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Description

Techpical Field

The present invention refates generally 1o compositions and methods for treating cancer and olher angiogenic-
dependeant disezses, and more specifically, to compositions comprising anfi-angiogenic factors and polymeric carriers,
steris which have heer coated with such compositions, as well as methods for utilizing these stents and compositions.

Backgroun e Invention

Cancer is the second leading cause of death in ihe United Stales, and acoounts for over one fitth of the total mor-
tality. Briefly, cancer is characterized by the uncontrolled division of a population of cells which, most typically, leads fo
the formation of one or more tumars. Although cancer is generally more readily diagnosed than in the past, many forms,
gven if detecled early, are still incurable.

A variety of methods are presently utilized 1o treat cancer, including for example various surgical procedures. H
freated with surgery alone, however, many pafients (particularly 1hose with certain types of cancer, such as breast,
brain, colon and hepalic cancer) will experience recurrence of the cancer. Ih addition to surgery, many cancers are also
treated with & combination of therapies involving cylotoxic chemotherapeutic drugs {(e.g., vincristine, vinblastine, cispl-
atin, methotrexate, 5-FL, etc.) and/or radiation therapy. One difficuity with this approach, however, is thet radiotherapeu-
tic and chemotharapeutic agenls are toxic to normal tissues, and often creats lifethreatening side effects. In addition,
these approaches often have extremely high failurefremission rates.

In addition o surgical, chemo and radiafion therapies, others have attempled to ulilize an individual's own immune
system in order to eliminale cancerous cells. For example, some have suggested the use of bacterial or viral compo-
nentls as adjuvants in order to stimulate the immune systemto destroy tumor cells. (See generally "Principles of Cancer
Biotherapy," Cldham (ed.}, Raven Press, New York, 1987.) Such agents have generally been useful as adjuvants and
as nonspecific stimulans in animal tumor models, but have not as of yet proved to be generally etfectiva in humans.

Lympholkines have also been utilized in the treatment of cancer. Brielly, lymphokines are sacreted by a variety of
cells, and generally have an effect on specilic cells in the generation of an immune response. Examples of lymphokines
include Interleukins {IL)-1, -2, -8, and -4, as well as colony stimulating factors such as G-CSFE GM-CSF, and M-CSF.
Recently, one group has utiized (L-2 10 stimulate peripheral ood cells in order to expand and produce large quantifies
of cells which are cytotoxic to tumor cells (Rosenberg et al., N. Engl. J. Med. 373:1485-1492, 1985).

Others have suggested the use of antibodies In the treatment of cancer. Brietly, antibodies may be developed which
recognize certain cefl surface antigens that are either unique, or more prevalent on cancer cells compared to normal
cells. These antibodies, or "magic bullets," may be utilized either alone or conjugated with a toxin in orderto specifically
target and kill iumor cells (Dillman, "Antibody Therapy," Principles of Cancer Biotherapy, Olgham (ecl.), Raven Press,
Uidl., New York, 1987). However, one difficuily is that most monoclonal antibodies are of murine orlgin, and thus hyper-
sensitivity against the murine antibody may limit its efficacy, partieularly after repealed therapies. Common side effects
include fever, sweats and chills, skin rashes, arthritis, and nerve palsies. '

One addifional difflculty of present methods is that local recurrence and local disease control remains a major ¢hal-

lenge in the treatment of maligrancy. In particular, a fotal of 630,000 patfents annually (in the U.S.) have localized dis- .

ease (no evidenge of dislant metastatic spread) at the fime of presentslon; this represents 64% of all those patients
diagnosed with malignancy (ihis does not Include nonmelanoma skin ¢ancer or carcinoma in sii). For the vast majority
of these paflents, surgical resection of the disease represents the greatest change for & cure and indeed 428,000 witl

be cured after the inilial treatment - 428,600, Unforunately, 202,000 (or 32% of all patients with localized disease) will -

relapse after the initial reatment. Of those who relapse, the number who will relapse due o local recurence of the dis-
ease amounts to 133,000 palients annually (or 21% of el thoge with localized disease). The number who wil relapse
due to distant metastases of the disease is 68,000 patients annually (1 1% of &l these wilh localized disease). Another
102,139 patients annually witl die as a direct result of an inability 1o control the local growth of the diseass.

Nowhere s this problem more evident than in breast cancer, which affects 188,000 women annually in the U.S. and
whose mortality rate has remained unchanged for 80 years. Surgical resecfion of the disease through radical mastec-
torny, modified radical mastectomy, or lumpectomy remains the mainstay of freatment for this condition. Unfortunately,

. 39% of those treated with lumpectomy along will develop a focal recurrence of the disease, and surprisingly, sowill 25%
of those in which the resection margin is found to be clear of {umor histologically. As many as 90% of these local recur-
rences will ocour within 2 cm of the previous axcision site,

Similarly, in 1991, aver 113,000 deaths and 238,600 new cases of liver metastasis were reparted in North America
alone. The mean survival fime for patients with liver metastases is only 6.6 months once liver lesions have developed.
Non-surgical treatment for hepafic metastases include systemic chemolherapy, radiation, chemoembolization, hepafic
arteria! chemotherapy, and intraarterial radiation. However, despite evidence that such treatments can transiently
tecrease the size of the hepatic lesions (e.g., systemic chemotherapy and hepatic arerial chemotherapy initiatly
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reduces leslons in 15-20%, and 80% of palients, respectively), 1he lesions invariably recccur. Surgical resection of liver
melastases represents the only possiblitty for a cure, but such a procedurs is possitla n only 5% of patients with melas-
lases, and in only 15-20% of patients with primary hepatic cancer.

Cna method that has been attempted for the treatment of tumars with limited success is therapetitic embolization.
Brietly, blood vessels which nourish a tumor are delbarately blocked by injection of an embolic material inlo the vassels.
Avariety of materials have been attempted in this regard, including autolonous substances such as fai, blood clot, and
chopped muscle fragments, as well as arfificial materials such as wool, cotion, steef balis, plastic or glass beads, tan-
talum powder, silicone compounds, radioactive particles, sterile absorbable gelatin sponge (Sterispon, Qelfoam), oxi-
dized cellulose (Oxycel), steel coils, alcohol, yophillzed human dura mater {Lyodura), microfbrillar collagen {Avitene),

10 coflagen fibrits {Tacholop), polyvinyl alcohol gponge (PVA: Ivalon), Barium-impregnated silicon spheres (Biss) and
A detachable balloons. The size of fiver metasiases may bs temporarily decreased ulilizing stch methods, but tumars typ-
! ically respond by causing tha arowth of new blood vessels into the tumor.

A related problem {a tumor formation Is the development of cangerous blockages which inhibit the flow of material
through body passageways, such as the bila dusts, traches, esophagus, vasculature and urethra. One device, the stent,
has been developed in ordar to hold open passageways which have been blotied by tumors ar olher substances. fep-
resentative exemples of common stents include the Walistent, Strecker stent, Girnlurco stent and the Palmaz stent.

The majar problem with stents, however, is that they do nat prevent the ingrowth of tumor or inffammalory materia!
thiough the interstices of the stent, If this material reaches the inside of a stent and compromises the stent lumen, it

may result in blockage of the body passageway into which it has been inserted. In addiion, presence of a stent in the
body.may induce reactive or inflammatary tissue {e.g. blood vessels, fibroplrsts, white blood cells)do enter the stent - -
lumen, resulling in partial or complete closure of {ha stent.

EP-A-0 470 569 discloses an intravascular embodying agenl comprising an anti-angiogenic factor in a polymeric
caiter. WO-A-2111193 discloses an implant comprising an ant-angiogenic agent for controfied delivery of the agent,
WO0-A-9212717 discloses & medicament compriging & tetracyeline ai an a?;t:angkagb‘:jﬁc agent wFlch may ba used with
# & chematherapaulic agent such as taxol\Jo-A- AWt 7 79 relokes & ¢ womene! s-oduks

The prar:gnlw;%vidas compositions‘:\nd melhotinds smable for |reau;'lng cancer;,;nd oﬁn?ﬁngio&bnm -F w&u.as'es ’ M

dependent diseases which address the problems associated with the progedures discussed above, and further pro-

vides other refated advantages.

30 Summary of the Invent]

ssclorwt
Briefly stated, the presenm r%!ales to anti-angioganic composilions, as well as methods and devices which
utilize such compositions for the treatment of cancer and olher angiogenesis-dependent diseases, Coimpositions are

disclosed (hereingtter referred to as "anﬁ-angioqgﬁ mlrigo%rgons"} comprising (g) an anti-angiogenic factor and {t) a
§ fmeyg% il

(3

| 35 polymeric carr‘i’?kk-\ﬁdmnea-ef-tﬁoleculas within the scope of the prasent invertiion as anti-ang-
iogenic factorspintludingfor-example-Anii-lva Role-acids-and-theirdeduriives, taxal, taxol anglogues

and faxol derivatives,sn¢

PHE~8 Snpeteiiate—y .“‘:g-- AEREE R e e O :.--‘.3:' Activaler-Inhibito _Si[‘m‘laﬂy,a
wide variety of polymeric carriers may be utllized, representative examples of which include poly(etiylene-vinyl gealate)
% crosslinked with 40% viny! acetate, poly (lactic-co-glyeciic acid), polycaprolastone polylactic acid, capolymers of
poly{ethylene-vinyl acetats) crosslinked vath 40% vinyl acetate and polyladtic acld, and copolymers of polylactic acld

and polycaprolactone. Within one ermbodiment the composition has an average size of 1510 200 pm.
There are disclosed methods for embolizing a blood vessel, comprising the step of defivering info the vesseta ther-
! apeutically effecfive amount of an anti-angiogenic composition {as described above), such that the blood vessel is
4  effectively occluded. Within one embodiment, the anli-angiogenic composition is delivered o & blood vessel which

nourishes a tumor.

ase-beoing-oonted with-enc-or-mere-anti-anglogenio ‘W:thinotheraspectsoﬂheprasenﬂnvanlion.such

slents are provided for use in a mathod of expanding ihe lumen of a body passageway, comprising inserling a stent into

s the passageway, the stent having a generslly tubular structure, the surfaca of the structure belng coaled with an anfi-

' angiogenic composition s described above, such that the passageway is expanded. Within various embaglimants of

the invention, such methods inciude efiminating biliary obstructions, comprising insering & biliary stent into a biliary

passageway: eliminating urethral obstructions, comprising inserting a urethval stert info a urethra; eliminating esopha-

. geal obstruclions, comprising inserting an esophageal stent into-an esophagus and eliminating trachealforonchial

‘o5 obstrugtions, comprising inserting a frachealfronchial stent into the trachea or bronchi, in each of these embodiments,

the stent has a generally tubular siructure, the surface of which is coated with an anti-angiogenic composition as
deseribed abova.

Methods are discloged for treating tumor excision sites, comprising administering an anti-angiogenic composition

| - ag described above to the resection marging of a tumor subsequent to excision, such that the Yocal recurrence of cancer

““"”l““’d to bhe crm!: inenbion bhere @ pm\f'uiwl. ot Bt Y occordonca with chint
Lo {- 83
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and the formation of new blood vessels at the site is inhibited. Methods tor treating corneal neovascularization are dis- i
closed, comprising the step of administering a therapeutically effeclive amount of an anti-angiogenic composition as
described above 1o the comneg, such that the formalion of blood vessels is inhibited. Wilhin one embodiment, the anti-
angtogenic composition lurther comprises & fopical corficosteroid. i
Within another aspect of the present , @ composition provided for the manufacture of a medicament for s
treating arthritis, the composition comprising an anti-angiogenic agent./A method of angiogenesis inhibition is dis- '
L i closed, comprising administering a therapeutically effective amount of a composition comprising taxol to a patient with ] [
B ‘ a nondumorigenic angiogenesis-dependeni diseass, such that the formation of new blood vessels is inhibited./Wilhin I

o\

other aspecls, methods are disclosed for embolizing blood vessels in non-tumorigenia, angiogenasis-dependent dis- i
eases, comprising delivering 1o the vesse! a therapeutically effeciive amount of a composition comprising taxol, such ;!
— thathe blood vessel is effactively occluded. '
[ Methods are disclosed for expanding the lumen of a body passageway, comprising inserting a slent into the pas-
sageway, the stent having a generally fubular structure, the surface of the structure being coated with a composition i
/i comprising taxoel, such that the passageway is expanded./Methods are provided for eliminating biliary obstructions, i
| | 15 comprising inserting a billary stent into a biliary passagseway; for eliminating urethral obstructions, comprising inserting
It a urethral stent into a urethra; for eliminating esophageal obstructions, comprising inserfing an esophageal stent infe =
an esophagus; and for eliminating trachealfronchial obstructions, comprising inserting a tracheal/bronchial stent into i
d{ the trachea or bronchi. Within each of thess embodiments the stent has a generally tubular structure, ihe surface of the
1 structura being coated with 8 composition comprising axol.
i 2o Methods are provided for treating a tumor excision site, comprising administering a composition comprising taxol P
11 to the resection margin of a tumor subsequent 1o excision such that the local recurrance of cancer and the formation of } ;
new blood vassels at the site is inhibited. Methods are provided for treating corneal neovascularization, comprising U
administering a therapeutically effective amount of a composition comprising faxol to the cornea, such that the forma- i
tion of new vessels is inhibited. !
. 25 Pharmaceutical products are provided, comprising (g) taxol, in a container, and (b} a notice associated with the ‘
| confainer in form prescribed by a governmental agency regulating the manufaclure, use, or sale of pharmaceuticals,
which notics is refiective of approval by the agency of the taxal, for human or veterinary adminisiration to treat non-tum- .
1 origenic angiogenesis-dependent diseases. Briefly, Federal Law reguires that the use of a pharmaceutical agent in the *'
|- therapy of humans be approved by an agency of the Federal gavernment. Responsibility for enforcement (in the United g
("1 30 States)is with the Food and Drug Administration, which lssues appropriate regulations for securing such appraval,
| |i detaited in 21 U.5.C. §§ 301-392. Regulation for biolegical materials comprising products made from the tissues of ani-
gl mals, is also provided under 42 U.S.C. § 262. Similar approval is required by most countries,although, regulations may
‘ vary from country {o country,
!

The present IA&W& provides the use of taxol for {he manufaciure of a medicament for angiogenesis. i !

a5 These and other aspects of the present invention will become evident upon reference 1o the following detailed i :
description and attached drawings. In addition, various references are set forth below which describe in more detail cer- .

1ain procedures or compositions, and are incorporated by reference in their entirely. [

Brief Dascription of the Prawings

| Figure 1A js & photograph which shows & shell-less egy culture on day 6. Figure 1B is a digilized computer-dis- ]
| played image teken with & stereomicroscope of living, unstained capiliaries (1040x). Figure 1C is & corrosion casting ‘
I | which shows CAM microvasculature that are fed by larger, underlying vessels {arrows; 1300x). Figure 1D depicts a 6.5
| mm thick plastic seclion cul transversely through the CAM, and recorcied at the light microscope level. This photograph
{

40

ORI

" 45 shows the composition of the CAM, including an outer double-layered ecloderm (Ec), a mesoderm (M) containing cap- ‘ :
illaries (arrows) and scattered adventia cells, and a single layered endoderm (En) (400x). Figure 1E is a photograph at o
the elegtron microscope level (3500x) wherein typical capillary stucture is presented showing thin-walied endothelial “H
cells (arrowheads) and an associated pericyte.
Figures 2A, 2B, 2C and 2D are a series of diglttzed images of four diffsrent, unstained CAMs taken afier a 48 hour J
&0  exposure {o taxol.
Figures 3A, 3B and 3G are a series of photographs of 0.5 mm thick plasti sections fransversely cut through a taxol- '
- treated CAM at three different focalions within the avascular zone. l
1 Figures 4A, 4B and 4C are serles of elestron micrographs which were taken from logations simitar to that of Figures
1 3A, 3B and 3C (respectively} above.
56 Figure 5 is a bar graph which depicts the size distribution of microspheres by number (5% ELVAX with 10 mg l .
sodlium suramin infe 5% PVA). .
Figure 6 is a bar graph which depicts the size distribution of microspheras by weight (6% ELVAX with 10 mg sodium ’
suramin imo 5% PVA).
Figure 7 is a fine graph which depicts the weight of encapsulation of Sodium Suramin in 1 mi of 5% ELVAX.

]
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Figure 8 is a line graph which depicts the percent of encapsulation of Sodium Suramin in ELVAX,

Figure 9 is a bar graph which depicis the size distribution of 5% ELVAX microspheres conlgining 10 mg sodium
suramin made in 5% PVA containing 10% NaCl.

Figure 10 Is a bar graph which depicts the size distribution by weight of 5% PLL microspheres containing 10 mg
sodiurn suramin made in 5% PVA containing 16% NaGl.

Figure 11 is a bar graph which depicis the size distribulion by number of 5% PLL microspheres containing 10 mg
sodium suramin made in 5% PVA containing 10% NaGl.

Figure 12 is a line graph which depicts the time course of sodium suramin release.

Figure 13 Is an illustration of & representative embodiment of hepatic tumor embolization.

Figure 14 is an illustration of the insertion of & representative stent coated with an anti-angiogenic composition of
the present invention.

Figure 15A is a graph which shows the effect of the EVAIPLA polymer blend rafio upon aggregation of micro-
spheres. Figure 158 is a seanning electron micrograph which shows the siza of "small” microspheres. Figure 15C is a
scanning electron micrograph which shows fhe size of "large” microspheres. Figure 150 is a graph which depicts the
time course of i vitro taxol release krom 0.6% wiv taxol-loaded 50:50 EVA:PLA polymer blend microspheres info phos-
Pphate butfered saline (pH 7.4) 2t 37°C. Gpen circles are "small” sized microspheres, and closed circles are "large” sized
microspheres. Figure 15E is a pholograph of a CAM which shiows the results of taxol releass by microspheres {"Ms",
Figure 15F is a pholograph simitar to that of 18E at increased magnification.

Flyure 18 is a graph which shows release rate profiles from polycaprolactone microspheres containing 1%, 2%, 5%
or 10% taxol into phosphate buffered saline at 37°G, Figure 16B is a photograph which shows a CAM treated with con-
trol microspheres. Figure 16C Is a photograph which shows a CAM treated with 5% taxol loaded microspheres.

Figures 17A and 178, respeclively, are two graphs which show the release of iaxol from EVA films, and the percent
taxol remaining in those same films over time. Figure 17C is a graph which shows the swelling of EVAF127 tilms with
no laxol over time. Figure 17D is a graph which shows the swelling of EVA/Span B0 films with no taxol over time. Figure
17E is a graph which depicts a siress vs. sirain curve for varicus EVA/FE127 blends.

Figures 18A and 18B are two graphs which show the melting point of PCL/MePEG polymer blends as a function of
% MePEQG in the formulation (18A), and the percent increase in time needed for PCL paste at 80°C o begin 1o solidify
as a function of the amount of MePEG in the formulation (18B). Figure 18C is a graph which depicts the britleness of
varying PCLMePEG polymer blends. Figure 18D Is a graph which shows the percent weight change over time for pol-
ymer blends of various MePEG concentrations. Figure 18E is a graph which depicts the rate of taxal release gver ime
from various polymer blends loaded with 1% taxol. Figures 18F and 18Gi are graphs which depict the effect of varying
quantities of taxol an the total amaunt of taxol released from a 20%MePEG/PCL blend. Figure 18H is a graph whigh
depicts the effect of MePEG on the tensile strength of 8 MePEGYPCL polymer.

Figure 19A is a photograph which shows control (unloaded) thermopaste ona CAM. Figure 198 is a photograph of
20% taxol-loaded thermopaste on a GAM.

Figures 20A and 20B are iwo pholographs of 8 CAM having a tumor treated with control (unloaded) thermopaste.
Figures 20C and 200 are fwa photographs of & GAM having a turjor rreated with taxol-loaded {hermopaste.

Figure 21A is & graph which shows the effect of taxol/PCL on tumor growih. Figures 21B and 21C are two photo-
graphs which show the effect of contral, 10%, and 20% taxok-loaded thermopaste on tumor growth.

Figure 22A is & photograph of synovium from a PBS injected joint. Figure 228 is a photograph of syncvium from a
microsphare injected joint. Figure 22C is & photograph of cartitage from joints injected with PBS, and Figure 22D is a
pholograph of carfilage from joints injected with microspheres.

Dalgil i the Invention

As noted above, the present invention providas-matheds-ard-compositions-which utﬂlzeinﬁ-angiogenic faclors.

.

fo determine the anti-angiogenic aclivily of & given factor, Jieheing sy, chick chtzrioallantoic membrane
{"CAM™) assayf. Briefly, as described in more delail below in Examples 2A and 2C, a portion of the shell froma freshly
ferlilized chicken egg is removed, and a methyl cellulose disk containing a sample of the anti-angiogenic factor to be
tested is placed on the membrane. Afler several days {e.g., 4B hours), inhibition of vascular growth by the sample to be
tested may be readily determined by visualization of the ghick chorioallantoic membrane in the region surrounding the
methyl cellulose disk. Inhibition of vascutar growth may &lso-be determined quantitatively, for example, by detarmining
the number and size of blood vessels surrounding the methyi cellulose disk, as compared 1o & control methyl celiufose
disk. Particularly preferred anti-angiogenic tactors suitable for use within the present invention completelyinhibit the for-
mation of new blocd vessels in the aseE)éiescg%#ab'&ve.

A variety of assays% albS{5e Uilivedfords eminothe efficacy of anti-angiogenic factors in vivo, induding for
example, mouse models which have been developed for this purposs {see Robersion et al., Cancer, Aes, 51:1339-
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1344, 1981). In addition, a variety of representative in vivo assays relating to various aspects of the inventions

described herein have been des;rjbgg in more defail below in Examples 5to 7, and 17 to 18,
As noted above, the present f':"rov'rdes compositions comprising an anti-angiogenic facter and a polymeric

carrier. Briefly, a wide variety of ari-angiogenic factors may be readily utilized within the context of the present inveR-guisclospa i

#err. Representative examples inciude Anti-lnvasive Facior, retineic acid and derivatives thereof, jaxql, and members of
the group consisting of Suramin, Tissue Inhibitor of Metalioproteinase-1, Tissue inhibitor 0T Metalloproteinase-2, Plas-
wminogen Activalor inhibitor-1 and Plasminogen Activator inhibitor-2. Thase and other anli-angiogenic factors will be dis-
cussed in more detall below.

Briefly, Anli-Invasive Factor, or "Al= which is prepared from exiracls of cartilage, is known to conlain constiluents
which are responsible for inhibiling the growth of new blood vessels. These constiluents comprise a family of 7 low
molecular weight proteins {<50,000 daltons) (Kuetiner and Pauli, “Inhibition of neovascularization by a carlilage factor”
in Development of the Viascular System, Pitman Books (Ciba Foundation Symposium 100}, pp. 163-173, 1983), includ-
ing a variety of proteins which have inhibitory effects against a variety of proteases (Fisentein et al, Am, J[ Pathol.
81:337-346, $975; Langer et al., Science 193:70-72, 1976; and Horton et al., Science 199:1342-1345, 1978). AIF suit-
ahte for use within tha present invention may be readily prepared utilizing techniques known in the art (e.g., Eisentein
ot al, supra; Kuettner and Pauli, supra; and Langer et al., supra). Purified constifuents of AIF sugh as Carlilage-Derived
Inhibiter ("CDI'} (see Moses et al., Science 248:1408-1410, 1990) may also be readily prepared and uflized within the
context of the present invention.

Relinole acids atier the matabolism of extracellular mafrix components, resulting In the inhibition of angiogenesis.
Addition of profine analogs, angicstatic steroids, or heparin may be utilized in order to synergistically increase the anti-
angiogenic effect of ransretinoic acid. Refinoic acid, as well as derivatives therec! which may also be utilized in the con-
text of the present nvention, may be readily obtained from commercial sources, including for example, Sigma Chemicat
Co. (# R2a25).

