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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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FIG. 7A 
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FIG. 7C 
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FIG. 7D 
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FIG. 8 
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FIG. 10 
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FIG. 11 
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FIG. 13 
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FIG. 15 
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WATER SOLUBLE PACLITAXEL DERIVATIVES 

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

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the ?elds 
of pharmaceutical compositions to be used in the treatment 
of cancer, autoimmune diseases and restenosis. The present 
invention also relates to the ?eld 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 

[0003] Paclitaxel, an anti-microtubule agent extracted 
from the needles and bark of the Paci?c 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. Signi?cant 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-deacetyl baccatin III, a noncytotoxic precursor extracted 
from the needles of Taxus baccata and esteri?ed 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 
signi?cant 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 signi?cant 
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/m2 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 signi?cantly 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 iv. bolus injection is dictated by 
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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 ?ltration 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 iv. 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 ef?cacies 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 (US. 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 

[0011] 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-(l-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, ?udarabine, 
doXorubicin, daunomycin, emodin, 5-?uorouracil, 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-(l-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-speci?c 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 SMAN CS 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, C47H5, NO14, 
including [2aR-[2aot,4[3,4ot[3,6[3,9ot(otR*,[3S*), 11a, 12a, 
12210., 12[3ot,]]-[3-(BenZoylamino)-ot-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-b]oXet-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 metal ion. 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, 












































