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(57) ABSTRACT 

Disclosed are water Soluble compositions of paclitaxel and 
docetaxel formed by conjugating the paclitaxel or docetaxel 
to a water Soluble polymer Such as poly-glutamic acid, 
poly-aspartic acid or poly-lysine. Also disclosed are meth 
ods of using the compositions for treatment of tumors, 
auto-immune disorderS Such as rheumatoid arthritis. Other 
embodiments include the coating of implantable Stents for 
prevention of restenosis. 
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WATER SOLUBLE PACLITAXELDERVATIVES 

0001. This application is a continuation-in-part of co 
pending application U.S. Ser. No. 08/815,104, which is a 
continuation of U.S. Provisional Application No. 60/013, 
184. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to the fields 
of pharmaceutical compositions to be used in the treatment 
of cancer, autoimmune diseases and restenosis. The present 
invention also relates to the field of pharmaceutical prepa 
rations of anticancer agents Such as paclitaxel (TaxolTM) and 
docetaxel (Taxotere), in particular making paclitaxel water 
Soluble by conjugating the drug to water Soluble moieties. 

BACKGROUND OF THE INVENTION 

0.003 Paclitaxel, an anti-microtubule agent extracted 
from the needles and bark of the Pacific yew tree, Taxus 
brevifolia, has shown a remarkable anti-neoplastic effect in 
human cancer in Phase I studies and early Phase II and III 
trials (Horwitz et al., 1993). This has been reported primarily 
in advanced ovarian and breast cancer. Significant activity 
has been documented in Small-cell and non-Small cell lung 
cancer, head and neck cancers, and in metastatic melanoma. 
However, a major difficulty in the development of paclitaxel 
for clinical trial use has been its insolubility in water. 
0004 Docetaxel is semisynthetically produced from 
10-deacetylbaccatin III, a noncytotoxic precursor extracted 
from the needles of Taxus baccata and esterified with a 
chemically Synthesized side chain (Cortes and Pazdur, 
1995). Various cancer cell lines, including breast, lung, 
ovarian, and colorectal cancers and melanomas have been 
shown to be responsive to docetaxel. In clinical trials, 
docetaxel has been used to achieve complete or partial 
responses in breast, ovarian, head and neck cancers, and 
malignant melanoma. 
0005 Paclitaxel is typically formulated as a concentrated 
Solution containing paclitaxel, 6 mg per milliliter of Cre 
mophor EL (polyoxyethylated castor oil) and dehydrated 
alcohol (50% v/v) and must be further diluted before admin 
istration (Goldspiel, 1994). Paclitaxel (TaxolTM) has shown 
Significant activity in human cancers, including breast, ova 
rian, non-Small cell lung, and head and neck cancers (Row 
insky and Donehower, 1995). It has also shown significant 
activity in patients with advanced breast cancer who had 
been treated with multiple chemotherapeutic agents (Foa et 
al., 1994). AS with most chemotherapeutic agents, however, 
the maximum tolerated dose of paclitaxel is limited by 
toxicity. In humans, paclitaxel’s major toxic effect at doses 
of 100-250 mg/m is granulocytopenia (Holmes et al., 
1995); Symptomatic peripheral neuropathy is its principal 
nonhematologic toxicity (Rowinsky et al., 1993). 
0006 The amount of Cremophor EL necessary to deliver 
the required doses of paclitaxel is significantly higher than 
that administered with any other drug that is formulated in 
Cremophor. Several toxic effects have been attributed to 
Cremophor, including vasodilatation, dyspnea, and hypoten 
Sion. This vehicle has also been shown to cause Serious 
hyperSensitivity in laboratory animals and humans (Weiss et 
al., 1990). In fact, the maximum dose of paclitaxel that can 
be administered to mice by i.v. bolus injection is dictated by 

Oct. 25, 2001 

the acute lethal toxicity of the Cremophor vehicle (Eiseman 
et al., 1994). In addition, Cremophor EL, a surfactant, is 
known to leach phthalate plasticizers Such as di(2-ethyl 
hexyl)phthalate (DEHP) from the polyvinylchloride bags 
and intravenous administration tubing. DEHP is known to 
cause hepatotoxicity in animals and is carcinogenic in 
rodents. This preparation of paclitaxel is also shown to form 
particulate matter over time and thus filtration is necessary 
during administration (Goldspiel, 1994). Therefore, special 
provisions are necessary for the preparation and adminis 
tration of paclitaxel Solutions to ensure Safe drug delivery to 
patients, and these provisions inevitably lead to higher costs. 

0007 Prior attempts to obtain water soluble paclitaxel 
have included the preparation of prodrugs of paclitaxel by 
placing Solubilizing moieties Such as Succinate, Sulfonic 
acid, amino acids, and phosphate derivatives at the 2'-hy 
droxyl group or at the 7-hydroxyl position (Deutsch et al., 
1989; Mathew et al., Zhao and Kingston, 1991, 1992; 
Nicolaou et al., 1993; Vyas et al., 1995, Rose et al., 1997). 
While Some of these prodrugs possess adequate aqueous 
solubility, few have antitumor activity comparable to that of 
the parent drug (Deutsch et al., 1989; Mathew et al., 1992; 
Rose et al., 1997). Several of these derivatives are not 
suitable for i.v. injection because of their instability in 
aqueous Solution at neutral pH. For example, Deutsch et al. 
(1989) report a 2-succinate derivative of paclitaxel, but 
water solubility of the sodium salt is only about 0.1% and the 
triethanolamine and N-methylglucamine Salts were Soluble 
at only about 1%. In addition, amino acid esters were 
reported to be unstable. Similar results were reported by 
Mathew et al. (1992). 
0008 Recently, Nicolaou et al. (1993) reported the syn 
thesis and in Vitro biological evaluation of a novel type of 
prodrug termed “protaXols'. These compounds possess 
greater aqueous Solubility and are converted to paclitaxel as 
the active drug through an intramolecular hydrolysis mecha 
nism. However, no in vivo data on the antitumor activity of 
protaXols are yet available. Greenwald et al. reported the 
synthesis of highly water-soluble 2 and 7-polyethylene 
glycol esters of paclitaxel (Greenwald et al., 1994). Using 
the Strategy of polymer linkage, others have developed 
water-Soluble polyethylene glycol (PEG)-conjugated pacli 
taxel (Li et al., 1996; Greenwald et al., 1996). Although 
these conjugates have excellent water Solubility, their thera 
peutic efficacies are not better than free paclitaxel. More 
over, PEG has only two reactive functional groups at each 
end of its polymer chain, which effectively limit the amount 
of paclitaxel that PEG could carry (U.S. Pat. No. 5,362.831). 
0009. Other attempts to solve these problems have 
involved microencapsulation of paclitaxel in both liposomes 
and nanospheres (Bartoni and Boitard, 1990). The liposome 
formulation was reported to be as effective as free paclitaxel, 
however only lipoSome formulations containing less than 
2% paclitaxel were physically stable (Sharma and Straub 
inger, 1994). Unfortunately, the nanosphere formulation 
proved to be toxic. There is still a need therefore for a water 
soluble paclitaxel formulation that can deliver effective 
amounts of paclitaxel and docetaxel without the disadvan 
tages caused by the insolubility of the drug. 

0010 Another obstacle to the widespread use of pacli 
taxel is the limited resources from which paclitaxel is 
produced, causing paclitaxel therapy to be expensive. A 
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course of treatment may cost Several thousand dollars, for 
example. There is the added disadvantage that not all tumors 
respond to paclitaxel therapy, and this may be due to the 
paclitaxel not getting into the tumor. There is an immediate 
need, therefore, for effective formulations of paclitaxel and 
related drugs that are water Soluble with long Serum half 
lives for treatment of tumors, autoimmune diseaseS Such as 
rheumatoid arthritis, as well as for the prevention of rest 
enosis of vessels Subject to traumas Such as angioplasty and 
Stenting. 

SUMMARY OF THE INVENTION 

0.011 The present invention seeks to overcome these and 
other drawbacks inherent in the prior art by providing 
compositions comprising a chemotherapeutic and/or antian 
giogenic drug, Such as paclitaxel, docetaxel, or other taxoid 
conjugated to a water Soluble polymer Such as a water 
Soluble polyamino acid, or to a water Soluble metal chelator. 
It is a further embodiment of the present invention that a 
composition comprising a conjugate of paclitaxel and poly 
glutamic acid has Surprising antitumor activity in animal 
models, and further that this composition is demonstrated 
herein to be a new species of taxane that has pharmaceutical 
properties different from that of paclitaxel. These composi 
tions are shown herein to be Surprisingly effective as anti 
tumor agents against exemplary tumor models, and are 
expected to be at least as effective as paclitaxel, docetaxel, 
or other taxoid against any of the diseases or conditions for 
which taxanes or taxoids are known to be effective. The 
compositions of the invention provide water Soluble taxoids 
to overcome the drawbacks associated with the insolubility 
of the drugs themselves, and also provide the advantages of 
improved efficacy and controlled release So that tumors are 
shown herein to be eradicated in animal models after a single 
intravenous administration, as well as providing a novel 
taxane. Poly-(1-glutamic acid) conjugated paclitaxel is 
shown in the examples hereinbelow to have a novel drug 
activity, in addition to having improved the delivery to the 
tumor and providing a controlled release. 
0012. The methods described herein could also be used to 
make water Soluble polymer conjugates of other therapeutic 
agents, contrast agents and drugs, including paclitaxel, 
tamoxifen, Taxotere, etopside, tenipoSide, fludarabine, 
doxorubicin, daunomycin, emodin, 5-fluorouracil, FUDR, 
estradiol, camptothecin, retinoids, Verapamil, epothilones 
cyclosporin, and other taxoids. In particular, those agents 
with a free hydroxyl group would be conjugated to the 
polymers by Similar chemical reactions as described herein 
for paclitaxel. Such conjugation would be well within the 
skill of a routine practitioner of the chemical art, and as Such 
would fall within the scope of the claimed invention. Those 
agents would include, but would not be limited to etopside, 
teniposide, camptothecin and the epothilones. AS used 
herein, conjugated to a water Soluble polymer means the 
covalent bonding of the drug to the polymer or chelator. 
0013. It is also understood that the water soluble conju 
gates of the present invention may be administered in 
conjunction with other drugs, including other anti-tumor or 
anti-cancer drugs. Such combinations are known in the art. 
The water Soluble paclitaxel, docetaxel, or other taxoid, or 
in preferred embodiments the poly-(1-glutamic) acid conju 
gated paclitaxel (PG-TXL), of the present invention may, in 
certain types of treatment, be combined with a platinum 
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drug, an antitumor agent Such as doxorubicin or daunoru 
bicin, for example, or other drugs that are used in combi 
nation with TaxolTM or combined with external or internal 
irradiation. 

0014 Conjugation of chemotherapeutic drugs to poly 
merS is an attractive approach to reduce Systemic toxicity 
and improve the therapeutic index. Polymers with molecular 
mass larger than 30 kDa do not readily diffuse through 
normal capillaries and glomerular endothelium, thus sparing 
normal tissue from irrelevant drug-mediated toxicity 
(Maeda and Matsumura, 1989; Reynolds, 1995). On the 
other hand, it is well established that malignant tumors often 
have disordered capillary endothelium and greater perme 
ability than normal tissue vasculature (Maeda and Mat 
Sumura, 1989; Fidler et al., 1987). Tumors often lack a 
lymphatic vasculature to remove large molecules that leak 
into the tumor tissue (Maeda and Matsumura, 1989). Thus, 
a polymer-drug conjugate that would normally remain in the 
vasculature may selectively leak from blood vessels into 
tumors, resulting in tumor accumulation of active therapeu 
tic drug. The water Soluble polymers, Such as, in preferred 
embodiments PG-TXL, may have pharmacological proper 
ties different from non-conjugated drugs (i.e. paclitaxel). 
Additionally, polymer-drug conjugates may act as drug 
depots for Sustained release, producing prolonged drug 
exposure to tumor cells. Finally, water Soluble polymers 
(e.g., water Soluble polyamino acids) may be used to Stabi 
lize drugs, as well as to Solubilize otherwise insoluble 
compounds. At present, a variety of Synthetic and natural 
polymers have been examined for their ability to enhance 
tumor-specific drug delivery (Kopecek, 1990, Maeda and 
Matsumura, 1989). However, only a few are known by the 
present inventors to be currently undergoing clinical evalu 
ation, including SMANCS in Japan and HPMA-Dox in the 
United Kingdom (Maeda, 1991; Kopecek and Kopeckova, 
1993). 
0015. In the present disclosure, a taxoid is understood to 
mean those compounds that include paclitaxels and doc 
etaxel, and other chemicals that have the taxane skeleton 
(Cortes and Pazdur, 1995), and may be isolated from natural 
Sources Such as the Yew tree, or from cell culture, or 
chemically Synthesized molecules, and a preferred taxane is 
a chemical of the general chemical formula, C7H, NO, 
including 2aR-2ao.4B,4C.B,63,9C.(O.R.RS), 11C, 12C, 
12aC., 12BC.-f3-(Benzoylamino)-O-hydroxybenzene pro 
panoic acid 6, 12b,bis(acetyloxy)-12-(benzoyloxy)-2a,3,4, 
4a,5,6,9,10,11, 12,12a, 12b-dodecahydro-4,11-dihydroxy 
4a,8,13,13-tetramethyl-5-oxo-7,11-methano-1H-cyclodeca 
3,4)benz-1,2-boxet-9-yl ester. It is understood that 
paclitaxel and docetaxel are each more effective than the 
other against certain types of tumors, and that in the practice 
of the present invention, those tumors that are more Suscep 
tible to a particular taxoid would be treated with that water 
Soluble taxoid or taxane conjugate. 
0016. In those embodiments in which the paclitaxel is 
conjugated to a water Soluble metal chelator, the composi 
tion may further comprise a chelated metalion. The chelated 
metal ion of the present invention may be an ionic form of 
any one of aluminum, boron, calcium, chromium, cobalt, 
copper, dySprosium, erbium, europium, gadolinium, gal 
lium, germanium, holmium, indium, iridium, iron, magne 
sium, manganese, nickel, platinum, rhenium, rubidium, 
ruthenium, Samarium, Sodium, technetium, thallium, tin, 
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yttrium or zinc. In certain preferred embodiments, the che 
lated metal ion will be a radionuclide, i.e. a radioactive 
isotope of one of the listed metals. Preferred radionuclides 
include, but are not limited to 7Ga, Ga, In, ''"Tc, 'Y, 
114mSn and 193mpt. 

0017 Preferred water soluble chelators to be used in the 
practice of the present invention include, but are not limited 
to, diethylenetriaminepentaacetic acid (DTPA), ethylenedi 
aminetetraacetic acid (EDTA), 1,4,7,10-tetraazacyclodode 
cane-N,N',N',N"-tetraacetate (DOTA), tetraazacyclotet 
radecane-N,N',N"N"-tetraacetic acid (TETA), 
hydroxyethylidene diphosphonate (HEDP), dimercaptosuc 
cinic acid (DMSA), diethylenetriaminetetrameth 
ylenephosphonic acid (DTTP) and 1-(p-aminobenzyl)- 
DTPA, 1,6-diamino hexane-N,N,N',N'-tetraacetic acid, 
DPDP, and ethylenebis (oxyethylenenitrilo)-tetraacetic acid, 
with DTPA being the most preferred. A preferred embodi 
ment of the present invention may also be a composition 
comprising "In-DTPA-paclitaxel, and Na-DTPA-pacli 
taxel. 

0.018. In certain embodiments of the present invention, 
the paclitaxel, docetaxel, or other taxoid may be conjugated 
to a water Soluble polymer, and preferably the polymer is 
conjugated to the 2' or the 7- hydroxyl or both of the 
paclitaxel, docetaxel, or other taxoid. Poly-glutamic acid 
(PG) is one polymer that offers several advantages in the 
present invention. First, it contains a large number of Side 
chain carboxyl functional groups for drug attachment. Sec 
ond, PG can be readily degraded by lySOSomal enzymes to 
its nontoxic basic component, 1-glutamic acid, d-glutamic 
acid and di-glutamic acid. 
0.019 Finally, sodium glutamate has been reported to 
prevent manifestations of neuropathy induced by paclitaxel, 
thus enabling higher doses of paclitaxel to be tolerated 
(Boyle et al., 1996). Preferred polymers include, but are not 
limited to poly(1-glutamic acid), poly(d-glutamic acid), 
poly(dl-glutamic acid), poly(l-aspartic acid), poly(d-aspartic 
acid), poly(dl-aspartic acid), poly(1-lysine), poly(d-lysine), 
poly(dl-lysine), copolymers of the above listed polyamino 
acids with polyethylene glycol, polycaprolactone, polygly 
colic acid and polylactic acid, as well as poly(2-hydroxy 
ethyl 1-glutamine), chitosan, carboxymethyl dextran, hyalu 
ronic acid, human Serum albumin and alginic acid, with 
poly-glutamic acids being particularly preferred. At the 
lower end of molecular weight, the polymers of the present 
invention preferably have a molecular weight of about 
1,000, about 2,000, about 3,000, about 4,000, about 5,000, 
about 6,000, about 7,000, about 8,000, about 9,000, about 
10,000, about 11,000, about 12,000, about 13,000, about 
14,000, about 15,000, about 16,000, about 17,000, about 
18,000, about 19,000, about 20,000, about 21,000, about 
22,000, about 23,000, about 24,000, about 25,000, about 
26,000, about 27,000, about 28,000, about 29,000, about 
30,000, about 31,000, about 32,000, about 33,000, about 
34,000, about 35,000, about 36,000, about 37,000, about 
38,000, about 39,000, about 40,000, about 41,000, about 
42,000, about 43,000, about 44,000, about 45,000, about 
46,000, about 47,000, about 48,000, about 49,000, to about 
50,000 kd. At the higher end of molecular weight, the 
polymers of the present invention preferably have a molecu 
lar weight of about 51,000, about 52,000, about 53,000, 
about 54,000, about 55,000, about 56,000, about 57,000, 
about 58,000, about 59,000, about 60,000, about 61,000, 
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about 62,000, about 63,000, about 64,000, about 65,000, 
about 66,000, about 67,000, about 68,000, about 69,000, 
about 70,000, about 71,000, about 72,000, about 73,000, 
about 74,000, about 75,000, about 76,000, about 77,000, 
about 78,000, about 79,000, about 80,000, about 81,000, 
about 82,000, about 83,000, about 84,000, about 85,000, 
about 86,000, about 87,000, about 88,000, about 89,000, 
about 90,000, about 91,000, about 92,000, about 93,000, 
about 94,000, about 95,000, about 96,000, about 97,000, 
about 98,000, about 99,000, to about 100,000 kd. Within 
these ranges, the ranges of molecular weights for the poly 
mers are preferably of about 5,000 to about 100,000 kd, with 
about 20,000 to about 80,000 being preferred, or even about 
25,000 to about 50,000 being more preferred. 