Taxol is & highly dlerivatized diterpenoid (Wani et &l., J Am. Chem. Soc. 93:2325, 1971) which has bean cbtained
from the harvested and dried bark of Taxus brevifolia (Pacific Yew.) and Taxornyces Angreanae and Endophylic Fungus
of the Pacific Yew. (Stierle et al, Science 60:214-216, 1993). Generally, taxcl acts to stabilize microtubular structures
by binding tubulin o form abnormal mitotic spindles. "Taxal" (which should be understood herein to includa analogues
and derivatives of taxol such as, for example, baccatin and taxctere) may be readily prepared utilizing techniques
known to those skilled in the art (see also WO 94/07882, WO 94/07881, WO 94/07880, WO 94/07876, WO 92/23555,
WO 88/10078, U.S. Patent Nos. 5,204,637, 5,283,253, 5,279,949, 5,274,137, 5,202,448, 5,200,534, 5,229,526, and EP
590267} or cbtained from a variety of commarcial sources, including for example, Sfgma Chemical Co., St. Louls, Mis-
souri (17402 - from Taxus brevifolia).

Suramin is & polysutfonated naphthylurea compound that is typically used as a frypanodidal agent. Briefly, Suramin
blocks the specific cell surface binding of various growth factors such as platelet derived growth factor ("PDGF"), epi-
dermai growth factor ("EGF"), transforming growth faclor (“TGF-g"), insulin-like growth factor (IGF-17) and fibrablast
growth factor {"BFGF). Suramin may be prepared in accordance with known technicues, or readily obtained from a
variety of commercial sources, including for example Mobay Chemical Co., New York. (see Giagliardi et al., Cancer Res.
52:5073-5078, 1992; and Coffey, Jt., etal,, J. of Cell Phys. 132:143-148, 1987).

Tigsue Inhibitor of Metalioproteinases-1 ("TIMP"} is secreted by endothelial cells which also secrete MTPases.
TIMP is glycosylated and has a molecular weight of 28.5 kDa. TIMP-1 regulates angiogenesis by binding 1o aclivated
metalloproteinases, thereby suppressing the invasion of blood vessels into the extraceliular malyix. Tisgus inhibltor of
Metalioproteinases2 (“TIMP-2") may also be utilized to inhibit angiogenesis. Briefly, TIMP-2 is & 21 kDa nonglyco-
sylated protein which binds to metalloproteinases in both the active and latent, proenzyme forms, Both TIMP-1 and
TIMP-2 may be oblained from commercial sources such as Synergen, Boulder, Colorado.

Plasminogen Activator Inhibitor - 1 (PA} is a 50 kDa glycuprotein which is preserit in blood platelets, and can also
be synihesized by endethelial cells and muscle ¢ells. PAI-1 inhibits t-PA and urokinase plasminogen activator at the
basolateral site of the endothelium, and additionally regulates the fibrinolysis process. Plasminogen Activator Inhibitor-
2 (PAI2) is generally found only in the blood under certain circumstances such as in pregnancy, and in the presence of
tumors. Briefly, PAl-2 is a 58 kDa protein which is secreted by monacytes and macrophages. It is believed fo regulate
$ibrinolytic aclivity, and in particutar inhibits urckinase plasminogen activator and tissue plasminogen activator, thereby

preventing fbrinclysis. sl

A wide variety of other anti-angiogenic fastors may &lso be ulilized within the context of the presenfmrﬁep-
resentative examples include Platelet Factor 4 (Sigma Chemical Co., #F13885); Protanting Sulphate {Clupeine) (Sigma
Chemical Co., #P4505); Sulphated Chitin Derivatives (prepared from queen crab shalls), {Sigma Chemical Co.,
#03641; Murata et al., Cancer Ags. 51:22-26, 1991); Sulphated Polysaceharide Peptidoglyean Complex (SP-PG) fthe
function of this compound may be enhanced by the presence of stercids such as estrogen and tamaoxifen citrate); Stau-
rasporine (Sigma Chemical Co., #54400); Modulators of Matrix Metabalism, including for example, profine analogs {[(L-
azetidine-2-carboxylic acid (LACA) (Signma Chemical Go., #A0760)), cishydroxyproling, d,L-3,4-dehydroproline (Sigma
Chemical Co., #D0265), Thiaproline (Sigma Chemical Co., #T0681)], a.a-dipyridyl (Sigma Chemical. Co., #D7505), p-
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aminapropionitrile fumarate (Sigma Chemical Co., #A3134)]}; MDL. 27032 {4-propyl-5-(4-pyridinyl)-2{3H)-oxazalone;
Merion Merret Dow Research Institute); Methotrexate (Sigma Chemical Co., #A6770; Hirata et at., Anthvitis and Rheu-
matism 32:1065-1073, 1989); Mitoxantrone (Polverini and Novak, Blochem. Bioptys. Res. Comm. 140:901-907);
Heparin (Folirnan, Bie. Phar. 34:905-909, 1985; Sigma Chemical Co., #P8754); Interferons (e.g., Sigma Chemical Co.,
#13265); 2 Macraglobulin-serum (Sigma Chemical Co., #M7151); ChiMP-3 (Pavioff et al., J. Blo. Chem. 267-17321-
17326, 1992); Chymoslatin (Sigma Chemical Co,, #C7268; Torkinsoh et al., Biochem J, 286.475-480, 1992); p-Cyclo-
dextrin Tetradecasulfate (Sigma Chemical Co., #C4767); Eponemycin; Esframystine {available from Sigma; Wang and
Stearns Cancer Figs. 48:6262-6271. 1988); Fumagillin (Sigma Chemical Co., #F6771; Canadian Patert No. 2,024,306;
Ingher et al., Najure 348:555-557, 1990); Gold Sodium Thlomalate {"GST": Sigma :G4022; Matsubara and Ziff, J Clin,
Invest. 79:1440-1448, 1987); (D-Penicillamine ("CDPT"; Sigma Chemical Co., #P4875 ar PBO00(HCIY); p-1-anficolta-
genase-serum; o2-anfiplasmin (Sigma Chem. Co.:AG914; Holmes et al.,, £ Biol. Chem. 262(4):1659-1664, 1987);
Bisantrene (National Cancer institute); Lobenzarit disodium (N{2)-carboxyphenyl-4-chloroanthronilic acid disodium or
"CCA"; Takeuchi et al., Agenis Actions 36:312-316, 1992); Thalidomide, Angiostatic sterold, AGM-1470, carboxyami-
nolmidazole, metalloproteinase inhibitors such as BB94 and the peptide CD‘FW@STI-II%HQ (SEQUENCE ID NC. 1
{lwakd Glass, Tokyfa, dJdapan}. o Sﬁf Wwseon, . - _ _ _ .

Anti-anglogenic compasitions eXthe present invention may additionally comprise a wide variety of compounds in
addition to the anti-angiogenic factor and polymeric canrier, For exampls, anti-angiogenic compositions 9 preseén
invention may also, within cerlain embodiments of the invention, also comprise ona or more antibiotics, anti-nflamato-
ries, anti-viral agents, anti-fungal agents and/or anti-prolozoal agents. Representative examples of antiblotics included
within the compositions described herein include: penicillins; cephalosperins such as cefadrox, cefazolin, cefaclor;
aminoglycosides such as gentamycin and tobramycin; sulfonamides such as sulfamethoxazole; and metronidazole.
Represeniative examples of anti-inflammatories include: stercids such as prednisorse, prednisolone, bydrocortisons,
advenacorticotropic hormone, and sulfasalazine; and non-steroidal anti-inflammatory drugs {"NSAIDS"} such as aspi~
rin, ibupraten, napraxen, fenoporen, indomethacin, and phenylbutazone. Representative axamples of anfiviral agents
Include acyclovir, ganciclovir, zidovudine. Represeniative examples of anfilungal agents ingiuce: nystatin, ketocona-
2ole, grisecfulvin, fiucytosine, miconazole, clotrimazole. Representative examples of anliprotozoal agents include: pen-
tamidine isethionate, quinine, chloroguine, and mefloguine.

Anti-angiogenic compositions eﬁﬂ%‘ﬁr‘é%e'ﬁt\invention may also contain one of more hormones such as thyroid hor-
mone, estrogen, progesterone, cortisane andfor growth hormone, other bislogically active malecules such as insulin,
as well as Tyy (e.g., Interleuling 2, -1 ? r.ancl 1&15‘ gamma interieron or Ty (e.g.. Interleulins ~4 and -10) cyloldnes.

Anti-angiogenic compositions ef e'ﬁreséf'ﬂ‘ invention may also comprise addifional ingredients such as sur-
factants (either hydrophilic or hydrophobic, see Examgle 13), anti-neoplastic or chemotherapeutic agents {e.g.. 5-fuor-
ouracil, vinblastine, doxyrubicin, adriamycin, or tamosilen), radioactive agents (e.g., Cu-64, Ga-67, Ga-68, Zr-89, Ru-
97, Tc-99m, Rh-105, Pd-108, In-111, 1-123, 1125, |-131, Re~186, Re-188, Au-198, Au-199, Pb-203, At-211, Pb-212 and
Bi-212) or toxins {e.g., ricin, abrin, diptheria toxin, cholera foxin, gelonin, pukeweed antiviral prolein, i¥ifin, Shigella toxin,
and Pseudomonas exotoxin A). EUse

As noted above, anti-angiogenic compositions-ef tﬁa present invention comprise an anfi-angiogenic tactor and a
polymeric canier. In addition to the wide array of anti-angiogenic factors and other compounds discussed above, anti-
angioganic compaositions of the present fvention may include & wide varisty of polymeric carriers, including for example
both biodegradable and non-biodegradable compositions. Representative examples of biodegradahle composilions
include albumin, gelatin, starch, celiulose, dex trans, palysaccharides, fibrinagen, poly (d.) lagtide}, poly {d,I-lactide-co-
glycalide), poly {glycolide), poly (hydroxybutyrate), poly (atkylearbonate) and poly {orthoesters} (see generally, ilum, L.,
Davids, 5.8. (eds.) "Polymers in controlled Dsug Delivery” Wright, Bristol, 1987; Arshady, J. Conlrolied Aelease 17:1-
22, 1991 Pitt, Int. J. Phar, 59:173-196, 1990; Holland et al., J Conlrofled Release 4;155-0180, 19586). Representative
examples of nondegradable polymers include EVA copalymers, silicana rubber and poly {methyimethacrylaie). Partic-
ularly preferred polymeric carriers include EVA copolymer (e.g., ELVAX 40, poly(elhylene-viny! acelate) crosslinked
with 40% viny! acetate; DuPont), poly(lactic-co-glyeolic acid), polycaprotactane, polylactic acid, copolymers of poly(eth-
ylene-vinyi acetate) crosslinked with 40% vinyl acetate and polylactic acid, and copolymes of polytactic acid and poly-
caprelactone.

Polymeric carriers may be fashioned in & variely of forms, incliiing for example, as nanospheres or microsphares,
rod-shaped devices, pellets, slabs, or capsules (see, e.g., Goodell ef al., Am. J. Hosp. Pharm 43:1454-1461, 1986:,
Langer et al., "Conlrolled release of macromolscules from palymers™, in Biomedical polymers, Polymeric materials and
pharmacetitical for biomedical use. Goldberg, E.P, Nakagim, A. {eds)) Academic Press, pp. 113-137, 1980; Rhine et
al., J Pharm, Sci, 69:265-270, 1980; Brown et al., . Pharm, S¢i, 72:1181-1185, 1983: and Bawa et al., . Controfied
Release 1:259-287, 1983). .

Preferably, anfi-angiogenic compasitions d&?& p?‘égs‘é'nmenﬂon (which comprise one or more anti-angicgenis fac-
tors, and a polymeric carrier) are fashioned in a manner appropriate lo the intended use. Within preferred aspects of
the present invention, the anli-angiogenic composition should be biscompatible, and release one or more anti-ang-
iogenic factors over aperiod of several weeks fo months. In addition, anti-angiegenic compasitions of the present inven-
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fion should preferably be stable for several months and capable of being produced and maintained under sterile
conditions.

Within certain aspects of the present invention, anti-angiogenic composifions may be fashicned in any size ranging
from nanospheres to microspheres (e.q., from 0.7 um to 560 pm), depending upon the particular use. For example,
when used for the purpose of turnor embolization (as discussed below), it is generally preferable fo fashion the anti-ang-
iogenic composition in microspheres of belween 15 and 500 ym, preferably between 15 and 200 pm, and most prefer-
ably, betwsen 25 and 150 pm. Such nanoparticles may also be readily applied as a "spray”, which solidifies into a film
or coating, Nanoparticles (also termed "nanospheres”) may be prepared in a wide array of sizes, including for exarnple,
from 0.1 ym to 3 pm, from 10 pm 1o 30 pm, and from 30 pm to 100 pm {see Example 8).

Anti-angiogenic composilions may alse bs prepared, given the disclosure provided herein, for a vatiety of other
appiications. For exarmple, for ihe administration of anti-angiogenic composifions to tha cornea, the composilions of the
present lnvention may be ncorporated into polymers as nanoparticles (see generally, Kreuter J Conlrofled Release
16:169-176, 1991; Couvreur and Vauthier, J. Controlied Release 17:187-198, 1991). Such nanopariicles may also be
readily applied as a “"spray”, which solidifies into a film or coating. Naroparticles (also termed "nanospheres™ may be
prepared in a wide array of sizes, including ior exampte, from 0.1 pmte 3 pm, from 10 pmio 30 pm, and from 30 pmto
100 pm{see Example 8). .

Anti-angiogenic compositions e iﬁg L‘)’féseénﬁ\menlion may also be prepared in  variety of "paste” or gel forms. For
example, within one embodiment of the invention, antiangiogenic compositions are provided which are liquid at one
temperature (e.g., temperature greater than 37°C, such as 40°C, 45°C, 50°C, 55°C or 60°C}, and solid or semi-solid at
another temperature {e.g., ambient body temperature, or any femparature lower than 87°C). Such "thermopastes” may
be readily made given the disclosure provided herein (ses, e.g., Examples 10and 14). .

Within yet other aspects of the invention, the anti-angiogenic compositions tﬁré Tesentinvention may be formed
as a film. Preferably, such films ara generally less than 5, 4, 8, 2, or 1, mm thick, more preferably less than 0.75 mm or
0.5 mm thick, and most preferably less than 500 pm to 100 pm thicke Such films are preferably flexible with a good ten-
sile strength (e.g., greater than 50, preferably greater than 100, and more preferably greater than 150 or 200 Nfen?),
good adhesive properties (/.e., readily adheres to moist or wet surfaces), and has controlled permeability. Representa-
five examples of such films are se! forth below in the Examples (see e.g., Example 13).

Representative examples of the incorporation of anti-angiogenic factors such as inte a polymeric carriers are
described in more detail beiow in Examples 3, 4 and 8-15,

ARTERIAL EMBOLIZATION

In addition 1o the composilions described above, the present %"?«“ﬁf& provides a variety of methgs ﬁhich LA~
lize {he ahove-tescribed anti-angiogenic compositions. In particular, within one aspact of the present i ] I"r’ﬂrs‘{h-
ods are provided for embolizing a blood vessel, comprising the step of delivering into the vessel a therapeutically
effective amount of an anti-angiogenic composition {as described above), such that the blood vessel is etfectively
acchuded. Therapeutically effective amounts suitable for occluding blood vessels may be readily determined given the
disclosure provided below, and as described in Example 6, Within a parficularly preferred embodiment, the anti-ang-
iogenic composition is delivered to a blood vessel whith nourishes a tumor (see Figure 13).

Briefly, there are a number of clinical sifuations (e.g., bleeding, tumor development) where it is desirable to reduce
or abolish the bicod supply to an organ of region, As %F‘ greater detail below, this may be accomplished by
infecting anti-angiogenic compositions of the present & G & desired blood vessel through a selectively posi-
tioned catheter {see Figure 13). The composition travals via the blood siream until it becomes wedged in the vascula-
ture, thereby physically {or chemicaliy} occluding the blood vessel, The reduced or abolished biood flow to the selacted
grea results in infargtion (cel death due fo an inadequate supply of oxygen and nutrients) or reduced blood loss froma
damaged vessel. i

For use in embolization therapy, anti-angicgenic composilions of the presemnt M&“ﬁr‘& preferably non-toxic,
thrombogenic, easy to inject down vascular cathelers, radio-opaque rapld and permanent in effeat, sterfle, and readily
available in different shapes or sizes at the time of the procedure. In addition, the compositions preferably result in the
slow {ideally, over a period of several weeks to months) release of an anti-angiogenic faclor. Particularly preferred anti-

angiogenic cormpasitions should have a predictable size of 15-200 pm after being injected into the vascular system.

Preferably, they should not clump info larger particles efther in solution or once injected. In addition, preferable compo-
sitions should not change shape or physical properties during storage prior to use.

Ernbolization therapy may be utilized in at least three principal ways to assist in the management of neoplasms: {1}
definitive treatment of tumors (usually benign); {2) for preoperalive embolization; and (8) for palliative embolization,
Briefly, benign tumors may sometimes be successfully treated by embolizafion therapy alone. Examples of such tumors
include simple tusnors of vascular originh {e.9., haemangtomas}, endocrine tumors such &s parathyrold adenomas, and

benign bone tumors.
For other tumors, (e.g., renal adenacarcinoma), preoperative embolization may be employed hours or days before
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surgical resection in order fo reduce operative blood loss, shorten the duration of the cparafion, and reduce ths risk of
dissermination of viable malignant cells by surgical manipulation of the tumor. Many tumars may be suesessfully embal-
ized preoperatively, including for example nasopharyngeal tumers, glomus jugular tumors, meningiomas, chemodesto-
mas, and vagal neuromas.

Embolization may also be utilized as a primary mode of treatrment for incperable malignancies, in order 10 extend
the survival time of patients with advanced disease. Embolization may produce a marked improvement in the quality of
life of patients with malignant umors by alleviating unpleasant symptoms such as bleeding, venous hstruction and ira-
cheal compression. The greatest benefil from paifiative tumor embolization, however, may be seen in patients sulfering
from the humoral effects of malignant endocrine tumors, wherein metasiases from carginoid tumeors and other endg-
Gfine neoplasms such as insulinomas and glucagonomas may be slow growing, and ye! cause great dislress by virtue
of ihe endocrine syndromes which they produte. 5

In general, embofization therapy uliiizing anti-angiogenic compositions of the present ml?srﬁpically per-
formed in & simflar manner, regardless of the site. Brigfly, angicgraphy (a road map of the blood vessels) of the area to
be embolized is first performed by injecting radicpaque contrast {hroughr a catheler inserted into an arfery or vein
(depending on the site fo be embolized) as an X-ray is taken. The cathster may be inserted either percutaneously or by
surgery. The blood vessel is then embolized by refluxing anti-angiogenic compositions of the present invention through
the catheter, until flow is observed 10 cease. Ooclusion may be confirmed by repeafing the angiogram.

Embolization therapy generally resulfs in the distribution of compaositions containing anti-angiogenic factors
theoughout the inlerstices of the lumor or vasoular mass 1o be treated. The physical bulk of the embolic particles clop-
ging the arterial lumen results in the octiusion of the blood supply. tn adcition fo this efiect, the presence of an anti-ang-
iogenic fastor(s) prevents the jormation of new blood vessels to supply the tumor or vascular mass, enhanging the
devitalizing effect of cutting off the blood supply.

Ther 1‘:;s g should be evident that a wide variaty of tumors may be embolized ulifizing the compositions of the
present 4 rlefly, {umors are typically divided into two classes: benign and malignam. tn a benign tumoar the
cells retain their diffarentiated features and do not divide in & completely uncentrolled marnner. In addition, the tumor is
localized and nonmetastatic. In a mallgnant tumor, 1he cells become undifferentiated, do not respond 1o the body's
growth and hormonal signals, and mulfiply in an uncontrolled manner: the tumer is invasive and capable of spreading
o distant sites (metastasizing). mclesure

Within one aspact of the present , metaslases (secondary tumors) of the liver may be treated utilizing
embolization tharapy. Briefly, a catheter is inserted via the femoral or brachial artery and advanced into the hepatic
artery by steering it through the arterial system under fluoroscopic quidance. The catheter is advanced info the hepatic
arterial tree as far as necessary 10 allow complate blockage of the biood vessels supplying the tumor(s), while sparing
as many of the arterial branches supplying normal structures as possible. Ideslly this will be a segmental branch of the
hepatic artery, but it coutd be that the entire hepatic artery distal to the origin of the gasiroduodenal artery, or aven mul-

tiple separate arteries, will need 1o be biogked depending on the extent of tumor and its individual blood supply. Onge
the desired catheter position is achieved, the adery is embolized by Injecting anti-angiogenic compositions (as
described above) through the arterial catheter until flow it the artery to be blocked ceases, preferably even after obser-
vation for 5 minutes. Occlusion of the artery may bie confirmed by injecting rediopague contragt throuph the catheter
and demonstrafing by fluoroscopy or X-ray film that the vessel which previously filled with contrast no longer does so,
The same pracedure may be repeated with each feeding artery to be oecluded,

As noted above, both benign and malignant tumors may be embolized utilizing compositions of the present invese dischosnie

<Hien. Representative examples of benign hepatic lumors inciude Hepatocelluiar Adenoma, Cavarnous Haemangioms, .

and Focal Nodular Hyperplasia. Qther benign umars, which are more rare and often do not have clinical manifesta-
tions, may also be treated. These include Bile Duct Adenamas, Bile Duct Gystadenomas, Fibromas, Lipomas, Leiomy-
omas, Mesotheliomas, Teratomas, Myxomas, and Nodular Regenerative Hyperplasia.

Mafignant Hepatic Tumors are generally subdivided Into two categories: primary arx secondary. Primary lumors
avise directly irom the tissua in which they are founcl. Thus, a primary liver turvor Is derived originally from the cells
which make up the liver tissue (such as hepalocytes and Liliary cells). Representative examples of primary hepatic
madlignancles which may be ireated by arterial embolization include Hepaloceliutarcarcinoma, Cholangiocarcinoma,
Angiosarcorna, Cystadenocar-cinoma, Squamous Cefl Carginoma, and Hepatoblastoma.

A secondary tumor, or metastasis, is & tumor which originated elsewhere In the body but has now spread to a dis-
tant organ. The common routes for metastasis are direct growlh into adjacent structures, spread through the vascular
or lymphatic systems, and fracking along lissue planes and body spaces (peritoneal fluid, cerebrospinal fluid, etc.).
Secondary hepatic tumars are one of the most common causes of death in cancer patients and are by far and away the
most common form of liver tumor. Although virtually any malignancy can metastasize to the fiver, tumors which are most
likely to spread 1o the fiver include: cancer of the stomach, colon, and pancreas; melanoma; tumors of the lung,
oropharynx, and hladder; Hodghin's end non-Hodghkin's lymphom; tumors of the breast, ovary, and prostate. Each one
of the above-named primary tumors has numerous different tumar types which may be freated by arferial embolization
{for example, there are:over 32 different types of ovarian cancer).

A
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As noted above, embolization therapy wilizing anti-angicgenic compositions of the presentm% also be
applied tq a variety of other dlinical siluations where it is desired to occlude blood vessels. Within one aspect of the
present Marteriovenous maifarmation may be treated by administration of one of the above-described compo-
sitians. Briefly, arteriovenous malformations {vascular malformalions) refers to a group of diseases wherein at least ona
(and most typically, many) abnormal communications batween arteries and veins oceur, resulting in a local tumor-like
mass composed predominantly of bleed vessels. Such disease may be either congenital or acquired.

