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[57] ABSTRACT 

The present invention is described as a lipid-compleXed 
topoisomerase I inhibitor (TII), for example camptothecin 
(CPT) preparation that alloWs for intravenous administration 
in vivo in clinically relevant lipid:drug ratios. The lipid 
formulation has in vitro antitumor activity similar to that of 
the base compound and displays similar cytotoXicity against 
both MDR-l negative and positive tumor cells. 
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LIPID COMPLEXED TOPOISOMERASE I 
INHIBITORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the production and char 

acteriZation of the formation of a lipid complexed Topoi 
somerase I inhibitor (LC-TII) that is easy to prepare and 
allows for intravenous administration in vivo in clinically 
relevant lipid:drug ratios. The lipid formulation has in vitro 
antitumor activity similar to that of camptothecin (CPT) and 
displays cytotoxicity against multiple drug resistance-1 gene 
(MDR-1) negative and positive tumor cells, and can be used 
to kill both MDR-1 negative and positive cells in procedures 
for deleting populations of cells. The in vivo biodistribution 
of LC-TII is profoundly affected by lipid complexation. 
LC-TII of the present invention has signi?cant antitumor 
activity in vivo against leukemia and is more potent than the 
free inhibitor. 

2. Background of the Related Art 
The topoisomerase I inhibitor, Camptothecin (CPT), is a 

drug isolated from the stemWood of the oriental tree, Camp 
tothecaAcuminata, that passed random drug screening tests 
in the 1950’s and Was characteriZed by Wall in 1965 (Wall 
et al. 1966). Clinical trials using the sodium salt of CPT 
demonstrated activity in human tumors in the early 1970’s, 
particularly in patients With intestinal tumors metastatic to 
the liver, but the drug fell out of favor because of dose 
limiting leukopenia, cystitis, and gastroenteritis (Gottlieb et 
al., 1970; Muggia et al., 1972; Moertel et al., 1972). 

Interest in CPT Was revived When it Was found to have a 
unique mechanism of action: topoisomerase I inhibition 
(Hsiang et al., 1985; Mattern et al., 1985; Hsiang and Liu, 
1988). Inhibition of topoisomerase I causes nicks in single 
stranded DNA, resulting in arrest in the G2 phase of the cell 
cycle (Kohn et al., 1994). G2 arrest is seen With a variety of 
cytotoxic agents; it appears to result from a failure to 
activate cdc2 kinase, an enZyme required for chromosome 
condensation and nuclear membrane breakdoWn prior to 
mitosis. 
CPT Was originally plagued by solubility problems asso 

ciated With its hydrophobic properties. For the sodium salt 
of CPT (carboxylate form) is signi?cantly less active than 
the lipophilic base compound (closed lactone ring) 
(HertZberg et al., 1989). Several analogs Were developed to 
enhance Water solubility While maintaining the closed lac 
tone ring form. Topotecan, CPT-11, 9-amino camptothecin 
and 9-nitro camptothecin are examples of analogs that shoW 
promise in vivo and are currently being evaluated in phase 
I and II clinical trials. Collectively, camptothecin and its 
analogs are knoWn as topoisomerase I inhibitors (TIIs). 
Slichenmyer provides an excellent summary of the current 
status of these trials (Slichenmyer et al., 1993). Although 
response data has not yet matured, preclinical studies sug 
gest that CPT analogs Will demonstrate effectiveness in 
colon, lung, ovarian, and breast cancer (Giovanella et al., 
1991). 

Signi?cant activity demonstrated by the parent compound 
and the poor aqueous solubility of the lactone ring closed 
form of CPT, could suggest the possibility of trapping the 
T11 drugs in arti?cial, biologic membranes (liposomes) as a 
method for delivery of this highly lipophilic compound. The 
complexation of CPT With lipids might have several advan 
tages: (1) the development of a delivery system for in vivo 
administration. (2) Enhancement of cytotoxicity by provid 
ing a sloW drug release system since it is a S-phase speci?c 
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agent. (3) Improvement of tumor targeting by prolonging the 
plasma circulation time. (4) Protection of the intact lactone 
ring from hydrolysis in the circulation. HoWever, studies 
shoWed that, despite its signi?cant hydrophobicity, CPT is 
particularly dif?cult to entrap in lipid membranes. 