0020. It is a further aspect of the invention that a com 
position of the invention such as PG-TXL may also be 
conjugated to a Second lipophilic or poorly Soluble antitu 
mor agent Such as camptothecin, epothilone, cisplatin, mel 
phalan, Taxotere, etoposide, teniposide, fludarabine, Vera 
pamil, or cycloSporin, for example, or even to water Soluble 
agents such as 5 fluorouracil (5 FU) or fluorodeoxyuridine 
(FUDR), doxorubicin or daunomycin. 
0021. It is understood that the compositions of the present 
invention may be dispersed in a pharmaceutically acceptable 
carrier Solution as described below. Such a solution would 
be sterile or aseptic and may include water, buffers, isotonic 
agents or other ingredients known to those of skill in the art 
that would cause no allergic or other harmful reaction when 
administered to an animal or human Subject. Therefore, the 
present invention may also be described as a pharmaceutical 
composition comprising a chemotherapeutic or anti-cancer 
drug Such as paclitaxel, docetaxel, or other taxoid conju 
gated to a high molecular weight water Soluble polymer or 
to a chelator. The pharmaceutical composition may include 
polyethylene glycol, poly-glutamic acids, poly-aspartic 
acids, poly-lysine, or a chelator, preferably DTPA. It is also 
understood that a radionuclide may be used as an anti-tumor 
agent, or drug, and that the present pharmaceutical compo 
Sition may include a therapeutic amount of a chelated 
radioactive isotope. 

0022. In certain embodiments, the present invention may 
be described as a method of determining the uptake of a 
chemotherapeutic drug Such as paclitaxel, docetaxel, or 
other taxoid by tumor tissue. This method may comprise 
obtaining a conjugate of the drug and a metal chelator with 
a chelated metal ion, contacting tumor tissue with the 
composition and detecting the presence of the chelated metal 
ion in the tumor tissue. The presence of the chelated metal 
ion in the tumor tissue is indicative of uptake by the tumor 
tissue. The chelated metalion may be a radionuclide and the 
detection may be Scintigraphic. The tumor tissue may also 
be contained in an animal or a human Subject and the 
composition would then be administered to the Subject. 

0023 The present invention may also be described in 
certain embodiments as a method of treating cancer in a 
Subject. This method includes obtaining a composition com 
prising a chemotherapeutic drug Such as paclitaxel, doc 
etaxel, or other taxoid conjugated to a water Soluble polymer 
or chelator and dispersed in a pharmaceutically acceptable 
Solution and administering the Solution to the Subject in an 
amount effective to treat the tumor. Preferred compositions 
comprise paclitaxel, docetaxel, or other taxoid conjugated to 
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a water Soluble polyamino acids, including but not limited to 
poly (l-aspartic acid), poly (d-aspartic acid), or poly (dl 
aspartic acid), poly (l-lysine acid), poly (d-lysine acid), or 
poly (dl-lysine acid), and more preferably to poly 
(l-glutamic acid), poly (d-glutamic acid), or poly (dl 
glutamic acid). The compositions of the invention are under 
stood to be effective against any type of cancer for which the 
unconjugated taxoid is shown to be effective and would 
include, but not be limited to breast cancer, ovarian cancer, 
malignant melanoma, lung cancer, head and neck cancer. 
The compositions of the invention may also be used against 
gastric cancer, prostate cancer, colon cancer, leukemia, or 
Kaposi's Sarcoma. AS used herein the term “treating cancer 
is understood as meaning any medical management of a 
Subject having a tumor. The term would encompass any 
inhibition of tumor growth or metastasis, or any attempt to 
inhibit, Slow or abrogate tumor growth or metastasis. The 
method includes killing a cancer cell by non-apoptotic as 
well as apoptotic mechanisms of cell death. The method of 
treating a tumor may include Some prediction of the pacli 
taxel or docetaxel uptake in the tumor prior to administering 
a therapeutic amount of the drug, by methods that include 
but are not limited to bolus injection or infusion, as well as 
intraarterial, intravenous, intraperitoneal, or intratumoral 
administration of the drug. 
0024. This method may include any of the imaging 
techniques discussed above in which a paclitaxel-chelator 
chelated metal is administered to a Subject and detected in a 
tumor. This Step provides a cost effective way of determin 
ing that a particular tumor would not be expected to respond 
to DTPA-paclitaxel therapy in those cases where the drug 
does not get into the tumor. It is contemplated that if an 
imaging technique can be used to predict the response to 
paclitaxel and to identify patients that are not likely to 
respond, great expense and crucial time may be Saved for the 
patient. The assumption is that if there is no reasonable 
amount of chemotherapeutic agent deposited in the tumor, 
the probability of tumor response to that agent is relatively 
Small. 

0.025 In certain embodiments the present invention may 
be described as a method of obtaining a body image of a 
Subject. The body image is obtained by administering an 
effective amount of a radioactive metal ion chelated to a 
paclitaxel-chelator conjugate to a Subject and measuring the 
Scintigraphic Signals of the radioactive metal to obtain an 
image. 

0026. The present invention may also be described in 
certain broad aspects as a method of decreasing at least one 
Symptom of a Systemic autoimmune disease comprising 
administering to a Subject, having a Systemic autoimmune 
disease an effective amount of a composition comprising 
paclitaxel or docetaxel conjugated to polymer, with 
polyamino acids being preferred and poly-glutamic acid 
being more preferred. Of particular interest in the context of 
the present disclosure is the treatment of rheumatoid arthri 
tis, which is known to respond in Some cases to paclitaxel 
when administered in the Standard Cremophor formulation 
(U.S. Pat. No. 5,583,153, incorporated herein by reference). 
AS in the treatment of tumors, it is contemplated that the 
effectiveness of the water Soluble taxoids or taxane of the 
present invention will not be diminished by the conjugation 
to a water soluble moiety. Therefore, the compositions of the 
present invention are expected to be as effective as paclitaxel 
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against rheumatoid arthritis. Paclitaxel is an antiangiogenic 
agent. Rheumatoid arthritis creates a collection of newly 
formed vessels which erode the adjacent joints. It is also 
understood that the taxoid or taxane compositions of the 
present invention may be used in combination with other 
drugs, such as an angiogenesis inhibitor (AGM-1470) 
(Oliver et al., 1994), or other anti-cancer drugs, Such as 
methotrexate. 

0027. The finding that paclitaxel also inhibits restenosis 
after balloon angioplasty indicates that the water Soluble 
paclitaxels and docetaxels of the present invention will find 
a variety of applications beyond direct parenteral adminis 
tration (WO9625176, incorporated herein by reference). For 
example, it is contemplated that water Soluble paclitaxel will 
be useful as a coating for implanted medical devices, Such 
as tubings, shunts, catheters, artificial implants, pins, elec 
trical implants Such as pacemakers, and especially for arte 
rial or venous Stents, including balloon-expandable Stents. In 
these embodiments it is contemplated that water Soluble 
paclitaxel may be bound to an implantable medical device, 
or alternatively, the water Soluble paclitaxel may be pas 
sively adsorbed to the surface of the implantable device. For 
example, Stents may be coated with polymer-drug conju 
gates by dipping the Stent in polymer-drug Solution or 
Spraying the Stent with Such a Solution. Suitable materials for 
the implantable device should be biocompatible and non 
toxic and may be chosen from the metals. Such as nickel 
titanium alloys, Steel, or biocompatible polymers, hydrogels, 
polyurethanes, polyethylenes, ethyleneVinyl acetate copoly 
mers, etc. In a preferred embodiment the water Soluble 
paclitaxel, especially a PG-TXL conjugate, is coated onto a 
Stent for insertion into an artery or vein following balloon 
angioplasty. The invention may be described therefore, in 
certain broad aspects as a method of inhibiting arterial 
restenosis or arterial occlusion following vascular trauma 
comprising administering to a Subject in need thereof, a 
composition comprising paclitaxel or docetaxel conjugated 
to poly-glutamic acid or other water Soluble poly-amino 
acids. In the practice of the method, the Subject may be a 
coronary bypass, vascular Surgery, organ transplant or coro 
nary or any other arterial angioplasty patient, for example, 
and the composition may be administered directly, intrave 
nously, or even coated on a Stent to be implanted at the Sight 
of vascular trauma. 

0028. An embodiment of the invention is, therefore, an 
implantable medical device, wherein the device is coated 
with a composition comprising paclitaxel or docetaxel con 
jugated to poly-glutamic acids or water Soluble polyamino 
acids in an amount effective to inhibit Smooth muscle cell 
proliferation. A preferred device is a Stent coated with the 
compositions of the present invention as described herein, 
and in certain preferred embodiments, the Stent is adapted to 
be used during or after balloon angioplasty and the coating 
is effective to inhibit restenosis. 

0029. In certain preferred embodiments, the invention 
may be described as a composition comprising poly 
glutamic acids conjugated to the 2 or 7 hydroxyl or both of 
paclitaxel, docetaxel, or other taxoids, or even a composition 
comprising water Soluble polyamino acids conjugated to the 
2' or 7 hydroxyl or both of paclitaxel, docetaxel, or other 
taxoids. 

0030 AS used herein, the terms “a poly-glutamic acid” or 
"poly-glutamic acids include poly (1-glutamic acid), poly 
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(d-glutamic acid) and poly (dl-glutamic acid), the terms "a 
poly-aspartic acid” or “poly-aspartic acids' include poly 
(l-aspartic acid), poly (d-aspartic acid), poly (dl-aspartic 
acid), the terms “a poly-lysine” or “poly-lysine” include 
poly (l-lysine), poly (d-lysine), poly (dl-lysine), and the 
terms “a water soluble polyamino acid”, “water soluble 
polyamino acids', or “water Soluble polymer of amino 
acids' include, but are not limited to, poly-glutamic acid, 
poly-aspartic acid, poly-lysine, and amino acid chains com 
prising mixtures of glutamic acid, aspartic acid, and/or 
lysine. In certain embodiments, the terms “a water Soluble 
polyamino acid”, “water Soluble polyamino acids, or 
“water Soluble polymer of amino acids include amino acid 
chains comprising combinations of glutamic acid and/or 
aspartic acid and/or lysine, of either d and/or l isomer 
conformation. In certain prefered embodiments, Such a 
“water Soluble polyamino acid” contains one or more 
glutamic acid, aspartic acid, and/or lysine residues. Such 
“water Soluble polyamino acids' may also comprise any 
natural, modified, or unusual amino acid described herein, as 
long as the majority of residues, i.e. greater than 50%, 
comprise glutamic acid and/or aspartic acid and/or lysine. In 
certain embodiments, a water Soluble polymer of amino 
acids that contains more than one different type of amino 
acid residue is Sometimes referred to herein as a “co 
polymer'. 
0031. In certain embodiments, various substitutions of 
naturally occurring, unusSual, or chemically modified amino 
acids may be made in the amino acid composition of the 
“water Soluble polyamino acids”, and particularly in "poly 
glutamic acids, to produce a taxoid-polyamino acid conju 
gate of the present invention and Still obtain molecules 
having like or otherwise desirable characteristics of Solubil 
ity and/or therapeutic efficacy. A polyamino acid Such as 
poly-glutamic acid, poly-aspartic acid, poly-lysine, or water 
Soluble amino acids chain or polymer comprising a mixture 
of glutamic acid, aspartic acid, and/or lysine, may, at the 
lower end of the amino acid Substitution range, have about 
1, about 2, about 3, about 4, about 5, about 6, about 7, about 
8, about 9, about 10, about 12, about 13, about 14, about 15, 
about 16, about 17, about 18, about 19, about 20, about 21, 
about 22, about 23, about 24, or about 25 or more glutamic 
acid, aspartic acid, or lysine, residues, respectively, Substi 
tuted by any of the naturally occurring, modified, or unusual 
amino acids described herein. In other aspects of the inven 
tion, a polyamino acid Such as poly-glutamic acid, poly 
aspartic acid, poly-lysine, or a poly-amino acid chain com 
prising a mixture of Some or all of these three amino acids 
may, at the lower end, have about 1%, about 2%, about 3%, 
about 4%, about 5%, about 6%, about 7%, about 8%, about 
9%, about 10%, about 11%, about 12%, about 13%, about 
14%, about 15%, about 16%, about 17%, about 18%, about 
19%, about 20%, about 21%, about 22%, about 23%, about 
24%, to about 25% or more glutamic acid, aspartic acid, or 
lysine residues, respectively, Substituted by any of the natu 
rally occurring, modified, or unusual amino acids described 
herein. 

0032. In further aspects of the invention, a polyamino 
acid Such as poly-glutamic acid, poly-aspartic acid, or 
poly-lysine may, at the high end of the amino acid Substi 
tution range, have about 25%, about 26%, about 27%, about 
28%, about 29%, about 30%, about 31%, about 32%, about 
33%, about 34%, about 35%, about 36%, about 37%, about 
38%, about 39%, about 40%, about 41%, about 42%, about 
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43%, about 44%, about 45%, about 46%, about 47%, about 
48%, about 49%, to about 50% or so of the glutamic acid, 
aspartic acid, or lysine residues, respectively, Substituted by 
any of the naturally occurring, modified, or unusual amino 
acids described herein, as long as the majority of residues 
comprise glutamic acid and/or aspartic acid and/or lysine. In 
amino acid Substitution of the various water Soluble amino 
acid polymers, residues with a hydrophilicity index of +1 or 
more are preferred. 
0033. In certain aspects of the invention, the amount of 
anti-tumor drug conjugated per water Soluble polymer can 
vary. At the lower end, Such a composition may comprise 
from about 1%, about 2%, about 3%, about 4%, about 5%, 
about 6%, about 7%, about 8%, about 9%, or about 10%, 
about 11%, about 12%, about 13%, about 14%, about 15%, 
about 16%, about 17%, about 18%, about 19%, about 20%, 
about 21% about 22%, about 23%, about 24%, to about 25% 
(w/w) antitumor drug relative to the mass of the conjugate. 
At the high end, Such a composition may comprise from 
about 26%, about 27%, about 28%, about 29%, about 30%, 
about 31% about 32%, about 33%, about 34%, about 35%, 
about 36%, about 37%, about 38%, about 39%, to about 
40% or more (w/w) antitumor drug relative to the mass of 
the conjugate. Preferred anti-tumor drugs include paclitaxel, 
docetaxel, or other taxoids, and preferred water Soluble 
polymers include water Soluble amino acid polymers. 
0034. In certain other aspects of the invention, the num 
ber of molecules of anti-tumor drug conjugated per molecule 
of water Soluble polymer can vary. At the lower end, Such a 
composition may comprise from about 1, about 2, about 3, 
about 4, about 5, about 6, about 7, about 8, about 9, about 
10, about 11, about 12, about 13, about 14, about 15, about 
16, about 17, about 18, about 19, to about 20 or more 
molecules of antitumor drug per molecule of water Soluble 
polymer. At the higher end, Such a composition may com 
prise from about 21, about 22, about 23, about 24, about 25, 
about 26, about 27, about 28, about 29, about 30, about 31, 
about 32, about 33, about 34, about 35, about 36, about 37, 
about 38, about 39, about 40, about 41, about 42, about 43, 
about 44, about 45, about 46, about 47, about 48, about 49, 
about 50, about 51, about 52, about 53, about 54, about 55, 
about 56, about 57, about 58, about 59, about 60 about 61, 
about 62, about 63, about 64, about 65, about 66, about 67, 
about 68, about 69, about 70, about 71, about 72, about 73, 
about 74, to about 75 or more molecules or more of 
antitumor drug per molecule of water Soluble polymer. 
Preferred anti-tumor drugs include paclitaxel, docetaxel, or 
other taxoids, and preferred water Soluble polymers include 
water soluble amino acid polymers. The preferred number of 
anti-tumor drug molecules conjugated per molecule of water 
Soluble polymer is about 7 molecules of antitumor drug per 
molecule of water Soluble polymer. 
0035 Water soluble amino acid polymers with various 
Substitutions of residues conjugated to paclitaxel, docetaxel, 
or other taxoids are referred to as “biological functional 
equivalents”. These “biologically functional equivalents' 
are part of the definition of “water soluble polyamino acids” 
that are conjugated to taxoids, and may be identified by the 
assays described herein as well as any applicable assay that 
is known to those of skill in the art to measure improved 
aqueous Solubility relative to the unconjugated taxoid or 
taxoids used to produce the particular water Soluble amino 
acid polymer-taxoid composition. In other aspects of the 
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invention, “biological functional equivalents' of water 
Soluble amino acid-taxoid polymerS may be further identi 
fied by improved anti-tumor cell activity, relative to the 
anti-tumor cell activity of the unconjugated water Soluble 
amino acid polymer used to produce the particular water 
Soluble amino acid polymer-taxoid composition by the 
assays described herein as well as any applicable assay that 
is known to those of skill in the art. The term “biologically 
functional equivalents' as used herein to describe this aspect 
of the invention is further described in the detailed descrip 
tion of the invention. 