Within one embodiment of the ~ah arteriovenous malformation may be treated by inserting a catheter via
the temaral or brachial artery, and advancing it into thefeeding artery under flucroscopic guidance. The catheter is pref-
erably advanced as far as necessary to allow complate blockaga of the blood vessels supplying the vascular malforma-
fion, while sparing as many of the arferial branches supplying normat structures as possibla (ideally this will be a single
artery, but most otten multiple separate arteries may need to ba occluded, depending on the extent of the vascular mal-
sormation and its individual blood supply). Once the desired cathater position is achieved, each artery may be embol-
ized ulilizing anti-angingenic compasif ne u?' the present invention.

Within another aspect of the rbolization may be accomplished in order to freat conditions of excessive
bleeding. For example, menorrhagia {excessive bleeding with menstruation) may be readily freated by embaolization of
uterine arteries. Brisfly, the uterine arferies are branches of the internal iifae arteries bilaterally. Within ane embodiment
of the invention, a catheter may be inserted via the femoral or brachial artery, and advanced into each ulerina artery by
steering it through the arterial system under flusroscopic guidance. The catheter should be advanced as far as neces-
sary to atfow complete blockage of the biood vessels to the uterus, while sparing as many arterial branches that arise
from the uterine artery and supply normal structures as possible. Ideally a single uterine artery on each side may be
ambelized, but occasionally multiple separate arteries may need to be blocked deperxiing on the individual blood sup-
ply. Once the desired cathetar position is achieved, each artery may be embalized by administration of the anfi-ang-
logenic compositions as described abiove.

In & like manner, arterial embofization may be accomplished in & variety of other gonditions, including for example
for acute bleeding, vascular abnormalilies, caniral nervous system disorders, and hypersplenism.

USE OF ANTI-ANGIQGENIC COMPOSITIONS AS COATINGS FOR STENTS

As noted above, the preseni invention -elee- provides stents, compriging a generally tubular structure (which
includes for example, spiral shapes), the surface of which Is coated with a composition as described above. Brietly, a
stent is a scaffolding, usually cylindrical in shape, that may be inserted into a body passageway (.., bile ducts), which
has besn namowed by a disease process {8.9.. ingrowthby a tumor) in order to prevent closure or reglosure of the pas-
sageway. Stents act by physically holding open the walls of the body passage into which they are inserted.

A variety of stenis may be utilized within the context of the present invendon, inciuding for example, esophageal
stents, vascular stents, biiary stents, pancreafic stents, ureteric and wrethral stents, tacrimal stents, eustachian tube
slents, faltopian fubs stents, and tracheai/branchial stents.

Stents may be readily obiained from commercial sources, of construcied in accordance with well known tech-
niques. Representalive examples of stents include those described i 1.8, Patent No. 4,776,337, entiled "Expandable
Intraluminal Graft, and Method and Apparatus for Implanting and Expandable Intralumingd Greft', U.S. Patent No.
5,176,626, entitled "Indwelling Stent”, U.8. Patent No. 5,147,370 entitied "Nitino! Stent for Hollow Body Conduits”, U.S.
Patent No. 5,064,485 enfilled "Self-Expanding Prosthesls Having Steble Axial Length®, U.S. Patent No. 5,052,998 enti-
fled “Indwelling Stent and Method of Use", and U.S. Patent No. 5,041,126 entitied "Endovascular Stent and Delivery
System, all of which are hereby incorporated by refarence in their entirely. et

Stents may be coated with anti-angiogenic compositions or anfl-anglogenic factors ﬁ?ﬁéﬁ'eséﬁ' itvention using a
variety of methods, including for example: {a) by direotly affixing to the stent an ant-angiogenic composition (e.g., by
either spraying the stent with a polymerfdrug film, or by dipping the stent into & palymer/drug solution), (b} by coaling
the stent with a substance such as a hydtogel which will in turn absorb the antl-angiogenic composition (or anti-ang-
iogenic factor above), (c) by interweaving anfl-angiogenic composition coated thread (or the polymer itself formed info
a thread) into the stent struclure, (d) by inserting the stenl info a sleeve or mesh which is comprised of or coated wilh
an anti-angiogenic composition, or {e} construsting the stent itseli with an anti-anglogenic composition. Within preferred
embodiments of the invention, the composttion should firmly adhere to the stept during storage and at the time of inser-
tion, and should not be dislodged romthe stent when the diameter is eqpanded from its collapsed size 1o its full expan-
gion size. The ant-angiogenic composiion shoud also preferably not degrade during storage, prior to insertion, or
when warmed 10 body temperature after expansion inside the body. In addition, il should preferably coat the stent
smoothly and evenly, with a uniform distribution of angiogenesis inhibitor, while not changing the stent contour. Within
preferred embodiments of the invention, the anti-angiogenic composition should provide a unitorm, predictable, pro-
longed release of the anti-angiogenic factor into the tissue surrounicling the stent once it has been deployed. For vascu-
lar stents, in addition fo the above properties, the composition should not render the stent thrombogenic {causing blood
clots to form), or cause signiticant turbulence in biood fiow (more than the stent itself would be expected to cause if it
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was uncoated). ialxm

Within another aspect of the present tavertier; methods are provided for expanding the lumen of a body passage-
way, comprising fnserting & slent into the passageway, the stent having a generally tubufar struciure, the surface of the
structure being coated with an anti-angiogenic composition {or, an anti-angiogenic factor alone), such that the passage-
way Is expanded. A variety of embodiments are described below wherein the lumen of a body passageway is expanded
in ordler to eliminate a biliary, esophogesl, rachealbronchiai, urethral or vascular obstruction: In addition, a reprasent-
alive example Is described in more detail below in Example 7.

Generally, stents are inserted in a similar fashion regardiess of the site or the disease being treated. Briefly, a pre-
insertion examination, usually a diagnostic imaging procedure, endoscapy, or direct visualization at the ime of surgery,
is generally first performed in order fo determine the appropriste positioning for stent insertion. A guidewire is then
advanoed through the lesion or prapased site of insertion, and over this is passed 8 delivery catheter which aflows a
stent in its collapsed form to be inserted. Typically, stents are capable of being compressed, so that they can be inserled
{hrough tiny cavities via small catheters, and then expanded 10 a larger diameter once they are at the desired logation.
Once expanded, the stent physically forces the walls of the passageway apart and holds it open. As such, they are
capable of Insertion via a small opening, and yet are siill able to hold open a large diameter cavity or passageway. The
stent may he self-expanding (.., the Walistent and Gianlurco stents), balloon expandable (e.g., the Palmaz stent and
Strecker sterd), or implanted by & change in temperature {e.g., the Nitinol sten). .

Stents are typically maneuvered into place under radiclogic or direct visual control, taking particular care to place
the stent precisely across the narrowing in the organ belng treated, Tha delivery catheter Is then removed, leaving the
sfent standing on its own as a scaffold. A post insertion examination, usually an x-ray, is often utilized to corfirm appro-
priate positioning. .

Within & preferred embodiment of thefé@%ggf‘rln'gmods arg provided for eliminating biliary obstructions, compris-
ing inserting a biliary scent into & biliary passageway, the stent having a generally tubular structure, the surface of the
sinusture baeing coated with a composilion as described above, such that the biliary cbstruction Is eliminated. Briefly,
tumor avergrowth of the common bile duct resulls in progressive cholestatic jaundice which is Incompatible with lite.
Genarally, the bifiary system which drains bile from the fiver into the duodenurmn is most often ohstructed by (1) & tumor
composed of bite duct cells (cholangiocarcinoma), (2) a tumor which invades ihe bile duct (e.¢., pancreatic carcinoma),
or (3} a tumor which exerts exirinsic pressure and compresses the bile duct (.9, enlarged lymph nodes),

Both primary biliary tumors, as well as other fumors which cause compression of the biliary tree may be treated
uliizing the stents described herein. One example of primary biliary tumers are adenocarcinomas {which are also
called Klatskin furmors when found at the biturcation of the common hepatic dugt). These tumors are also referred t as
biliary carcinomas, choledocholangiosarcinomas, or adenocarcinomas of the biliary system. Benign tumors which
affect the bile duct (e.g., adenoma of the biliary system), and, in rare cases, squamous cell carcinomas of the bile duct
and adenocarcinomas of the galibladder, may also cause compression of the biliary free, and therefore, result in biliary
obstruction.

Compression of the biliary tree is most commonly due to {umors of the liver and pancreas which compress and
therefore opstruct hefducl& Most of the {umors from the pancreas arise from cells of the pancreatic ducts. Thisis a
highly fatal form of cancer (5% of all ancer deaths; 26,000 new cases par year in the U.S.) with an average of 6 months
suvival and a 1 year survival rate of only 10%. When these tumors ara located in the head of the pancraas they fre-
quenlly cause biliary obstruction, and this detracts significantly from the quality of life of the patient, While al types of
pancreatic fumors are generally referred o as “carcinoma of the pancreas,” there are histologic subtypes Inciuding:
adenocarcinoma, adenosquamous carcinoma, cystadeno-carcinoma, and acinar cell carginoma. Hepallc fumors, as
discussed above, may also cause Wn of the biliary tres, and therelore cause obstruction of the biliary ducts,

Within one embodimant of the X "biliary stent is first inserted inio a biliary passageway in one of saveral
ways: from the fop end by inserfing a needls through the abdominal wall and through the liver {a percutaneous transhe-
pafic chalangiogram or "FTC"); frem the bottom end by cannulating the bile duct through an endoscope inserted
through the mouth, stomach, or ducdenum (an endoscopic rerograde cholangiogram or "ERCP"; or by direct inclsion
during a surgical procedure. A preinsertion examination, PTC, ERCP, or direct visualization at the time of surgery
should generally be performed to determine the appropriate position for stent insertion, A guidewire Is then advanced
through the lesion, and over this & delivery catheler Is passed to allow the stent to be inserted in Its collapsed form. [
the diagnoslic exam was a PTC, the guidewire and delivery catheter will be inserted via the abdominal wall, while if the
original exam was an ERGP the stent will be placed via ihe mouth. The stant is then positioned under radiologic, endo-
sgopic, or direct visual control taking particutar care fo place it pracisely across the narrowing in the bile ditct. The deliv-
ery cathiater wilt be ramoved leaving the stent standing as a scaffolding which holds the bile duct open. A further
cholangiogram will be performed to document that the stent is appropriately posiioned.

Within yet ancther embadiment of the M&‘; iethads are provided for eliminaling esophageal obstrustions,
comprising inserting an esophageal stent into an esophagus, the stent having a generally tubular structure, the surface
of the structure being coated with an anti-angiogenic composition as described above, such that fhe esophageal
obstruction js efiminated. Briefly, the esophagus is tha hollow tube which transports food and liguids from the mouth to
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the stemach. Cancer of the esophagus of Invasion by cancer arising in agjacent organs (e.g., cancer of the stomach or
Jung) results in the inability to swallow food or saliva. Within this embodiment, & preinsertion examination, usually a bar-
ium swallow or endoscopy should generally be parformed in order to determine the appropriate position for stent inser-
tion. A catheter or endoscope may then be positioned through the mouth, and a guidewire is advanced through the
blockage. A stent delivery cathater is passed over the guitlewire under radiologic or endoscopic control, and a stent is
placed precisely across the namowing in the esophagus. A post inserfion examination, usually & barium swallow x-ray,
may ba uflized to confirm appropriate &ai!'nning.

Within other embodiments of the , athods are pravided for eliminating tracheai/bronchial obstruslions,
comprising inserting a trachealbronchial stent info the trachea or bronchi, the stent having a generally fubular structure,
the sulace of which is coated with an anti-snalogenic conposition as described above, stch that the tracheabbronchial
cbstruction is eliminated. Briefly, the trachea and bronchi are fubes which carry air from the mouth and nose to the
lungs. Blockage of the trachea by cancer, invasion by cancer arsing in adjacent organs (e.g., cancer of the lung), or
collapse of the trachea or bronchi due o chondromatacia {weakening of the cerfilage tings) results in inability to
breathe. Within this embodiment of the invention, preinserfion examination, usually an endoscopy, should generally be
performed in order to determine the appropriate position for stent insertion, A catheter or endoscope is then posilioned
shrough the mouth, and a guidewire advanced through the blockage. A delivery catheler is then passed over the
guidewire in order {o allow a collapsed stent to be inserted. The stent is placed under radiologic or endoscopic control
in order 1o place it precisely across the narrowing, Tha delivery catheter may then be removed leaving the stent stand-
ing as a scaffold on its own. A post inserlion examination, usually a bronchescopy, may be ulifized 10 confirm appropri-
ate positioning. .

Within another embodiment of the Mnﬁn‘f’%ethods are provided for sliminating urethral obstruciions, comprising
inserting a urethral stentinto a urethra, the stent having a generally tubular strusture, the surface of the structure being
coated with an anti-angiogenic composition as described abave, such that the urethral abstrustion is eliminated. Briefly,
ithe urethra is the lube which drains the bladder through the penis. Extrinsic narrowing of the urettra as it passes
through the prostate, due 1o hyperirophy of the prostate, occurs in virtually every man over the age of 60 and causes
progressive difficulty with urination. Within this embodiment, a preinsertion examination, usually an endoscopy or ure-
throgram shoutd generally first be performed in order 1o determine the appropriate position for stent insertion, which is .
above the external urinary sphincter at the lower end and dlose o flush with the bladder neckat the upper end. An endo-
scopa or catheter is then positioned through the penile opening and a guidewire advanced into the bladder. A delivery
catheter is then passed over the guidewire in order fo allow stent insertion. The delivery catheter is then removed, and
the stent expanded into place, A post inserfion examination, usually endoscopy of retrograds urethrogram, may be uti-
lized to confirm appropriate posiiion. dancloswie

Within ancther embodimeant of the ¢ , Methods are provided for eliminating vassular obstruclions, compris-
ing inserting a vascular stent into a blood vesse), the stent having a generally fubular structure, the surface of the struc-
ture being coaled with an anti-angiogenic composition as described above, such that the vascular obstruction is
eliminated, Briefly, stents may be placed in a wide array of blood vessels, both arteries and veins, to prevent recurrent
stenosis al the site of failed angioplasties, {0 treat narrowings that would likely fail if treated with angioplasty, and fo treat
post surgical narrowings (e.g., dlalysis graft elenosis). Representative examples of sultable sites include the lifac, renal,
and coronary arteries, the superior vena cava, and in dialysis grafts. Within one embodiment, angiography is first per-
formed in order to localize the sile for placement of the stant: This is typically accomplished by injecting radiopague con-
trast through a catheler inserted into an artery or vein ae an x-ray is taken. A catheter may then be inserled elther
percutanecusly or by surgery into the femoral artery, brachial artery, femaral vein, or brachial vein, and advanced inip
the appropriate blood vesset by steering it through the vascular system under fluorogoopic guidance. A stent may then
be positioned across the vascular stenosis. A post insertion anglogram may also be utilized in order {o confirm appro-
priate positioning.

E 4 P EDURE:

As noled above, anti-anglogenic Egﬁosiﬁons may be utilized in a wide varlety of surgical procedures. For exam-
ple, within one aspect of the present 4 anti-angiogenic compositions {in the form of, for example, & spray or

film) may be ulilized to coat or spray an area prior to removal of & tumor, in order to isolate normal surrounding tissves

from malignant fissue, and/or to prevent the spread of disease to surrounding tissues. Within other aspects of the

present+ , aifti-angiogenle compositions (e.g., in the form of a spray) may be dellvered via endoscopic proce-

dures in order o cort tumors, or inhibit angiogenesis in a desired location Within yet other aspacts of the present ikven- ol.Ly_losu.re
#iem, surgical meshes which have been coated with anti-angiogenic compositions of the present invertion may be

ufifized in any pracedure wherein a surgical mesh might be utifized. For example, within ane embodiment of the ivens discloswre
tiotr & surgical mesh fadened with an anti-anglogenls compesition may be utilized during abdominal cancer resection

surgery {e.g., subsequent to colon resection) in order fo provide support o the structure, and o release an amount of

the anti-angiogenic faclor. +
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Within further aspects of the presemm%nreﬂfhods are provided for trealing fumor excision sites, comprising
administering an anti-angiogenic composition as described above to the resection margins of a tumor subsequent 1o
excision, such that the | a{r Iriepce of cancer and the formaticn of new blood vessels at the sile is inhibited. Within
one embaodiment of the , the anti-angiogenic composition{s} (or anti-angiogenic factor(s) alone) are gdminis-
tered directly to the tumor excision site (e.g., applied by swabbing, brushing or otherwise coating the resection marging
of the tumor wiih the anti-angiogenic composition(s) or factor(s)). Alternatively, the anii-angiogenic composition(s) or
factor(s) may g(e i%ﬂmmted into known surgical pastes prior to administration. Within pariicularly preferred emboxi-
ments of the e anti-angiogenic compositions are applied after hepatic resections for malignancy, and after
newrosurgical cperations. .

Within one aspect of the present Mﬁ?ﬁﬁﬁ-&nglogwic compositions (as described above) may be adminis-
tered to the resection margin of a wide variety of iumors, including jor example, breast, colon, brain and hepatic tamors.
For example, within one embodiment of the i-angiogentc compositions may be administered to the site of
aneurological tumor subsequent to exclsion, such thal the formation of new blood vessels at the site is inhibited. Briefly,
the bratin is highly unclionally localized; Le., each spacific analomical region Is speciafized 1o camy out a specific func-
tion. Therefore il is the location of brain pathology that is often more important than the type. A relatively small lesion in
a key area can be far more devastating than a much larger lesion in a less impartant area. Similarly, a lesion on the sur-
face of the brain may be easy to resect surgically, while the same tumor logated deep in the brain may not {one would
have 1o cut through teo many vilal siructures to reach it). Also, even benign lumors can be dangerous for several rea-
sons: they may grow in a key area and cause significant damage; even though they wouid be cured by surgical reseo-
tion this may not be possible; and finally, if Ieft unchecked they can cause increased intracranial pressure. The shull is
an enclosed space inoapable of expansion. Therefore, if something is growing in one location, something else must be
being compressed in anofier location - the result is increased pressura in the stull o increased intracranial pressure.
if such & condition is left unireated, vital structures can be compressed, resulting in death, The incidence of CNS {cen-
iral nervous system) malignancies is 8-16 per 100,000. The prognoeis of primary matignancy of the brain is dismal, with
& median survival of less than one year, even following surgioal reseclion. These tumors, especially gliomas, are pre-
dominantly a iocal disease which recur within 2 centimeters of the orfginal focus of disease after surgical removal.

Representative examples of brain fumors which may be trealed utilizing the composilions and methods described
herein include Glial Tumors (such as Anaplastic Astrocytoma, Glioblastoma Muttiform, Pllocytic Astrerytoma, Oligoden-
drogiioma, Ependymoma, Myxopapillary Ependymoma, Subependymoma, Ghorold Plexus Papilloma): Neuron Tamors
{e.g., Neuroblastoma, Ganglioneuroblastoma, Ganglioneurcma, and Medulloblastoma); Pineal Gland Timors {eg.,
Pineoblastoma and Pineccytoma): Menigeat Tumors (e.g., Meningloma, Meningeal Hemangiopericyloma, Meningeal
Sarcama); Turors of Nerve Sheath Celis (e.g., Schwannoma (Neurclemmoma) and Neurofibroma); Lymphomas (e.g.,
Hodgkin's and Non-Hodghin's Lymphoma (including nurmerous subtypes, both primary and secondary); Mallormative
Tumors {e.g., Craniopharyngioma, Epidermoid Cysts, Dermoid Gysts and Caileid Cysts); and Metastatic Turors (which
canbe derived irom virtually any tumor, the most common being from lung, breasl, melanoma, lidney, and gastrointes-
tinal fract tumors),

ER THERAPE OF ANTE-ANGIOGEN! 8 5

In addition to tumors, numerous cther non-lumorigenic angiogenesis-dependent diseases which are characterized
by the abnarmal growth of blood vessels may also be treated with the anti-angiogenic compositions, or anti-angiogenic
factors®l ant invention. Representative examples of such non<umorigenic angiogenesis-dependent diseases
include corneal neovascularization, hyperirophic scars and keloids, proliferative diabetic retinapathy, sheumatoid arthii-
tis, arteriovenous matformations (discussed above), athercsolerotic plagues, delayed wound healing, hemophilic jointe,
nonunion fractures, Csler-Weber syndroms, psoriasis, pyogenic granuloma, stleroderma, tracoma, menorrhagia (dis-
cussed above} and vascular adhesions. )

In particutar, within one aspect of the present mmods are provided for treafing corneal neovasculariza-
tion {including corneal grait neovascularization), comprising the step of administering a therapeutically efiective amount
of an anti-angiogenic composition {as described above) to the cornes, such that the formation of tood vessels is inhib-
lted. Briefly, the comea is a tissue which normally lacks blood vessels. In certain pathological conditions, however, cap-
illzries may extend into the cornea from the pericorneel vascular plexus of the limbus. When the cornea becomes
vasoularized, it also becomes clouded, resulting in a decline in the patient's visual acuity. Visual loss may become cotn-
plete If the cornea completely opacitates.

Biood vessels oan enter the comer in a variety of patterns and depths, depending upon the process which incites
the necvascularization. These patterns have been traditionally defined by aphthalmelogists in the following types: pan-
nus trachomatosus, pannus leprosus, pannus phylctenulosus, pannus degenerativis, and glaucomatous pannus. The
comeal stroma may alse be Invaded by branghes of the anteriar ciiary artery (called interstitial vascularization) which
causes several distinet clinical fesions: terminal loops, a "brush-like" pattern, an umbel form, & lattice form, intersiitial
arcades (from episcleral vessels), and aberrant frreguiar vessels. -
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A wide variety of disorders can resull in sormneal neovaseularization, including for example corneal infections (e.g.,
trachoma, herpes simplex keratitis, lsishmaniasis and onchogerclasis), immunological processes {e.g., graft rejection
and Stevens-Johnsan's syndroms), alkali burns, {rauma, inflammation (of any cause), loxic and nutritionai deficiency
statss, and as a complication of wesring contact lenses.

While the cause of corneal neovascularization may vary, the response of the cornea o the insult and the subse-
quentvascular ingrowth s similar regardless of the cause, Briedly, the location of the injury appears to ba of importance
as anly those lesions situated within a critical distance of the limbus will incite an angiogenic response. This is likely due
to the facl that the angiogenic factors responsile for eliciting the vascwar invasion are created at ihe site of the lesion,
and must diffuse o the site of the nearest blood vessels {the limbus) in order to exert their effect. Past a certain distance
from the limbus, this would no longer be possible and the limbic endothelium would not ba induced to grow Into the cor-
nea. Several angiogenic faclors are likely involved in this process, many of which are products of the inflammaiory
response. Indeed, neovascularization of the cornes appears 10 only ocour in association with an infiammatory cel itil-
trate, and the degres of englogenesis is proportional to the extent of the inflammatory reaction. Gorneal edema further
facililates biood vesse! ingrowth by loosening the comeal stromal framework and providing a pathway of "least resist-
ancs" through which the capillarles can grow.

Following the initial inflammatory reaction, capiliary growih info the cormea proceeds in the same manner as it
oGGwrs In other tissues. The narmally quiescent endothelial cells of the lirnbic capillaries and venules are stimulated to
divide and migrate. The endothelial cells project away from their vessels of origin, digest the sumounding basement
membrane and the fissus through which they will rave!, and migrate lowards the source of the anglogenic stimulus, The
blind ended sprouts acquire a lumen and then anastomose together to form capillary loops. The end resull is the estab-
lishment of a vascular plexus within th r‘;ﬂrneal stroma.