Because CPT and its hydrosoluble analogs are particu 
larly dif?cult to entrap in lipid membranes, no clinically 
relevant formulation for delivering lactone-intact camptoth 
ecin analogs has been described. In spite of their lack of 
solubility in Water, these compounds have a loW af?nity for 
lipid membranes composed of a Wide variety of lipids, and, 
as a result are incorporated at very loW ef?ciency in lipid 
bilayers. When entrapment is attempted most of the drug 
precipitates as free crystals in the aqueous phase. Previously 
described liposomal formulations of CPT demonstrate a 
signi?cant protection of the lactone ring, but require very 
high ratios of lipid to drug to avoid drug crystalliZation. 
These ratios are dif?cult to administer in the clinic, because 
so much lipid must be given relative to the amount of drug. 
For example, Burke et al. 1993 report “high” drug concen 
tration to be When the drug to lipid ratio is 1:150. With these 
prior entrapment methods, camptothecin Will not be 
entrapped in loW levels of lipid, but rather precipitate out of 
the aqueous phase. 
The present inventors have developed lipid complexed 

topoisomerase I inhibitor formulations (LC-TII), e.g., lipid 
complexed CPT (LC-CPT), that provides ef?cient complex 
ing of lipid to the inhibitor and that maintains in vitro and in 
vivo cytotoxicity comparable to that of the free compound. 
Akey ?nding of the invention is that lipids With unsaturated 
fatty acids have a much higher af?nity for CPT. This novel 
formulation is a LC-TII micellar complex With a very high 
camptothecin entrapment efficiency. The LC-CPT formula 
tion maintains the lactone ring of CPT in its most stable and 
clinically effective form. Finally, LC-TII has improved 
biodistribution characteristics that direct the CPT to target 
organs Without the nephritis associated With the use of 
similar effective doses of TII. 

SUMMARY OF THE INVENTION 

The present invention concerns lipid complexed topoi 
somerase I inhibitor (LC-TII) formulations that provide 
ef?cient entrapment of a topoisomerase I inhibitor in clini 
cally relevant concentrations and maintain TII cytotoxicity 
comparable to that of the free active compounds. 
The inventors have developed a formulation of LC-TII 

that demonstrates activity equivalent to that of the free 
compound against several human tumor cell lines in vitro 
and has approximately tWice the in vivo potency of free TII 
in the treatment of transformed cells in mice. These com 
plexes alloW a lipid: drug ratios an order of magnitude loWer 
than the lipid: drug ratios previously knoWn. The present 
invention also demonstrates improved biodistribution, 
improved pharmacokinetics and both in vitro and in vivo 
antitumor activity for this formulation of LC-TII. 
The invention is based in part on tWo ?ndings of the 

inventors. First, the inventors have discovered that lipids 
With unsaturated fatty acids, particularly the fatty acid oleic, 
have a high af?nity for CPT. Further, it has been discovered 
that positively charged lipids, such as stearylamine and 
DOTAP enhance lipid complexation and the entrapment of 
CPT Within lipid bilayers. 
The present invention concerns lipid/drug complexes 

comprising an inhibitor of topoisomerase I of the camptoth 
ecin class and phospholipids With unsaturated fatty acids. 
The presence of unsaturated fatty acids appears to be impor 
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tant to achieve a good complexation With camptothecin 
Family members. The complexes may be micellar particles 
or liposomes depending on the lipids used. In order to unify 
the nomenclature the general term micelle Will be used to 
refer to both micelles and inverted micelles. The general 
term liposome Will be used to describe the incorporation of 
the drug in a spherical (or vesicular) structure (visualiZed by 
?uorescent microscopy). The term liposome Will be used to 
describe both unilamellar and multilamellar liposomes. 
As used herein the term topoisomerase I inhibitor (TII) 

refers to those molecules Within the camptothecin genus that 
are able to inhibit topoisomerase I. Camptothecin family 
members include: camptothecin, 9-aminocamptothecin, 
9-nitrocamptothecin, 10-hydroxy camptothecin, topotecan, 
9-chloro-10,11-methylenedioxy (20S)-camptothecin 
(CMC), CPT-11, SN 38 and the like, and as Will be knoWn 
to those of skill in the art. The preferred LC-TII comprise 
camptothecin, topotecan, CPT-11, 9-aminocamptothecin, 
and 9-nitrocamptothecin. HoWever, combinations of these 
compounds also are possible. 

