silicone oils have a viscosity of between
1 ¢p and 108 cp. The more preferred 5111cone oils have

a viscosity of betwee ‘¢cp and 104 cp:; most

preferably the silicone oils have a viscosity of between

500 cp and 2000 cp; Representative examples of silicone

"o0ils include Union Carbide dimethylpolysilicone #L-45
(visodSity 1000 cp), Dow Corning medical grade silicone

oil #360, Aldrich silicone oil (catalogue no. 17,563-3),
and Aldrlcn silicone 011 (catalogue no. 14,615-3).

‘The delivery system can comprlse up to 70%
agent by weight. If a system comprises greater than 70%
agent. by weight, the mechanical properties of the system

' may be adversely affected.
- Method of Preparation

-The uncoatec delivery system can be prepared by
standard solvent casolng techniques. In general, the

Vpolymer is dissolved in an organic solvent and the
’therapeutlc agent added. The soiution or suspenslon is
" then poured into a suitable mold and the solvent

evapcrateld sO-yield a polymer-agent combination.
Alternatively,jthe agent can be dispersed with the
polymer without soivent.

The delivery systems can also be prepared by

- coacervation procedures, such as those described by
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sapka et aln 'U.S. Pat. No. 4,622,244, which is'hereby'
1ncoroorated by reference. o '

. The uncoated dellvery'system of choice
(qenerally in the form of a powder) is placed in a flask

: andrcovered.w1th a 5111cone 0il such as Union Carbide
dimethylpolysilicone #L-45. The thickness of the

coatlng can be adjusted by rinsing with hexane or other
organic solvent capable of dlssolv1ng silicone 011 ‘The

7th1cker the coat;ngr the more limited the initial burst
- of. release of agent from the system. The powder is

dried under a stream of nitrogen gas, and then- unde*

,vacuum for 24 hours. ,
: Alternate methods of coatlng 1nc1ude spraylng a

thin coat of silicone 011 onto the powder, and mixing

the powder in a solvent in which the barrler substance

has been dissolved and then evaporating off the solvent.
: Where the dellvery system is a powder made up

of partlc;es having an average size 100-200 microns,

following coating each’ partlcle,should be 0.05%-10%

r(mOre'preferahly 0.1%-2%) silicone oil by weight. The

amount of silicone oil present can be calculated by
first. conducting an elemental:analysis'of the powder to
determlne the amount of 5111con present; Know1nd the
percentage of silicon: in the oil, the amount of oil can

1tnenrbe-determ1ned,,

Use ,
The dellve Y systems containing the srandard

-dosage of the ‘selected therapeutrc agent and coated with
’a,bar;ierisubstance are injected, implanted or
~ otherwise inserted oarenterally into & Dat1ent ~ The

barrler suostance lelta the initlal burst of the agent
from- the DOrymer,,over a short perlod of time, the
barrier 'substance wears off of the surface of the

K

Ly 2
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- system, allowing the system to release the desired
" dosage.over a sustained period of time.
A comparison of the initial quantity of agent
~ released from the coated delivéry system and an uncoated
5  delivery system can be made by (1) injecting or
implanting equal amounts (uncoated weight) of the
systéms into different animals; and (2) either
determining the levels of agent in the animal's blood
after 48 hours, or measuring the biological effect that
10  the agent induces (e.g., for delivery systems that
'release,LHRH, the level of testosterone in serum is
'meéSured, that level being directly correlated to the
amount of LHRH released). It 1s understood that,
, ‘although ‘it is most preferred that the initial release
15 ‘be limited to the desired dosage of the agent, the
advantages of the invention, such as reducing side
effects of large dosages'of the agent, are achieved if
the initial release is reduced by as little as ten
'percént (more preferably twenty percent).
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_ - Claims _

l.rrA;therapeutic agent delivery'systemf'
comprising a:biodegradablerpolymer'and'a therapeutic
agent, ‘said dellvery system belng coated with a barrler -

substance that decreases the quantlty of said agent
>released from said system, compared w1th the quantity of

sa1d agent released from a said system not coated with
sald substance, in the forty—elght hours subsequent to

:'the parenteral 1n3ectlon or 1mclantatlon of said system"
'rlnto a living person or animal.

2. The therapeutlc agent dellvery system of

’clalm 1 ‘wherein said barrler substance is a 5111cone 011

- 3. . The therapeutlc agent release system of

=c1a1m 2 wherein said silicone oil has a viscosity of

between lo2 centipoise and 104 centipoise.
4. The therapeutlc agent release system of
claim 3 whereln said silicone oil has a viscosity of

1between 500 cent1p01se and 2000 cent1p01se

5. A method of admlnlsterlng a- tberapentlc

'agent to a vertebrate ‘comprising the steps of -

prov1d1ng a therapeutic agent dellvery system

',ftcombrlslng a blodegradable polymer and a therapeutlc

agent,
' ,coatlng sald dellvery system w:th a. barrler

) substance, and

' 1nject1ng or 1molant1ng the coated de 1very o

- system into said vertebrate, said barrier substance
‘limiting the initial release of said agent from said -

system in comparlson with the initial release obtalnec
when a sard system is not coated with said substance.
6. The method of cralm 5 where*n said barrier

- substance is a. 5111cone 011

.

¥
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7. The method of claim 6 wherein said silicone
2

o0il has a viscosity of between 10° centipoise and

104 centipoise.

7 8. -The method of claim 7 wherein said silicone
0il has a viscosity of between 500 centipoise and 2000

centipoise.

9. The method of claim 6 wherein said

vertebrate is a human.

10.- A method of providing a coated therapeutic

agent delivery system comprising

coating a therapeutic agent delivery system
comprising a biodegradable polymer and a therapeutic
agent with a barrier substance that decreases the

quantity of said agent released from said system,

compared with the quantity of said agent released from a
said system not coated with said substance, in the
forty-eight hours subsequént to the parental injection
or implantation of said system into a living person or
animal; and '
- treating said delivery system to remove some
but not all of said barrier substance.

11. The method of claim 10 wherein said
barrier substance is a silicone oil.

12. The method of claim 10 wherein said
treatinq comprises washing said delivery system with a

solvent.
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