0.036 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Also as used herein, the term “a” is 
understood to include the meaning “one or more'. Although 
any methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the 
present invention, the preferred methods and materials are 
now described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1A. Chemical structure of paclitaxel, PEG 
paclitaxel and DTPA-paclitaxel. 

0038 FIG. 1B. Chemical structure and reaction scheme 
for production of PG-TXL. 
0039 FIG. 2. Effect of paclitaxel, PEG-paclitaxel and 
DTPA-paclitaxel on proliferation of B16 melanoma cells. 
0040 FIG. 3. Antitumor effect of DTPA-paclitaxel on 
MCa-4 mammary tumors. 
0041 FIG. 4. Median time (days) to reach tumor diam 
eter of 12 mm after treatment with paclitaxel, DTPA 
paclitaxel and PEG-paclitaxel. 
0.042 FIG. 5. Gamma-scintigraphs of mice bearing 
MCa-4 tumors following intravenous injection of ''In 
DTPA-paclitaxel and 'In-DTPA. Arrow indicates the 
tumor. 

0043 FIG. 6. Hydrolytic degradation of PG-TXL as 
determined in PBS as a function of time at different pH 
levels. - O - represents percent paclitaxel released, -O- rep 
resents metabolite-1 produced. 
0044 FIG. 7A. Anti-tumor effect of PG-TXL against 
Syngeneic OCA-I ovarian carcinoma tumor in female C3Hf/ 
Kam mice. Drugs were injected intraveneously in a Single 
dose. Data are presented as meant Standard deviation of 
tumor Volumes. a, Mice bearing OCA-1 tumor were injected 
with -Z,900 -, PG control (800 mg/kg, n=9); -A-, paclitaxel 
(80 mg/kg; n=7); -A-, paclitaxel (80 mg/kg) plus PG (800 
mg/kg, n=5); -O-, PG-TXL (80 mg equiv. paclitaxel; n=6); 
or -O-, PG-TXL (160 mg equiv. paclitaxel/kg; n=26). 
004.5 FIG. 7B. Anti-tumor effect of PG-TXL against 
13762F tumor in female rats. -- represents PG control (220 
mg/kg, n=7), -A- represents paclitaxel (20 mg/kg, n=5), -A- 
represents paclitaxel (40 mg/kg; n=7), -O- represents PG 
TXL (20 mg equivalent paclitaxel/kg, n=5), -O- represents 
PG-TXL (40 mg or 60 mg equivalent paclitaxel/kg; n=9). 
0046 FIG.7C. The antitumor effect of PG-TXL on mice 
bearing MCa-4 mammary carcinoma tumors. -D- represents 

Oct. 25, 2001 

the response to a single i.v. dose of Saline, -A- represents the 
response to a single i.v. dose of PG (0.6 g/kg); -- represents 
response to PG-TXL (40 mg/kg), - O - represents response to 
PG-TXL (60 mg equiv. paclitaxel/kg), -O- represents 
response to PG-TXL (120 mg/kg). 
0047 FIG. 7D. The antitumor effect of PG-TXL against 
Soft-tissue Sarcoma tumor (FSa-II) in mice. -D- represents 
the response to a single i.v. dose of Saline, - (x - represents the 
response to a single i.v. dose of PG (0.8 g/kg); -O- repre 
Sents response to paclitaxel (80 mg/kg), -A- represents 
response to PG-TXL (160 mg equiv. paclitaxel/kg). 
0048 FIG. 7E. The antitumor effect of PG-TXL against 
Syngeneic hepatocarcinoma tumor (HCa-I) in mice. -D- 
represents the response to a single i.v. dose of Saline, -A- 
represents the response to a single i.v. dose of PG (0.8 g/kg); 
-O- represents response to PG-TXL (80 mg/kg), -A- repre 
Sents response to PG-TXL (160 mg equiv. paclitaxel/kg). 
0049 FIG. 8. Release profile of paclitaxel from PEG 
paclitaxel in phosphate buffer (pH 7.4). Release profiles of 
paclitaxel (-x-); from PEG-paclitaxel (-O-) at pH 7.4 is 
shown. 

0050 FIG. 9. Antitumor effect of PEG-paclitaxel on 
MCa-4 mammary tumors. -D-represents the response a 
single i.v. injection with a saline solution of PEG (60 
mg/ml), -- represents the response to the Cremophor/ 
alcohol vehicle, -O-represents a single dose of 40 mg/kg 
body weight of paclitaxel, -O- represents PEG-paclitaxel at 
40 mg equiv. paclitaxel/kg body weight. 
0051 FIG. 10. Tubulin polymerization assays performed 
at 32° C. in the presence of 1.0 mM GTP and 1.0 mg/ml of 
tubulin. -- represents paclitaxel (1.0 EM), -A- represents 
PG-TXL (10 uM equivalent paclitaxel) incubated in PBS 
(pH 7.4) at 37 C. for 3 days, -O- represents freshly 
dissolved PG-TXL. 

0.052 FIG. 11. Plasma clearance of radioactivity follow 
ing an i.v. injection of PG-Hpaclitaxel and Hpaclitaxel 
in C3Hf/Kam mice. -- represents PG-TXL radioactivity 
after injection of 6 uCi of radiolabeled PG-Hpaclitaxel 
(20 mg equivalent paclitaxel/kg), -X- represents paclitaxel 
radioactivity after injection of 6 uCi of radiolabeled H 
paclitaxel (20 mg equivalent paclitaxel/kg), -O- represents 
“Paclitaxel” radioactivity released from injected PG-H) 
paclitaxel. 
0053 FIG. 12A. Time-dependent OCA-1 tumor content 
of radioactivity following injection of either PG-Hpacli 
taxel and Hpaclitaxel into mice. Open bars represents 
PG-TXL radioactivity after injection of 6 uCi of radiola 
beled PG-Hpaclitaxel (20 mg equivalent paclitaxel/kg), 
filled bars represents paclitaxel radioactivity after injection 
of 6 uCi of radiolabeled Hpaclitaxel (20 mg equivalent 
paclitaxel/kg). 
0054 FIG. 12B. Conversion of PG-Hpaclitaxel to 
Hpaclitaxel within OCA-1 tumor. Total radioactivity 

measured after injection of 6 uCi of radiolabeled PG-H) 
paclitaxel is shown in open bars, “Paclitaxel' derived radio 
activity released from injected PG-Hpaclitaxel is shown 
in Solid bars. 

0055 FIG. 13. Kinetics of apoptosis in OCA-1 tumors 
after a Single i.v. dose of 160 mg equiv. paclitaxel/kg of 
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PG-TXL (MTD) and 80 mg/kg paclitaxel (MTD). -O- 
represents the response to a single i.v. dose of PG-TXL (160 
mg equiv. paclitaxel/kg MTD), -O- represents response to 
paclitaxel (80 mg paclitaxel/kg MTD). 
0056 FIG. 14. Survival of nude mice with human ova 
rian cancer cells (SKOV3ip1) treated with PG-TXL. Five 
days after tumor injection, the mice were injected i.v. with 
the PG-paclitaxel (PG-TXL), or PG control. Injections of 
PG-TXL were administered every seven days (V) in the 120 
mg/kg group, but not the 160 mg/kg group. -- represents 
untreated mice. -A- represents the response to multiple i.V. 
doses of PG. -V- represents the response to an i.v. dose of 
PG-TXL (120 mg equiv. paclitaxel/kg), -0- represents the 
response to an i.v. dose of PG-TXL (160 mg equiv. pacli 
taxel/kg). 
0057 FIG. 15. Chemical structure and reaction scheme 
for production of glutamic acid containing polyamino acids. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.058. The present invention arises from the discovery of 
novel, water Soluble formulations of paclitaxel and doc 
etaxel, and the Surprising efficacy of these formulations 
against tumor cells in Vivo. Poly (1-glutamic acid) conju 
gated paclitaxel (PG-TXL) administered to mice bearing 
ovarian carcinoma (OCA-I) caused significant tumor growth 
delay as compared to the same dose of paclitaxel without 
PG. Mice treated with paclitaxel alone or with a combination 
of free paclitaxel and PG showed delayed tumor growth 
initially, but tumors regrew to levels comparable to an 
untreated control group after ten days. Moreover, at the 
maximum tolerated dose (MTD) of the PG-TXL conjugate, 
(160 mg equiv. paclitaxel/kg), the growth of tumors was 
completely Suppressed, the tumors shrank, and mice 
observed for two months following treatment remained 
tumor free (MTD: defined as the maximal dose that pro 
duced 15% or less body weight loss within two wk after a 
Single i.v. injection). In a parallel study, the antitumor 
activity of PG-TXL in rats with rat mammary adenocarci 
noma (13762F) was examined. Again, complete tumor 
eradication at 40-60 mg equiv. paclitaxel/kg of PG-TXL was 
observed. These Surprising results demonstrate that the 
polymer-drug conjugate, PG-TXL. Successfully eradicates 
well established Solid tumors in both mice and rats after a 
Single intravenous injection. 

0059. In addition to the remarkable antitumor (breast, 
ovarian, etc.) data in Syngeneic mice, good activity of 
PG-TXL against human breast cancer (MDA-435) and ova 
rian cancer (SKOV3ipl) in nude mice has recently been 
observed. Nude mice are special animals with incomplete 
immune Systems in which human tumors can grow. 
0060. The data presented herein have led the present 
inventors to conclude that PG-TXL is a novel species of 
taxane that is pharmacologically distinct from previous 
paclitaxel or TaxolTM preparations. For example, the distri 
bution of PG-TXL within plasma is distinct from free 
paclitaxel. While paclitaxel remains in the plasma of mice 
for an extremely short time, PG-TXL appears to remain for 
a much longer period. This is contemplated to offer a distinct 
advantage in that prolonged exposure of tumors to the drug 
may result in an enhanced response. The rate of conversion 
of PG-TXL to paclitaxel is slow, with less than 1% of the 
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radioactivity from radiolabeled PG-TXL being recovered as 
radioactive paclitaxel within 48 h after injection of the 
paclitaxel-polymer complex. This finding Suggests that the 
novel drug, PG-TXL, may produce death within tumor cells 
in a manner which is not simply due to the gradual release 
of paclitaxel itself. 
0061 Further evidence of the novelty of PG-TXL is that 
relatively high levels of radioactivity from radiolabeled 
PG-TXL appear in tumor tissue shortly after injection. 
However, only small amounts of radioactivity within tumor 
tissue are due to the release of free paclitaxel. Furthermore, 
the percent of radioactivity within tumor tissue due to 
paclitaxel itself does not appreciably increase with time 
Suggesting again that PG-TXL is a minimal prodrug for the 
gradual release of paclitaxel. Uptake of PG-TXL versus 
paclitaxel has also been Studied in a specialized human 
colon adenocarcinoma cell transport System. While radio 
activity associated with radiolabeled PG-TXL readily gained 
entry into cells, only 10% of it was due to free paclitaxel. 
These data parallel that which was found in studies of tissue 
distribution and again Suggest that there are Several mecha 
nisms or ways in which PG-TXL may lead to the death of 
cancer cells which are different from those for paclitaxel. 
0062. In another study, it was discovered that freshly 
prepared PG-TXL does not support the growth of paclitaxel 
dependent cell lines Suggesting that free paclitaxel is only 
Slowly released from the polymer-paclitaxel complex and 
that the polymer-paclitaxel complex itself is not behaving 
pharmacologically as “TaxolTM’. Aging will promote the 
degradation of PG-TXL and does increase the relative ability 
of the resulting material to Support the growth of paclitaxel 
dependent cells, but to a lesser extent than compared to free 
paclitaxel. 

0063 Recent analyses of tumor tissues from mice treated 
with paclitaxel Suggests that, as expected, this drug results in 
the formation of many apoptotic bodies within the tumor 
itself. Apoptosis is a mechanism in which cells commit 
Self-induced death or programmed cell death, a natural 
process used by an organism in wound healing and tissue 
remodeling. Tumors from mice treated with PG-TXL had far 
fewer apoptotic bodies compared to free paclitaxel but had 
an increased incidence of tumor necrosis and edema Sug 
gesting that paclitaxel and PG-TXL may result in tumor cell 
death by two distinctly different pathways. 
0064. These studies, and those described in the specific 
examples, demonstrate that PG-TXL is a new taxane which 
is not only extremely active against breast and ovarian 
cancers, and appears to have limited Side affects. It is now 
clear that the polymer conjugation of paclitaxel results in a 
compound (PG-TXL) that has novel and greater over-all 
antitumor activity. 
0065. Another aspect of the present invention is the 
inclusion of molecules in the polymeric composition that are 
effective to target the therapeutic composition to a disease or 
tumor Site or to a particular organ or tissue. Many of Such 
targeting molecules are known in the art and may be 
conjugated to the water Soluble anti-tumor compositions of 
the present invention. Examples of Such molecules or agents 
would include, but not be limited to antibodies such as 
anti-tumor antibodies, anti-cell receptor antibodies, tissue 
Specific antibodies, hormonal agents Such as Octreotide, 
estradiol and tamoxifen, growth factors, cell Surface recep 
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tor ligands; enzymes, hypoxic agents Such as misonidazole 
and erythronitroimidazole; and antiangiogenic agents. 
0.066 Another composition of the present invention is 
DTPA-paclitaxel, also shown herein to be as effective as 
paclitaxel in an in Vitro antitumor potency assay using a B16 
melanoma cell line. DTPA-paclitaxel did not show any 
Significant difference in antitumor effect as compared to 
paclitaxel againstan MCa-4 mammary tumor at a dose of 40 
mg/kg body weight in a single injection. Furthermore, 
'''Indium labeled DTPA-paclitaxel was shown to accumu 
late in the MCa-4 tumor as demonstrated by gamma-Scin 
tigraphy, demonstrating that the chelator conjugated anti 
tumor drugs of the present invention are useful and effective 
for tumor imaging. 
0067. The novel compounds and methods of the present 
invention provide Significant advances over prior methods 
and compositions, as the water-Soluble paclitaxels are pro 
jected to improve the efficacy of paclitaxel-based anti-cancer 
therapy, by providing water Soluble and controlled release 
paclitaxel derived compositions that also have different 
antitumor properties than unmodified paclitaxel. Such com 
positions eliminate the need for Solvents that are associated 
with Side effects seen with prior paclitaxel compositions. In 
addition, radiolabeled paclitaxel, which is shown to retain 
anti-tumor activity, will also be useful in the imaging of 
tumors. Further, the present invention allows one to deter 
mine whether a paclitaxel will be taken up by a particular 
tumor by Scintigraphy, Single photon emission computer 
tomography (SPECT) or positron emission tomography 
(PET). This determination may then be used to predict the 
efficacy of an anti-cancer treatment. This information may 
be helpful in guiding the practitioner in the Selection of 
patients to undergo chelator-paclitaxel therapy. 
0068 The paclitaxel may be rendered water-soluble in 
many ways: i.e. by conjugating paclitaxel to water-Soluble 
polymers which Serve as drug carriers, and by derivatizing 
the antitumor drug with water Soluble chelating agents. The 
latter approach also provides an opportunity for labeling 
with radionuclides (e.g., 'In, 'Y, Ho, Ga, ''"Tc) for 
nuclear imaging and/or for radiotherapy Studies. The Struc 
tures of paclitaxel, polyethylene glycol-paclitaxel (PEG 
paclitaxel), poly-glutamic acid-paclitaxel conjugate (PG 
TXL) and diethylenetriaminepentaacetic acid-paclitaxel 
(DTPA-paclitaxel) are shown in FIG. 1. 
0069. In certain embodiments of the present invention, 
DTPA-paclitaxel or other paclitaxel-chelating agent conju 
gates, such as EDTA-paclitaxel, DTTP-paclitaxel, or 
DOTA-paclitaxel, for example, may be prepared in the form 
of water-Soluble Salts (Sodium Salt, potassium Salt, tetrabu 
tylammonium salt, calcium salt, ferric Salt, etc.). These Salts 
will be useful as therapeutic agents for tumor treatment. 
Secondly, DTPA-paclitaxel or other paclitaxel-chelating 
agents will be useful as diagnostic agents which, when 
labeled with radionuclides such as 'In or '"Te, may be 
used as radiotracers to detect certain tumors in combination 
with nuclear imaging techniques. It is understood that in 
addition to paclitaxel (TaxolTM) and docetaxel (Taxotere), 
other taxane derivatives may be adapted for use in the 
compositions and methods of the present invention and that 
all Such compositions and methods would be encompassed 
by the present invention. 
0070 AS modifications and changes may be made in the 
Structure of the water Soluble polymer Such as a water 
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Soluble polyamino acid, or a water Soluble metal chelator, of 
the present invention and Still obtain molecules having like 
or otherwise desirable characteristics, Such “biologically 
functional equivalents' or “functional equivalents' are also 
encompassed within the present invention. 
0071 For example, one of skill in the art will recognize 
that certain amino acids may be Substituted for other amino 
acids in a polyamino acid structure, including water Soluble 
amino acid polymerS Such as poly-glutamic acid, poly 
aspartic acid, or poly-lysine, without appreciable loss of 
interactive binding capacity with Structures Such as, for 
example, a chemotherapeutic and/or antiangiogenic drug, 
Such as paclitaxel or docetaxel, or Such like. Additionally, 
amino acid Substitutions in a water Soluble polyamino acid 
conjugated to a chemotherapeutic and/or antiangiogenic 
drug, Such as paclitaxel or docetaxel, or Such like, as 
exemplified by but not limited to PG-TXL, may be made and 
Still maintain part or all of the novel pharmacological 
properties disclosed herein. Since it is the interactive capac 
ity and nature of a protein that defines that protein's bio 
logical functional activity, certain amino acid Sequence 
Substitutions can be made in a polyamino acid Sequence and 
nevertheless obtain a polyamino acid with like (agonistic) 
properties. It is thus contemplated by the inventors that 
various changes may be made in the Sequence of the water 
Soluble polyamino acids of a drug conjugate, Such as, but not 
limited to PG-TXL, without appreciable loss of their bio 
logical utility or activity. 
0072. In terms of functional equivalents, it is well under 
stood by the skilled artisan that, inherent in the definition of 
a “biologically functional equivalent of a water Soluble 
polyamino acid', is the concept that there is a limit to the 
number of changes that may be made within a portion of the 
molecule and Still result in a molecule with an acceptable 
level of equivalent biological activity. Biologically func 
tional equivalent of a water Soluble polyamino acids, are 
thus defined herein as those water Soluble polyamino acids 
in which certain, not most or all, of the amino acids may be 
Substituted by non-water Soluble amino acids, whether natu 
ral, unusual, or chemically modified. 
0073. In particular, where shorter length water soluble 
polyamino acids are concerned, it is contemplated that fewer 
amino acids should be made within the given peptide. 
Longer domains may have an intermediate number of 
changes. The longest water Soluble polyamino acid chains, 
as described herein, will have the most tolerance for a larger 
number of changes. Of course, a plurality of distinct water 
Soluble polyamino acids, Such as but not limited to poly 
glutamic acid, poly aspartic acid, or poly-lysine, with dif 
ferent Substitutions may easily be made and used in accor 
dance with the invention. 