The lipid-complexed topoisomerase I inhibitor of the 
present invention may be described as a complex comprising 
a lipid component that forms a micellar complex With the 
topoisomerase-I inhibitor or liposomes incorporating the TII 
(<0.1 pm). The liposomal TII of the present invention may 
be described as spherical lipid vesicles that have a range of 
diameter up to about one micron that incorporate the TII. 
The topoisomerase-I inhibitor employed in the complex can 
be in either the closed lactone ring lipophilic form or the 
carboxy form of camptothecin or its derivatives. HoWever, 
for use With the present invention a preponderance of the 
closed lactone form of camptothecin and its family members 
is preferred. Apreponderance of the closed ring form is used 
to describe the percentage of camptothecin in the closed 
lactone ring form, Wherein the percentage of about 60 to 100 
percent is particularly preferred. 

The lipid component of the LC-TII is composed of any 
number of different lipids (either alone or in combination). 
Preferred lipids are phospholipids With one or tWo mono or 

poly-unsaturated fatty acids, such as oleic (18:1), linoleic 
(18:2), linoleoleic (18:3), eicosenoic (20:1), myristoleic 
(14:1), palmitoleic (16:1), etc., and different neutral, posi 
tively charged, and negatively charged polar head groups 
such as choline, ethanolamine, glycerol, or serine, With or 
Without different covalent associated moieties (covalent 
association phospholipids). For example, the lipid may be: 
dioleoyl phosphatidylglycerol (DOPG), dioleoyl phosphati 
dylcholine (DOPC), or dioleoyl phosphatidylserine (DOPS). 
Cationic lipids, such as phosphatidylethanolamine (DOPE), 
(DOTMA), dioleoyl 1-3-dioleoyl Trimethylammonium 
propane (DOTAP), stearylamine etc. can also be used. 
Particularly preferred phospholipids contain the fatty acid 
chain oleic (18:1 -this denotes that the fatty acid chain 
contains 18 carbons and 1 unsaturated double bond). When 
oleic acid is covalently bound to a head group, it is termed 
“oleoyl”. The addition of cationic lipids such as DOTAP and 
stearylamine can be used to enhance lipid complexation With 
CPT. PEG-phospholipids can be added to prolong the half 
life of the lipid/drug complexes. Cholesterol can also be 
incorporated to enhance the stability of the complexes. 
Further preferred embodiments comprise the covalent asso 
ciate phospholipids described beloW. 

One contemplated formulation is comprised of CPT and 
a covalent association phospholipid (CA lipid), i.e., 
dioleoyl-N-glutaryl-phosphatidyl ethanolamine (DO 
NGPE). CA lipids are typically used to covalently associate 
ligands such as proteins With the exterior surface of lipo 
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somes. These lipids have not heretofore been employed as a 
major structural component of a lipid drug micellar com 
plex. Examples of commercially available covalent associa 
tion phospholipids are N-PDP-phosphatidylethanolamine, 
N-succinyl-phosphatidylethanolamine, N-glutaryl 
phosphatidylethamolamine, N-dodecanyl 
phosphatidylethanolamine and N-biotinyl 
phosphatidylethanolamine. NGPE has been found to be a 
particularly preferred lipid. NGPE has tWo negative charges, 
and it is anticipated that other lipids having tWo negative 
charges Will have advantages similar to NGPE. A CA lipid 
may be present as the only lipid in an LC-TII, or as one of 
tWo or more lipid components of LC-TII. For example, a CA 
lipid may form from 1%—100% of the lipid portion of an 
LC-TII. Preferably, the CA lipid Will be in the range of 
25%—100% of the lipid portion, With all percentages 
betWeen these points being possible. 