Anti-angiogenic compasitions @F?’H% preserd invention are usafut by blocking the stimulatory effects of angiogenesis
promolers, reducing endothelial cell division, decreasing endothelial cell migration, and impairing the aciivity of the pro-
teolylic enzymes secrated by the endothelium. .

Within particularly preferred embodiments of the m‘.‘gﬁ anti-angiogenic factor may be prepared for topical
administration in saline (combined with any of the preservatives and antimicrobial agenis commonly used in ocular
preparations}, and administered in eyedrop form. The anfi-angiogenic factor solution may be prepared in its pure form
and administered several times daily. Alternatively, anti-angiogenic compositions, prepared as described above, may
also be administered directly to the cornea. Within preferred embodiments, the anti-angiogenic composition is prepared
with a muco-adhesive polymer which binds to cornea. Within further ermbodiments, the anti-angiogenic factors or anti-
angiogenic compositions may be wlilized as an adjunct to conventional steroid therapy.

Toplcal therapy may also be useful prophylactically in cornea lesions which are known to havs a high probability of
Inctucing an angiogenis response (such as chemical burns). In these instances the treatment, likely in combination with
steroids, may be instituled immediately to help prevent subsequent complications.

Within other embodiments, the anli-angiogenic compositions desaribed above may be injected directly into the cor-

front of the vasculature (ie., interspersed between the biood vessels and the nermal cornea). in most cases this would
involve perilimbic corneal injection to "protect” the comea from the advancing blood vessels. This method may also he

- utilized shorfly atter a corneal instilt in order to prophylactically prevent corneal necvascularization. In this situation the

material coukt be injested in the perilimbic cornea interspersed betwaen the corneal lesion and its undesired potential
limbic blood supply. Such methods may also be utfized in a similar fashion 1o prevent caplllary invasion of ransplanted
cornees. In a suslained-release form, injections might only be required 2-3 fimes per year. A sleroid could also ba
added 1o the injestion solution 1o reduce ilggg;w‘\ n resulting fram the injection itself.

Within another aspect of the present % » inethods are provided for reating hypertrophic scars and keloids,
comprising the slep of administering one of the above-described anfiangiogenio Gempositions to a hypertrophic scar or
keloid,

Brislly, healing of wounds and scar formation occurs in thee phases: inflammation, proliferation, and maturation.
The first phase, inlammation, occurs in response o an injury which is severe enough 1o break the skin. Durlng this
phase, which lasts 3 lo 4 days, blood and tissue fluid form an adhesive coagulurn and fibrinous network which serves
1o bind the wound surfaces tugether. This is then followed by s profiferative phase in which there Is ingrowth of capfliar-
ies and connactive fissue from the wound edges, and closure of the skin defoct. Finaly, once capilary and fibroblastic
proliferation has ceased, the maturafion process begins wherin the scar contracts and becomes less cellular, less vas-
cular, and appears flat and white. This final phase may take between 6 and 12 months.

If too much connective tissue is produced and the waund remains persistently cellular, the scar may become red
and raised. If the scar remains within the boundaries of the original wound it is referred 1o as & hypertrophic sear, but it

scars and keloids are produced during the second and third phasas of scar formation. Several wounds are parlicularly

-prone fo exgessive endothellal and fibroblastic proliferation, including burns, open wounds, and infected wounds, With
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hypertrophic scars, some degree of maturation occurs arid gradual improvement occurs. In 1he case of keloidls however,
an actual tumor is produced which can become quite lgrge, Spontaneous improvement in such cases rarely ocours.

Therelore, withir one embodiment of the present eﬁher anti-angiogenic factors alons, or anti-angiogenic
compositions as desaribed above, are directly injected into & hypertrophic scar or keloid in order to prevent the progres-
sion of these lesions. The frequency of injections will depend upon the release kinetics of the polymer used (if present),
and tha clinical response. This therapy is of particular value in the praphylactic trealment of conditions which are known
10 resuit in the developmant of hypertrophic scars and keloids {e.g., burns), and is preterably inftiated after the prolifer-
ativa phace has had fime fo progress (approximately 14 days after the initial injury), but before hypertrophic scar o kel-
oid development. .

Within another aspecl of the present m(ﬁ‘gnwr.neéthods are provided for treafing neovascular glaucoma, comgris-
ing the step of administaring a therapeutically effective amount of an anti-angiogenic composition to the eye, such that
the formation of blood vessels Is inhibited.

Briefly, neovascular glaucoma Is a pathological condition wherein new capillaries develop in theirfs of the eye. The
angiogenesis usually originates from vessels located at the pupillary margin, and prograsses across the root of the irig
and into the trabecular meshwork. Fibroblasts and other conneciive tissie elements are associated with the capiltary
growth and a fibrovascular membrane develops which spreads across the anterior surface of the iris. Eventually this tis-
sue reachss the anterior chamber angle where it forms synechiae. These synechiae in turn coaleste, scar, and contract
1o ultimately close off the anterlor chamber angle. The scar formation prevents adequate drainage of aqueous humor
through the angle and inlo the trabecular meshwork, resulfing i an increase in Intraocular pressure that may result in
blindness.

Neovascular glaucoma generally ocours as a complication of diseases in which retinal ischervia is predominant. in
particutar, about one third of the patients with this disorder have diabetic retinopathy and 28% have central reting, vein
ocelusion. Other causes include chronic retinai detachment, end-stage glaucoma, carolid artery obstructive disease,
retrolental flbroplasia, sickle-cell anemia, intraocular tumars, and carotid cavernous fistulas. Inits early stages, naovas-
cular glaucoma may be diagnosed by high magnification slitlamp biomicroscopy, where it reveals small, dilated, disor-
ganized capillarias (which leak fluorescein) on the surface of the iris. Later gonicscopy demonsirates progressive
obliteration of the anterior chamber angle by fibrovascular bands, While the anterior chamber angls is still open, con-
servative therapies may be of assistance. Howevaer, once the angle closes surgical intervention is required in order to
alleviate the pressure.

Therefore, within one embodiment of the Mantkanylogeﬂlc factors (either alone or in an anti-angiogenic
compasition, as described above) may be administered opically to the eye in order o treat early forms of neovascular
glaucoma. dinelosiar

Within other embodiments of the tRventien, anu-anglogemc compositions may be implanted by infection of the com-
position inlo the region of the anterior chamber angle. This provides a sustained localized increase of anti-angiogenic
factor, and prevents blood vessel growth into the area, Implanted or injected anti-angiogenic compositions which are
placed between the advancing capifaries of the iris and the anterior chamber angle can “defend” the open angle from
neovascularization. As capiliaries will not grow within a significant radius of the anti-angiogenic composition, patency of
the angle could be maintained. Within olher embodiments, the anti-angiogenic composilion may also be placed in any
lotation such that the anfi-angiogenic faclor is continuously released into the agqueous humor, This would increase the
anfi-angiogenic factor congentration within the humor, which in turn bathes the surface of the iris and its abnormal cap-
illaries, thereby providing another mechanism by which to deliver the medication. These therapeutic modalittes may
also be usetul prophylactically and in coWﬁ existing treatments.

Within another aspect of the present athods are provided for freating proliferative diabetic relincpathy,
comprising the step of atministering a therapeufically effective amount of an anti-angiogenic compasition to the eyes,
such that the formation of blood vessels is infiibited,

Briediy, the pathology of diabetic refinopathy is thought to be similar to that described above for neovascular glau-
coma. In parlicular, background diabstic retinopathy is believed to convert to proliferative diabetic retinopathy under the
influence of retinal hypoxa. Generally, neovascular tissue sprouts from the oplic nerve {usually within 10 mm of the
sdge}, and from the surface of the retina in reglons where lissue perfusion is poer. Initially the capillaries grow between
the inner Hmiting membrane of the retina and the postarior sutface of the vitreous. Eventually, the vessels grow into the
vitreous and through the inner limiting membrane. As the vitreous contracts, fraction is applied to the vessels, oflen
resulting in shearing of the vessels and blinding of the vitreous due to hemorrhage. Fibrous traction from scaring in the
refing may also produce retinal detactiment.

The conventicnal therapy of choige is panretinal phototoagulation 1o decrease refinal tissue, and thereby decrease
retinal oxygen demands. Although initially effective, there is a high relapse rate with new leslons forming in other parts
of the refina. Complications of this therapy include a decrease in peripheral vigion of up 1o 50% of patients, mechanical
abrasions of the cornea, laser-induced cataract formation, acute glaucoma, and stimutalion of subretinal neovascular
growth (which can result in loss of vision). As a resutt, this procedure is performed only when several gk factors are

present, and the risk-benefit ratio is clearly in favor of intervention.
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Therefore, within parlicularly preferred embodiments of the m&%oliferaﬁve digbefic retinopathy may be
treated by Injecfion of an anti-angiogenic factor(s) (or anti-angiogenic composition) into the aqueous humor or the vit-
reous, in order to increase ihe local concentralion of anti-angiogenic factor in the retina. Prefarably, this treatrment
should be initiated prior to the acquisition of severe disease requiring photocagutation. Within other embodiments of
the invention, arteries which feed the neovascular lesions may be embolized (iilizing anti-angiogenic compositions, as
described above) A

N SCADS{nT _ i . .

Within another aspect of the presentmn&oea-, n%éihods are provided for ireating retrolental fibroblasia, comprising
the step of administering a fherapeutically effective amourt of an anti-angiogenic factor {or anti-angiogenic composi-
tion) to the eye, such that the formation of blood vessels is inhiblied.

Briefly, retrolenial fibroblasia is a condition occurring in premature infants who receive oxygen therapy. The periph-
eral refinal vasoulature, particularly on the femporal side, does not bacome fully formed unti the end of fetal life, Exces-
sive oxygen (even levels which would be physiclogic at term) and the formation of oxygen free radicals are thoughi to
be tmportant by causing damags to the blood vessels of the immature retina. These vessels constrict, and then become
structurally obliterated on exposure to oxygen. As a result, the peripheral retina fafls to vascularize and retinal ischemia
ensues. In response o the ischemia, neovascularization is induced at the junction of the normal and the ischemic ret-
ing.

In 75% of the ¢ases thase vessels regress sponlaneously. Howaver, in the remaining 25% there is continued cap-
iflary growth, contraction of the fibrovascular componant, and fraction on both the vessels and the retina. This results in
vitreaus hemorrhage andd/or refinal detachment which can lead {o biindness. Naovascular angle-closure glaucoma is
also a complication of this condition,

As it is often impossible to determine which cases will sponlaneously resolve and which will progress in severity,
conventional treatment (/e., surgery) is generally iniliated only In patients with established disease and a well devel-
oped pathotegy. This "wait and see” approach precludes early intervention, and a&gw the progression of disease in the
25% who follow & complicated course. Theratore, within one embodiment of the & , topical administration of anti-
angiogenic factors {or anti-angiogenic compositions, as described above) may be accomplished in infants which are at
high tisk for developing this condition in an attempt 1o cut down on theincidence of progression of retrolental fibroplasia.
Within olher emhodiments, intravitreous injections andfor infraccular implans of an anti-angiogenic composiiion may
be utilized. Such methods ars particularly preferred in cases of established dissase, in order 10 reduce the need for sur-
gery. .

Within another aspect of the present %&J&eﬁ#x rﬁélhnds are provided for treating rheumatoid arthritis, comprising
the step of administering a therapeutically effective amount of an anti-angiogenic composilion fo a joint, such that the
formation of hlood vessels is inhibited.

Briefly, in theumatoid arthrilis articular damage is due 10 a combination of inflammation (including white blood cells
and white biood cell produsts) and pannus fissue development (a tissue composed of neovascular fissue, connective
tissue, and inflammatory celis). Generally, shronic Inflammation in itself is insufficient to result in damage to the joint

’ ~ suriace, but a permanent defici is created gnﬁ Tibrovascular tissus digests the cartilage tissue.
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Within a prefarred embodiment of the & SN i-angiogenic factors (including ant-angtogenic compositions, as
described above) may be administered by inlra-arficular injection, 85 a surgica! paste, or as an oral agent (e.g., con~
{aining the angi-angiogenic faclor thalidomide), in order fo inhiblt the formation of blood vessels within the joint. One
representative example of such a method is set forth in more dpjail below In Example 19. '

As noted above, within yet another aspect of the presant & “iscular grafts are provided comprising a syn-
theflc tube, the suriace of which is coaled with an ani-angiogenic composition as described above. Briefly, vascular
grafts are synthetic jubes, usually made of Dacron or Gortex, inserted surgically to bypass arteris! blockages, most fre-
quently from the aorta to the femoral, or the femoral to the popfiteal artery. A major probiem which particulary compli-
cates femoral-popliteal bypass grafts is the formation of a subendothelial scar-like reaction In the blood vessel wall
called negintimal hyperplasia, which narrows the lumen within and adjacent to either end of the graf, and which can be
progressive. A grait coated with or ¢onlaining anfi-angiogenic faclors {or anti-angiogenic compositions, as described
above) may be ulllized 1o limit the formation of neointimal hyperplasia al either end of the graft. The graft may then be
surgically placed by conwentional b tachniques.

Anti-angicgenic compositions<er p?é?em inventicn may also be ulilized in a variety of other manners. For exam-
ple, they may bs incorparated into surglcal sutures in order to prevent stitch granulomas, implantéd in the uterus {in the
same manner as an IUD) for the treatment of menorrhagia or as a form of female birth control, administered as either
a peritoneal lavage fluid or for peritoneal implaniation in the treatment of endometriosis, attached 10 a monoctonal anti-
body directed against activaled endothelial oeils as a form of systemic chemotherapy, or ulllized in diagnostic imaging
when atlached !0 a radiocactively labefied monocional anfibody which recognizes activaled endothelial cells.

The following exarmples are offered by way of fiustration, and not by way of imitation, o,-mm{:les ) “S , b N7 ) g o.,y..ck 1a

ok ‘qe:v\s dlnstrutive dl, the duimed adention.
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EXAMPLES

EXAMPLE 1
PREPARATION OF ANTNVASIVE FACTOR

The shoulder girdle and skull from a dogfish is excised, then scraped with a sealpel in order to remove all muscle
and associaled connective tissue from the cartilage. The carlilage is then homogenized with a tissue grinder, and
extracled by continuous stitring at room temperature for 2 fo 5 days in & solulion containing 2.0 M guanidium hydrochlo-
ride and 0.02 M MES at pH 6.0.

After 2 to 5 days, the carlilage extract is passed through gauze nelfing in order to remove the farger constituents.
The filtrate is then passed through an Amicon ultrafiltration unit which ulilizes spiral-wound cartridges, with a molecular
weight cutoff of 100,000. The fillrate (containing proteins with & molecular weight of less than 100,000 daltons) is then
diatyzed against 0.02 M MES buffer (oH 6) with an Amicon ulfraffitration unit which retains proteins with a molecular
weight of greater than 8,000 daltons, Utllizing this methad, low molecular weight proteins and constituents are removed,
as well as excessive amounts of guanidium HCI. The dialysate is concentrated 1o a fingl concentration 9 mg/mi.

EXAMPLE 2
ANALYSIS OF VARIOUS AGENTS FOR ANTI-ANGIOGENIC ACTIVITY

A. Chick Chorioaliantoic Membrane {"Cam™} Assays

Fertilized, domeslic chick embryos were incubated for 8 days prior to sheli-ess culturing. in this procedure, the egg
contents were emptied by removing the shell located around the air space. The intericr shell membrans was then sev-
ered and the apposite end of the shell was perforated 1o allow the contents of the ega o gently slide out from the biunted
end. The egg contents were emptied into round-bottom sterilized glass bowls and covered with pelri dish covers. These
were then placed into an incubator at 90% relative humidity and 3% GO, and incubated for 3 days.

Taxot {Sigma, St. Louis, M{) was mixed at concentrations of 1, 5, 10, 30pg per 10! aliquot of 0.5% aquenus melh-
ylcellulose. Since taxol is insoluble in water, glass beads were used 10 producs fine particles. Ten microliter aliquots of
this solution were dried on parafilm for 1 hour forming disles 2mmin diameter. The dried disks containing taxol were then
carefully placed at the growing exge ot each CAM at day 6 of incubation. Gonlrols were obtained by placing taxol-free
methylesliutose disks on the CAMs over the same time course. After a 2 day exposure (day 8 of incubation) the vasgu-
lature was examined with the aid of & stereomicroscope. Liposyn i, a white opaque solution, was Injected into the CAM
toincrease the visibility of the vasculer details. The vasculature of unstained, living embryos were imaged using a Zeiss
slereomicroscope which was imerfaced with a video camera (Dage-MTI Inc., Michigan Cly, IN). These video signals
were then displayed at 160 times magnification and captured using an image analysis system (Vidas, Kontron; Etching,
Garmarny). Image negatives were then made on a graphics recorder (Model 3000; Matrix Ingtrumants, Crangeburg,
NY).
The membranes of the B day-ald sheli-less embryo wers flooded with 2% glutaraldehyde in 0.1M Na cacodylate
butfer; additional fixalive was injected under the CAM. After 10 mimutes i situ, the CAM was remmoved and placed into
fresh fixative for 2 hours at room temperature. The fissue was then washed overnight in cacodylate buffer containing
6% sucrose, The areas of interest were postfixed in 1% osmium tetroxide for 1.5 hours at 4°C. The fissues were then
dehydrated in a graded series of ethanols, solvent exchanged with propylens oxide, and embedded in Spurt resin. Thin
sections were cut with a diamond knife, placed on copper grids, stained, and examined in & Joel 1200EX electron
migroscape. Similarly, 0.5 mm sections wera cut and stained with 1oluene blue for light microscopy.

At day 11 of develapment, chick embryos were used for the corrosion casting technique. Mercox resin (Ted Pella,
Inc., Redding, CA) was injected into the CAM vascufature using a 30-gauge hypodermic needle. The casting material
consisted of 2.5 grams of Mercox GL-28 polymer and 0.05 grams of catalyst {55% benzoyl percxide) having a 5 minute
polymerization time, After injection, the plastic was atlowed to sit in it for an hour at roem temperature and then over-
night in an oven at 65°C. The GAM was then placed in 50% aqueous solution of sodium hydroxide fo digest all organic
compenents. The plastic caste were washed extensively in distilled water, air-dried, coated with goldipalladium, gnd
viewed with the Philips 501B scanning eleciron microscopa.

Results of the above expetiments are shown in Figuras 1-4. Briefly, the general featires of the normal chick shall-
iess egg culture are shown in Figure 1A. At day 6 of ncubation, the embryo is centrally positioned to a radially expand-
ing network of blood vessels: the CAM develops adjacent to the embryo, These growing vessels e glose io the surface
and are readlly visible maling this system an idealized mode! for the study of angiogenesis. Living, unstained capiffary
networks of the CAM can be imaged noninvasively with a sterecmicroscope. Figure 18 fllusirates such a vascular area

in'which the celluler blood elements within capillaries were recorded with the use of a video/computer interface, The 3- -
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dimensional architeclure of such CAM capiltary networks is shown by the corvosion casting method and viewed in the
scanning electron microscope (Figure 1C). These castings revealed underlying vessels which project toward the CAM
surface where they form & single layer of anastomolic capiltaries.

Transverse sedlions through the CAM show an outer ectoderm consisting of a double cell layer, a broader meso-
dermal layer containing capiflaries which fie subjacent {o the ectoderm, adventitial cells, and an inner, single endoder-
mal cell layer (Figure 1D). At the electron microscopic level, the typical structural details of the CAM capillaries are
demonstrated, Typically, these vessels lie in close association with the inner cell layer of ectaderm {Figure 1E)

After 48 hours expostre to taxol at concentrations of 1, 5, 10, or 30 pg, each CAM was examined under living con-
ditions with a stereomicrascope equipped with & video/computer iMerface in arder to evaluate the effects on angiogen-
esis, This imaging setup was used at & magnification of 160 fimes which permitted the direct visualization of biood cells
within the capillaries; thereby blood flow in areas of interest could ba easily assessed and recorded. For this study, the
inhibition of angiogenesis was defined as an area of the CAM devoid of a caplliary network ranging from 2 - 6 mmin
diameter. Areas of inhibition lacked vascular blocd flow and thus were anly ohserved under experimental conditions of
methylcsllulose containing taxol; under control conditions of disks facking taxol there was no effect on the developing
capillary system. The dose-dependent, experimental data of the effects of 1axol al different concentrations are shown
in Table .

TABLE li

Angiogenlc Inhibition by Taxol

Taxo! Concentration jug Embryos Evaluated % tnhibition
{FositiveTolal)

30 313 00
10 16/21 76

5 18/25 72

1 6/5
Control 0R0 0

Typleal taxal-freated CAMs {Figures 2A and 2B) are shown with the transparent methylcellulose disk centrally posi-
tioned over the avascular zone measuring 6 mm in diameter. At a slightly higher magnification, the periphery of such
avascular zones is clearly evident (Figure 2C); the sumounding functional vessels were often redirected away from the
source of taxol (Figures 2C and 2D). Such angular redirecting of blood flow was never observed under normal condi-
tions. Another feature of the effects of taxol was the formation of blood islands within the avascular zone representing
the aggregation of blood cells.

The associated morphological alterafions of the taxcl-reated CAM are readily apparent at both the light and clec-
tron misrostoplc levals. For the conventence of presentation, three distinct phases of general transition from the normat
1o the avascular state are shown. Near the periphery of the avascular zone the CAM is helimarked by an abuntance of
mitolic cells wilhin afi three germ layers (Figures 3A and 4A). This enhanced mitotic division was also a canslstent
observation for capillary endoihelial cells. However, the endothelial cells remained junctionally intact with no extravasa-
tion of blood cells. With further degradation, the CAM is characterized by the breakdown and dissolution of ¢apillasies
(Figures 3B and 4B), The presumptive endothelial cells, typically amested in milosls, still maintain a close spatial rela-
tionship with bicod cells and lie subjacent to the ectoderm; however, these cells are not junciionally linked. The most
centra! portion of the avaseular 20ne was characterized by a thickened ectodermal and endodermal layer (Figures 3¢
and 4C). Athough these layers were thickened, the cellular junclions remalned intact and the layers maintained their
structural characteristics, Within the mesoderm, scattered mitotically arrested cells were abundant; these calls did not
exhibit the endothslial cell polarization observed in the former phage. Also, throughout this avascular region, degener-
ating cells were comimon as noted by the electron dense vacuoles and oeflular debris {Figure 4C).

In surnmary, this study demonstrated that 48 hours affer taxol application 1o the CAM, angiogenesis was Inhibited.
The blood vessel inhibitlon formed an avascutar zone which was represented by thrae transitional phases of taxol's
eHect. The central, most affected area of the avascular zone contained disrupted capillaries with extravasated red biood
cellg; this indicated that interceliutar junclions between endothelial calls were absent. The calls of she endoderm and
ectoderm maintained their intercellular junctions and therefore these germ layers rermained inlact; however, they were
slightly thickened. As the normal vascular area was approached, the blood vessels refalned their junctionsl complexes
and therefore also remained inlact. At the periphery of the taxol-treated zone, further blood vessel growih was inhibited
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which was eviderit by the typical redirecting or "elbowing" efiect of the blocd vessels (Figure 20).

Taxol-ireated avascular zones also revealed an abundance of cells arrested in mitosis in all three germ tayers of the
CAM; this was unique to taxo! since no previous study has illustrated such an avent. By being arrested in mitosis,
endothalial calls could not undergo their normal metabolic functions involved in angiogenesis. In comparison, the avas-
culer zone formed by suramin and cortisone acetate do not produce mitctically arrested cells in the CAM; they only pre-
vented further blood vessel growth into the trealed area. Thergfors, even though agents are anti-angiogenic, there are
many points in which the angiogenesis process may be targetied, ’

We also obsarved the effects of faxol aver the 48 hour duration and noliced that inhibition of anglogenesis occurs
as early as 9 hours afler epplication. Histological sections revealed a similar morphology as seen in the first transifion
phase of the avascular zone at 48 hours illustrated in figure 3a and 4a. Also, we observed the revascularization process
into the avascular zone praviously observed. It has been found that the avascular zons formed by heparin and angi-
ostatic stercids became revascularized 60 hours after application. In our study, taxoldreated avascular zones did not
revascularize for af least 7 days after application implying a more potertt long-term effect.