0074. It is also well understood that where certain resi 
dues are shown to be particularly important to the biological 
or Structural properties of a polyamino acid, Such residues 
may not generally be exchanged. In this manner, functional 
equivalents are defined herein as those water Soluble 
polyamino acids which maintain a Substantial amount of 
their native biological activity. 
0075 Amino acid substitutions are generally based on the 
relative similarity of the amino acid Side-chain Substituents, 
for example, their hydrophobicity, hydrophilicity, charge, 
size, and the like. An analysis of the size, shape and type of 
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the amino acid Side-chain Substituents reveals that arginine, 
lysine and histidine are all positively charged residues; that 
alanine, glycine and Serine are all a similar size; and that 
phenylalanine, tryptophan and tyrosine all have a generally 
Similar shape. Therefore, based upon these considerations, 
arginine, lysine and histidine, alanine, glycine and Serine; 
and phenylalanine, tryptophan and tyrosine, are defined 
herein as biologically functional equivalents. 
0.076 To effect more quantitative changes, the hydro 
pathic index of amino acids may be considered. Each amino 
acid has been assigned a hydropathic indeX on the basis of 
their hydrophobicity and charge characteristics, these are: 
isoleucine (+4.5); Valine (+4.2); leucine (+3.8); phenylala 
nine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); ala 
nine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); 
tryptophan (-0.9); tyrosine (-1.3), proline (-1.6); histidine 
(-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); 
asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 
0077. The importance of the hydropathic amino acid 
indeX in conferring interactive biological function on a 
protein, and correspondingly a polyamino acid, is generally 
understood in the art (Kyte & Doolittle, 1982, incorporated 
herein by reference). It is known that certain amino acids 
may be Substituted for other amino acids having a similar 
hydropathic indeX or Score and Still retain a similar biologi 
cal activity. In making changes based upon the hydropathic 
index, the Substitution of amino acids whose hydropathic 
indices are within +2 is preferred, those which are within +1 
are particularly preferred, and those within t0.5 are even 
more particularly preferred. 
0078. It is also understood in the art that the Substitution 
of like amino acids can be made effectively on the basis of 
hydrophilicity. As detailed in U.S. Pat. No. 4,554,101, the 
following hydrophilicity values have been assigned to amino 
acid residues: arginine (+3.0); lysine (+3.0); aspartate 
(+3.0t1); glutamate (+3.0t1); Serine (+0.3); asparagine 
(+0.2); glutamine (+0.2); glycine (O); threonine (-0.4); pro 
line (-0.5+1); alanine (-0.5); histidine (-0.5); cysteine 
(-1,0); methionine (-1.3); valine (-1.5); leucine (-1.8); 
isoleucine (-1.8); tyrosine (-2.3), phenylalanine (-2.5); 
tryptophan (-3.4). In making changes based upon similar 
hydrophilicity values, the Substitution of amino acids whose 
hydrophilicity values are within +2 is preferred, those which 
are within it? are particularly preferred, and those within 
t0.5 are even more particularly preferred. Hence, in refer 
ence to hydrophilicity, arginine, lysine, aspartic acid, and 
glutamic acid are defined herein as biologically functional 
equivalents, particularly in water Soluble amino acid poly 
CS. 

0079. In addition to the water soluble polyamino acid 
chemotherapeutic and/or antiangiogenic drug compounds 
described herein, Such as paclitaxel or docetaxel conjugated 
to a water Soluble amino acid, or Such like, as exemplified 
by, but not limited to PG-TXL compounds described herein, 
the inventors also contemplate that other Sterically similar 
compounds may be formulated to mimic the key portions of 
the water Soluble polyamino acid structure. Such com 
pounds, which may be termed peptidomimetics, may be 
used in the Same manner as the peptides of the invention and 
hence are also functional equivalents. 
0080 Certain mimetics that mimic elements of protein 
secondary structure are described in Johnson et al. (1993). 
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The underlying rationale behind the use of peptide mimetics 
is that the peptide backbone of proteins, including 
polyamino acids, exists chiefly to orientate amino acid Side 
chains in Such a way as to facilitate molecular interactions, 
Such as those of antibody and antigen. A peptide mimetic is 
thus designed to permit molecular interactions similar to the 
natural molecule. 

0081. Some successful applications of the peptide 
mimetic concept have focused on mimetics off-turns within 
proteins, which are known to be highly antigenic. Likely 
B-turn Structure within a polypeptide can be predicted by 
computer-based algorithms, as discussed herein. Once the 
component amino acids of the turn are determined, mimetics 
can be constructed to achieve a similar Spatial orientation of 
the essential elements of the amino acid Side chains. 

0082 The generation of further structural equivalents or 
mimetics may be achieved by the techniques of modeling 
and chemical design known to those of skill in the art. The 
art of receptor modeling is now well known, and by Such 
methods a chemical that binds to water Soluble polyamino 
acids can be designed and then Synthesized. It will be 
understood that all Such Sterically designed constructs fall 
within the Scope of the present invention. 
0083. In addition to the 20 “standard” amino acids pro 
Vided through the genetic code, modified or unusual amino 
acids are also contemplated for use in the present invention. 
A table of exemplary, but not limiting, modified or unusual 
amino acids is provided herein below. 

TABLE 1. 

Modified and Unusual Amino Acids 

Abbr. Amino Acids 

Aad 2-Aminoadipic acid 
bAad 3-Aminoadipic acid 
bAla beta-alanine, beta-Amino-propionic acid 
Abu 2-Aminobutyric acid 
4Abu 4-Aminobutyric acid, piperidinic acid 
Acp 6-Aminocaproic acid 
Ahe 2-Aminoheptanoic acid 
Aib 2-Aminoisobutyric acid 
bAlb 3-Aminoisobutyric acid 
Apm 2-Aminopimelic acid 
Dbu 2,4-Diaminobutyric acid 
Des Desmosine 
Dpm 2,2'-Diaminopimelic acid 
Dpr 2,3-Diaminopropionic acid 
EtGly N-Ethylglycine 
EtAsn N-Ethylasparagine 
Hyl Hydroxylysine 
aHyl allo-Hydroxylysine 
3.Hyp 3-Hydroxyproline 
4Hyp 4-Hydroxyproline 
Ide Isodesmosine 
aIle allo-Isoleucine 
MeGly N-Methylglycine, sarcosine 
Mele N-Methylisoleucine 
MeLys 6-N-Methyllysine 
MeVal N-Methylvaline 
Nwa Norvaline 
Nile Norleucine 
Orn Orinthine 

0084. Toxicity studies, pharmacokinetics and tissue dis 
tribution of DTPA-paclitaxel have shown that in mice the 
LD (50% lethal dose) of DPTA-paclitaxel observed with a 
Single dose intravenous (iv) injection is about 110 mg/kg 
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body weight. Direct comparison with paclitaxel is difficult to 
make because of the dose-Volume constraints imposed by 
limited Solubility of paclitaxel and vehicle toxicity associ 
ated with iv administration. However, in light of the present 
disclosure, one skilled in the art of chemotherapy would 
determine the effective and maximum tolerated doses 
(MTD) in a clinical study for use in human subjects. 
0085. In certain embodiments of the invention, a stent 
coated with the polymer-paclitaxel conjugates may be used 
to prevent restenosis, the closure of arteries following bal 
loon angioplasty. Recent results in clinical trials using 
balloon-expandable Stents in coronary angioplasty have 
shown a significant benefit in patency and the reduction of 
restenosis compared to standard balloon angioplasty (Ser 
ruys et al., 1994). According to the response-to-injury 
hypothesis, neointima formation is associated with increased 
cell proliferation. Currently, popular opinion holds that the 
critical process leading to vascular lesions in both Sponta 
neous and accelerated atherosclerosis is Smooth muscle cell 
(SMC) proliferation (Phillips-Hughes and Kandarpa, 1996). 
Since SMC phenotypic proliferation after arterial injury 
mimics that of neoplastic cells, it is possible that anti-cancer 
drugs may be useful to prevent neointimal SMC accumula 
tion. Stents coated with polymer-linked anti-proliferative 
agents that are capable of releasing these agents over a 
prolonged period of time with Sufficient concentration will 
thus prevent ingrowth of hyperplastic intima and media into 
the lumen thereby reducing restenosis. 
0.086 Because paclitaxel has been shown to suppress 
collagen induced arthritis in a mouse model (Oliver et al. 
1994), the formulations of the present invention are also 
contemplated to be useful in the treatment of autoimmune 
and/or inflammatory diseases Such as rheumatoid arthritis. 
Paclitaxel binding to tubulin shifts the equilibrium to stable 
microtubule polymers and makes this drug a strong inhibitor 
of eukaryotic cell replication by blocking cells in the late G2 
mitotic Stage. Several mechanisms may be involved in 
arthritis Suppression by paclitaxel. For example, paclitaxel’s 
phase Specific cytotoxic effects may affect rapidly prolifer 
ating inflammatory cells, and furthermore paclitaxel inhibits 
cell mitosis, migration, chemotaxis, intracellular transport 
and neutrophil H2O production. In addition, paclitaxel may 
have antiangiogenic activity by blocking coordinated endot 
helial cell migration (Oliver et al. 1994). Therefore, the 
water Soluble polyamino acids conjugated paclitaxel of the 
present invention are contemplated to be useful in the 
treatment of rheumatoid arthritis. The polymer conjugated 
formulation disclosed herein would also offer the advantages 
of controlled release of the drug and greater Solubility. It is 
also an aspect of the treatment of arthritis that the formu 
lations may be injected or implanted directly into the 
affected joint areas. 
0087. The pharmaceutical preparations of paclitaxel or 
docetaxel Suitable for injectable use include Sterile aqueous 
Solutions or dispersions and Sterile powders for the prepa 
ration of Sterile injectable Solutions or dispersions. In all 
cases the form must be Sterile and must be fluid for injection. 
It must be stable under the conditions of manufacture and 
Storage and must be preserved against the contaminating 
action of microorganisms, Such as bacteria and fungi. The 
carrier may be a Solvent or dispersion medium containing, 
for example, water, ethanol, polyol (for example, glycerol, 
propylene glycol, and liquid polyethylene glycol, and the 
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like), Suitable mixtures thereof, and vegetable oils. The 
prevention of the action of microorganisms can be brought 
about by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, Sorbic acid, 
thimerosal, and the like. In many cases, it will be preferable 
to include isotonic agents, for example, Sugars or Sodium 
chloride. 

0088 Sterile injectable solutions are prepared by incor 
porating the active compounds in the required amount in the 
appropriate Solvent with various of the other ingredients 
enumerated above, as required, followed by filtered Steril 
ization. Generally, dispersions are prepared by incorporating 
the various Sterilized active ingredients into a sterile vehicle 
which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In 
the case of Sterile powders for the preparation of Sterile 
injectable Solutions, the preferred methods of preparation 
are vacuum-drying and freeze-drying techniques which 
yield a powder of the active ingredient plus any additional 
desired ingredient from a previously Sterile-filtered Solution 
thereof. 

0089. As used herein, “pharmaceutically acceptable car 
rier' includes any and all Solvents, dispersion media, coat 
ings, antibacterial and antifungal agents and isotonic agents 
and the like. The use of Such media and agents for pharma 
ceutically active Substances is well known in the art. Except 
insofar as any conventional media or agent is incompatible 
with the active ingredient, its use in the therapeutic compo 
Sitions is contemplated. Supplementary active ingredients 
can also be incorporated into the compositions. 
0090 The phrase “pharmaceutically acceptable” also 
refers to molecular entities and compositions that do not 
produce an allergic or Similar untoward reaction when 
administered to an animal or a human. 

0091 For parenteral administration in an aqueous solu 
tion, for example, the solution should be suitably buffered if 
necessary and the liquid diluent first rendered isotonic with 
Sufficient Saline or glucose. These particular aqueous Solu 
tions are especially Suitable for intravenous and intraperito 
neal administration. In this connection, Sterile aqueous 
media which can be employed will be known to those of 
skill in the art in light of the present disclosure. 
0092. The following examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of Skill in the art that the techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the Specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the Spirit and Scope of the invention. 

EXAMPLE 1. 

Poly-glutamic Acid-Paclitaxel (PG-TXL) 
0093. The present example concerns a first study involv 
ing the conjugation of paclitaxel to a water-Soluble polymer, 
poly (1-glutamic acid) (PG) and the efficacy of the prepara 
tion against a variety of tumors in mice and rats. The 
potential of water-Soluble polymers used as drug carriers is 
well established (Kopecek, 1990; Maeda and Matsumura, 
1989). 
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0094 Synthesis of Poly-Gutamic Acid-Paclitaxel (PG 
TXL) 
0.095 PG was selected as a carrier for paclitaxel because 

it can be readily degraded by lysosomal enzymes, is stable 
in plasma and contains Sufficient functional groups for drug 
attachment. Several antitumor drugs, including Adriamycin 
(Van Heeswijk et al., 1985; Hoes et al., 1985), cyclophos 
phamide (Hirano et al., 1979), Ara-C (Kato et al., 1984) and 
melphalan (Morimoto et al., 1984) have been conjugated to 
PG. However, poly-aspartic acid may be conjugated to 
anti-tumor drugs using the reaction Scheme described herein 
for PG-TXL. 

0096) The reaction scheme is presented in FIG. 1B. 
Poly(1-glutamic acid) (PG) sodium salt was obtained from 
Sigma (St. Louis, Mo.). The polymer by viscosity had a 
molecular weight of 36,200, and number-average molecular 
weight (M) of 24,000 as determined by low-angle laser 
light Scattering (LALLS). Lot-specific polydispersity (MA 
M) was 1.15 where M is weight-average molecular 
weight. PG sodium salt (MW 34K, Sigma, 0.35 g) was first 
convened to PG in its proton form. The pH of the aqueous 
PG sodium salt solution was adjusted to 2.0 using 0.2 M 
HCl. The precipitate was collected, dialyzed against distilled 
water, and lyophilized to yield 0.29 g PG. 
0097. To a solution of PG (75 mg, repeating unit FW 170, 
0.44 mmol) in dry N,N-dimethylformamide (DMF) (1.5 
mL) was added 22 mg paclitaxel (0.026 mmol, molar ratio 
PG/paclitaxel=17), 15 mg dicyclohexylcarbodiimide (DCC) 
(0.073 mmol) and trace amount of dimethylaminopyridine 
(DMAP). Paclitaxel was supplied by Hande Tech (Houston, 
Tex.), and the purity was 99% and higher as confirmed by 
HPLC assay. 
0098. The reaction was allowed to proceed at room 
temperature for 12-18 h. Thin layer chromatography (TLC, 
silica) showed complete conversion of paclitaxel (Rf=0.55) 
to polymer conjugate (Rf=0, CHCl/MeOH=10:1). To stop 
the reaction, the mixture was poured into chloroform. The 
resulting precipitate was collected and dried in vacuum to 
yield 70 mg polymer-drug conjugate. By changing the 
weight ratio of paclitaxel to PG in the Starting materials, 
polymeric conjugates of various paclitaxel concentrations 
can be Synthesized. 
0099] The sodium salt of PG-TXL conjugate was 
obtained by dissolving the product in 1.0 M NaHCO. The 
acqueous solution of PG-TXL was dialyzed against distilled 
water (MWCO 10,000) to remove low molecular weight 
contaminants and exceSS NaHCO. Salt. Lyophilization of the 
dialysate yielded 98 mg of product as a white powder. The 
paclitaxel content in this polymeric conjugate as determined 
by UV was 20–22% (w/w). Yield: 98% (conversion to 
polymer bound paclitaxel, UV). Solubility in waters 20 mg 
paclitaxel/ml. A similar method can be used to Synthesize 
PG-TXL with higher paclitaxel content (up to 35%) by 
Simply increasing the ratio of paclitaxel to PG used. 
0100 Characterization of Poly-Glutamic Acid-Paclitaxel 
(PG-TXL) 
0101 Ultraviolet spectra were obtained on a Beckman 
DU-70 spectrophotometer, using the same concentration of 
PG acqueous solution as reference. PG-TXL showed charac 
teristic paclitaxel absorption with 2 shifts from 228 to 
230 nm. The concentration of paclitaxel in PG-TXL conju 
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gate was estimated based on Standard curve generated with 
known concentrations of paclitaxel in methanol at absorp 
tion of 228 nm, assuming that the polymer conjugate in 
water at 230 nm and the free drug in methanol at 228 nm 
have the same molar extinction and both follow Lambert 
Beer's law. 