Other preferred lipids are those With at least one unsat 
urated fatty acid such as DOPE, DOPC, DOTAP, DOPG, 
DOPS, and DOTMA. The unsaturated fatty acid oleic 
appears particularly preferred. Combinations of such unsat 
urated fatty acids are also contemplated. For example, tWo 
or more such lipids may be used in combination, either alone 
or in conjunction With other lipid components. The ratio of 
an individual lipid Within a combination may vary. For 
example, as little as 1% of a certain lipid, or less, may result 
in certain advantages. HoWever, typically at least 10% of a 
lipid Will be present. Any combination of lipids Which 
exhibits the characteristics of TII complexation as taught by 
the speci?cation is considered to be Within the scope of the 
invention. Combinations of one or more lipids in concen 
trations of an individual lipid of betWeen 1% and 99% of 
total lipid content, With the sum of a lipid equaling 100% of 
the lipid component of the LC:TII are contemplated. One 
preferred embodiment employs a combination of DOPE, 
DOPC, and DOTAP. In the preferred combination of DOPE, 
DOPC, and DOTAP, 10—80% DOPE, 10—80% DOPC, and 
10—80% DOTAP may be used, With the sum of all these 
percentages, along With any other lipid components, being 
100% of the lipid content of the combination. Preferably, 
10—60% DOPE, 10—60% DOPC, and 10—60% DOTAP Will 
be employed, Where the sum of these percentages, along 
With the percentage of any other lipid components, is 
10—90%. In a presently preferred embodiment, the ratio of 
40% DOPE: 40% DOPC: 20% DOTAP is used. 
Any ratio of 100:1 to 5:1 lipid:drug, or even 150:1 by 

Weight ratio Will have utility. For example, ratios of 100:1, 
90:1, 80:1, 70:1, 60:1, 50:1, 40:1, 30:1, 20:1, and 10:1 Will 
be useful. Those complexes comprising a ratio betWeen 
about 5:1 and 25:1 Will be particularly advantageous and are 
particularly preferred. The inventors have used lipid:drug 
ratios of 12.5:1. 

Another aspect of the invention involves the use of 
positively charged, cationic, lipids to assist in complexing 
and maintaining of stability of the TII. For example, it has 
been shoWn that cationic lipids such as stearylamine, 
DOTAP, DOTMA, DODAP, Distearoyl TAP and Distearoyl 
DAP, are useful in this regard. DOTAP and stearylamine are 
particularly preferred cationic lipids. A cationic lipid may be 
present in a concentration of betWeen 1% and 99% of the 
total lipid content of the LC-TII. Preferably, a cationic lipid 
may be present in a concentration of betWeen 10% and 90%. 
Of course, the percentage of the cationic lipid, like all lipids 
in the LC-TII, may be anyWhere betWeen these points i.e., 
10%, 20%, 30%, 40%, 50% 60%, 70% or 80% or anyWhere 
in betWeen preferably, the cationic lipid is present at a 
concentration betWeen 10% and 50%, With 20% being 
employed in a presently preferred embodiment. 



5,834,012 
5 

The invention contemplates compositions comprising 
LC-TII in pharmaceutically acceptable carrier. As used 
herein, “pharmaceutically acceptable carrier” includes any 
and all solvents, surfactants sugars, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like. The phrase “phar 
maceutically acceptable” also refers to molecular entities 
and compositions that do not produce an allergic or similar 
untoWard reaction When administered to a human. 

The use of such media and agents for pharmaceutically 
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 compositions is 
contemplated. Supplementary active ingredients can also be 
incorporated into the compositions. Aqueous compositions 
(inocula) for delivery and use With the present invention 
comprise an effective amount of the LC-TII dissolved or 
dispersed in a pharmaceutically acceptable aqueous 
medium. Such compositions are also referred to as inocula. 

The preparation of an inocula comprising the micellar 
composition that contains a member of the camptothecin 
genus as an active ingredient is Well understood in the art. 
Typically, such compositions are prepared as injectables, 
either as liquid solutions or suspensions; solid forms suitable 
for solution in, or suspension in, liquid prior to injection can 
also be prepared. The preparation can also be emulsi?ed. 
An inocula can also be formulated into an acceptable 

composition in a neutral or salt form. Pharmaceutically 
acceptable salts, include the acid addition salts and Which 
are formed With inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as 
acetic, oxalic, tartaric, mandelic, and the like. Salts formed 
With the free carboxyl groups can also be derived from 
inorganic bases such as, for example, sodium, potassium, 
ammonium, calcium, or ferric hydroxides, and such organic 
bases as isopropylamine, trimethylamine, histidine, procaine 
and the like. 