EXAMPLE
ENCAPSULATION GF SURAMIN

One milliliter of 5% ELVAX (poly{ethylene-viny! acetate) cross-linked with 5% vinyl acetate) in dichloromethane
("DCM") is mixed with a fixed weight of sub-micron ground sodium suramin. This mixture is infected Into 5 ml of 5% Pol-
yvinyl Alcoho! ("PVA®) in water in a 80 mi lat bottomed test lube, Tibes contalning difierent waights of the drug are then
suspended in a multi-sample water bath at 40° for 90 minutes with aulomated stiming. The mixes are removed, and
microsphere samples faken for size anafysis. Tubes are centrifuged at $000g for 5 min. The PVA supernatant is
removed and saved for analysis (nonencapsulated drug). The micrespheres ara then washed (vortexed) in 5 mi of water
and recentrifuged. The S ml wash is saved for analysis (surface bound drug). Microspheres are then wetted in 50 ul of
methanel, and vortexed in 1 ml of DCM o dissolve the ELVAX, The microspheres are then warmed to 40°C, and 5 m!
of 50°C water is slowly added with stiing, This procedure resulls in the immediate evaporation of DGM, thereby ¢aus-
ing the release of sodium suramin inta the 5 mt of water. All three 5 mi samples wera then assayed for drug content.

Sedium suramin absorbs uvivis with a lambda max of 312nm. The absarption is linear in the 0 1o 100 ug/ml range
inboth water ard 5% PVA. The drup tiuoresces strongly with an exeitation maximum at 312nm, and emission maximum
at 400nm. This fiucrescenca is quantifiable in the 0 to 25 ug/mi range.

Results are shown in Figures 5-10. Briefly, the size distribution of microspheres appears to be unaflected by inclu-
sion of the drug in the DCM (see Figures § and 6). Good yislds of microspheres in the 20 to 60 um range may be
oblained.

The encapsulalion of surarriin is very low (<19} (see Figure 8). However as the weigh! of drug is intreased in the
DCM the fotal ameunt of drug encapsulated increased although the % encapsulation decreased. As is shown in Figure
7. 50ug of drug may be encapsulaied in 50 myg of ELVAX, Encapsulation of sodium suramin in 5% PVA contalning 10%
NaCl is shown in Figures 8-10.

EXAMPLE 4
ENCAPSULATION OF TAXGL

Five hundred micrograms of either taxol or baccatin (a taxol analog, avallable from Inflazyme Pharmaceuticais Inc.,
Vancouver, British Golurnbia, Canada) are disgolved in 1 ml of a 50:50 ELVAX:poly-Hactic acid mixture in DCM Micro-
spheres ere then prepared in a dissolution machine {Six-spindle dissolution tester, Vanderkenp Van Kell Industries
Ine., U8.A.) intriplicate at 200 rpm, 42°C, for 3 hours. Microspheres so prepared are washed twice in waler and sized
on the microscope.

Determination of taxdl encapsulation is undertaken in a uviis assay {uvivis larmda max. at 237 nm, fluorescence
assay at excitation 237, emission at 825 nm; Fluorescencs results are presented in square brackets I). Utllizing the pro-
cedures described above, 58 g (+~12 ug) {75 pg (+/-25 ug)] of taxol may be encapsulated from a tota) 500 pg of slart-
ing material. This represents 12% (+/-2.4%) [15% (+/-6%)] of the original weight, or 1.2% (+/-0.25%) [1.5% {+/-0.5%)]
by weight of the polymer. After 18 hours of tumbling in an oven at 87°C, 10.3% (+/-10%} [6% (+/-5.6%)] of the total taxol
had been released from the microspheres.

For bacgalin, 100 +/-15 pg [83 +/-23pg] of baccatin can be encapsulated from a lotal of 500 pg starting material.
This represents a 20% {(+-3%) [17% {4/-5%) of the otiginal weight of bagcatin, and 2% (+/-0.8%) [1.7% (+/-0.5%)] by
weight of the polymer. After 18 hours of fumbling in an oven at 37°C, 55% (+/-13%) [60% (+/-23%]] of the baccatin is
released from the microspheres.
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EXAMPLE 5
ANALYS1S OF SURGICAL PASTE CONTAINING ANTI-ANGIOGENIC COMPOSITIONS

Fisher rats weighing approximately 300 grams are anesthelized, and a 1 cm fransvarse upper abdominal incision
is made. Two-tenths of a milliliter of saline containing 1 x 10 live 9L gliosarcoma cells (elufed immediately prior fo use
from tissue culture) are injected info 2 of the & hepatic lobes by piercing a 27 gauge needle 1 cm through the liver cap-
sule. The abdominal wound is closed with 8.0 resorplible suture and skin clips and the GA terminated.

After 2 weeks, the lumor deposits will measure approximately 1 cm. At this time, both hepatic tumors are resecied
and the bare margin of the liver is packed with & hemosiatic agent. Tha rats are divided into two groups: half is admin-
istered polymeric carrier alone, and the other half receives an anti-angiogenic composition.

Rafs are sacrificed 2, 7, 14, 21 and 84 days post hepatic tesection. In particular, the rats are euthanized by injecting
Euthany! into the dorsal vein of the 1ail. The liver, spleen, and both lungs are removed, and histologic analysis is per-
formed in order to study the tumors for evidence of anti-angiogenic acivity.

EXAMPLE 6
EMBOLIZATION OF RAT ARTERIES

Fisher rats weighing appraximately 300 grams are enesthetized. Uilizing aseplic procedures, a 1 ¢m transverse
upper abdominal inclsion is made, and the fiver identitied, Two-tenths of a milliiiter of saline containing 1 million live 9L
gliosarcoma cells (eluied immediately prior from tissue culture} is injected inlo each of the hepatic lobes by piercing
a 27 gauge needle 1 ¢m through the liver capsule. One-terth of a miliiliter of normal saline is injected into the needle
as it is withcdrawn 10 ensure that there is no spillage of cells into the peritoneal cavity. A pledget of getfoam Is placed on
each of the punclure sites to ensure hemostasis. The abdeminal wound is closed with 8.0 resorptible suture with skin
clips, and the anesthefic terminated. The rat is returned to the animal care facility to have a standard diet for 14 days,
at which time each tumor deposit will measure 1 cm in diameter. The same procedure Is repeated using Weslar rats
and a Colon Cancer ool line (Radiolegic Oncology Lab, M.D. Anderson, Houstan, Texas). in this instance, 3 weeks are
required post-injecfion for the tumor deposits to measure 1 cm in diameter each.

After 2 or 8 weeks, depending on the rat species, the same general anesthatic procedure is followed and a midiina
abdominal incision is performed. The duodenum is flipped and the gasiroduodens! artery is identified and mobilized,
Ties are placed above and below a cutdown site on the midportion of the gasiroduodenal artery (GDA), and €.038 inch
polyethylene tubing is introduced in a retrograde tashion inlo the artery using an operating microscope. The tie below
the insertion point will ligate the artery, while the one above will fix the catheter in place, Angiography is performed by
injecting 0.5 ml of 60% radiopaque contrast matesial through the catheter as an x-ray is taken. The hepatic artery isthen
embolized by refluxing particles measuring 15-200 pm through the gastrodundenal erfery catheter until flow, chserved
via the aperating microscope, is seen to cease for at least 30 seconds. Qeclusion of the hepatic artery Is gonfirmed by
repesting an angiogram through the GDA cathster. Utilizing this procedure, one-half of the rats receive 15-200 pm par-
ficles of polymer alone, and the other half recaive 15-200 wm particies of the polymer-anti-angiogenic factor composi-
tign. The upper GDA ligature is tightened to ocolude the GDA as the catheter is withdrawn to ensure hernostasis, and
the hepatic arlery {although embolized) is left intact. The abdomnen is closed with 6.0 absorbable suture and surgical
clips.

The rats are subsequently sacrificed at 2, 7, 14, 21 and 84 days post-embolization in order to determine efficacy of
the anti-angiogenic factor, Briefly, general anesthetic is given, and wlilizing aseptic precautions, a miding incisfon per-
formed. The GDA is mobiiized again, and after plaging & ligeture near the juncion of the GDA and the hepatic artery
{ie., well above the site of the previous cutdown), a 0.038-Inch polyethylene tubing is inserted via cutdown of the vessel
and angiography Is performed. The rat is then euthanized by injecting Euthanyl into the dorsal vein of the tail. Once
euthanasia is confirmed, the liver is removed en bioc along with the stomach, splaen and both lungs.

Hislologic analysis is performed on & prepared slide stained with hematoxylin and gosin ("H and E”) stain. Brieily,
the lungs are sectioned at 1 emintervals to assess passage of embolic materal through the hepatic veins and inlo the
right sidle of circulation. The stomach and spleen are aleo sectioned in order to assess inadvertent immobilization from
reflux of particles inta the celiac access of the collateral circulation.

EXAMPLE 7
TRANSPLANTATION OF BILIARY STENTS IN RATS

General anesthatic is administered o 300 gram Fisher rats. A 1 om transverse incision is then made in the upper
abdomen, and the liver identified. In the most superticiat lobe, 0.2 ml of safine cortaining 1 million cells of 8L gliosar-
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coma cells (eluted from fissue culitre immediately prior to use) is injected via & 27 gauge needle toa depth of 1 cminto
the liver capsule. Hemostasis is achieved after removal of ihe needle by placing a pledget of gelfoar at the puncture
siles, Saline is injected as the needle is removed to ensure no spillage of cells into the peritoneal cavity or along the
needle track. The general anesthelic is terminated, and the animal returned to the animal care center and placed ona
normal diet.

Two weeks fater, general anesthetic is adminisiered, and utitizing agseplic precautions, the hepatic lobe containing
the tumer is idenlified through a midline ingision, A 16 gauge angiographic needle is then inserted through the hepatic
capsule into the tumor, a 0.038-inch guidewire passed {hrough the needle, and the needle withdrawn over the
guitiewire. A number 5 Franch ditator is passed over the guitle into the fumor and withdrawn, A number § Franch deliv-
ary catheter is then passed over the wire containing a self-expanding stainless steel Wallsterd (5 mm in diameter and
1 ¢m long). The stent is deployed into the tumor and the guidewire delivery catheler is removed. Ona-third of the rats
have a conventional stainless steel stent inserted into the tumor, one-third a stainless steel stent coated with polymer,
and one third a stent coated with the polymer-anii-angiogenic factor compound. The general anesthetic Is terminated
and the rat returned to the animal care facility.

A plain abdominal X-ray is performed at 2 days in order fo assess the degres of stent opening. Rals are sacrificed
at2, 7, 14, 28 and 56 days post-stent insertion by injecting Euthanyl, and their livers removed en bloc once euthanasia
is confirmed. After flxation in formaldehyde for 48 hours, the liver is seclioned at 0-5 mm intervals; including severing
the stent transversely using a fresh blade for each slice. Histologic sections stained with H and E are then analyzed to
assess the degree of tumor ingrowth inle the stent luman,

EXAMPLE 8
MANUFACTURE OF MICROSPHERES

Equipment which is preferred for the manufaciure of microspheres described below include: 200 mi water jacketed
beaker (iGmax or Pyrex), Hazake circulating water bath, overhaad stirer and controller with 2 Inch diameter (4 blade,
propeller type stalrless steel stimer - Fisher brand), 500 mt glass bealer, hot plate/stirer (Corning brand), 4 X 50 ml
polypropylene centrifuge tubes (Nalgene), glass scintillation vials with plastic insert caps, table top cenlrifuge (GPR
Beclanan), high speed centrifuge- floor modal (JS 21 Beckman), Mettier analytical balance (AJ 100, 0.1 mg), Metller
digital top loading balance {AE 163, 0.01 mg), automalic pipetter {Gilson). Reagents Include Pelycaprolactone {"PCL"
- mol wt 10,000 fo 20,000; Polysciences, Warrington Pennsylvania, USA), "washed"® Ethylens Vinyt Acelate {"EVA"
washed so as to remova the anti-oxidant BHT), Poly(DL}actic acid ("PLA" - mol wt 15,000 to 25,000; Polyscienges),
Polyvinyl Alcohol ("PVA" - mol wt 124,000 to 186,000; 89% hydrolyzed; Aldrich Chemical Co., Milwaulkes Wi, USA),
Dichtoromethane ("DCM" o "methylene chloride”; KPLC grade Fisher scientific), and distiled water.

A.mmmmm&mm@

Depending on the polymer solulion being prepared, 1.00 g of PCL or PLA, or 0.50 g each of PLA and washed EVA
is weighed directly into a 20 mi glass sdinfilfation vial, Twenty milliiters of DCM is then added, and the vial fightly
capped. The vial Is stored at room femperature (25°C) for one hour (cccasional shaking may be used), or untit all the
polymer has dissolved (the sclution should be clear). The solution may be stored at room temperature for at least two

weeks.

B. Preparation of W Soluti A

“fwenty-tive grams of PVA is weighed directly into a 600 mi glass baaker. Five hundred milliliters of disfiled water is
addad, along with a 3 inch Teflon coated stir bar. The beaker Is covered with glass to decrease evaporafion losses, and
placed inty a 2000 ml glass beaker containing 300 ml of water {which acts as & water bath). The PVA is stirred at 300
ipm at 85°C (Corning hot plate/sfirrer) for 2 hours or until fully dissolved. Dissolution of the PVA may be determined by
& visual checl; the solution should be clear. The solution is then transferred 1o & glass screw lop storags container and
slored at 4°C for a maximum of two months. The solulion, however should be warmed o room temperaiure before use

or dilution.

C. Progedure for Produsing Microspheres

Based on the size of microsphseres being made (see Table 1), 100 m! of the PVA sclulion {concentrations given in
Table [lf) is placed intc the 200 ml water jacketed beaker. Haake circulating water bath is connected to this beaker and
the contents ars allowed 1o equilibrate at 27°C (+-10°C} for 10 minutes. Based on the size of microspheres being made
{see Table I}, the start speed of the overhead stirrer is set, and the blade-of the overhead stirrer placed half way down
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in the PVA solufion. The siirer is then started, and 10 ml of polymer sclution {polymer $olution used based on type of
microspheres being produced) is then dripped into the stirring PVA over a period of 2 minutes using a 5 ml automatic
pipetier. After 3 minutes the stir speed is adjusted (see Table [1l), and the sofution stirred for an addilional 2.5 hours. The
stirring blade is than removed from the microsphere preparation, and rinsed with 10 ml of distilled water so thatthe rinse
sotution drains into the micrasphere preparation. The microsphera preparation is then poured inte a 560 mi beaker, and
the jacketed waler bath washed with 70 mi of distiled water. which is also allowed to drain into the microsphere prepa-
ratiori. The 180 ml microsphere preparation is then stirred with a glass rod, and equal amounts are poured into four
polyprapylerie 50 mi cenirifuge tubes, The tubes are then capped, and centrffuged for 10 minutes {force given in Table
1). A S ml autematic pipeiter or vacuum suction is then utilized to draw 45 mi of the PVA solution off of each microsphere

pellet.

TABLE I
PVA concentrations, stir speeds, and centrifugal force requirements {for each diameter range of micre-
spheres.
PHRODUCTION STAGE MICROSPHERE DIAMETER RANGES
30 umto 100 pm 10 um to 30 pm 0.1 pumio 3 pm
F_ PVA Concentration 2.5% (wiv) (fe., ditute 5% | 5% (wiv) (Le., undiluted 3.5% {wiv) {ie., diltie 5%
stock wilh distilled water | stock) stock with distilled water
Starting Stir Speed 800 rpm +/- 50 rpm 500 rpm +- 50 rpm 3000 rpm +/- 200 rpm
Adjusted Siir Speed | 500 rpm -+~ 50 rpm 500 rpm +/- 50 rpm 2500 rom +- 200 pm
Cenlrifuge Force 1000 g +/- 100 g (Table top | 1000 g +/- 100 g (Tabletop { 10000 g +/ 1000 g (High
model) model) speed medel)

Five milliiters of distiled water is then added to each centrifuge lube, which is then vortexed to resuspend the
microspheres. The four microsphere suspensions are then paoled info one centrifuge tube along with 20 mi of distilled
water, and centrifuged for another 10 minutes (force given in Table 1). This process is repeated two additional fimes for
a total of three washes. The micraspheres are then cerdrifuged & final ime, and resuspended in 10 ml of distilled water.
After the final wash, the microsphere preparation is transferred into a preweighed glass scintillstion vial. The viel is
capped,-and left overnight at room temperature (25°C) in order to allow the microspheres to sediment oul under gravity.
Microspheres which fall In the size range of 0.1 um to 8 um do not sediment out under gravity, so they are Isit in the 10

mi suspension.
{ameter Microspheres

Afler the microspheres have sat at room temperature overnight, a 5 m! automatic pipetter or vacuum suclion is
used to draw the supernatant off the sedimented microspheres. The microspheres are allowed to dry In the uncapped
vial in a drawer for a petiod of one wesk or unlil they are fully dry (vial at constant weight). Faster drying may be accom-
plished by leaving the uncapped vial under a siow stream of nilrogen gas {flow approx. 10 mi/min.} in the fume hood.
Whan fully dry (vial at constant waight), the vial is weighed and capped. The labelled, capped vial is stored at room tam-
peraturs in a drawer. Microspheres are normally stored ho longer than 3 months.

E. Drying of Diameter Microspher:

This size range of micrespheres will not sediment out, so they are lefi in suspension at 4°C for a maximum of four
weeks. To determine the concentration of microspheres in the 10 mi suspension, a 200 pl sample of the suspension is
pipetted into a 1.5 ml preweighed microfuge fube. The 1ube is then centrifuged at 10,000 g (Eppendort table top micro-
fuge), the supernatant removed, and the {ube allowed to dry at 50°C overnight. The fube Is then reweighed in order fo
determine the weight of dried microspheres within the tube.

F. Manufacture of Taxal 1.oaded Microsphere

Iny order 1o prepare taxol containing microspheres, an appropriate amount of weighed taxol (based upon the per-
cerage of taxol {o be encapsulated) is placed directly into a 20 mi glass scintlllation vial. Ten millfliters of an appropriate

ing of 10 um to 30 pm or B0 pm o 160
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polymar solution is then added to the vial containing the texol, which is then vortexed untif the taxol has dissolved.
Microspheres containing taxol may then be produced essentially as described above in steps (C) through (E).

EXpMPLE ©
MANLIFACTURE OF STENT COATING

Reagents and equipment which are utilized within the following experiments include {medical grade stents obtained
commercially from a variely of manufacturers; e.g., the "Strecker” stent) and holding apparatus, 20 m! glass scinfillation
vial with cap {plastic insert type), TLC atomizer, Nitrogen gas tank, glass test fubes (various sizes from 7 mi and up),
glass beaters (various sizes), Pasteur pipette, tweszers, Polycaprolactone ("PCL" - mal wt 10,000 to 20,000; Poly-
sciences), Too! (Sigma Chemical Co., St. Louls, Mo., 95% purity), Ethylene vinyt acetate ("EVA” - waghed - see previ-
ous), Poly(DL)iaclic acid ("PLA" - mol wt 15,000 fo 25,000; Polysclences), dichloromethane {"DCM" « HPLC grade,
Fisher Scienific).

A. Procedure for Sprayed Stents

The following describes a typical method using a 3 mm crimped diameter interleaving metal wire stent of approx-
mately 3 om length. For larger diameter stents, larger volumes of polymer/drug solution are used.

Weigh suflicient polymer direclly info a 20 mi glass scinfillation vial and add sufficient DCM to achieve a 2% wiv
solution. Cap the vial and mix the solution {o dissolve the polymer {hand shaking). Assermble the stent in a vertical ori-
eniation. This can be accomplished uging a piece of nylon and tying the stent to a retart stand. Position this stent hold-
ing apparatus 6 to 12 inghes above the fume hood floor on & suitable support (e.g., inverted 2000 mi glass beaker) to
anable horizontal spraying. Using an automatic pipetts, iransfer a suitable volume (minimum 5 mi) of the 2% polymer
soluficn to a separate 20 ml glass sointillation vial. Add an appropriate amount of texol o the solution and dissolve it by
hand shaking the capped vial.

To prepare for spraying, remaove the cap of this vial and dip the barret (only) of an TLG atomizer into the polymer
solution. Note that the reservoir of the atomizer need not be used in this procedure: the 20 ml glass vial acts as & res-
ervoit. Connect the nitrogen tank to the gas inlet of the atomizer. Gradually increase the pressure until atomization and
spraying begins. Note the pressure and use this pressure throughout the procedure. To spray the stent use & second
osaillating sprays with a 15 second dry fime between sprays. After § sprays, rotate the stent 80° and spray thet portion
ol the stent. Repeat until all sides of the stent have been sprayed. During the dry time, finger orimp the gas line to avold
wastage of the spray. Spraying is continued unti a suilable amount of polymer is deposited on the stents. The amount
may be based on the specilic stent application /n vivo. To determine the amount, weigh the stert after spraying has
been completed and the stent has drled. Subtract the original weight of the stent from the finished welghl and fhis pro-
duces the amount of polymer (plus taxol) applied to the stent. Store the coated stent in a sealed container.

B. Procedurs for Di ents

The following describes a typlcal meihod using a 3 mm erimped diameter interleaving metal wire stent of approxi-
mately 3 cm length. For farger diameter stents, larger volumes of polymer/drug solution are used In larger sized test
tubes.

Weigh 2 g of EVA into & 20 ml glass scintiliation vial and add 20 m| of DCM. Cap the vial and lsave it for 2 hours to
dissolve (hand shake the vial frequently to agsis! the dissolving process). Weigh a known weight of taxol directly inlo a
1 mi glass test fube and add 0.5 m! of the polymer solution. Using a glass Pasteur pipette, dissolve the faxol by gently
pumping the polymer solution. Once the taxol is dissalved, hold the test tube in a near horizontal position (the sticky
polymer solution will not flow ouf). Using tweezers, insert the stent into the tube all the way 1o the bottom. Allow the pal-
ymer solution to flow almast fo the mouth of the test tube by angling the mouth below horizontal and then restoring the
test tube 1o an angle slightly above the herizontal. While slowly rotating the stent in the tube, slowly remova the stent
{approxdmately 30 seconds).

Hold the stent in a vertical position to dry. Some of the seafed perforations may pop sa that a hole exists in the con-
tinuous sheat of polymer. This may be remedied by repeating the previous dipping procedure, however repatition of the
procedure can alse lead fo furiher popping and a general uneven build up of polymer. Generally, it is better lo dip the
stent just once and 1o cul put & section of stent that has no popped perforations. Store ihe dipped stent in a sealed con-

tainer.
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EXAMPLE 10

MANUFAGTURE OF SURGICAL "PASTES"

As noled above, the present invention provides a variety of polymeric-cantaining drug composilions that may be uti-
lized within a variety of clinical situations. For example, compositions may be produced: (1} as a "thermopaste” that is
applied to a desired site as a fluid, and hardens fa & solid of the desired shape at a specified temperature (e.g., body
temperature); (2} as a spray {i.e., anospray") which may celivered to a desired sile either directly or through a spe-
cialized apparatus (e.g., encoscopy), and which subsequently hardens 1o a solid which adheres 1o the tissue to which
it is applied; {8) as an adherent, pliable, resilient, angiogenels inhibitor-polymer film applied to a desired site either
direttly or through a specidlized apparatus, and which preferably adheres to the site to which it is applied; and (4)asa
fluid composed of a suspansion of microspheres in an appropriate carrier medium, which s applied 1o a desired sile
either direclly or via a specialized apparatus, and which leaves a layer of microspheres &t the application site. Repre-
sentative examples of each of ihe above embodiments is set forth in more detail below.