0102) H-NMR spectra were recorded with GE model 
GN 500 (500 MHz) spectrometer in D.O. Both the PG 
moieties and the paclitaxel moieties were discernible. The 
couplings of polymer conjugated paclitaxel are too poorly 
resolved to be measured with Sufficient accuracy. Reso 
nances at 7.75 to 7.36 ppm are attributable to aromatic 
components of paclitaxel resonances at 6.38 ppm (Co-H), 
5.97 ppm (C-H), 5.63 ppm (C'-H, d), 5.55-5.36 ppm 
(C-H and C-H, m), 5.10 ppm (C-H), 4.39 ppm (C7-H), 
4.10 (Co-H), 1.97 ppm (OCOCH), and 1.18-1.20 ppm (C 
CH) are tentatively assigned to aliphatic components of 
paclitaxel. Other resonances were obscured by the reso 
nances of PG. PG resonances at 4.27 ppm (H-C), 2.21 ppm 
(H-Y), and 2.04 ppm (H-B) are in accordance with pure PG 
Spectrum. Although a peak at 5.63 ppm could be tentatively 
assigned to the C-2" proton of the C-2 ester, the C-2" proton 
of unsubstituted paclitaxel at 4.78 ppm was also present, 
Suggesting that the resulting conjugate may contain pacli 
taxel Substitutions at both the C-2 and C-7 positions. A 100 
mg/ml Solution of the conjugate produces a clear, Viscous, 
yet flowable liquid. This procedure consistently produces 
PG-TXL conjugate containing 20% of paclitaxel by weight, 
i.e., approximately 7 paclitaxel molecules are bound to each 
polymer chain. 
0.103 Gel Permeation Chromatography Studies of Poly 
Glutamic Acid-Paclitaxel (PG-TXL) 
0104. The relative molecular weight of PG-TXL was 
characterized by gel permeation chromatography (GPC). 
The GPC system consisted of two LDC model III pumps 
coupled with LDC gradient master, a PL gel GPC column, 
and a Waters 990 photodiode array detector. The elutant 
(DMF) was run at 1.0 ml/min with ultraviolet (UV) detec 
tion set at 270 nm. For PG-TXL sodium salt, a TSK-gel 
column Suitable for analysis of water-Soluble polymer was 
used, and the system was eluted with 0.2 mM PBS (pH 6.8) 
at 1.0 ml/min. Conjugation of paclitaxel to PG resulted in an 
increase in the molecular weight of PG-TXL, as indicated by 
the shift of retention time from 6.4 min for PG to 5.0 min for 
PG-TXL conjugate. The crude product contained small 
molecular weight contaminants (retention time 8.0 to 10.0 
min, and 11.3 min), which can be effectively removed by 
convening PG-TXL to its sodium salt, followed by dialysis. 
0105 Hydrolytic Degradation of a Poly-Glutamic Acid 
Paclitaxel (PG-TXL) Conjugate 
0106 To gain insight on the release kinetics of paclitaxel 
and related molecular species from PG-TXL, the hydrolytic 
stability of PG-TXL was tested in PBS at various pH. High 
performance liquid chromatography (HPLC) revealed that 
incubation of PG-TXL in PBS solutions produced paclitaxel 
and Several other Species including one that is more hydro 
phobic than paclitaxel (metabolite 1). The fact that these 
Species all were derived from paclitaxel was confirmed 
through similar degradation studies using PG-HTXL. 
Based on its retention time on HPLC, metabolite-1 is prob 
ably 7-epipaclitaxel, a biologically active isomer of pacli 
taxel. In fact, the amount of metabolite 1 recovered in PBS 
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Surpassed that of paclitaxel after 5 days and 1 day of 
incubation at pH 7.4 and pH 9.5 respectively (FIG. 6). At pH 
5.5 and pH 7.4, the release profiles of metabolite 1 indicated 
pseudo-Zero order kinetics and displayed a delay time vary 
ing from 3 days (pH 5.5) to 7 h (pH 7.4), suggesting that 
metabolite-1 is a secondary product. Apparently, PG-TXL is 
more Stable in acidic Solution than in basic Solution. 

01.07 
0108 All animal work was carried out at the animal 
facility at M.D. Anderson Cancer Center in accordance with 
institutional guidelines. C3H/Kam mice were bred and 
maintained in a pathogen-free facility in the Department of 
Experimental Radiation Oncology. 

0109) The tumor growth delay induced by PG-TXL was 
measured in mammary ovarian carcinoma (OCA-I) 
implanted in C3Hf/Kam mice. All tumors were syngeneic to 
this Strain. Solitary tumors were produced in the muscle of 
the right thigh of female C3H/Kam mice (25-30 g) by 
injecting 5x10 murine ovarian carcinoma cells (OCA-I), 
mammary carcinoma (MCa-4), hepatocarcinoma (HCa-I) or 
fibrous sarcoma (FSa-II). In a parallel study, female Fischer 
344 rats (125-150 g) were injected with 1.0x10 viable 
13762F tumor cells in 0.1 ml PBS. Treatments were initiated 
when the tumors in mice had grown to 500 mm (10 mm in 
diameter), or when the tumors in rats had grown to 2400 
mm (mean diameter 17 mm). 
0110 PG-TXL was disolved in saline (10 mg equivalent 
paclitaxel/ml), and paclitaxel was dissolved in Cremophor 
EL(g vehicle (6 mg/ml). Data are presented as mean it 
standard deviation of tumor volumes. In control studies, 
saline (0.6 ml), Cremophor vehicle 50/50 Cremophor/ 
ethanol diluted with saline (1:4)), PG solution in saline, and 
paclitaxel plus PG were used. The maximum tolerated dose 
(MTD) of PG-TXL and paclitaxel in normal female C3Hf/ 
Kam mice was estimated to be 160 mg/kg and 80 mg/kg 
respectively. A single dose of PG-TXL in Saline or paclitaxel 
in Cremophor EL vehicle was given in doses varying from 
40 to 160 mg equiv. Paclitaxel/kg body weight. Tumor 
growth was determined daily (FIGS. 7A, 7B, 7C, 7D and 
7E) by measuring three orthogonal tumor diameters. Tumor 
Volume was calculated according to formula (AXBXC)/2. 
Absolute growth delay (AGD) in mice is defined as the time 
in days for tumors treated with various drugs to grow from 
500 to 2,000 mm in mice minus the time in days for tumors 
treated with saline control to grow from 500 to 2,000 mm. 
When the tumor size reached 2000 mm, the tumor growth 
delay was calculated; the mice were Sacrificed when tumors 
were approximately 2500 mm. The PG-TXL group were 
(n=6 and 7), other each group were (n=5). Table 2 Summa 
rizes acute toxicity of PG paclitaxel in rats in comparison 
with paclitaxel/Cremophor. Table 3 Summarizes the data 
concerning the effect of PG-TXL against MCa-4, FSa-II and 
HCa-I tumors in mice. The data are also Summarized in FIG. 
7A-FIG 7E. 

In Vivo Antitumor Activity 

TABLE 2 

Acute Toxocity of PG-TXL in Fischer Rats" 

# of Body Time of Full 
Dose Toxic Weight Time at Nadir Recovery 

Group (mg/kg) Death Loss in % (days) (days) 

PG-TXL 60 1f4 15.7 7 14 
PG-TXL 40 Of4 11.1 6 11 
Paclitaxel 60 1f4 16.7 6 15 
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TABLE 2-continued 

Acute Toxocity of PG-TXL in Fischer Rats" 

# of Body Time of Full 
Dose Toxic Weight Time at Nadir Recovery 

Group (mg/kg) Death Loss in % (days) (days) 

Paclitaxel 40 O?3 17.9 6 16 
Paclitaxel 20 O/5 17.0 5 N/A 

*Drugs were administered intravenously into 13762F tumor-bearing Fis 
cher rats (female, 130 g) in a single injection. 
PG-TXL solution was prepared by dissolving the conjugate in saline (8 
mg equiv. paclitaxel/ml). The injected volume at 60 mg/kg was 0.975 ml 
er rat. 
facilitaxel Cremophor solution was prepared by dissolving paclitaxel in a 
1:1 mixture of ethyl alcohol and Cremophor (30 mg/ml). This stock solu 
tion was further diluted with saline (1:4) before injection. The final con 
centration of paclitaxel in the solution was 6 mg/ml. The injected volume 
at 60 mg/kg was 1.3 ml per rat. 
PG solution was prepared by dissolving the polymer in saline (22 
mg/ml). The injected dose was 0.3 g/kg (1.8 ml per rat), which was 
equivalent to paclitaxel dose of 60 mg/kg. 
Cremophor vehicle was prepared by diluting a mixture of ethyl alcohol 
and Cremophor (1:1) with saline (1:4). 

0111 
TABLE 3 

The Antitumor Effect of PG-TXL. Against 
Different Types of In vivo Murine Tumors 

Time 
to Grow 

Tumor Drug 500–2000 mm AGD t-test 

MCa-4 Saline 4.8 + 0.8 (5) 
PG (0.6 g/kg) 9.3 + 1.1 (4) 4.5 O.O114 
Cremophor Vehicle 6.1 + 0.7 (5) 1.3 O.265 
PG-TXL (40 mg/kg) 8.6 + 1.2 (4) 3.8 O.O26 
PG-TXL (60 mg/kg) 14.2 + 1.1 (5) 9.4 OOOO1 
PG-TXL (120 mg/kg) 44.4 + 2.9 (5) 39.6 &O.OOO1 
Paclitaxel (40 mg/kg) 9.0 + 0.6 (4) 4.2 O.OO44 
Paclitaxel (60 mg/kg) 9.3 + 0.3 (5) 4.5 O.OOO6 

FSa-II Saline 1.9 + 0.1 (5) 
PG (0.8 g/kg) 2.8 + 0.2 (6) O.9 O.0043 
Cremophor Vehicle 2.2 + 0.2 (6) O.3 O.122 
PG-TXL (80 mg/kg) 3.8 + 0.4 (6) 1.9 O.OO16 
PG-TXL (160 mg/kg) 5.1 + 0.3 (13) 3.2 &O.OOO1 
Paclitaxel (80 mg/kg) 4.2 + 0.3 (6) 2.3 O.OOO2 
PG + Paclitaxel 3.0 + 0.2 (6) 1.1 O.OOO8 

HCa- Saline 7.3 + 0.3 (5) 
PG (0.8 g/kg) 7.7 + 0.4 (4) O.4 O.417 
Cremophor Vehicle 6.8 + 0.8 (5) -0.5 O.539 
PG-TXL (40 mg/kg) 8.2 + 0.7 (5) O.9 O.218 
PG-TXL (80 mg/kg) 8.6 + 0.2 (5) 1.3 O.OO53 
PG-TXL (160 mg/kg) 11.0 + 0.8 (4) 3.7 O.OO23 
Paclitaxel (80 mg/kg) 6.4 + 0.5 (5) -0.9 O.138 
PG + Paclitaxel 6.7 + 0.4 (5) -0.6 O.294 

"Mice bearing 500 mm tumors in the right leg were treated with various 
doses of PG-TXL (40-160 mg equiv. paclitaxel/kg) in saline of paclitaxel 
in Cremophor vehicle i.v. in a single injection. Control animals were 
treated with saline (0.6 ml), Cremophor vehicle (0.5 ml), PG solution in 
saline, or PG g/kg plus paclitaxel (80 mg/kg). 
Tumor growth was determined by daily measurement of three orhtogonal 
diameters with calipers and the volume was calculated as (Ax B x C)/2. 
Shown in brackets are the number of mice used in each group. The time 
in days to grow from 500 mm to 2000 mm are presented meant stan 
dard deviation. 
Absolute growth delay (AGD) defined as the time in days for tumors 
treated with various drugs to grow from 500 to 2000 mm minus the time 
in days for tumors treated with saline control to grow from 500 to 2000 

3 
. 

The time in days to grow from 500 to 2000 mm were compared for 
treatment groups and saline group using Student's t-Test. P-values are 
two-sided and were taken to be significant when less that to equal 0.05. 
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0112 Two important findings emerged from these stud 
ies. First, like paclitaxel, there is an intertumor variability of 
the antitumor effect of water-soluble PG-TXL. PG-TXL is 

most effective against MCa-4 and OCA-1 tumors. Second, 
PG-TXL is more effective than paclitaxel on equivalent mg 
paclitaxel basis in the case of MCa-4, HCa-I, and on OCA-1 
tumors, and is remarkably potent at its maximum tolerated 
dose (MTD). 
0113. In a parallel study, the antitumor activity of PG 
TXL in Fischer rats with the well established rat mammary 
adenocarcinoma 13762F was examined. Female Fischer 344 

rats (125-150 g) were injected with 10x10 viable 13762F 
tumor cells in 0.1 ml PBS. Once tumors reached a mean 

volume of 2000 mm (mean diameter, 1.6 cm), animals were 
treated using a similar protocol as described above. Tumor 
growth was determined daily by measuring three orthogonal 
tumor diameters. Tumor Volume was calculated according to 
the formula (AxBxC)/2. A single dose of PG-TXL in saline 
or paclitaxel in a Cremophor ELE vehicle was given in 
doses varying from 20 to 60 mg equivalent paclitaxel/kg 
body weight. In control studies, saline, the Cremophor EL(R) 
vehicle 50/50 Cremophor/ethanol diluted with saline (1:4)), 
PG solution in Saline and paclitaxel plus PG were used. 
Again, complete tumor eradication at the MTD of PG-TXL 
(60 mg equivalent paclitaxel/kg) was observed. PG-TXL 
given at a lower dose of 40 mg equivalent paclitaxel/kg also 
resulted in complete tumor regression (FIG. 7B). In con 
trast, the MTD of paclitaxel in Cremophor EL(R) was less 
than 20 mg/kg. Paclitaxel at this dose caused a tumor growth 
delay (Tumor growth delay is defined as the time in days for 
tumors treated with the test drugs to grow from 2,000 mm 
to 10,000 mm minus the time in days for tumors treated 
with saline control to grow from 2,000 mm to 10,000 mm.) 
of only 5 days, whereas the same equivalent paclitaxel dose 
of PG-TXL resulted in a tumor growth delay of 23 days 
(FIG. 7B). 
0114 Studies of Nude Mice Injected with Human Breast 
Cancer and Treated with PG-TXL 

0115) Nude mice were injected with 2x10 MDA-435 
Lung2 cells (a variant of the MDA-MB-435 human breast 
cancer cell line) into the mammary fatpad. When the tumors 
reached 5 mm mean diameter, (27 days after tumor injec 
tion), mice were treated with an i.v. injection of PG-TXL or 
the various controls (see Table 4). Tumor measurements 
were taken weekly. Tumors that reached 1.5 cm were 
removed Surgically. All mice were killed at 120 days, and 
remaining tumors removed and weighed. Mice were exam 
ined for metastases, and lungs processed for histology, with 
Single Sections of the organs Scored for the presence of 
micrometastases. 

TABLE 4 

No. 
Tumor Mean tumor tumors Lung 

Treatment take wt (g) regressed metastases' 

PBS 5/6 1.3 - 0.24 4/5 (80%) 
Cremophor 9/9 1.26 - 0.67 48 (50%) 
PGA 10/10 1.13 - 0.7 4/7 (57%) 
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TABLE 4-continued 

No. 
Tumor Mean tumor tumors Lung 

Treatment take wt (g) regressed metastases' 

Taxol. TM/Cremo- 10/10 131 O.69 3/7 (42%) 
phor 
60 mg/kg 
PG-TXL 60 mg/kg 10/10 1.23 - 0.38 2/10 5/8 (62.5%) 
PG-TXL 120 9/10 O.925 + 0.12 4/8 1/4 (25%) 
mg/kg 

Number of mice with 5 mm tumors at time of therapy/number of mice 
injected 
Mean weight of tumors removed at time of autopsy 
Number of tumors that had regressed at time of autopsy 
"Number of mice with lung metastases (either macroscopic or found in 
histology preparations)/number of mice with tumors. Some discrepancies 
between tumor take and number mice with tumors in this column due to 
sacrifice or deaths of animals for non-related reasons, e.g., developing Sta 
phylococcus abscesses. One mouse in PG-TXL 120 mg group was killed 
due to extreme weight loss after treatment; otherwise there were no obvi 
Ous therapy related deaths. Nude mice couldn't tolerate 160 mg/kgequiva 
lent of PG-TXL. 

0116. From the results of the study in which a single 
bolus of PG-conjugated paclitaxel (PG-TXL) was given, at 
a drug equivalent of 120 mg/kg paclitaxel, it is apparent that 
the MDA-435 cancer cell line responds to the drug and that 
this formulation of the drug is much better tolerated than 
when Cremophor is the vehicle. 

0117. In the breast cancer study using MDA-MB-435, 
only the higher dose of PG-TXL inhibited the growth rate of 
the mammary fatpad tumors. From the growth curve it was 
apparent that tumor growth resumed approximately 30 days 
after the Single dose of conjugate. However, the growth 
curve does not reveal that in the PG-TXL 120 mg/kg group 
there were a number of tumor regressions. AS shown in 
Table 3, the incidence of lung metastasis in the mice with 
residual tumors was also reduced. While the numbers of 
mice in the Study are Small, they do Suggest that the therapy 
was effective in reducing both local tumor growth and 
incidence of metastasis. 

0118. In this study design it is not possible to distinguish 
whether a lower incidence of metastasis is due to a reduction 
of tumor mass of the primary Site, or due to a direct effect 
on any micrometastases that may have already been estab 
lished at the time of therapy. 