Upon formulation, solutions containing the LC-TII of the 
present invention Will be administered in a manner compat 
ible With the dosage formulation and in such amount as is 
therapeutically effective. The formulations are easily admin 
istered in a variety of dosage forms such as injectable 
solutions, drug release capsules and the like. 

For peritoneal or parenteral administration in an aqueous 
solution, for example, the solution should be suitably buff 
ered if necessary and the liquid diluent ?rst rendered iso 
tonic With sufficient saline or glucose. These particular 
aqueous solutions are especially suitable for intravenous, 
intramuscular, subcutaneous and intraperitoneal administra 
tion. 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. For example, one dosage could be 
dissolved in 1 mL of isotonic NaCl solution and either added 
to 1000 mL of hypodermoclysis ?uid or injected at the 
proposed site of infusion, (see for example, “Remington’s 
Pharmaceutical Sciences” 15th Edition, pages 1035—1038 
and 1570—1580). Some variation in dosage Will necessarily 
occur depending on the condition of the subject being 
treated. The person responsible for administration Will, in 
any event, determine the appropriate dose for the individual 
subject. Moreover, for human administration, preparations 
should meet sterility, pyrogenicity, general safety and purity 
standards as required by FDA Of?ce of Biologics standards. 

The present invention is particularly useful for the treat 
ment of cells, including transformed cells and tumors. A 
particularly preferred use for the LC-TII complexes of the 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
present invention is for the inhibition of both in vitro and in 
vivo topoisomerase activity. Furthermore, When contemplat 
ing the site of delivery of the lipid/drug complexes of the 
present invention, the inventors discovered that the com 
plexes provided for not only improved drug delivery, but 
also improved biodistribution by reducing the kidney drug 
levels. 

The inventors contemplate that the present invention 
delivers camptothecin into cells in a more ef?cient manner. 
It is proposed that camptothecin can be coupled With lipids 
and directly administered via a catheter. The ef?cient deliv 
ery of the compositions of the present invention direct drug 
delivery to speci?c sites in vivo, not just the liver and spleen 
cells Which are accessible via intravenous intraperitoneal, 
intraarterial and/or intrapleural injection. Therefore, this 
invention also encompasses compositions of camptothecin 
formulated as a camptothecin/lipid complex and methods of 
using such constructs. 

Those of skill in the art Will recogniZe that there are a 
variety of lipid vesicles that Will be useful in the present 
invention from large multilamellar liposomes at one end of 
the spectrum to micelles at the other end of the spectrum. All 
lipid/drug complex forms, LC-TII from micelles to inverted 
micelles, to multi-or uni-lamellar liposomes, etc. are Within 
the scope of the claims as de?ned by their components. The 
inventors have had particular success With micelles com 
prising DO-NGPE, and With those comprising DOPE, 
DOPC, and/or DOTAP. The inventors have also had success 
With micelles comprising DO-NGPE that have been pre 
pared in the manner described in the preferred embodiments 
and examples. Apreferred method for preparing the LC-TII 
of the present invention is by hydration of mixtures of 
DO-NGPE and CPT and mild hand-shaking. 

Certain compositions may be particularly distinct and 
advantageous When the target cell, its localiZation, or the 
amount of drug delivered is important. Alternatively the 
topoisomerase I inhibitor may be mixed With other agents 
including other lipids to form a heterogenous micellar 
liposome suspension, a micelle in liposome suspension, or a 
pure liposome suspension. These agents might include 
stabiliZers, e.g. buffers, surfactants other lipids or combina 
tions of lipids, other therapeutic agents, and the like. 
The present invention also includes a method of treating 

cells Wherein the lipid formulations of TII are used to 
introduce a pharmacologically effective amount of a 
topoisomerase-I inhibitor to a target cell in a pharmaceuti 
cally acceptable carrier. For use With the present invention 
the term “pharmacologically effective amount” is Within the 
range of 1 to 20 mg/kg in humans. 
The liposome drug or micellar-drug complex may be 