A. Progedhsre for Producing Thermopaste

Reagents and equipment which are utllized within the following experiments include a sterile glass syringe {1 mij),
Corning hot plate/stirrer, 20 mi plass scintillation vial, moulds (e.g., 50 Wl DSG pan or 50 mi centrifuge tube cap inner
portion}, soalpel and tweezers, Polycapralactone ("PCL" - mol wi 10,000 fo 20,000; Polysciences, Warington, Penneyl-
vania USA), and Taxol {(Sigma grads 95% purity minimum).

Weigh 5.00 g of polycaprolactone directly Into a 20 mi glase scintillation vial, Placs the vial in a 600 mi beaker con-
1aining 50 ml of water. Gently heat the beaker to 65°C and hold it at that temperature for 20 minutes. This aliows the
polymer to melt. Thoroughly mix & known weight of taxol, or other angiogenesis mhibitor info the melted polymer at
£5°C. Pour the mefted potymer into a prewarmed {60°C oven) mould. Use a spalula {o assist with the pouring process.
Afiow the mould to coo! so the polymer solidities. Cut or break the polymer into small pleces (approximately 2 mmby 2
rmm insize). These pieces must fit into & 1 mi glass syringe. Remove the plunger from the 1 ml glass syringe (do not
rernove the cap from the tip) and place it on a balance, Zero the balance.

Weigh 0.5 g of the pieces directly into the open end of the syringe. Place the glass syringe upright (capped tip
downwards) into 8 500 mi glass beaker conlaining distilled water at 65°C (corning hot plate) so that no water enters the
batrel. The polymer melts compietely within 10 minutes in the apparalus. When the polymer pieces have melted,
remove the barrel from the water bath, hold it horizentally and remove the cap. Insert the plunger into the barrel and
compress the melled polymer into a sticky mass at the tip end of the barrel. Cap the syringe and allow it to coo! to room

temperature.
For application, the sytinge may be reheated lo B0°C and adminisiered as a liquid which solidifies when cocled ta

body temperature.
B. Progedgre for Produging Nanospray

Nanospray is a suspension of small microspheres in sallne, If the microspheres are very small {i.e., under 1 pmin
diameter) they form a colloid so thal the suspension will not sediment under grevity. As is described in more detall
below, a suspension of 0.1 pm to 1 um microparticles may ba erented suitable for deposiion anta fissue through afinger
purmped aerosol. Equipment and materials which raay be ulllized to produce nanospray include 200 ml water jacketed
beaker (IGmax or Pyrex), Haake circulafing water bath, overhead stiffer and controller with 2 inch diameter (4 blads, pro-
peller type stainiess steel stirrer; Fisher brand), 500 m! glass beaker, hot plate/stirer (Corning brand), 4 X 50 mi poly-
propylene centrifuge iubes {Nalgene), glass scintiflafion vials with plastic insert caps, table top centrifuge (Beckman),
high speed centrifuge - fioor mode! (JS 21 Backman), Mstiler analytical balance (AJ 100, 0.1 ma), Metiler digital top
loading balance (AE 163, 0,01 mg), avtomatic pipetter (Gilson), stetile pipette tips, pump action aerosol {Pfeifier phar-
maceuticals) 20 mi, laminar fiow hood, Palycaprotactons ("PCL" - mol wt 10,000 to 20,000; Polysciences, Warrington,
Pennsylvania USA), "washed" (see previous) Ethylene Vinyl Acetate ("EVA"), Poly{DL)laclic acid ("PLA™ mol wi 15,000
to 25,000; Polysciences), Polyvinyl Alachal ("PVA® - molwt 124,000 to 186,000; 89% hydrolyzed; Aldrich Chemical Co.,
Milwaukee, W1 USA}, Dichioromethana ("DCM” or "methylene chloride:” HPLC grade Fisher solentific), Distilled water,

sterile salina (Beclon and Dickenson ar equivalent)
1. Preparation of 5% (wiv} Folymer Solutions
Depending on the polymer solufion being prepared, weigh 1.00 g of PGL or PLA or .50 g each of PLA and washed

EVA directly info a 20 mi glass scintillation vial. Using a measuring cylinder, add 20 m! of DCM and tightly cap the vial.
Leave the vial at room temperature (25°C) for one hour or until ail the polymer hag dissolved (oceasional hand shaldng
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may be used). Dissolving of the polymer ¢an be determined by a visual check; the sclution should be clear. Label the
yial with the namae of the solution and the date it was produged. Store tha solutions at room temperature and use within

two weeks.
2. Preparation of 3.5% (w/v) Stock Solulion of PVA

The solution can be prepared by following the procedure given below, or by diluting the 5% (wi} PVA stock sciution
prepared for production of microspheres (see Example 8), Briefly, 17.5 g of PVA is weighed directly into a 600 ml glass
beaker, and 500 mi of distilled water Is added. Place a 3 inch teflon coated stir bar in the bealeer. Cover the beaker with
a cover glass to reduce evaporation losses. Place the beaker in a 2000 m! glass berker containing 300 mi of water. This
will act as a water bath. Stir the PVA at 300 mm at 85°C (Corning hot piate/stirer) for 2 hours or unlit fully dissolved.
Dissolving of the PVA can be determined by a visual check; the solution should be clear. Use a pipette to iransfer the
solution to a glass screw top storage conlainer and store et 4*C for a maximum of two months. This solution should be
warmed to room temperatuse before use or dilution.

3. Procedure for Producing Nanospray

Plage the stirring assembly in a fume hood. Place 100 m! of the 3.5% PVA solution in the 200 m} water jacketed
beaker. Connect the Haake water bath to this beaker and allow the contents to equilibrate at 27°C (+/-1°G) for 10 min-
utes. Set the start speed of the overhead siirer at 3000 rpm (+/-200 rpm). Place the blade of the overhead slirer half
way down in the PVA solution and start the stirrer. Drip 10 ml of polymer solution {polymer solution used based ontype
of nanospray being produced) into the stirring PVA over a period of 2 minutes using a 5 ml automatic plpetter. After 3
minutes, adjust the stir speed to 2500 rpm (44 200 rpm} and leave the assembly for 2.5 hours, After 2.5 hours, remove
the stirring blade from the nanospray preparalion and rinse with 10 ml of distilled water. Allow the rinse solution 10 go
into the nanospray preparation.

Pour the microsphere preparation inlo a 500 ml beaker. Wash the jackeled water bath with 70 ml of distifled water.
Allow the 70 ml rinse sohution to go into the microsphere preparafion. Slir the 186 ml microsphere preparation with a
glass rod and pour equal amounts of it into feur polypropylens 50 ml centrifuge tubes. Cap the tubes. Centrifuge the
capped tubes at 10 000 g {+- 1000 g) for 10 minutes. Using a § ml automatic pipelter ar vasuum suction, draw 45 mi
of the PVA solution off each microsphere peliet and discard it. Add 5 mi of distilled water to each centrifuge tube and
use a vorlex to resuspend the microspheres in each fube, Using 20 ml of distilled water, pool the four microsphers sus-
pensions into one centrifuge tube. To wash the microspheres, centrifuge the nanospray preparation for 10 mintdes at
10 000 g (+/- 1000 g}. Draw the supernalant off the microsphere pellet. Add 40 mi of distilled water and use a vortex to
resuspend the microspheres. Repeat {his process two more times for & total of three washes. Do a fourth wash but use
only 10 ml (not 40 mil} of distiled water when resuspending the microspheres. After the fourth wash, transfer the micro-
sphere preparation into a preweighed glass scinfillation vial.

Cap the vial and let it &it for 1 hour at room temperature {25°C) io aliow the 2 pm and 3 pm diameter microspheres
to sediment out under gravity. Afier 1 hour, draw off tha top @ ml of suspension using a § ml automatic pipetter. Place
the 8 ml into & slerile capped 50 mi centrifuge tube. Centrifuge the suspension at 10 000 g (+1- 1000°g} for 10 minutes.
Discard the supernatant and resuspend the pellst in 20 ml of sterile-saline. Centrifuge the suspension at 10 000 g (+-
1000 g) for 10 minutes. Discard the supernatant and resuspend the pellet in starile saline. The quantity of sefine used
is dependent on the final required suspension coneenfration (usually 10% wiv). Thoroughly rinse the aerosol apparatus
in sterile saline and add the nanospray suspension to the aerosol.

C. Manufagture of Taxol Loaded Nan

To manufaciure nanospray containing taxol, use Taxol (Sigma grade 95% purity). To prepare the polymer drug
slock solution, weigh the approptiate amount of taxol directly into a 20 ml glass scinfilation vigl, The appropriate
amount is determined based on the percentage of taxol to be in the nanespray. For example, If nanospray contaming
5% taxol was required, then the amount of taxol weighed would be 25 mg since the amount of polymer added is 10 ml
of & 5% polymer in DCM solution {(ses next step).

Add 10 m of the appropriate 5% polymer solution to the vial containing the taxol. Cap the vial and vortex or hand
swirl it 1o dissolve the taxol (visual check 1o ensure taxol disscived). Label the vial with the date it was produced. This
is to be used the day it is produced.

Follow the procedures as described above, except that palymerfdrug (e.g., taxol) stock solution is substiuted for
the polymer solution,
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D. Procedure for Producing Film

The term film rafers to a polymer formed into one of many geometric shapes. The film may be a thin, elastic shest
of polymer or a 2 mm thick disc of polymer. This film is designed to be piaced on exposed fissue so that any encapsu-
lated drug is released from the polymer over a long peried of tims at the tissue site. Films may be made by several proc-
e556s, including for example, by casting, and by spraying.

Inthe casting technique, palymer is either melted and poured into a shape or dissolved in dichloromethane and
poured into & shape. The polymer then either salidifies as it cools or solidifies as the sclvent evaporates, respedively.
in the spraying technique, the polymer is dissalved in solvent and sprayed onto glass, as the solvent evaporates the pol-
ymer solidifies on the glass. Repeated spraying enables a bulld up of pelymer into a {ilm that can be peeled from the
glass.
Reagents and equipment which were utiized within these experiments include a small beaker, Gerning hot plate
stirrer, casting moulds {e.g.. 50 ml centrifuge tube caps) and mould holding apparatus, 20 mi glass scintillation vial with
cap (Plastic insert type), TLC atomizer, Nilrogen gas tank, Polycapro! acione {"PCL" - mol wt 10,000 {o 20,000; Poly-
sciences), Taxo! {Sigma 86% purity), Ethanol, "washed" {see previous} Ethylene vinyl acetate ("EVA"), Poly(DU)lactic
acid ("PLA" - mol wt 15,000 to 25,000; Polysgiences), Dichleromethane (HPLG grade Fisher Scienfific).

1. Procedure for Producing Films - Melt Casting

Weigh a known weight of PCL directly into a smail glass beaker. Place the beaker in & larger beaker confaining
water (lo acl as a water bath) and put it on the hot plate at 70°C for 15 minttes or until the polymer has fully melted,
Add a nown weight of drug 1o the metted polymaer and sfir the mixture thoroughly, To ald dispersion of the drug in the
melted PGL, the drug may be suspended/dissolved in a small volume (<10% of the volume of the melted PCL) of 100%
ethanol. This ethanol suspension is then mixed into the melted polymer. Pour the melted polymer info a mould and let
it to cool. After cooiing, store the film in a container.

2. Procedure far Producing Films - Solvent Cagting

Weigh a known weight of PCL directly into a 20 ml glass scinliflation vial and add sufficient DCM 1o achieve a 10%
wiv solulion. Cap the vial and mix the solution. Add sufficient taxcl to the solution to achieve the desited final taxol con-
centration. Use hand shaking or vortexing fo dissolva the taxol in the solution. Let the solution sit for one hour (to dimin-
ish the presence of air bubbles) and then potyr it slowly into a8 mould. The mouild used is based on the shape required.
Place the mauld in the fume hood overnight. This will aliow the DCM o evaporate. Either leave the fiim in the mould fo
store it or peel it out and store itin a sealed container.

3. Procedure for Producing Fitms - Sprayed

Weigh sufficient polymer directly into a 20 mf glass sciniflation vial and add sufficlent DCM to achieve a 2% wiv
solution, Cap the vial and mix the solufion to dissolve the pelymer (hand shaking). Assemble the moulds in a vertical
orientstion in a suitable mould helding apparatus in the fume hood. Position this mouid holding apparatus 6 10 12 inches
above the fume hood floor on a suitable support {e.g., inverted 2000 ml glass beaker) to enable horizontal spraying.
Using an automatic pipeite, transfer a suitable volume {(minimum & m) of the 2% polymer solution to a separate 20 mi
glass scintillation vial. Add sufficient faxol to the selution and dissolve it by hard shaking the capped vial. To prepare for
spraying, remove the cap of this vial and dip the barret {only) of an TLC atomizer into the polymer solution, Note: the
reservoir of the atomizer 15 not used in this procedure - the 20 mf glass vial acls as a reservoir,

Connect the nitrogen lank to the gas inlet of the atomizer. Gradually increase the pressure uniil atomization and
spraying begins. Note the pressure and use this pressure throughout the procedure. To spray the moulds use 5 second
oscillating sprays with a 15 second dry fime beiween sprays. During the dry time, finger crimp the gas line o avoid wast-
age of the spray. Spraying is continued until a suitable thiclness of polymer Is deposited on the mould. The thickness
is based on the request. Leave the sprayed films attached 1o the moulds and store in sealed containers.

E. Pragadure for Produging Nanopaste

Nanopaste is a suspension of microspheres suspended in a hydrophilic gel. Within ane aspect of the inventian, the
gel or paste can be smeared over tissue as a method of locafing drug loaded microspheres close 1o the farget tissue.
Being water based, the paste will soon become diluted with bodily fluids causing a decrease in the stickiness of the
paste and a tendengy of the microspheres to be deposited on nearby tissue. A poot of microsphere encapsulated drug

is therehy tocated close 1o the target tissue.
Reagents and equipment which were ulilized within these experiments include glass beakers, Carbopo) 925 (phar-
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maceutical grade, Goodyear Chemical Co.), distilied water, sodium hydroxide {1 M) in water solution, sodium hydroxids
solution (5 M) in water solution, microspheres in the 0.1 pm to 8 pm size range suspended in water at 20% wiv (See

previous).
1. Preparation of 5% wiv Carbopol Gel

Add a sufficient amount of carbopol to 1 M sodium hydroxide lo achieve & 5% wiv solulion. To dissolva the carbepol
inthe 1 M sodium hydroxide, allow the mixture o sit for approximately one hour, During this tme period, stir the mixture
using a glass rod. After ong hour, take the pH of the mixlure. A low pH indicates that the carbopol is hot fully dissolved.
The pH you want 1o achieve is 7.4. Use 5 M sodium hydroxide o adjust the pH. This is accomplished by slowly adding
drops of § M soedium hydroxide to the mixture, stirring the mixiure and taking the pH of the mixture, it usually takes
approximately one hour to adjust the pH fo 7.4. Once a pH of 7.4 is achieved, covar the gel and let i sit for 2 fo 3 hours.
After this time period, check the pH to ensure itis still at 7.4. If it has changed, adjust back o pH 7.4 using 5 M sodium
hydroxide. Allow the gel fo sit for a few hours 1o énsurs the pH is stable at 7.4. Repeat the procass until the desired pH
is achieved and 1s stable. Label the container with the name of the ge! and the dats, The gel is to be used to make nan-

opaste within the next week
2. Procedure for Producing Nangpale

Add sufficient 0.1 pm 10 3 wm microspheres to waler to produce a 20% suspension of the migrospheres. Put 8 mi
of the 5% wiv carbiopol ge!l in a glass beaker. Add 2 ml of the 20% microsphere suspension to the beaker. Using & glass
rod or & mixing spatula, stir the mixture to thoroughly disperse the microgpheres throughotd the gel. This usually takes
30 minutes. Once the microspheres are dispersed in the gel, pface the mixture In & slorage Jar. Store the jar at 4°C. It
must be used within a one month period.

EXAMPLE 11

CONTROLLED DELIVERY OF TAXOL FROM MICROSPHERES COMPOSED OF A BLEND OF ETHYLENE-VINYL-
ACETATE COPOLYMER AND POLY(D,L LACTIC ACID). IN VIVO TESTING OF THE MIGROSPHERES ON THE CAM

ABSAY

This example describes the preparation of taxol-laaded microspheres composed of a blend of biedegradable poly
{dHactic acid) (PLA) polymer and nondegradable ethylene-vinyl acetate (EVA) copolymer. In. addition, the i vitro
release rate and anti-anglogenic activity of taxol released from microspheres placed on a CAM are demonstrated.

Reagents which were ufilized in these experiments include taxol, which is purchased 1rom Sigma Chemical Co. (St
Louis, MO}; PLA {molecular weight 16,000-25,000) and EVA (80% vinyl acetate) (purchased from Polysciences (War-
rington, PA); polyviny! alcohol (PVA) (malecular welght 124,000-186,000, 99% hydrolysed, purchased from Aldrich
Chemical Co. (Milwaukee, WD)} and Dichioromethane (DCM) (HPLC grade, obtained from Fisher Scientific Co). Distilled

water is used throughout.

A. Preparation of migrospheres

Micraspheres are prepared essentially as described in Example 8 ulllizing the solvent evaporation rethod. Briefly,
5% wiv polymer solufions in 20 mL DCM are prepared using blends of EVAPLA between 8565 to 90:10. To 5 mil of
2.5% whiv PVA In water in a 20 mL glass vial is atdded 1 mL of the palymer solufion dropwise with stiming. 8ix similar
vials are assembled In a six position overhead sfirrer, dissolution testing apparaius (Vanderkamp) and stirred at 200
rpm. The temperature of the vials is increased from room temperature o 40°C over 15 min and held at 40°C for 2 howrs.
Vials are centrifuged ai 500xg and the microspheres washed three mes in water. At some EVA:PLA polymer blends,
the microsphere samples aggregated during the washing slage due to the removal of the dispersing or emulsifying
agent, PVA. This aggregation effest could be analyzed semi-quantitatively since aggregated microspheres fused and
the fused polymer mass fiosted on the surface of the wash water. This surface palymer layer is discerded during the
wash treatments and the remaining, pelleted microspheres are weighed. The % aggregation is determined from

1-(welght of pelleted micraspheres) x 100
initial polymer waight

% agoregation =

Taxol loaded microspheres {0.6% wiw taxol) are prepared by dissolving the taxo! in the 5% wiv polymer sclution in

*DCM. The polymer blend used is 50:50 EVA:PLA. A "large” size fraciion and "small” size fraction of microspheres are
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produced by adding the texcl/palymer solution drapwise inta 2.5% wiv PVA and 5% wiv PVA, respectively. Tha disper-
sions are stirred at 40°C at 200 rpm for 2 hours, cenirifuged and washed 3 times in water as described previously.
Micrespheres are air dried and samples are sized using an oplical microscope with a stage micrometer. Over 300
microspheres are counied per sample. Control microspheres (taxol absent) are prepared and sized as described pre-

viously.

B. Encapsulation efficiency

Known weights of taxoh-loaded microspheres are dissolved in § mL DCM, 20 ml. of 40% acetonitrile in water at
50°C are added and vortexed until the DCM had been evaporated, The concentration of taxol in the 40% acetonitrile is
determined by HPLC using a mobile phase of watermethanol:acelonitriie (37:5:58) at a flow rate of 1 mlfmin (Beckman
isocratic pump), a CB reverse phase columm (Beckman) and UV dstection al 232 nm. To determine the recovery effi-
ciency of this extraction procedure, known welghts of taxol from 100-1000 p.g are dissolved in 1 mL of DCM and sub-
jected fo the same extraclion precedure in iriplicate as described previously. Recoveries are always greater than 85%
and fhe values of encapsulation efficiency are corrected appropriately.

C. Drug release studies

In 15 mL glass, screw capped tubes are placed 10 mL of 10 mM phesphate buffered saling (PBS), pH 7.4 and 36
mg taxohloaded microspheres. The iubes are fumbled at 37°C and at given time intervals, centrifuged at 1500xg for 5
min and ihe supernatan saved for analysis. Microsphere pellets are resuspended in fresh PBS (10mL) at 87°C and
relncubated. Taxol concenbations are determined by extraction into 1 mL DCM followed by evaporation o dryness
under a stream of nitrogen, reconstilution in 1 ml. of 40% scetonitrile In water and analysis using HPLC as previously

described.
D, Scanning Eleciran Microscopy {SEM)

Microspheres are placed on sample holders, sputter coated with gold and micrographs obtained using a Philips
5018 SEM operating at 15 kV.

E. CAM Siudies

Feriilized, domestic chick embryos are incubated for 4 days prior to shell-less culturing. The egg contents are incu-
bated at 90% relative humidity and 3% COj for 2 days. On day 6 of incubation, 1 mg aliquots of 0.6% taxol loaded o
conirot {taxol freg) microspheres are placed directly on the CAM surface. Afier a 2 day exposure the vasculature is
examined using a stereomicroscops interfaced with a video camera; the video signals &re then displayed on a computer

arxd video printed.

F. Besulis

Microspheres prepared from 100% EVA are freely suspended in solutions of PVA but aggregated and coalesced
or fused extensively on subsequent washing in water fo remove the PVA. Blending EVA with an increasing proportion
of PLA produced micrespheres showing a decreased tendency to aggregate and coslesce when washed in waler, as
desgribed in Figure 15A. A 50:50 blend of EVAPLA formed microspheres with good physical stability, hat is the micro-
spheres remained discrete and well suspented with negligible aggregation and coalescence.

The size range for the “smiali” size fraction microspheres is determined to be » 95% of the microsphere sample {y
weight) batween 10-30 jum and for the “large” size fraction, > 85% of the sample (by weight) between 30-100 pum, Rep-
resentative scanning electron micragraphs of taxol loaded 50:50 EVA:PLA microspheres in the “small’ and large® size
ranges are shown in Figures 158 and 15C, respectively. The microspheres are spherical with a smooih surlage and wiih
no evidance of solid drug on the surface of the microspheres, The efficiency of loading 50:50 EVA:PLA nicrospheres
with taxol ie hetween 95-100% at initia] taxol concentrations of between 100-1000 mg taxo! per 50 mg polymer. There
i no significant difference (Student test, p <0.05) betwsen the encapsulation efficiencies for gither "small” or "large”
microspheres.

The iime course of taxol release from 0.6% wiy loaded 50:60 EVAPLA microspheres is shown in Figure 15D for
*small" size {open circles) and “large” size {closed circles) microspheres. The release rate studies are carried outin trip-
lioate fubes in 3 separate experiments. The release profiles are bipbasic with an infial rapid release of taxol or "burst”
phase oceurring over the first 4 days from both size range microspheres. This is followed by a phase of much siower
release, There s no signilicant difference between the release rates from "small" or "largs” microspheres. Between 10-

. 18% of the lota! taxol content of the micraspheres is released in 50 days. :
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The taxol loaded microspheres (0.6% w/v loading) are tested using the CAM assay and the results are shown in
Figure 15E. The taxol microspheres released sufficient drug to produce a zone of avascularity in the surounding fissue
{Figure 15F). Note that immediately adjacenl fo the microspheres ("MS" In Figures 15K and 15F) is an area in which
blood vessels are completely absent {Zone 1); further from the microspheres is an area of disrupted, non-functioning
capillaries {Zone 2); it is only at & distance of approximately 6 mm from the microspheres that the capillaries return 1o
normal. In CAMs freated with control microspheres (taxal absent) there is a normal capillary network architeciure.