0119). In Vivo Therapy of Human Breast Cancer Using 
Multiple Injections of PG-TXL 

0120) To test the effect of multiple injections of PG-TXL, 
nude mice were injected with 2x10; MDA-435-Lung 2 
cells (a variant of the MDA-MB-435 human breast cancer 
cell line) into the mammary fatpad. When the tumors 
reached 5 mm mean diameter, the treatments were Started, 
and repeated at 14 day intervals (day 24, 38,52) for a total 
of three injections. Tumor measurements were taken weekly. 
The mice were killed on day 105 after tumor cell injection, 
and the tumor weights and incidence of metastasis recorded. 
The lungs were processed for histology, and Single Sections 
Scored for the presence of micrometastases. The results are 
shown in Table 5. 
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TABLE 5 

Tumors 
Treatment Tumor take Mean weight (g) regressed Metastasis' 

None 4/5 1.83 - 0.15 4/4 (100%) 
PG-control 6/10 17 O.11 5/6 (83%) 
PG-TXL/60 7/10 1.36 O.28 6/7 (86%) 
mg 
PG-TXL/120 8/10 0.97 + 0.22 p = 2/8 2/6 (33%) 
mg O.O11e 

Legend: 
"Number of mice with 5 mm tumors at the time of therapy/number of 
mice injected 
Mean weight of tumors (ESEM) 
Number of tumors that had regressed at the time of autopsy 
"Number of mice with lung metastases, either macroscopic or microscopic? 
number of mice with tumors 
p value from unpaired t test comparing tumor weight of treated mice with 
the control PG group. 

0121. In Vivo Therapy of Human Ovarian Cancer Using 
PG-TXL Conjugate 
0122) Nude mice were injected i.p. with the human 
ovarian cancer cell line, SKOV3ip 1. Five days after tumor 
injection, the mice were injected i.v. with the PG-paclitaxel 
(PG-TXL), at concentrations equivalent to 120 mg/kg or 160 
mg/kg of paclitaxel. Initially the plan was to repeat these 
injections at 7-day intervals, but a single injection of the 160 
mg/kg dose killed 5 of the 10 mice. Only the 120 mg/kg 
group received three injections. The Study was terminated on 
day 98, and any surviving mice killed. The results are shown 
in FIG. 14, and in Table 6. 
0123 The median Survival values for the groups at 
present are: untreated=47 days, PC-control=43 days, PG 
TXL (120 mg/kg)=83 days, PG-TXL (160 mg/kg)=83 days 
note that this does not include the mice that died from the 
initial toxicity of the drug. 

TABLE 6 

Median 
Treatment Tumor take survival (range) Ascitcs Mean vol (ml) 
None 10/10 56 (38–98) 8/10 2.2 + 1.6 
PG-control 8/9 45 (39–98) 8/8 2.2 + 1.6 
PG-12O 7/8 82 (59-98) 3/7 2.7 - 1.4 
PG-160 3/5e 84 (34-98) O?3 

Legends: 
Incidence of tumor/number of mice injected 
median survival time in days 
incidence of ascites/number of mice with tumor 
'mean volume (and S.d.) of ascites 
these mice only received a single dose of PG-paclitaxel, 160 mg/kg, and 
does not include the mice that dies within 5 days of the treatment 
"the mouse that was killed on day 34 had minimal tumor burden, but was 
paraplegic (possible toxicity?). 

0.124. The PG-TXL 120 mg/kg significantly extended the 
survival of the mice with intraperitoneal SKOV3ipl, (a 
human ovarian cancer cell line which overexpresses HER2/ 
neu), compared with mice injected with PG alone. Multiple 
doses and/or increasing the dose of conjugate may signifi 
cantly reduce the tumor incidence in addition to extending 
Survival. 

0.125. In the nude mice studies above, the growth curves 
show that although breast cancer growth is checked by 
paclitaxel, especially with the higher dose conjugated with 
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PG, tumor size continues to increase about a month after the 
therapy. A Second (or third) round of therapy may have 
caused the tumor growth to plateau, or give more tumor 
regressions. The growth curves do not include the tumors 
that regressed-as shown in Table 4, the tumors shrank/ 
disappeared in 50% of the mice treated with the highest dose 
of PG-TXL, and of the 4 animals with progressively grow 
ing tumors at the end of the Study, only one had microme 
tastases in the lungs. So the treatment that reduced growth 
of the primary tumors also reduced the incidence of metasta 
Sis. The incidence of metastasis in all other therapy groups, 
including the control groups of Cremophor and PG were 
lower than the PBS control, therefore it is probably not valid 
to State that the reduction in incidence of metastasis in the 
Taxol'M/Cremophor group is a Significant finding. 

EXAMPLE 2 

DTPA-Paclitaxel 

0126 Synthesis of DTPA-Paclitaxel: 
0127. To a solution of paclitaxel (100 mg, 0.1 17 mmol) 
in dry DMF (2.2 ml) was added diethylenetriaminepentaace 
tic acid anhydride (DTPAA) (210 mg, 0.585 mmol) at 0°C. 
The reaction mixture was stirred at 4 C. overnight. The 
suspension was filtered (0.2 um Millipore filter) to remove 
unreacted DTPA anhydride. The filtrate was poured into 
distilled water, stirred at 4 C. for 20 min, and the precipitate 
collected. The crude product was purified by preparative 
TLC over C. Silica gel plates and developed in acetonitrile/ 
water (1:1). Paclitaxel had an Rf value of 0.34. The band 
above the paclitaxel with an Rf value of 0.65 to 0.75 was 
removed by Scraping and eluted with an acetonitrile/water 
(1:1) mixture, and the Solvent was removed to give 15 mg 
of DTPA-paclitaxel as product (yield 10.4%); mp: >226 C. 
dec. The UV spectrum (sodium salt in water) showed 
maximal absorption at 228 nm which is also characteristic 
for paclitaxel. Mass spectrum: (FAB) m/e 1229 (M+H)", 
1251 (M+Na), 1267 (M+K). In the H NMR spectrum 
(DMSO-d) the resonance of NCHCHN and CHCOOH 
of DTPA appeared as a complex Series of Signals at Ö 
2.71-2.96 ppm, and as a multiplet at Ö 3.42 ppm, respec 
tively. The resonance of C7-H at 4.10 ppm in paclitaxel 
shifted to 5.51 ppm, Suggesting esterification at the 7-posi 
tion. The rest of the spectrum was consistent with the 
Structure of paclitaxel. 
0128. The sodium salt of DTPA-paclitaxel was also 
obtained by adding a solution of DTPA-paclitaxel in ethanol 
into an equivalent amount of 0.05 M NaHCO, followed by 
lyophilizing to yield a water-soluble solid powder (solubil 
ity>20 mg equivalent paclitaxel/ml). 
0129) Hydrolytic Stability of DTPA-Paclitaxel: 
0130. The hydrolytic stability of DTPA-paclitaxel was 
Studied under accelerated conditions. Briefly, 1 mg of 
DTPA-paclitaxel was dissolved in 1 ml 0.5 M NaHCO 
aqueous solution (pH 9.3) and analyzed by HPLC. The 
HPLC system consisted of a Waters 150x3.9 (i.d.) mm 
Nova-Pak column filled with C18 4 um silica gel, a Perkin 
Elmer isocratic LC pump, a PE Nelson 900 series interface, 
a Spectra-Physics UV/Vis detector and a data station. The 
eluant (acetonitrile/methanol/0.02M ammonium acetate= 
4:1:5) was run at 1.0 ml/min with UV detection at 228 nm. 
The retention times of DTPA-paclitaxel and paclitaxel were 
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1.38 and 8.83 min, respectively. Peak areas were quantitated 
and compared with standard curves to determine the DTPA 
paclitaxel and paclitaxel concentrations. The estimated half 
life of DTPA-paclitaxel in 0.5 M NaHCO solution is about 
16 days at room temperature. 

0131) Effects of DTPA-Paclitaxel on the Growth of B16 
Mouse Melanoma Cells. In Vitro: 

0132) Cells were seeded in 24-well plates at a concen 
tration of 2.5x10" cells/ml and grown in a 50:50 Dulbecco's 
modified minimal essential medium (DEM) and F12 
medium containing 10% bovine calf serum at 37 C. for 24 
h in a 97% humidified atmosphere of 5.5% CO. The 
medium was then replaced with fresh medium containing 
paclitaxel or DTPA-paclitaxel in concentration ranging from 
5x10M to 75x10 M. After 40 h., the cells were released 
by trypsinization and counted in a Coulter counter. The final 
concentrations of DMSO (used to dissolve paclitaxel) and 
0.05 M Sodium bicarbonate solution (used to dissolve 
DTPA-paclitaxel) in the cell medium were less than 0.01%. 
This amount of solvent did not have any effect on cell 
growth as determined by control Studies. 
0133) The effects of DTPA-paclitaxel on the growth of 
B16 melanoma cells are presented in FIG. 2. After a 40-h 
incubation with various concentrations, DTPA-paclitaxel 
and paclitaxel were compared as to cytotoxicity. The ICso 
for paclitaxel and DTPA-paclitaxel are 15 nM and 7.5 nM, 
respectively. 

0134) Antitumor Effect on Mammary Carcinoma (MCa 
4) Tumor Model: 
0135) Female C3Hf/Kam mice were inoculated with 
mammary carcinoma (MCa-4) in the muscles of the right 
thigh (5x10 cells/mouse). When the tumors had grown to 8 
mm (approx. 2 wks), a single dose of paclitaxel or DTPA 
paclitaxel was given at 10, 20 and 40 mg equivalent pacli 
taxel/kg body weight. In control Studies, Saline and absolute 
alcohol/Cremophor 50/50 diluted with saline (1:4) were 
used. Tumor growth was determined daily, by measuring 
three orthogonal tumor diameters. When the tumor size 
reached 12 mm in diameter, the tumor growth delay was 
calculated. The mice were Sacrificed when tumors were 
approximately 15 mm. 

0136. The tumor growth curve is shown in FIG. 3. 
Compared to controls, both paclitaxel and DTPA-paclitaxel 
showed antitumor effect at a dose of 40 mg/kg. The data 
were also analyzed to determine the mean number of days 
for the tumor to reach 12 mm in diameter. Statistical analysis 
showed that DTPA-paclitaxel delayed tumor growth signifi 
cantly compared to the Saline treated control at a dose of 40 
mg/kg (p<0.01). The mean time for the tumor to reach 12 
mm in diameter was 12.1 days for DTPA-paclitaxel com 
pared to 9.4 days for paclitaxel (FIG. 4). 
0137 Radiolabeling of DTPA-Paclitaxel with 'In 
0138 Into a 2-ml V-vial were added successively 40 ul 
0.6M sodium acetate (pH 5.3) buffer, 40 ul 0.06 M sodium 
citrate buffer (pH 5.5), 20 ul DTPA-paclitaxel solution in 
ethanol (2% w/v) and 20 ul 'InC1 solution (1.0 mCi) in 
sodium acetate buffer (pH 5.5). After an incubation period of 
30 min at room temperature, the labeled 'In-DTPA-pacli 
taxel was purified by passing the mixture through a C18 
Sep-Pac cartridge using Saline and Subsequently ethanol as 
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the mobile phase. Free 'n-DTPA (<3%) was removed by 
saline, while '''In-DTPA-paclitaxel was collected in the 
ethanol wash. The ethanol was evaporated under nitrogen 
gas and the labeled product was reconstituted in Saline. 
Radiochemical yield: 84%. 

0139 Analysis of ''In-DTPA-Paclitaxel: 
0140 HPLC was used to analyze the reaction mixture 
and purity of ''In-DTPA-paclitaxel. The system consisted 
of a LDC binary pump, a 100x8.0 mm (i.d.) Waters column 
filled with ODS 5 um silica gel. The column was eluted at 
a flow rate of 1 ml/min with a gradient mixture of water and 
methanol (gradient from 0% to 85% methanol over 15 min). 
The gradient system was monitored with a NaI crystal 
detector and a Spectra-Physics UV/Vis detector. As evi 
denced by HPLC analysis, purification by Sep-Pak cartridge 
removed most of the "In-DTPA, which had a retention time 
of 2.7 min. The '''In-DTPA was probably derived from 
traces of DTPA contaminant in the DTPA-paclitaxel. A 
radio-chromatogram of 'In-DTPA-paclitaxel correlated 
with its UV chromatogram, indicating that the peak at 12.3 
min was indeed the target compound. Under the same 
chromatographic conditions, paclitaxel had a retention time 
of 17.1 min. The radiochemical purity of the final prepara 
tion was 90% as determined by HPLC analysis. 

0141 Whole-Body Scintigraphy: 

0.142 Female C3Hf/Kam mice were inoculated with 
mammary carcinoma (MCa-4) in the muscles of the right 
thigh (5x10 cells). When the tumors had grown to 12 mm 
in diameter, the mice were divided into two groups. In group 
I, the mice were anesthetized by intraperitoneal injection of 
sodium pentobarbital, followed by "In-DTPA-paclitaxel 
(100-200 mCi) via tail vein. A Y-camera equipped with a 
medium energy collimator was positioned over the mice (3 
per group). A series of 5 min acquisitions were collected at 
5, 30, 60, 120, 240 min and 24 h after injection. In group II, 
the same procedures were followed except that the mice 
were injected with 'In-DTPA as a control. FIG. 5 shows 
gamma-scintigraphs of animals injected with 'In-DTPA 
and 'In-DTPA-paclitaxel. 'In-DTPA was characterized 
by rapid clearance from the plasma, rapid and high excretion 
in the urine with minimal retention in the kidney and 
negligible retention in the tumor, the liver, the intestine and 
other organs or body parts. In contrast, "In-DTPA-pacli 
taxel exhibited a pharmacological profile resembling that of 
paclitaxel (Eiseman et al., 1994). Radioactivity in the brain 
was negligible. Liver and kidney had the greatest tissue 
:plasma ratios. Hepatobiliary excretion of radiolabeled 
DTPA-paclitaxel or its metabolites was one of the major 
routes for the clearance of the drug from the blood. Unlike 
paclitaxel, a significant amount of "In-DTPA-paclitaxel 
was also excreted through kidney, which only played a 
minor role in the clearance of paclitaxel. The tumor had 
significant uptake of "In-DTPA-paclitaxel. These results 
demonstrate that ''In-DTPA-paclitaxel is able to detect 
certain tumors and to quantify the uptake of "In-DTPA 
paclitaxel in the tumors, which in turn, may assist in the 
Selection of patients for the paclitaxel treatment. In contrast, 
the smaller PG-TXL conjugate has a different distrubution 
than DTPA-paclitaxel, and partly localizes in the liver and 
tumors of test animals. 
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EXAMPLE 3 

Polyethylene glycol-Paclitaxel 

0143) Synthesis of Polyethylene Glycol-Paclitaxel (PEG 
Paclitaxel) 
0144. The synthesis was accomplished in two steps. First 
2'-Succinyl-paclitaxel was prepared according to a reported 
procedure (Deutsch et al., 1989). Paclitaxel (200 mg, 0.23 
mmol) and Succinic anhydride (288 mg, 2.22 mmol) were 
allowed to react in anhydrous pyridine (6 ml) at room 
temperature for 3 h. The pyridine was then evaporated, and 
the residue was treated with water, stirred for 20 min, and 
filtered. The precipitate was dissolved in acetone, water was 
Slowly added, and the fine crystals were collected to yield 
180 mg 2'-Succinyl-paclitaxel. PEG-paclitaxel was Synthe 
sized by an N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquino 
line (EEDQ) mediated coupling reaction. To a solution of 
2'-Succinyl-paclitaxel (160 mg, 0.18 mmol) and methoxy 
polyoxyethylene amine (PEG-NH, MW 5000,900 mg, 0.18 
mmol) in methylene chloride was added EEDQ (180 mg, 
0.72 mmol). The reaction mixture was stirred at room 
temperature for 4 h. The crude product was chromato 
graphed on Silica gel with ethyl acetate followed by chlo 
roform-methanol (10:1). This gave 350 mg of product. "H 
NMR (CDC1) & 2.76 (m, succinic acid, COCHCH-CO), 
& 3.63 (PEG, OCHCHO), & 4.42 (C7-H) and & 5.51 
(C2'-H). Maximal UV absorption was at 288 nm which is 
also characteristic for paclitaxel. Attachment to PEG greatly 
improved the aqueous Solubility of paclitaxel (>20 mg 
equivalent paclitaxel/ml water). 
0145) Hydrolytic Stability of PEG-Paclitaxel 
0146 PEG-Paclitaxel was dissolved in phosphate buffer 
(0.01M) at various pHs at a concentration of 0.4 mM and the 
solutions were allowed to incubate at 37 C. with gentle 
Shaking. At Selected time intervals, aliquots (200 ul) were 
removed and lyophilized. The resulting dry powders were 
redissolved in methylene chloride for gel permeation chro 
matography (GPC analysis). The GPC system consisted of a 
Perkin-Elmer PL gel mixed bed column, a Perkin-Elmer 
isocratic LC pump, a PE Nelson 900 series interface, a 
Spectra-Physics UV/Vis detector and a data station. The 
elutant (methylene chloride) was run at 1.0 ml/min with the 
UV detector set at 228 nm. The retention times of PEG 
paclitaxel and paclitaxel were 6.1 and 8.2 min, respectively. 
Peak areas were quantified and the percentage of PEG 
paclitaxel remaining and the percentage of paclitaxel 
released were calculated. The half life of PEG-paclitaxel 
determined by linear least-Squares at pH 7.4 was 54 min. 
The half-life at pH 9.0 was 7.6 min. Release profiles of 
paclitaxel from PEG-paclitaxel at pH 7.4 is shown in FIG. 
8. 