introduced into contact With cells by a variety of methods. 
As used herein the terms “contact”, “contacted”, and 
“contacting”, are used to describe the process by Which an 
effective amount of a topoisomerase I inhibitor, e.g., CPT, 
comes in direct juxtaposition With the target cell. In cell 
culture, the micelles can simply be dispersed in the cell 
culture solution. The topoisomerase I inhibitor-lipid com 
plex can be introduced into a cancer cell by preparing a 
topoisomerase-inhibitor/lipid complex; and contacting or 
treating cancer cells With a pharmacologically effective 
amount of the topoisomerase-inhibitor/lipid complex. 

Certain embodiments of the use of the claimed LC-TII 
involve the killing of cells in vitro. The mitosis-arresting 
ability of the claimed compounds renders them useful for 
permanently or transiently arresting cells in the G2 of 
mitosis. Using the claimed micellar topoisomerase-inhibitor 
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complex, one of ordinary skill in the art Will be able to enrich 
a population of non-cycling cells relative to a population of 
cycling cells. Further, one of ordinary skill in the art Will be 
able to purify tissue samples of actively cycling cells. For in 
vitro applications, the complex is typically introduced into 
the cell-containing media. 

Aparticularly preferred target for the method of treatment 
are those located Within a multicellular organism, With a 
mammalian organism being particularly preferred. A most 
preferred organism is a patient suspected of having cancer, 
With a human patient being most preferred. 

For in vivo applications, the LC-TII are typically injected 
intravenously. In order to alloW drug delivery into cells that 
are not accessible through intravenous injection, it is pos 
sible to directly inject the LC-TII, e.g., LC-CPT, complexes 
into a speci?c location in an animal’s body. For example, 
injection via a catheter into the arterial Wall may be used. In 
a preferred use the present invention is resuspended in a 
pharmaceutically acceptable carrier and delivered by injec 
tion intraperitoneally. Alternatively, the LC-TII containing a 
camptothecin family member are injected directly into a site 
comprising cells in need of therapy. 

Those of skill in the art Will recogniZe that the best 
treatment regimens for using camptothecin to suppress neo 
plastic or cancerous groWth can be straightforWardly deter 
mined. This is not a question of experimentation, but rather 
one of optimiZation, Which is routinely conducted in the 
medical arts. In vivo studies in nude mice provide a starting 
point from Which to begin to optimiZe the dosage and 
delivery regimen. The frequency of injection may initially 
be approximately once a Week, conducted as demonstrated 
in the studies disclosed herein. HoWever, this frequency 
might be optimally adjusted from one day to every tWo 
Weeks to monthly, depending upon the results obtained from 
the initial clinical trials and the needs of a particular patient. 

The present invention also comprises kits for the intro 
duction of camptothecin into a target cell comprising the 
lipid/drug complex of the present invention. The kit may 
contain a composition comprising a micellar camptothecin 
complex composed of a lipid and a topoisomerase-I inhibi 
tor. In a particularly preferred embodiment the lipid com 
prises either alone or in combination a lipid With unsaturated 
fatty acids and a cationic lipid. 

The preferred use for the LC-TII is to treat a multiple 
cellular organism, With mammalian organisms being more 
preferred, and humans being most preferred. The most 
preferred camptothecin genus member is the closed ring, or 
lactose form, of camptothecin. HoWever, other TIIs such as 
topotecan, 9-aminocamptothecin, 9-nitrocamptothecin, 
9-chloro-10, 11-methylenedioxy (20S)-camptothecin 
(CMC), CPT-11, and SN 38 are also preferred. 

FolloWing long-standing patent construction practice, the 
Word “a” and “an” denote “one or more” When used in 
regards to this disclosure, including the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing draWings form part of the present speci? 
cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c 
embodiments presented herein. 