Discussion

Arterial chemoambolization is a invasive surgical technique. Therefore, ideally, a chemoembolic formulation of an
anti-angicgenic and anticancer drug such as taxol would release the drug at the tumor site at concentrations sufficiant
foractivity for & prolonged period of time, of the drder of several months, EVA is a tissue compatible nondegradable pol-
ymer which has been used extensivaly for the controlled delivery of macromotecules over long ime periods (> 100
days).

EVA is initially selected as a polymeric biematerial for preparing microspheres with taxol dispersed in the polymer
malrix. However, microspheres prepared with 100% EVA aggregated and coalesced almost completely during the
washing procedure.

Polymers and copolymers based on lactic acld and giycolic acid are physictogically inert and biecompatible and
degradle by hydrolysis 1o texicologically aceeptable produsts. Gopolymers of lactic acid and glycolic acids have faster
degradation rates than PLA and drug loaded microspheres prepared using these copolymers are unsuitable for pro-
tonged, confrolled release over ssveral months. Dollinger and Sawan blended PLA with EVA and showed that the deg-
radation lifefime of PLA s increased as {he proportion of EVA in the blend Is increased. They suggested that blends of
EVA and PLA should provide a polymer matrix with better mechanical stability and control of drug release rates than
PLA.

Figure 15A shows that increasing the proporlion of PLA in a EVA:PLA blend decreased the extent of aggregafion
of the microsphere suspensions. Blends of 50% or less EVA in the EVA:PLA mairix produted physically stable mitro-
sphere suspensions in water or PBS, A blend of 50:60 EVA:PLA is selected for all subsequent studies.

Different size range fracfions of microspheres could be prepared by changing the congentration of the emulsifier,
PVA, in the aqueous phase. "Small" microspheres are produced at the higher PVA concentration of 5% wiv whereas
“large” micraspheres are produced at 2.5% wiv PVA. All other production variables are the same for both microsphere
size fractions. The higher concentration of emulsifier gave a more viscous aqueous dispersion medium and produced
smaller droplets of polymer/taxol/DCM emulsified In the aquecus phase and thus smaller microspheres. The taxol
loaded microspheres contained between 95-100% of the initial taxol added to tha organic phase encapsulated within
the solid microspheres. The low water solubility of taxol favoured pariitioning into the organic phase containing the pol-
ymer. .

Release rates of taxol from the 50:50 EVA:PLA microspheres are vary slow with Tess than 15% of tha loaded taxol
being released in 50 days. The inliial burst phase of drug release may be due ta diffusion of drug from the superficia!
region of the microspheres (close 10 the micrasphere surace),

The mechanism of drug release from nondegradable polymeric matrices such as EVA is thought to involve the dif-
fusion of water through the dispersed drug phase within the polymer, dissolution of the drug and diffusion of solute
through a series of interconnecting, Hluid filled pores. Blends of EVA and PLA have been ghown o be immiscible or
bicontinuous over a range of 30 to 7% EVA In PLA. In degradation studies in PBS buffer al 37°C, following an induction
or lag period, PLA hydrolytically degraded and eroded from the EVA:PLA polymer blend miatrix leaving an inactive
sponge-like skelelon. Although the induction period and rate of PLA dagradation and erasion from the blended matrices
depended on the proporfion of PLA in the matrix and on process history, there is consistently fittle or no loss of PLA until
afier 40-50 days.

Although some erosion of PLA from the 50:50 EVA:PLA microspheres may have occurred within the 50 days of the
in vitro refeasa rate study (Figure 15C), it is likely that the primary mechanism of drug refease from the polymer blend
ts ditfusion of solute through a pore hetwork in the polymer matrix,

At the conclusion of the release rate study, the microspheres are analyzed trom the amount of drug remaining. The
values for the percent of taxol remaining in the 50 day incubation microsphere samples are 94% +/- 9% and §9% + /-
12% for "farge” and "small” size fraction microspheres, respactively.

Microspheres loaded with 6mg per mg of polymer (0.6%) provided extensive inhibition of angiogenesis when
piaced on the CAM of the embryonic chick (Figures 15E and 15F).

L
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EXAMPLE 12

TAXOL ENGAPSULATION N POLY(E-CGAPROLACTONE) MICROSPHERES. INHIBITION CF ANGICGENESIS ON
THE CAM ASSAY BY TAXOL-LOADED MICROSPHERES

This example evaluates the in vilro release rate profits of {axol from bicdegradable microspheres of poly(s-caprol-
actone} and damonsirates the anti-angiogenic activity of taxcl releaged from these microspheres when placed on the
CAM.

Reagents which wera utilized in thess experimenis include; poly({e-caprolactone) {"PCL") {molecular weight 35,000
- 45,000, purchased from Polysclences (Warmington, PA)); dichloromethane {"DCM") from Fisher Scientitic Co., Can-
ada; polyvinyl alcohol (PVA) (molecular weight 12,00 - 18,000, 98% hydrolysed) from Aldrich Chemical Co, (Miwaukee,
Wis.). and taxol from Sigma Chemical Co. (8t. Louis, MO). Unless otherwise stated all chemicals and reagents are used
as supplied. Distilled water is used throughout.

A. Preparation of micrgspheres

Microspheres are prepared esseniially as described in Example 8 ulilizing the solvent evaporation method. Briefly,
5u6w/w laxol loaded microspheres are prepared by dissolving 10 mg of taxol and 190 mg of PCL in 2 m! of DGM, adting
to 100 m! of 1% PVF aqueous solution and stirring at 1000 rp.m. at 25°C for 2 hours. The suspension of microspheres
is cenirifuged at 1000 x g for 10 minules (Beclanan GPR), the supernatant removed and the microspheres washed
three limes with water. The washed microspheres are air-dried overnight and stored at room temperature. Confrol
microspheres {taxol absent) are prepared as described above. Microspheres containing 1% and 2% 1axol are also pre-
pared. Microspheres are sized using an optical microscope with 2 stage micrometer.

B. Encapsulation efficiency

A lmown weight of drug-loaded microspheres (about 8 mg) is digsolved in 8 mi of acelonitrite and 2 m! distillad
water ig added {0 precipilate the polymer. The mixture is centrifuged at 1000 g for 10 minutes and the armount of faxo!
encapsulated is calculated from the absorbance of 1he supernatant measured in a UV speciropholometer (Hewlett-
Packard 84524 Diode Array Speclropholometer) at 232 nm.

C. Drug release studieg

About 10 mg of taxol-loaded microspheres are suspended in 20 ml of 10 mM phosphate butfered saling, pH 7.4
{PB8) in screw-capped tubes. The tubes are tumbled end-over-end at 37°C and at given fime intervals 19.5 mi of super-
natant is removed {after allowing the microspheres 1o setile at the botiom), $iltered through a 0.45 mm membrane filter
anhd relained for taxol analysis. An equal volume of PBS is replaced in each tibe to maintain ink conditions throughout
the study. The fillrates are extrasted with 3 x 1 ml DCM, the DCM exiracts evaporated to dryness under & stream of
nilrogen, redissolvad in 1 mt acetonlirile and analyzed by HPLC using a mobile phase of water:methanol:acetonitrile
(37:5:58) at a flow rate of 1m| min™! (Beckman Isocratic Pump), & C8 reverse phase column (Bedlenan), and UV detec-
tion (Shimadzu SPD A) at 232 nm,

D. CAM studies

Fertilized, domestic chick embryos are incubated for 4 days prior {o sheli-lgss culturing. On day 6 of incubation, 1
mg aliquols of 5% taxol-loaded or control (faxol-free) microspheres are placed directly on the CAM swrface. After a 2-
day exposure the vasculature is examined using a stereomicroscope interfaced with a video camera; the video signals
are then disptayed on & computer and video printed,

E. Scannin ron MIGIoSCo|

Migrospheres are placed on sample holders, sputter-coated with gold and then placed in a Philips 5018 Scanning
Electron Microscops operating at 15 kV,

F. Resuls

The size range for the microsphere samples is between 80 - 100 mm, although there is evidence in all taxot-loaded
or conirol micrasphere batches of some microspheres falling outside this range. The efficiensy of loading PCL miicro-

spheras with 1axol is always greater than 95% for all diug loadings studied. Scanning electron microscopy demon-
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strated thal the microspheres are all spherical and many showed a rough or pitted surface morpholagy. There appeared
1o ba no evidence of solid drug on the surface of the microspheres.

The time courses of taxol release from 1%, 2% and 5% loaded PCL microspheres are shown in Figure 16A. The
release rale profiles are biphasic, There is an iniial rapid refease of taxo] or "bwst phase” at all drug loadings. The burst
phase accuired aver 1-2 days at 1% and 2% taxc! loading and over 3-4 days for 5% loaded microspheres. The initial
phase of rapid release is followed by a phase of significantly slower drug release. For microspheres containing 1% or
29 1axal there is no further drug release after 21 days. At 5% taxal loading, the micraspheres had released about 20%
of the total drug conterd after 21 days.

Figure 168 shaws CAMs treated with control PCL microspheres, and Figure 168G shows treatment with 5% taxol
loaded microspheres. The CAM with the control microspheres shows a normal capifiary network architecture. Tha GAM
treated with taxol-PCL microspheres shows marked vascular regression and zones which are devoid of a capillary net-

work.
Q. Digcussion

The solvent evaporation method of manufacluring taxol-loaded microspheres produced very high taxol encapsula-
tion efficiencies of hatween 95-100%. This is due to the poor water solubility of taxo! and its hydrophaebic nature favour-
ing partilioning in the organic solvent phase conlaining the polymer.

‘The biphasic release profile for taxal is typical of the release pattern for many drugs from bicdegradable polymer
matrices. Poly(e-caprolactone) is an aliphaic polyester which can be degraded by hydrolysis under physiological ¢on-
diions and it is non-loxic and tissue compatible. The degradation of PCL is significantly siower than that of the exten-
sively investigated polymers and copolymers of lactic and glycolic acids ard is therefore suitable for the design of long-
term drug delivery systems. The initial rapid or burst phase of taxol release is thought to he due 1o difjusional refease
of the drug from the superficial region of the microspheres (close fo the microsphere surface). Release of taxo! in the
second (slower) phase of the releass proflles is not likely due to degradation or erosion of PCL. because studles have
shown thal under jn vitro conditions in water there is no significant weight loss or surface erosion of PCL over & 7.5
week period. The slower phase of taxol release is probably due to dissolulion of the drug within fluid-filled pores in the
polymer matrx and diffusion thraugh the pores. The greater refease rate at higher taxa! loading is probably a result of
a mora extensive pore network within the polymer mattix.

Taxcl microspheres with 5% loading have been shown to release sufficient drug lo produce extensiva inhibition of
angicgenesis when placed on the GAM. The inhibition of blood vessal grawth resulted in an avascular zone as shown

in Figure 16C,

EXAMPLE 13
TAXOL-LOADED POLYMERIC FILMS COMPOSED OF ETHYLENE VINYL ACETATE AND A SURFACTANT

Two types of films are prepared esentially as described in Example 10: pure EVA films foaded with taxol and
EVA/suriactant blend fitms (i.e., Pluronic F127, Span 80 and Pluronie L101) loaded with taxol,

The surfactants being examined are twa hydrophobic surfactants (Span 60 and Pluronic L101} and one hydrophilic
surfactart {Pluronic F127). The pluronic surfactants are themaelves polymers, which is an attractive proparty since they
can ba hiended with EVA to optimize various drug delivery properties. Span 80 is a smalter molecule which is in some
menner dispersed in the polymer matrix, and does not form a blend.

Suractants will be useful in modulating the release rates of taxol from fims and optimizing certain physical param-
alers of the fims. One aspect of the suractant biend fitms which indicates that drug release rates can be controlled is
the ability 10 vary the rale and extent 1o which the compound will swell in water. Diffusion of water into a polymer-drug
matrix is tritical to The release of drug from the carrier. Figures 17C and 17D show the degree of swelling of the films
as the level of surfactant in the blend is altered. Pure EVA fiims do not swall to any signiticant extent in over 2 manths.
However, by increasing the level of surfactant added to the EVA 1L Is possible 1o increase the degree of swelling of the
compound, and by increesing hydrephilicity sweliing can also be increased.

Results of experiments with these films are shown below in Figures 17A-E. Briefly, Figure 17A shows taxo! release
{in mg) over time from pure EVA films. Figure 17B shows the percentage of drug remaining for the same {ilms. As can
be seen from these two figures, as taxol loading increases {le., percantage of taxol by weight s increased), drug
release rales intrease, showing the expected concentration dependence. As taxol loading is increased, the percent
taxol remaining in the film also increases, indicating that higher loading may be more attractive for long-term release
formwiations.

Physical strength and elasticity of the films is assessed In Figure 17E. Brigfly, Figure 17€ shows siress/strain
curves forpure EVA and EVA-Surfaciant blend films. This crude measurement of stress demonsirates that the elasticity
of fiims is increased with the addition of Pluranic F127, and that the tensfle strength (stress on breakdng) is increased

111



0

15

25

80

a5

a0

EP 0 706 376 B1

ina concentration dependant manner with the addition of Fluronic F127. Elasticity and strength are imporiant consid-
exrations in designing a fifm which can be manipulated for particular clinical applications without causing permanent
cleformation of the compound. .

The above tala demonsirales the ability of certain surfactant addifives to conlrol drug release rates and to alter the
physical characteristics of the vehicle.

EEXAMPLE 14

{ NCORPORATING METHOXYPOLYETHYLENE GLYCOL 350 {MePEG) INTO POLY (E-CAPROLACTONE) TO
DEVELOP A FORMULATION FOR THE CONTROLLED DELIVERY OF TAXOL FROM A PASTE

Reagenis and equipment which were Utilized within these experiments include mathoxypalyethylene glycol 350
(“MePEG" - Union Carbide, Danbury, CT). MePEGiis fiquid at room temperature, and has a freezing point of 10° 10 -5°C,

A\ Preparation of 8 MePEG/PCL taxol-condaining paste

MePEG/PCL paste is prepared by first dissolving & quantity of texo! into MePEG, and then incorporating this info
nnelted PCL. One advartage with this method is that no DCM is required.

B. lysis ol melting poin!

The melting point of PCLMePEG polymer blends may be determined by differential scanning cafotimetry from
30°C to 70°C at a healing rate of 2.5°C per minute, Results of this experiment are shown in Figures 18A and 18R,
Briefly, as shown in Figure 18A the melting point of the polymer blend {as determined by thermal analysis) is decreased
by MePEG Ina concentration dependent manner. The melting point of the polymer blends as a funclion of MePEG con-
centration Is shown in Figure 18A. This lower meliing point also translates into an increased time for the polymer blends
1o solidify from melt as shown in Figure 18B. A 30:70 blend of MePECG:PCL takes more than twice as long to solidify
fram the fiuid melt than does PCL. alone.

C. Meas ent of brittlen

Incorporation of MePEG into PCL appears to produce a less brittle solid, as compared to PCL alone. As a "rough”
way of quantitating this, a weighted needle is dropped from an equal heigh! into polymer blands containing from 0% to
30% MePEG in PCL, and the distance that the needle penetrates into the solid is then measured. The resulting graph
is shown as Figure 18C. Points are given as the average of four measurements + /-1 8.D,

For purposes of comparison, a sample of paraffin wax is also tested and the needle penslrated into this a distance
of 7.25 mm + /- 0.3 mm.

D. Measurement of taxol ralease

Pellets of polymer (PCL containing 0%, 5%, 10% or 20% MePEG) are incubated in phosphate buffered saline
(PBS, pH 7.4) at 37°C, and % change in polymer weight Is measured over tima. As can be geen in Figure 18D, the
amount of weight tost increases with the concentration of MePEG originally present in the biend. It is likely that this
weight loss is due to the release of MePEG from the polymer matrix into the incubating fluid. This would indicate that
taxol will readily be released from a MePEG/PCL. blend since taxol is first dissolved in MePEG before incorporation into
PCL.

E. Effect of varying quaniities of MePEG on taxol relea

Thermopastes are made up conlaining between 0.8% and 20% MePEG In PCL. These are lpaded with 1% faxol.
The release of taxol over Iime from 10 my pellets in PBS bufter 21 37°C is monitored using HPLC. As is shown in Figure
18E, the amount of MePEG in the formulation does not aflect the emount of taxol that is released.

F. Effect of varying quantities of taxol on the total amount of taxel released trom g 20% MePEG /PCL Hend

Thermopastes are made up containing 20% MePEG in PCL and loaded with between 0.2% and 10% taxol. The
release of taxol over time is measured as described above, As shown in Figure 18F, the amount of taxol released over
fime increases with increased iaxo! loading. When plotted as the percent total taxol released, however, the order is
reversed (Figure 18G). This gives information about the residusl taxol remaining in the paste and, If assumptions are
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made about the validity of extrapolating this data, allows for a projection of the period of ime aver which taxol will be
released from the 20% MePEQ Thermopaste.

G. Strength analysis of various MePEG/PCL blends

A CT-40 mechanical strength tester is used to measure the strength of solid polymer "tablets” of diameter 0.88 om
and an average thiclmess of 0.560 cm. The polymer tablets are biends of MePEG at concentrations of 0%, 5%, 10% or
20% in PCL.

Results of this 1est are shown in Figure 18H, where both the tensile strengih and the fime o failure are plotied as
a function ot %MePEG i the blend. Single variable ANOVA indicated that the tablet thicknesses within each group are
not different. As can be seen from Figure 18H, the addifion of MePEG into PCL decreased the hardness of the resulling

solid.

EXAMPLE 15
EFFECT OF TAXOL-LOADED THERMGPASTE ON ANGIOGENESIS IV VIVO

Feriilized, domestic chick embryos were incubated for 4 days prior to shell-less culturing as described in Example
2. The egg contents are removed from the shelt and emptied into round-botiom sterilized glass bowls and covered with
petri dish covers.

Taxe! is incorporated into thermopaste al concentrations of 5%, 10%, and 20% (wA) essentislly as describect
above (see Example 10), and used in the following experiments, Dried cut thermopasts is then heated to 60°C and
pressed between two sheeis of parafilm, flattening it, and allowing it 1o cool. Six embryos received 20% laxolHoaded
thermopaste and & embryos received unloaded thermopaste prepared in this manner. One embryo died in each group
leaving 5 embryos in each of the conirol and treated groups.

Unloaded thermopaste and thermopasta containing 20% laxol was also heated 10 60°C and placed direclly on the
growing edge of each CAM at day 6 of incubation; two embryos each were freated in this manner.

There was ho observable ditference in the resulis obtained using the different methods of administration, indicating
thai the temperature of the pasie al the fime of application was not a factor in the outcome.

Thermopaste with 10% taxol was applied to 11 CAMs and unloaded thermopaste was applied to an additiona! 11
CAMs, while 5% taxol-loaded thermopaste was applied to 10 CAMs and unloaded thermopaste was applied to 10 other
coniro! GAMs. After a 2 day exposure (day 8 of incubation) the vasculature was exarnined with the aid of a stereomicro-
scope. Liposyn i, a white opague solution, was injected into the CAM 1o increase the visibilily of the vaseular details,

In the embryos treated with 5% taxol-foaded paste, only 2 animals demonstrated maximum inhibition of angfogen-
esis, while the remaining 8 were only marginally affected. Of the animals treated with 10% teotol-loaded thermopaste
only 2 showed maximal inhibition while the other 9 were only marginally affected.

The 20% taxol-loaded thermopaste showed extensive areas of avascularity (see Figure 188) in all 5 of the CAMs

receiving this treatment. The highsst degree of inhibition was defined as a region of avascularity covering 6 mm by 6
mm in stze. All of the CAMs treated with 20% taxol-loaded thermopaste displayed this degree of angiogenesis inhibi-
tion. ‘
By comparison, the controf (unloaded) thermopaste did not inhibit angiogenesis on the CAM (see Figure 19A); this
higher magnification view (nole that ihe edge of the paste is seen at the top of the image) demonstrates that the vessels
adjacent to the paste are unafiected by the thermopaste. This suggests that the eflect observed is due fo the sustained
release of taxol and is not due to the polymer itselt or due to a segondary pressure effect of the paste on the developing
vasculature.

This study demonstrates that thermopaste releases sufficlent quantities of angiogenesis Inhibitor (in this case
taxol} fo inhibit the normal development of the CAM vasculature.

EXAMPLE 16
EFFECT OF TAXOL-LOADED THERMOPASTE ON TUMOR GROWTH AND TUMOR ANGIOGENESIS iV VIVO

Ferflized domestic chick etbryos are incubated for 3 days prior to having their shells removed. The egg confents
are emptied by removing the shell localed around the airspace, severing the interior shell membrane, perforaling the
opposite end of the shell and allowing the egg contents to gently sfide out fram the blunted end. The contenls are emp-
fied into round-hottom sterilized glass bowls, covered with petri dish covers and incubated at ©0% relalive humidity and
3% carbon dioxide {soe Example 2),

NMDAY-D2 cells (a murine lymphoid tumor) are injected into mice and allowed to grow into tumors weighing 0.5-1.0
. The mice are sacrificed, the tumor sites wiped with alooho!, excised, placed In sterite tissue culiure media, and diced
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into 1 mm pieges under a laminar flow haod. Prior to placing the dissected tumors onto the 9-day old chick embryos,
CAM surfaces are gently scraped with & 30 gauge needie to insure tumer implantation. The tumors are then placed on
the CAMs after 8 days of incubation (4 days sfter deshelling), and allowed to grow o the GAM Jor four days 10 establish
a vascular supply. Four embryos are prepared ulilizing this method, each embryo receiving 3 fumors. For these
embryos, one lumor receives 20% laxoloaded thermopaste, the second tumor unloaded thermopaste, and the third
{umor no freatment. The treaimenis are continued for two days before the results were recorded.

The explanted MDAY-D2 tumors secrete angiogenic faciors which induce the ingrowth ¢f capillaries (derived from
the GAM) inio the tumor mass and allow il to continue 1o grow in size. Since all the vessels of the tumor are derived from
the CAM, while alt the tumor cells are derived from the explant, i is possible fo assess the effect of therapeutic inter-
ventions on these two processes independently. This assay has been used 1o determine the electiveness of taxel-
Ioaded thermopaste on: (a) inhibiting the vascularization of the fumor and (b) inhibiting the growih of the tumor cells
themselves.

Direct in vivo stereomicroscopic evaluation and histological examination of fixed tissues from this study demon-
strated the following. In the tumors treated with 20% taxol-lcaded thermopaste, there was a redustion in the number of
{he blood vessels which supplied the tumor (see Figures 20C and 20D), a reduction in the number of blood vessels
within the turor, and a reduchion in the number of blood vessels in the periphery of the tumor (ihe area which is typically
the most highly vascularized in a solid {umor) when compared to control fumors. The lumoers began to decrease in size
and mass during the two days the sludy was condugled. Additionally, numercus endothelial cells were seen to be
arrested in celf diviston indicating that endothelial cell profiferation had been affected. Tumor cells were also frequently
seen arrested in mitosis. All 4 embryos showed a congistent pattern with the 20% taxol-lcaded thermopaste suppress-
ing tumor vascularity whils the univaded thermopaste had no effeq!.

By comparison, in CAMs treated with unloaded thermopaste, the tumors were well vascularized with an increase
in the number and density of vessels when compared to that of the normal surrounding fissue, and dramatically more
vessels than were observed in the tumors treated with taxol-loaded paste. The newly formed vessels entered the fumor
from all angles appearing like spokes attached to the cender of & wheel {see Figures 20A and 20B). The ¢ontrol tumors
continued 1o increase in size and mass during the course of the study. Histologically, numerous dilated thin-walled cap-
illaries were seen in the periphery of the tumor and few endothelial were seen 1o be in cell division. The fumor tissue
was well vasoularized and viable throughout.