0147 Cytotoxicity Studies of PEG-Paclitaxel Using B16 
Mouse Melanoma Cells. In Vitro 

0.148. Following the procedure described in the cytotox 
icity studies with DTPA-paclitaxel, melanoma cells were 
seeded in 24-well plates at a concentration of 2.5x10" 
cells/ml and grown in a 50:50 Dulbecco's modified minimal 
essential medium (DME) and F12 medium containing 10% 
bovine calf serum at 37° C. for 24 h in a 97% humidified 
atmosphere of 5.5% CO. The medium was then replaced 
with fresh medium containing paclitaxel or its derivatives in 
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concentrations ranging from 5x10M to 75x10 M. After 
40 h, the cells were released by trypsinization and counted 
in a Coulter counter. The final concentrations of DMSO 
(used to dissolve paclitaxel) and 0.05 MSodium bicarbonate 
solution (used to dissolve PEG-paclitaxel) in the cell 
medium were less than 0.01%. This amount of Solvent did 
not have any effect on cell growth as determined by control 
Studies. Furthermore, PEG in the concentration range used 
to generate an equivalent paclitaxel concentration from 
5x10 M to 75x10M also did not effect cell proliferation. 
0149 Antitumor Effect of PEG-Paclitaxel Against 
MCa-4 Tumor in Mice 

0150. To evaluate the antitumor efficacy of PEG-pacli 
taxel against solid breast tumors, MCa-4 cells (5x10 cells) 
were injected into the right thigh muscle of female C3Hf/ 
Kam mice. As described in Example 1 with the DTPA 
paclitaxel, when the tumors were grown to 8 mm (Approx. 
2 wks), a single dose of paclitaxel or PEG-paclitaxel was 
given at 10, 20 and at 40 mg equivalent paclitaxel/kg body 
weight. Paclitaxel was initially dissolved in absolute ethanol 
with an equal Volume of Cremophor. This Stock Solution was 
further diluted (1:4 by volume) with a sterile physiological 
solution within 15 min of injection. PEG-paclitaxel was 
dissolved in Saline (6 mg equiv. paclitaxel/ml) and filtered 
through a sterile filter (Millipore, 4.5 elm). Saline, paclitaxel 
vehicle, absolute alcohol:Cremophor (1:1) diluted with 
saline (1:4) and PEG solution in saline (600 mg/kg body 
weight) were used in control Studies. Tumor growth was 
determined daily, by measuring three orthogonal tumor 
diameters. When the tumor size reached 12 mm in diameter, 
the tumor growth delay was calculated. 
0151. The tumor growth curve is shown in FIG. 9. At a 
dose of 40 mg/kg, both PEG-paclitaxel and paclitaxel effec 
tively delayed tumor growth. Paclitaxel was more effective 
than PEG-paclitaxel, although the difference was not statis 
tically significant. Paclitaxel treated tumors required 9.4 
days to reach 12 mm in diameter whereas PEG-paclitaxel 
treated tumors required 8.5 dayS. Statistically, these values 
were significant (p>0.05) as compared to their correspond 
ing controls, which were 6.7 days for the paclitaxel vehicle 
and 6.5 days for the saline solution of PEG (FIG. 4). 

EXAMPLE 5 

Poly(L-glutamic acid)-Paclitaxel (PG-TXL) and 
Paclitaxel Pharmacological Properties 

0152 The objective of this study was to compare PG 
TXL and paclitaxel pharmacological properties in their 
ability to promote in vitro assembly of tubulin, to inhibit cell 
growth against rat mammary tumor cell line 13762F and 
human breast tumor cell lines, to induce p53 protein, and to 
rescue a paclitaxel-dependent mutant cell line. Paclitaxel’s 
release from PG-TXL in vivo was measured to determine if 
PG-TXL's mechanism of action can be attributed to free 
pacitaxel. 
0153. Microtubule Polymerization Using Poly-Glutamic 
Acid-Paclitaxel (PG-TXL) and Paclitaxel 
0154) To test whether intact PG-TXL has any intrinsic 
biological activity in promoting tubulin polymerization, 
paclitaxel, PG-TXL, and “aged' PG-TXL were compared 
for their relative ability to promote in vitro assembly of 
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purified bovine brain tubulin. The tubulin assembly reaction 
was performed at 32° C. in PEM buffer (80 mM PIPES 
buffer, 1 mM EGTA, 1 mM MgCl, pH 6.9) at a tubulin 
(bovine brain, Cytoskeleton Inc., Boulder, Colo.) concen 
tration of 1 mg/ml (10 uM) in the presence or absence of 
drugs (1.0 uM equivalent paclitaxel) and 1.0 mM guanosine 
5'-triphosphate (GTP). “Aged” PG-TXL was obtained by 
placing PG-TXL in PBS (pH 7.4) at 37° C. for 3 days. 
Tubulin polymerization was followed by measuring the 
absorbance of the Solution at 340 nm over time. Addition of 
1 uM paclitaxel to a solution of tubulin in assembly buffer 
caused a clear increase in absorbance due to the increase in 
light Scattering resulting from the polymerization of tubulin 
into microtubules. In contrast, a 100M paclitaxel equivalent 
of PG-TXL had no effect on polymerization. A solution of 
the conjugate that was “aged” for 3 days in PBS (pH 7.4) at 
37 C. exhibited enhanced activity although its ability to 
promote tubulin polymerization was still markedly less than 
paclitaxel (FIG. 10). 
O155 Effects of Poly-Glutamic Acid-Paclitaxel (PG 
TXL) on the Growth of Rat and Human Tumor Cell Lines 
In Vitro 

0156 To evaluate whether the Superior antitumor activity 
of PG-TXL observed in animals is due to increased cyto 
toxicity, PG-TXL and paclitaxel were compared for their 
ability to inhibit cell growth against the established rat 
mammary tumor cell line 13762F. The effect of PG-TXL on 
cell growth was examined by a plating efficiency assay. Rat 
13762F cells were seeded (200 cells) into 60 mm dishes 
containing drug concentrations varying from 0 to 200 nM in 
growth medium (cc modified minimum essential medium 
C-MEM containing 5% fetal bovine serum, 50 U/ml of 
penicillin, and 50 ug/ml of Streptomycin). After 6 days of 
growth, the cells were stained with a 0.1% methylene blue 
Solution and colonies were counted. The drug concentration 
producing 50% inhibition of colony formation (ICs) was 
then calculated. The approximate ICso values after 6 days of 
continuous exposure were: paclitaxel (2nM), PG-TXL (100 
nM), “aged” (see below) PG-TXL (50 nM). It is clear that 
PG-TXL is approximately 30-50 fold less potent than pacli 
taxel itself. When PG-TXL was incubated in phosphate 
buffered saline solution (PBS, pH 74) at 37° C. for 3 days to 
obtain an “aged” solution, only about 10% of paclitaxel was 
released. Since the "aged” Solution is more potent than 
freshly dissolved PG-TXL, the in vitro degradation of PG 
TXL or release of active drug appears to be important for 
PG-TXL to exert this biological activity. However, even 
after “aging," PG-TXL is still 25 times less potent than 
paclitaxel. 
0157. In a similar study, the effect of PG-TXL on cell 
growth of human breast cancer cell lines was examined by 
MTT assay after 3 days of continuous exposure. While 
PG-TXL was 8-and 30-fold more potent than paclitaxel 
against MDA330 and MDA-MB453 cell lines, PG-TXL was 
2- and 3-fold less potent than paclitaxel against MCF7/her-2 
and MCF7 cell lines. These results suggest that PG-TXL and 
paclitaxel have different activity against different cell lines. 
PG-TXL may be a product with distinct pharmacological 
properties different from that of paclitaxel. 
0158. The Ability of Poly-Glutamic Acid-Paclitaxel (PG 
TXL) to Support a Paclitaxel-Dependent Cell Line. In Vitro 
0159. The inventors investigated the ability of PG-TXL 
to rescue a paclitaxel-dependent mutant cell line. Tax 18, a 
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CHO cell line selected for resistance to paclitaxel, is a well 
characterized mutant that has been found to require the 
continuous presence of paclitaxel for cell division. In the 
absence of drug, a functional mitotic Spindle apparatus is 
unable to form (Cabral et al., 1983). The mitosis phase of the 
cell cycle is prolonged with Subsequent failure to Segregate 
chromosomes and to divide into daughter cells. Nonetheless, 
the cells continue to progreSS through the cell cycle and 
replicate their DNA resulting in the formation of large 
polyploid cells that eventually die due to genomic instability 
(Cabras and Barlow, 1991). Low concentrations of pacli 
taxel are able to rescue the mutant phenotype by permitting 
microtubule assembly and the formation of sufficient mitotic 
Spindle fibers. Thus, these cells provide a convenient bio 
assay for agents that promote microtubule assembly. Growth 
of paclitaxel-dependent CHO mutant Tax-18 cells was car 
ried out on 24-well tissue culture dishes. Approximately 100 
cells were added to Wells containing growth medium and 
equivalent concentrations of paclitaxel varying from 0 to 1.0 
luM. After 6 days of incubation at 37 C., the medium was 
removed and the cells were stained with methylene blue. 
0160 Little or no increase in cell number is seen in the 
absence of drug, but concentrations of paclitaxel between 
0.05-0.2 uM clearly support the growth of this cell line. 
Higher concentrations of paclitaxel are presumably toxic to 
the cells because of overstabilization of the microtubules as 
is observed for normal cells. On the other hand, freshly 
prepared PG-TXL shows little ability to rescue Tax-18 cell 
growth even at the highest paclitaxel-equivalent concentra 
tion tested (1 uM). When PG-TXL was “aged” by incubating 
in PBS for 6 days at 37 C., its ability to support Tax-18 cell 
growth was partially restored. These data indicate that 
PG-TXL does not promote microtubule assembly, and that 
the in vitro biological activity of “aged” PG-TXL is a 
contribution of paclitaxel released from poly-glutamic acid 
paclitaxel (PG-TXL). 
0161 The Release of Hpaclitaxel from PG-HTXL 
In Vivo 

0162 To assess the pharmacokinetic and release charac 
teristics of paclitaxel in vivo, normal female C3Hf/Kam 
mice (25-30 g) were injected with a dose of 20 mg equiva 
lent Hpaclitaxel or PG-Hpaclitaxel intravenously into 
the tail vein. Each mouse received 6 uCi of radiolabeled 
drug. Hpaclitaxel was dissolved in Cremophor ELE 
vehicle whereas PG-Hpaclitaxel was dissolved in saline. 
Volume injected into each mice was between 0.2 to 0.3 ml. 
At 0, 5, 15, 30 min, and 1, 2, 4, 8, 16, 24, 48 h postinjection, 
animals were Sacrificed and blood Samples were collected 
(4-5 mice per time point). Total radioactivity in plasma was 
measured by liquid Scintillation counting (Beckman Model 
LS 6500, Fullerton, Calif.) using 10 ul aliquots of plasma. 
Up to 200 ul plasma was extracted with 3 volume of ethyl 
acetate according to Longnecker et al. (1987). The extrac 
tion efficiency for paclitaxel was 80%. The samples were 
centrifuged for 5 min at 2500 rpm, and the Supernatant was 
Separated and brought to dryneSS. The dried extract was 
reconstituted with 195 ul of HPLC mobile phase, mixed with 
5ul of cold paclitaxel (0.2 mg/ml), and 100 ul was injected 
onto the HPLC for determination of free paclitaxel radio 
activity. Pharmacokinetic parameters were analyzed by a 
noncompartmental model using the WinNonlin software 
package. Each data point generated was the mean value of 
4-5 mice. 
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0163 The clearance of both drugs from plasma is shown 
in FIG. 11. While paclitaxel has an extremely short half life 
in plasma of mice (t, 29 min), the apparent half life of 
PG-TXL is prolonged (t, 317 min). Slower clearance of 
PG-TXL from the blood was a design feature of the poly 
mer-drug conjugate with the goal of improving tumor 
uptake. Surprisingly, the rate of conversion of PG-TXL to 
paclitaxel in plasma is slow with less than 0.1% of the 
radioactivity from PG-HTXL being recovered as H 
paclitaxel within 144 h after drug injection (FIG. 11). 

0164. In a separate study, mice bearing OCA-1 tumors 
were prepared as described previously. When the tumor 
reached 500 mm, animals were injected with a dose of 20 
mg equivalent paclitaxel/kg of Hpaclitaxel or PG-H) 
TXL into the tail vein. Animals were killed at 2, 5, 9, 24, 48, 
and 144 h postinjection. Tumors were removed, weighed, 
and homogenized with 3 volume of PBS (w/v). Percent of 
injected dose per gram tissue is calculated based on total 
radioactivity associated with the tumor, which was deter 
mined by counting prepared tissue homogenate aliquots. An 
aliquot of tissue homogenate was mixed with tissue Solubi 
lizer, followed by addition of Scintillation solvent, and 
counted for total radioactivity. The counting efficiency was 
verified by the method of standard addition. Alternatively, 
aliquots of tissue homogenates were extracted with ethyl 
acetate and analyzed for free paclitaxel by HPLC. The 
HPLC system consisted of a 150x3.9 mm Nova-Pak column 
(Waters, Milford, MA), a liquid chromatography pump 
(Waters model 510), a UV/Vis detector set at 228 nm 
(Waters model 486), a flow scintillation analyzer (Packard 
model 500TR, Downers Grove, Ill.), and a Packard radiom 
atic Software for data analysis. The eluting Solvent (metha 
nol:watter=2:1) was run at 1.0 ml/min. The uptake of total 
drugs in OCA-1 tumor was expressed as a percentage of the 
administered dose per gram of tissue and the association of 
radioactivity within OCA-1 tumor as free paclitaxel was 
expressed as dpm per gram tissue. 

0.165 Quantitative assessment of tumor uptake in C3Hf/ 
Kam mice showed that relatively high levels of radioactivity 
from radiolabeled PG-TXL appear in tumor tissue shortly 
after injection (FIG. 12A) as compared to radiolabeled 
paclitaxel. However, only Small amounts of radioactivity 
within tumor tissue are due to the release of free paclitaxel 
(FIG. 12B). Data are presented in FIG. 12A and FIG. 12B 
as meant-SD from 3 mice per time point. The percent of 
radioactivity within tumor tissue due to paclitaxel does not 
appreciably increase with time Suggesting that PG-TXL is 
not simply a prodrug for the gradual release of paclitaxel. 

0166 In contrast to paclitaxel, in vitro studies with PG 
TXL whether prepared as a fresh solution or even after 
“aging” in buffer have clearly shown that the complex is not 
a potent cytotoxic Species. It neither Strongly Supports 
tubulin polymerization nor the growth and Survival of a 
paclitaxel-dependent CHO cell line. Furthermore, data 
obtained from pharmacokinetic Studies indicate that both the 
extent and rate of release of paclitaxel in plasma is very low 
(less than 0.1% in 144 h). While the uptake of PG-TXL 
material was Some 5-fold greater than that achieved by 
paclitaxel when using equivalent antitumor doses, that mate 
rial which gains entry into tissues exists in the tissue mainly 
in form(s) which have been shown not to be free paclitaxel. 
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EXAMPLE 6 

Effect of Polymer Structure on Activity of Water 
Soluble polyamino Acid-Paclitaxel Conjugates 

0.167 The present study evaluated whether antitumor 
activities of polymer-paclitaxel conjugates were affected by 
the Structure of polyamino acids used for drug conjugation. 
Paclitaxel was coupled to poly(1-glutamic acid), poly(d- 
glutamic acid), and poly(l-aspartic acid) according to pre 
viously described procedures. These polyamino acid-pacli 
taxel conjugates had similar paclitaxel content, aqueous 
solubility, and molecular weight (30-40K). In C3Hf/Kam 
mice bearing murine OCA-1 ovarian cancer (500 mm at 
time of treatment), a single i.v. injection of poly(1-glutamic 
acid)-paclitaxel at 80 mg equiv. paclitaxel/kg body weight 
produced a tumor growth delay of 21 dayS VS. Saline treated 
controls. Poly(d-glutamic acid)-paclitaxel was as effective 
as poly(1-glutamic acid)-paclitaxel. However, paclitaxel 
conjugated with poly(l-aspartic acid) was completely inac 
tive against OCA-1 tumor. In a separate Study, the antitumor 
activity of polymer-paclitaxel conjugates of different 
molecular weight (1 K, 13K, and 36K) was compared. Con 
jugates of lower molecular weight were significantly leSS 
effective than conjugate of higher molecular weight. The 
higher molecular weights above 50,000 was too viscous. 

EXAMPLE 7 

Poly-glutamic Acid-Paclitaxel (PG-TXL) Induces 
less Apoptosis Compared to Paclitaxel 

0168 To assess the mechanism of PG-TXL associated 
antitumor activity, histological Sections of OCA-1 tumors 
excised from paclitaxel and PG-TXL treated mice were 
examined. OCA-1 tumor bearing mice were prepared as 
previously described. When tumor volume reached 500 
mm, animals were injected with either paclitaxel (80 
mg/kg) or PG-TXL (160 mg equivalent paclitaxel/kg). At 
different times ranging from 0 to 144 h after treatment, 
tumors were histologically analyzed to quantify mitotic and 
apoptotic activity according to Milas et al. (1995). The mice 
were killed by cervical dislocation and the tumors were 
immediately excised and placed in neutral-buffered forma 
lin. The tissues were then processed and Stained with hema 
toxylin and eosin. Both mitosis and apoptosis were Scored in 
coded slides by microscopic examination at 400Xmagnifi 
cation. Five fields of nonnecrotic areas were randomly 
Selected in each histological Specimen, and in each field the 
number of apoptotic nuclei and cells in mitosis were 
recorded as numbers per 100 nuclei and were expressed as 
a percentage. The values were based on Scoring 1500 nuclei 
obtained from 3 mice per time point. 
0169. The changes observed in the paclitaxel-treated 
mice were qualitatively similar to those previously described 
(Milas et al., 1995). The tumor cells showed marked nuclear 
fragmentation with formation of apoptotic bodies, which 
was especially marked on day 1 (FIG. 13). Viable tumor cell 
clumps with normal mitoses were still present in these 
tumors by 144 h, indicating that these tumors would even 
tually regrow. Treatment with PG-TXL only resulted in a 
mild increase in mitotically arrested cells and apoptotic 
cells, presumably due to the Small amount of free paclitaxel 
released from PG-TXL (FIG. 13). By 96 h, tumors from 
PG-TXL-treated mice developed extensive edema and 



US 2001/0034363 A1 

necrosis, and only a Small rim of viable tumor cells 
remained. By 144 h, the residual tumor clumps as compared 
to controls were comprised of cells that were larger, more 
pleomorphic, and that displayed leSS mitotic activity. 
0170 These data suggest that the water-soluble PG-TXL 
conjugate of the present disclosure has Superior antitumor 
efficacy with reduced toxicity as compared to conventional 
free paclitaxel preparations. Although originally designed as 
a water-Soluble form of paclitaxel, it is now clear that the 
agent used to Solubilize paclitaxel, contributes to the overall 
anti-tumor activity of this remarkable new complex. These 
data indicate that PG-TXL has an ability to produce cell 
death in a manner which is Separate from and in addition to 
the apoptosis produced by released free paclitaxel. 