As an example, in two simitarly-sized {initially, at the time of explantaiion) tumors placed on the same CAM the fol-
lowing data was oblained. For the tumor treated with 20% taxol-loaded thermopaste the tumor measured 330 mm x 597
mm; the immediate periphery of the fumor has 14 blood vessels, while the lumor mass has only 3-4 small cepillaries.
For the tumor freated with unloaded thermopaste the tumor size was 623 mm x 678 mm; the immediate periphery of
the tumor has 54 blood vessels, while the tumor mass has 12-14 small blood vessels. In addition, the strrounding CAM
itselt contained many more blood vessels as compared to the area surrounding the taxol-reated tumor.

This study demonsirates that thermopaste releases sufficient quantities of angiogenesis inhibitor (in this case
1axol} 1o inhibit the pathological angiogenesis which accompanies tumor growth and development. Under these condi-
fions angiogenesis is maximally stimulated by the tumor cells which produce angiegenic factors capable of induging the
ingrowth of capfllaries from the surrounding tissue into the tumor mass. The 20% taxol-loaded thermopaste is capable
of blocking this process and limiting the ability of the tumor Hissue to maintain an adequate blood supply. This results in
a decrease in the tumor mass both through a cytotoxic effect of the-drug on the tumor ¢ells themseltves and by depriving
the tissue of the nutrienis required for grewth and expansion.

EXAMPLE 17

EFFECT OF ANGIOGENESIS INHIBITOR-LOADED THERMOPASTE ON TUMOR GROWTH /N VIVO IN A MURINE
TUMOR MODEL

‘The murine MDAY-D2 tumar model may be used to examine the effect of lotal slow release of the chemotherapeu-
fic and anti-angicgenic compounds such as taxal on tumor growth, tumor metastasis, and animal survival. The MDAY-
D2 tumor celi fine is grown in a cell suspension consisting of 5% Fetal Calf Serum in alpha mem media. The cells are
incubated at 37°C in a humidified atmosphere supplemented with 5% carbon dioxide, and are diluted by a factor of 15
gvery 3 days uniil a sufficient number of cells are oblained. Following the incubsation period the celis are examined by
light microscopy for viability and then are centrifuged at 1500 rpm for 5 minutes. PBS is added to the cells to achleve &
dilution of 1,000,000 celis per ml.

Ten week old DBA/2j female mico are acclimalized for 3-4 days after arrival. Each mouse is then injetied subcuta-
neously in the posteriofateral flank with 100,000 MDAY-D2 cells in 100 ml of PBS. Previous studies have shown that this
procedure produces & visible tumor at the injection site in -4 days, reach a size of 1.0-1.7g by 14 days, and produces
visible melastases in the liver 19-25 days post-injection, Depending upon the objective of the study a therapeutic infer-
venfion can be instituted at any point in the progression of the disease. -
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Using the above animal model, 20 mice are injecled with 140,000 MDAY-D2 cells s.c. and the tumors allowed to
grow. On day 5 the mice aré divided into groups of 5. The {umor site was surgically opened under anesthesia, the local
region treated wilh the drug-loaded thermopaste or control thermopaste without disturbing the existing tumor tissue,
and the wound was closed. The groups of & received either no treatment (wound merely closed), polymer {PCL) alone,
10% taxolloaded thermopaste, or 20% taxol-loaded thermopaste {only 4 animals Injecled) implanted adjacent to the
tumor site. On day 16, the mice were sacrificed, the tumors were dissected and examined {grossly and histologically)
for tumor growth, fumor metastasis, local and systemic toxicity resutfing from the treatment, effest on wound healing,
eHect on tumor vascularity, and condifion of the paste remaining at the incision site.

The weights of the tumors for each animal is shown in the fable below:

Tabig IV
Tumor Welghts (gm)
Animal No. Control (emipty) | Control (PGL) |  10% Yaxol Thermo- 20% Taxo! Thermo-
paste paste
1 1.387 1.137 0.487 0.114
2 0.568 0.763 0.589 0.192
3 0.461 0.625 0.447 0.071
4 0.606 0.282 0.274 0,042
L 0,353 0.277 0.362
Mean 0.6808 0.6040 0.4318 0.1048
Std. Deviation 0.4078 0.3761 0.1202 0.0653
P Value 0.7647 0.358 0.036

Thermopaste loaded with 20% taxol reduced tumor growth by over 85% (average weight 0.105) as compared to control
animels (average weight 0.881). Animals treated with thermopaste alone or thermopaste contalning 10% taxol had only
modest effects on tumor growth; fumor weights were reduced by only 10% and 85% respeciively (Figure 21A). There-
fore, thermopaste coraining 20% taxol was more effective in reducing tumor growth than thermopaste containing 10%
taxol (see Figure 21C; see also Figure 21B).

Thermopaste was detected in some of the animals at the site of administration. Polymer varying in weight between
0.02€ g t0 0.078 g was delected in 8 of 15 mice. Every animal in the group conlaining 20% taxokoaded thermopaste
coniained some residual polymer suggesting that it was less susseptible to dissolution. Histologically, the umors
treated with taxol-loaded thermopasie contained lower celiutarity and more flssue necrosis than control tumors. The

‘vasculature was retuced and endothelial cells were frequently seen io be amrested in oelt division. The taxoHoaded

thermopaste did no! appear to affect the integrity or cellularity of the sidn or tissues surrounding the iumor. Grossly,
wound healing was unaffected.

EXAMPLE 18

THE USE OF ANGIOGENSIS-INHIBITOR EOADED SURGICAL FILMS IN THE PREVENTION OF IATROGENIC
METASTATIC SEERING OF TUMOR CELLS DURING CANCER RESECTION SURGERY

As a slerils, pliable, stretchable drug-polymer compound would be usetul during cancer reseclion procedures.
Otten it is desirable to isolate the normal surrounding fissues from malignant fissue during reseclion operations to pre-
vent iatrogenic spread of the disease o adjacent organs through inadveriant contamination by cancer cells. A drug-
loaded parefilim could be sirelched aoross normal tissues prior to manipulation of the tumor. This would be most useful
i placed around the liver and other &bdominal contents during bowel cancer resection surgery to prevent infraperitoneal
spread of the disease to the liver, A biodegradable fllm cauld be left in situ to provide continued proteclion.

Incision sites are also a common location of post-operative recurrence of mafignancy. This is thought to be due to
contamination of the wound site with Tumor cells during the surgical procedure. To address these issues, expsriments
are being conducted to determine the abillly of angiogenesis inhibitor-loaded fiims to prevent this phenomenan.
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A. Materials and Methods

Preparation of Surgical Film. Surgical films are prepared as described in Example 10. Thin films measuring approxi-
mately § em x 1 om are prepared containing either polymer alone (PGL) or PGL loaded with 5% taxol.

Rat Hepatic Turnor Model. In an initial study Wistar rats weighing Bpproximately 300 g underwent general anesthesia
and 8 3-5 cm abdeminal inclsion is made along the midline, In the largest hepatic lobe, a 1 om inglsion is made in the
hepatic parenchyma and part of the liver edge is resecled. A concentration of 1 million live 9L Glioma tumor cells (eluted
fromtissusg culture immediately prior o the procedure) suspended i 100 ml of phosphate buffered safine are deposited
onto the cul liver edge wilh a 30 gauge needle. The surglcal is then placed over the cut liver edge containing the tumer
cells and affixed in place with Getioam. Two animals regeived PGL films containing 5% taxol and two animels recaived
films conteining PCL alonse. The abdominal wall is closed with 3.0 Dexon and skin clips, The general anesthelic is ter-
minated and the animal is allowed to recover. Ten days later the animals are sacrificed and the livers examined histo-

logically,
B. Results

Local fumour growth is seen in the 2 livers treated with polymer alone. Both fivers treated with polymer plus taxol
are completely free of tumour when examined histologioally. Also of importance, the fiver capsuls had regenerated and
growrn completely over the polymeric fim and the cut surface of the liver indicating that there is no significant eflect on
wournd healing. There is no evidence of local hepatic toxicity surrounding any (drug-loaded or drug-tree) of the surgical

films.

C. Discussion

This study indicates that surgicat lims placed arcund normal tissues and incision sites during surgery may be
capable of decreasing he incidence of accidental implantation of tumor cells into normal sumounding tissue during
rasection of malignant fumors. This may help reduce the Incldence of the sfgniicant problem of post-operative local
recurrence of the disease.

EXAMPLE 19

INTRA-ARTICULAR INJECTION OF ANGIOGENESIS-INHIBITOR-LOADED BIODEGRADABLE MICROSPHERES
N THE TREATMENT OF ARTHRITIS

Asficular damage in arthritis is due fo a combination of inflammation (including WBCs and WBC products) and pan-
nus tissue development (a fissue composed an neovascudar tissue, connective tissue, and inflammatory cells). Taxol
has been chosen for the inifial studies because it is a potent inhibitor of neovascutarization, In this mannet, taxol in high
tocat concendrations will prove 1o be a disease modifying agent in arthritis.

In order to determine whether microspheres have a deleterious effect on joints, the following experiments are con-
ducted. Briefly, plain PCL and taxol-loaded miorospheres are prepared as described previously in Example 8.

Three raboils are injected Intra-arficularly with 0.5-5.0 pm, 10-80 um, or 30-80 pm microsphieres In a total volume
of 0.2 mls {containing 0.5 mg of microspheres). The joints are assessed visually (clinically) on a dally basis, Afler two
weeks the animals are sacrificed and the joints examined histologically for evidence of inflammation and depletion of
proteoglycans.

The rabbit intlammatory arthrills and osteoarthritis models are being used to evaluate the use of microspheres in
reducing synovilis and cartilage degradation. Degenerative arthritts is induced by a partial fear of the cruciate ligament
and meniscus of the knee. After 4 10 6 weeks, the rabbits develop erosions in the cartilage similar 1o that chserved in
human osteoarthritis. Inflammatory arthritis is induced by immunizing rabbits with bovine serum albumen (BSA) in
GCompleta Freund's Adjuvent (CFA). After 3 weeks, rabbits containing 2 high fiter of anti-BSA anlibody receive an intra-
articular injection of BSA (5 mg). Jolnt sweliing and pronounced synovitis is apparent by seven days, a proteoglycan
depletion is observed by 7 to 14 days, and cartilage erosions are observed by 4 to 6 weeks.

inllammatory arthritis is induced as described above. After 4 days, the joints are injected with microspheres con-
taining 5% taxol or vehicle. One group of animels will be sacriticed on day 14 and ancther on day 28. The joinis are
examined histologically for inflammation and cartiiage degradation. The experiment is designed o determine if taxol
microspheres can affect joint inflammation and cartilage matrix degradation.

Angiogenesis-inhibitor migrospheres may be further examined in an ostecarthritis model. Brietly, degenerative
arthritis is induced in rabbits as described above, and the joints receive an intra-articular injection of microspheres (5%
taxol or vehicle only) on day 4. The animais are sacriliced on day 21 and day 42 and the joints examined histologically

for evidence of cartilage degradation,
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Studies are conducted 1o assess angiogenssis inhibitars delivered via intra-arlicular microspheres as chondropro-
{ective agents.

Besuits

Unloaded PCL microspheres of ditfering sizes {0.5-5.0 pm, 10-30 pm, or 30-80 pm}) were injected intra-articularly
info the rabbit imee joint. Resulls of these experiments are shown in Figures 22A to D. Briefly, Figure 22A is a photo-
graph of synovium from PBS injected joints, Figure 22Bis a photograph of joints injected with microspheres. Figure 22C
is a photograph of cartilage fom joints injected with PBS, and Figure 22D is a photograph of cartilage from joints
injected with microspheres.

As can be seen from these pholographs, histologically, there is no difference between joints recelving a micro-
sphere injection and those which did not. Glinically, there was no evidence of joint inflammation during the 14 days the
experiment was conducted. Grossly, there Is no evidence of joint inffammation or cartitage damage in joints where
microspheres are Injected, as compared to untreated normal joints.

Conclusions

Microspheres can be injected intra-arficularty without causing any discernible changes to the joint surface. This
indicates that this method may be an effective means of delivering a targeted, sustained-release of dissase-modifying
agents to diseased joints, while minimizing the toxicty which could be assosiated with the systemic administration of
such biologically active compounds.

As discussed shove, microspheres can be formulated into specific sizes with defined drug release kinetics. It has
also besn demonstrated 1hat taxol is a potent inhibitor of angiogenesis and that It is released from micrespheres in
quantities suffiglent to block neovassularization on the CAM assay. Therefore, infra-ariicular adrministration of angiogen-
esis-inhibitor-loaded (e.g., {axol-oaded) microspheres should be capable of blocking the neovascularization that
oceurs in diseases such as rheumatoid arthitis and leads 10 cartilage destruction inthe joint. In this manner the drug-
loaded microspheres can act as a "chondroprotective” agent which protects the carlilage from imeversible destruction
from invading neovascular pannus tissue,
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Cys Asp Pro Gly Tyr e Gly Ser Arg
1 5
40
a5
Claims
1. Astentfor expanding the lumen of a body passageway, com:pﬁsingj & generally tubular structure coated with a com-
position comprising an anfi-angiogenic factor and a polymeric carriegw fb—d’d"‘ ‘af.i&a m&\ '““‘h"bjwk \‘, [;L_l
50 WA ouasen | oo )
r-:_u-: :15:77_1—7 3 ’ "

55
Wgﬁgem faclor is taxol, or an analogue or derivadive thereof.
1 ,!.’ Astent according to a/& oyé ff c!aimf yle-*wherein said polymaric carier comprises poly (caprolacione).
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3 A Astent according to any-ene-et claimy,to-d-wherein sald polymeric carrier comprises poly (factic acid).
4, A Astent according to any-ere-of claimj Lte4wherein said polymeric carrier comprises paly (ethylene-vinyl acetate).

5 £°f.  Astent according 10 ary-ene-ef claimd 1 de~+-wherein said polymeric carrier comprises a copolymer of paly capro-
lactone and poly laclic acid.

8. Asient according to any one of claims 1 1o gwherein saidd stent Is a vascular stent.
16°7 30. A stent according to any one of Claims 110 ﬁs wherein said slent is a biliary stent.
g . Astent according to any one of Claims 1 to gswherein sald stent Is a urethral stent.
Qq 2. A stent acoording to any ane of Claims 1 to i wherein said stent is a esophageal stent,
151 678, Astenl according o any one of Claims 1 10 f wherein said stent is a tracheal/bronchial stent.
{| 4. A slent according to any one of Claims 1 1o ;S for treating narowing of a body passageway.

I
2q L $8. A stent according to Claim 34 for treating or preventing recurrent stenosis.

1is.
25 17. Use'ngcording to Claim 18 wherein said anti-angiogenic faclor is {axol, or an analogue or derivafive thefao,
18. Use according to Claims 16 or 17 wherein said anti-angiogenic factor further comprises a polyferic carrier.
19. Use according to Slaim 18 wherein said polymeric carrier comprises poly {caprolacigag).
* 20, Use according 10 claim 8 wherein said Polymeric carrier comprises poly {laght acid).
21. Use according to claim 18 whetein said pelymeric carrier comprises poly {ethylene-vinyl acetate).
as 22, Use according to claim 18 wherein saisdpolymeric carmier coppirises poly (lactic-co-glycolic)-acid.

23. Use according 10 any one of glaims 16-23 witerein gald arthiilis is inflammatory arthritis.

24. Use according to any one of claims 16-23 wherein sgid arlhritis is treated by intra-articular administration of said
40 medicarnent. ’

Patentanspriiche

s5 1, Eine Endoprothese zum Erwelten des Lumens eines Korperdurchganges, welche eine im allyemeinen réhrenfar-
mige Struldur umiaBt, die mit einer Zusammensetzung beschichiet ist, die einen anti-angiogenen Faklor und einen

polymeren Trager tmiaBt, .

2, Eme Endoprothese nach Anspruch 1, wobei der enti-anglogene Fakior ein chemotherapeutisches Agens ist.
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3. Eine Endoprothese nach Anspruch 1, wobef der anti-angiogens Faktor ausgewahlt ist aus der Gruppe, die aus
Estramustin und Methotrexat besteht.

4. Eine Endoprothese nach Anspruch 1, wobei der anfi-angiogene Fakdor Taxol ist, oder ein Analog oder Derivat
5 davon.

5. Eine Ergloprothese nach einem der Anspriche 1 bis 4, wobei der polymere Trager Poly-{Caprolacion) umfaBi,

6. Eine Endoprothese nach einem der Anspriiche 1 bis 4, wobei ter polymere Tréiger Poly-(Milchséure) umigBt.

10
7. Eine Endoprothese nach einem der Ansprilthe 1 bis 4, wobei der polymere Trger Poly-{Ethylen-Vinylacetat)

umfaBt.

8. Eine Endoprothess nach einem der Anspriiche 1 bis 4, wobei der polymere Triger eln Copolymer von Polycapro-
15 lacton und Polymilchsfure umfafit,

9. Eine Endoproihese nach ginem der Anspriiche 1 bis 8, wobel die Endoprothese eine Vaskularendoprothese ist.
10. Eine Endoprothese nach einem der Anspriiche 1 bis 8, wobei die Endoprothese eine Gallenendoprothese ist,
20

11. Eihe Endoprothese nach einem der Anspriche 1 bis 8, wobei die Endoprothese eine Harnréhrenendoprothesa ist.

12. Eine Endoprothese nach einem der Anspriche 1 bis 8, wobei dis Endoprothes eine Osophagusendoproihese ist,

Iy

25 13, Eine Endoprothese nach elnem der Anspriche 1 bis 8, wobei die Endoprothess eine Trachial-/Bronchialandopre-
these ist.

14. Eine Endoprothese nach einem der Anspriche 1 bis 8 zum Behandeln des Verengungsvorganges elnes Kdrper-
durchgangs.

30
15. Eine Endoproihese nach Anspruch 14 zum Behandeln oder Verhindern rezidivierender Stenose.

16. Verwendung einer Zusammenseizung, die einen anti-angiogenen Fakior umfalBt fir die Herstellung eines Medika-
ments zum Behandeln von Arihritis,
35 .
17. Verwendung nach Anspruch 16, wobei der anti-angiogene Falktor Taxol Ist, oder ein Analog oder Derivat davan.
18. Verwendung nach den Ansprilchen 16 oder 17, wobei der anti-angiogene Faktor weiter einen polymerent Trager
umfait.
40
19. Verwendung nach Anspruch 18, wobai der polymere Tréiger Poly-{Caprolacton) umiaBt.
20. Verwendung nach Anspruch 18, wobei der polymere Triger Poly-{Milchafiure) umfaBt,
45 21. Verwendung nach Anspruch 18, wobei der polymere Tréger Paly-{Ethylen-Vinytacetat) umiaBt.
22. Verwendung nach Anspruch 18, wobel der polymere Tréger Poly-(Milch--Go-Glyaol-)Saure umfaBt.
23. Verwendung nach einem der Anspriche 16 bis 22, wobei die Arfhritis entzlindiiche Arihritis ist.

24, Verwendung nach efnem der Anspriiche 16 bis 23, wobei die Arthrifis durch intra-arfikulétre Verabreishung des
Medikaments behandelt wird.

25, Verwendung einer Zusammenselzung, die einen anti-angiogenen Faktor und elnen polymeren Tréger umiaBl zum
55 Beschichten einer Endoprothese nach einemn jeden der Anspriiche 1 bis 15.

26. Verwendung von Taxal, oder einem Analog oder Derivat davon, zur Herstellung eines Medikaments fiir Anti-Angio-
genese.
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27. Verwendung nach Anspruch 26, wobel das Medikament zum Behandein von Schupperflechte ist.
28. Verwendung nach Anspruch 26, wobei das Medlkament zur Behandlung vashuldrer Adhasionen ist.
29. Eine Endoprothese nach ingendeinem der Anspriiche 1 his 4, wobei der polymere Trager Gelatine umfaBt.

Revendications

1. Extenseur pour 'expansion de la lumidre d'une voie de passage dans l'organisme, comprenant une structure géné-
ralement tubulaite revétue aves une composition comprenant un facteur enti-angiogéniqeee et un support polymé-
rique,

2. Exienseur suivan! la revendication 1, dans lequel le facteur anti-angiogénique est un agent chimiothérapeutiue.

3. Exlenseur suiventla revendication 1, dans lequel le facteur anti-angiogénique est choisi dans le groupe consistant
en I'estramustine et le métholrexate.

4. Extenseur suivant la revendication 1, dans lequel le facleur anti-angiogénique est e taxol ou un de ses analogues
ou dérivés,

5. Exiensewr sulvant I'une guelcongue des revendications 1 & 4, dans leque! le support polymérique comprend la
poly(caprolactonie).

6, Extenseur sulvant I'une quelconque des revendications 1 & 4, dans tequel le support polymérique comprend le
poly(acide lactique).

7. Extenseur suivant fune quelcongue des revendications 1 & 4, dans lequel e support polymérique comprend le
poiy{éthylene-acélate de vinyle).

8. Exlenseur suivant lune quelconque des revendications 1 & 4, dans lequel le support polymérigue comprend un
copolymére de polycaprolactone el de polymére d'acide lactique.

9. Exenseur sulvant I'une quetconque des revendications 1 & 8, qui esi un extenseur vasculaire.

10. Extenseur suivan 'une quelconque des revendications 1 & 8, qui est un extenseur biliaire,

11. Extenseur suivant {une guelcongue des revendications 1 & 8, qui est un extenseur uréthral.

12. Extenseur suivant Fune quelconqgue des revendications 1 2 8, qui estun extenseur oesophagien.

13. Extensewr suivant l'ine quelconque des revendications 1 & 8, qui est un extenseur trachéal/bronchigue.

14. Extenseur sulvant l'une guelcengue des revendications 1 & &, pour le fraitement d'un réirécissement d'une vole de
passage dans l'organisme.

15, Extenseur sulvant la revendication 14, pour le fraitement ou la prévertion d'une sténose réourrente.

16. Uillisation d'une composition comprenant un facteur anti-angiogénique pour Ia production d'un médicament des-
tiné au tratterment de larthiile.

17. Utilisation suivant la revendication 16, dans laquelle le facteur anti-angiogénique es! le taxol ou un de ses analo-
gues ou dérivés,

18. Ultilisation suivant ia revendication 16 ou 17, dans laquefle le facteur anti-angiogénique comprend en outre un sup-
port polymérique.

19, Utilisation suivant la revendication 18, dans faquelle le support polymérique comprend la poly(caprotacione).

20. Utilisation suivant la revendication 18, dans laquells le support polymérique comprend le poly(acide factique).
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2. Hilisation suivant la revendication 18, dans laguelie le supporl polymérique comprend le poly(éthyléneacétate de
vinyle).

22, Ultilisation suivant la revendication 18, dans laguelie le support polymérique comprend un pelymére d'acide (lacti-
que-coglycolique).

23, Utilisation suivant f'urie quelconque des revendications 16 & 23, dans lequel Farthrite est une arthrite inflammatoire.

24, Utilisation suivant l'une quelconque des revendications 16 & 23, dans laquelie Farthrite est raités par administra-
tion intra-ariculairs du médicament.

25, Utilisation d'une composition comprenant un facteur anti-angiogénique el un support polymérique pour le revéie-
ment d'un exdenseur suivan ['une quelconque des revendications 1 & 15.

26, Lhilisation de faxol pour |a production d'un médicament pour anti-angiogénése.
27. Utilisation suivant la revendicstion 26, dans laguelle le médicament est desting au iraitement du peoriasis.

28, Utiisation suivant 1a revendication 26, dans laquelle le médicament est desting au fraitement d'adhérences vascu-
laires.

29, Extenseur suivant 'une quelconque des revendications 1 4 4, dans leque! le support polymérigue comprend de la
" gélatine.
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