EXAMPLE 8 

Synthesis of Poly-Glutamic Acid-Camptothecin 
(PG-CPT) Conjugate. 

0171 The synthesis of PG-CPT followed a similar reac 
tion as previously described for the synthesis of PG-TXL. 
Into 80 mg of PG polymer in 2.5 ml dry DMF was added 20 
mg CPT (Hande Tech.), 34 mg DCC, and trace amount of 
DMAP as catalyst. After stirred at room temperature over 
night, the reaction mixture was poured into chloroform, and 
the precipitate collected. The dried precipitate was rediss 
oved in Sodium carbonate solution, dialyzed against 0.05 M 
phosphate buffer (pH4.5), filtered, and lyophilized. The 
content of CPT in the polymer conjugate was determined by 
fluorescence spectrometer (Perkin-Elmer Model MPF-44A) 
using emission wavelength of 430 nm and excitation wave 
length of 370 nm. Content: 2% to 5% (w/w), solubility: >200 
mg conjugate/ml. 

EXAMPLE 9 

Synthesis of Poly-Lysine (PL) TXL Conjugate 
(PL-TXL). 

0172 All accessible amine functional groups of poly 
lysine (MW·30,000, Sigma) will be converted to carboxylic 
acid functional groups by reacting poly-lysine with Succinic 
anhydride, glutaric anhydride, or DTPA. The remaining 
unreacted NH2 group in poly-lysine will be blocked by 
reacting the modified polymer with acetic anhydride. TXL, 
docetaxel, other taxiods, etopside, teniposide, camptothecin, 
epothilone or other anti-tumor drugs will be conjugated to 
the resulting polymer according to previously described 
procedures for the synthesis of PG-TXL. 

EXAMPLE 10 

Synthesis of Other Polyamino Acids to be Used to 
Conjugate TXL 

0173 Polyamino acid copolymers containing glutamic 
acid may be Synthesized by the copolymerization of N-car 
boxyanhydrides (NCAs) of corresponding amino acid with 
gamma-benzyl-L-glutamate NCA. The resulting benzyl 
glutamate-containing copolymer will be converted to 
glutamic acid-containing copolymer by removing the benzyl 
protecting group (FIG. 15). TXL, docetaxel, other taxiods, 
etopside, tenipoSide, camptothecin, epothilone or other anti 
tumor drugs will be conjugated to the resulting polymer 
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according to previously described procedures for the Syn 
thesis of PG-TXL and PG-CPT. 

EXAMPLE 11 

Use of PG-TXL in Humans 

0174) 
0175 Poly-L-glutamic acid-Paclitaxel (PG-TXL) is a 
conjugate of poly-L-glutamic acid and paclitaxel. This com 
pound is water Soluble and based on early animal Studies it 
appears that it can be administered as a short, that is Several 
minute, intravenous injection. Based on the in vitro and 
early animal work, it appears that this compound is at least 
as active against cancer as the monomeric paclitaxel in 
Cremophor and may have fewer side effects. Based on these 
observations, this drug will be studied in humans. The study 
will first require formulation of this compound in a Solvent 
which is commonly used for intravenous infusion. The 
inventors expect that either normal Saline, 5% dextrose in 
water or sterile water will be used as the solvent. This 
formulation of PG-TXL will then be administered to at least 
two species of test animals. Such as rats and dogs to deter 
mine the toxicities of the drug in those animals and to 
determine a dose of the drug which then can Serve as the 
lowest starting dose for a Phase I human study. That Phase 
I human study will define a dose of PG-TXL which may be 
used in subsequent Phase II studies in patients. Phase II 
Studies will be performed in Several tumor types to deter 
mine the activity of PG-TXL in various cancers. One of 
ordinary skill in the art will recognize that modifications in 
administration, Selection of animal models and dose regi 
ments may be made in the methods disclosed in following 
example, and Such modifications are encompassed by the 
invention. 

0176 Animal Studies 

Introduction 

0177. These studies will be performed in rats and Beagle 
dogs with approximately 3 animals Studied at each dose 
level of the drug. The levels will be increased until life 
threatening toxicity is noted. The animals will undergo 
blood testing as well as necropsy to determine the organ 
Systems which are Susceptible to this drugs toxicity and 
therefore to expect the Side effects in human Studies. Once 
the dose is determined which causes the death of 10% of 
animals then the equivalent of one-tenth of that dose will be 
recommended as the Starting dose for human Studies. This is 
the usual recommendation by the Food and Drug Adminis 
tration (FDA) as the initial dose for human Phase I studies. 
0178 Phase I Studies 
0179 Phase I study of this drug will be performed using 
the Starting dose defined in animal Studies. The drug will be 
injected into the vein by a Syringe over Several min or 
alternatively it may be infused as a short infusion, up to 
approximately 10 to 15 min. The volume of the solvent will 
be from 10 ml to approximately 100 ml depending on which 
of the two intravenous injection approaches are used. The 
drug will be administered every 3 wk. This schedule is based 
on the early animal Studies and on the Schema used with 
paclitaxel in Cremophor. Three patients will be started on 
the lowest dose level as defined by the animal studies and 
will be treated with an injection of PG-TXL. Blood tests will 
be performed at baseline and weekly to evaluate blood 
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counts; tests of liver function and renal function will be 
performed every 3 wk. It is expected that the counts and 
physiological parameters will recover Sufficiently from the 
PG-TXL to resume the next cycle of treatment 3 wk after the 
previous one. If this is the case then the treatment will be 
repeated every 3 wk. If the first cohort of three patients 
tolerates the drug for 3 wk then these patients will be 
allowed to have the dose increased by a predetermined 
schema that is usually used in the Phase I studies. Once three 
patients have tolerated the first cycle, the next cohort of 3 
patients will be started on the next higher dose level. This 
process of increasing the dose level will continue until at 
least 2 out of 3 patients at a dose level have side effects 
which are So Severe that they prohibit continuing adminis 
tration of the drug. In Such a circumstance the dose level just 
prior to the excessively toxic one will be considered the level 
of drug to be administered in Subsequent Studies. Six to ten 
patients shall be treated on the dose level which will be 
recommended for Phase II studies to confirm its tolerability. 
Once the appropriate dose has been defined and acute toxic 
side effects of the drug evaluated, Phase II studies will be 
initiated. 

0180 Phase II Studies 
0181 Phase II studies of PG-TXL will be performed in 
Several tumor types. Each Study will be designed in a usual 
standard Phase II manner following either Gahan's or 
Simon's design. In brief, approximately 14 patients of a 
given tumor type will be treated initially, if there is no 
evidence of anti-cancer activity in that tumor type then 
further studies of PG-TXL in that tumor type will be aborted. 
However, if at least one patient has clinical benefit, defined 
as at least 50% decrease in the Sum of products of perpen 
dicular cross-sectional diameters of the tumors, then the 
number of patients with that tumor type treated with PG 
TXL will be increased to 30. These studies will allow us to 
define the activity of PG-TXL in various cancers and refine 
the information on the side effects of the drug. The tumor 
types of special interest for PG-TXL will be the ones which 
have shown good response to paclitaxel and docetaxel. This 
will include ovarian cancer, breast cancer, and lung cancer. 
Studies comparing poly-glutamic acid-paclitaxel to pacli 
taxel in tumors showing response to PG-TXL will be per 
formed. Such studies are called Phase III studies. 

0182 Phase III Studies of PG Paclitaxel 
0183 Based on the activity of paclitaxel in ovarian 
cancer, breast cancer, and lung cancer these will be the 
tumor types in which PG-TXL will be compared to pacli 
taxel. In View of the necessity to have a large number of 
patients in Such randomized Studies, the inventors expect 
that a multi-institutional study will be necessary. The inven 
tors have in their institution access to Cooperative Commu 
nity Oncology Program (CDDP) and to many other multi 
institutional Study groups. In addition to the potential 
clinical benefit of PG-TXL vs. paclitaxel, it would be 
appropriate to evaluate the economic impact of the two 
drugs. It is expected that a short term infusion of PG-TXL 
may result in a less costly treatment. And, therefore, there is 
an expectation that PG-TXL may be cost effective relative to 
paclitaxel monotherapy. Not only is the infusion going to be 
Shorter, it is expected that in View of the absence of 
Cremophor fewer side effects will be experienced by the 
patients and therefore the premedication regiment including 
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Steroids and intravenous H2 and H1 blockers may no longer 
be necessary. All of these factors will result in a reduction in 
the cost of the treatment. 

0184 Summary 
0185. It is expected that the initial animal toxicology 
evaluation will require up to 6 months. Subsequent to that, 
if a drug formulation is available, human Phase I Studies 
may be completed in another 6 to 9 months. Once these have 
been completed, Phase II Studies in various tumor types may 
take another 6 to 9 months. At that point, the inventors will 
have a good idea of the efficacy of this drug and targeted 
Phase III studies may be designed and initiated. It is also 
possible that the Phase II studies will show enough clinical 
activity that abbreviated Phase III studies or no Phase III 
Studies would be necessary. 
0186 While the compositions and methods of this inven 
tion have been described in terms of preferred embodiments, 
it will be apparent to those of skill in the art that variations 
may be applied to the compositions, methods and in the 
Steps or in the Sequence of Steps of the methods described 
herein without departing from the concept, Spirit and Scope 
of the invention. More specifically, it will be apparent that 
certain agents which are both chemically and physiologi 
cally related may be Substituted for the agents described 
herein while the same or similar results would be achieved. 
All Such similar Substitutes and modifications apparent to 
those skilled in the art are deemed to be within the spirit, 
Scope and concept of the invention as defined by the 
appended claims. 
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What is claimed is: 
1. A composition comprising an anti-tumor drug Selected 

from paclitaxel, docetaxel, etopside, teniposide, camptoth 
ecin or epothilone conjugated to polymer of water Soluble 
amino acids. 

2. The composition of claim 1 wherein Said anti-tumor 
drug is paclitaxel. 

3. The composition of claim 1, wherein Said anti-tumor 
drug is docetaxel. 

4. The composition of claim 1, wherein Said polymer is 
further defined as a copolymer of water Soluble polyamino 
acids with polycaprolactone, polyglycolic acid, and poly 
lactic acid and other polymers of poly(2-hydroxyethyl 
1-glutamine), carboxymethyl dextran, hyaluronic acid, 
human Serum albumin, polyalginic acid or a combination 
thereof. 

5. The composition of claim 1, wherein Said polymer has 
a molecular weight of from about 5,000 to about 100,000. 

6. The composition of claim 1, wherein Said polymer has 
a molecular weight of from about 20,000 to about 80,000. 

7. The composition of claim 1, wherein Said polymer has 
a molecular weight of about 25,000 to about 50,000. 

8. The composition of claim 1, wherein said polymer 
comprises a water Soluble polymer. 
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9. The composition of claim 8, wherein said water soluble 
polymer is conjugated to the 2-and/or the 7-hydroxyl of 
paclitaxel or docetaxel. 

10. The composition of claim 8, wherein said water 
Soluble polymer is poly (l-glutamic acid), poly (d-glutamic 
acid), or poly (dl-glutamic acid). 

11. The composition of claim 8, wherein said water 
Soluble polymer is poly (l-aspartic acid), poly (d-aspartic 
acid), or poly (dl-aspartic acid). 

12. The composition of claim 1, wherein Said composition 
is dispersed in a pharmaceutically acceptable Solution. 

13. The composition of claim 1, wherein Said composition 
comprises from about 2% to about 35% (w/w) anti-tumor 
drug. 

14. The composition of claim 10, wherein said water 
Soluble polymer contains 1 to 65 molecules of paclitaxel per 
chain. 

15. The composition of claim 14, wherein said water 
Soluble polymer contains 3 to 15 molecules of paclitaxel per 
chain. 

16. A method of treating cancer in a Subject comprising 
the Steps of: 

a) obtaining a composition comprising paclitaxel or doc 
etaxel conjugated to water Soluble polyamino acids and 
dispersed in a pharmaceutically acceptable Solution; 

b) administering said Solution to said Subject in an amount 
effective to treat Said cancer wherein Said treating 
cancer kills a cancer cell by mechanisms in addition to 
apoptosis. 

17. The method of claim 16, wherein said composition 
comprises paclitaxel conjugated to poly-glutamic acids, 
poly-aspartic acids or poly-lysines. 

18. The method of claim 17, wherein said composition 
comprises paclitaxel conjugated to poly-glutamic acids. 

19. The method of claim 16, wherein said cancer is breast 
cancer, OVarian cancer, malignant melanoma, lung cancer, 
gastric cancer, prostate cancer, colon cancer, head and neck 
cancer, leukemia, or Kaposi's Sarcoma. 

20. The method of claim 19, wherein said cancer is breast 
CCC. 

21. The method of claim 19, wherein said cancer is 
ovarian cancer. 

22. The method of claim 19, wherein said cancer is 
malignant melanoma. 

23. The method of claim 19, wherein said cancer is lung 
CCC. 

24. The method of claim 19, wherein Said cancer is gastric 
CCC. 

25. The method of claim 19, wherein said cancer is 
proState cancer. 

26. The method of claim 19, wherein said cancer is colon 
CCC. 

27. The method of claim 19, wherein said cancer is head 
and neck cancer. 

28. The method of claim 19, wherein said cancer is 
leukemia. 

29. The method of claim 19, wherein said cancer is 
Kaposi's Sarcoma. 

30. A method of decreasing at least one Symptom of a 
Systemic autoimmune disease comprising administering to a 
Subject having a Systemic autoimmune disease an effective 
amount of a composition comprising paclitaxel or docetaxel 
conjugated to water Soluble polyamino acids. 



US 2001/0034363 A1 

31. The method of claim 30, wherein said composition 
comprises paclitaxel conjugated to poly-glutamic acids, 
poly-aspartic acids or poly-lysines. 

32. The method of claim 31, wherein said composition 
comprises paclitaxel conjugated to poly-glutamic acid. 

33. The method of claim 30, wherein said systemic 
autoimmune disease is rheumatoid arthritis. 

34. A method of inhibiting arterial restenosis or arterial 
occlusion following vascular trauma comprising adminis 
tering to a Subject in need thereof, a composition comprising 
paclitaxel or docetaxel conjugated to water Soluble 
polyamino acids. 

35. The method of claim 34, wherein said composition 
comprises paclitaxel conjugated to poly-glutamic acids, 
poly-aspartic acids or poly-lysines. 

36. The method of claim 35, wherein said composition 
comprises paclitaxel conjugated to poly-glutamic acids. 

37. The method of claim 34, wherein said subject is a 
coronary bypass, Vascular Surgery, organ transplant, coro 
nary angioplasty, or arterial angioplasty patient. 

38. The method of claim 34, wherein said composition is 
coated on a Stent and Said Stent is implanted at the Site of 
vascular trauma. 

39. A pharmaceutical composition comprising paclitaxel 
conjugated to water Soluble polyamino acids. 

40. The pharmaceutical composition of claim 39, wherein 
Said composition comprises paclitaxel conjugated to poly 
glutamic acids, poly-aspartic acids or poly-lysines. 

41. An implantable medical device, wherein Said device is 
coated with a composition comprising paclitaxel conjugated 
to water Soluble polyamino acids in an amount effective to 
inhibit smooth muscle cell proliferation. 

Oct. 25, 2001 

42. The composition of claim 41, wherein said water 
Soluble polyamino acids comprise poly (l-glutamic acid), 
poly (d-glutamic acid), or poly (dl-glutamic acid). 

43. The implantable medical device of claim 42, further 
defined as a Stent coated with Said composition. 

44. The implantable medical device of claim 43, wherein 
Said Stent is adapted to be used after balloon angioplasty and 
Said composition is effective to inhibit restenosis. 

45. A composition comprising water Soluble polyamino 
acids conjugated to the 2 or 7 hydroxyl of paclitaxel. 

46. The composition of claim 45, wherein said composi 
tion comprises poly-glutamic acids conjugated to the 2' or 7 
hydroxyl of paclitaxel. 

47. The composition of claim 45, wherein said composi 
tion comprises poly-aspartic acids conjugated to the 2' or 7 
hydroxyl of paclitaxel. 

48. The composition of claim 45, wherein said composi 
tion comprises poly-lysines conjugated to the 2' or 7 
hydroxyl of paclitaxel. 

49. The composition of claim 46, wherein said poly 
glutamic acids are conjugated to the 2' and the 7 hydroxyl of 
paclitaxel. 

50. The composition of claim 47, wherein said poly 
aspartic acids are conjugated to the 2' and the 7 hydroxyl of 
paclitaxel. 

51. The composition of claim 48, wherein said poly 
lysines are conjugated to the 2' and the 7 hydroxyl of 
paclitaxel. 