FIG. 1. Drug Complexation ef?ciency of DO-NGPE 
micelles as a function of lipid:drug ratio 

FIG. 2A. Cellular viability of DIFI cells treated With 
LC-CPT at the 24 hour timepoint. A: Lipid; B: CPT; C: 
L-CPT; and D: L+CPT. 
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FIG. 2B. Cellular viability of DIFI cells treated With 

LC-CPT at the 48 hour timepoint. A: Lipid; B: CPT; C: 
L-CPT; and D: L +CPT. 

FIG. 2C. Cellular viability of DIFI cells treated With 
LC-CPT at the 120 hour timepoint. A: Lipid; B: CPT; C: 
L-CPT; and D: L +CPT. 

FIG. 3A. Cellular viability of KB cells treated With 
LC-CPT and Controls at the 24 hour timepoint. A: Lipid; B: 
CPT; C: L-CPT; and D: L +CPT. 

FIG. 3B. Cellular viability of KB cells treated With 
LC-CPT and Controls at the 48 hour timepoint. A: Lipid; B: 
CPT; C: L-CPT; and D: L+CPT. 

FIG. 3C. Cellular viability of KB cells treated With 
LC-CPT and Controls at the 120 hour timepoint. A: Lipid; 
B: CPT; C: L-CPT; and D: L +CPT. 

FIG. 4A. Cellular viability of PANC3 cells treated With 
LC-CPT at the 24 hour timepoint. A: Lipid; B: CPT; C: 
L-CPT; and D: L+CPT. 

FIG. 4B. Cellular viability of PANC3 cells treated With 
LC-CPT at the 48 hour timepoint. A: Lipid; B: CPT; C: 
L-CPT; and D: L+CPT. 

FIG. 4C. Cellular viability of PANC3 cells treated With 
LC-CPT at the 120 hour timepoint. A: Lipid; B: CPT; C: 
L-CPT; and D: L+CPT. 

FIG. 5A. Survival of mice inoculated With the P388 cell 
line treated With LC-CPT. 

FIG. 5B. Survival of mice inoculated With the P388 cell 
line treated With CPT. 

FIG. 5C. Survival of mice inoculated With the P388 cell 
line treated With control. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is a formulation of lipid-bound 
camptothecin (CPT) that is simple to produce, achieves a 
high binding ef?ciency, and has demonstrated activity 
equivalent to that of the free compound against several 
human tumor cell lines. In the intraperitoneal treatment of 
P388 and L1210 leukemia, LC-CPT has demonstrated 
increased potency compared to the free compound. 
The development of a lipid/drug complex that provides 

for an efficient entrapment of camptothecin family topoi 
somerase I inhibitors and maintains its cytotoxicity compa 
rable to that of the free fully-active compound is very 
important. The lipid complexed-camptothecin (LC-CPT) 
formulation demonstrates activity equivalent to that of the 
free compound against several human tumor cell lines and 
has approximately tWice the in vivo potency of free CPT in 
the intraperitoneal treatment of P388 leukemia in mice. The 
lipid complexed topoisomerase I inhibitor composition has 
improved biodistribution, pharmacokinetics and both in 
vitro and in vivo activity against activity cycling tumor and 
other actively cycling cells. 

Although CPT is the prototype of topoisomerase I 
inhibitors, it has been dif?cult to Work With due to its poor 
aqueous solubility. Some lipophilic drugs such as taxol and 
taxotere can be solubiliZed by mild detergents, surfactants 
and alcohol- containing solutions; hoWever, no similar 
vehicle has been identi?ed for CPT lactone. Even When 
prepared in solutions containing DMSO, Tween-20, 
cremophor, and methanol, crystalliZation and precipitation 
of drug occurs. Solutions containing chloroform and metha 
nol can solubiliZe CPT, but are too toxic for clinically 
relevant studies. 
By using anionic lipids that have been found to be 

nontoxic in concentrations necessary for complex formation, 
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TIIS Will form a smooth suspension amenable for in vitro 
and in vivo study. While the inventors have not identi?ed the 
exact nature of the TII:lipid particles, their siZe and chro 
matographic features suggest the formation of micellar 
structures or submicroscopic lipid-drug aggregates. 
HoWever, knowledge of the exact physical characteriZation 
of the structure of the lipid-drug complex is not important to 
the invention. Kotting et al. have shoWn that depending on 
the nature of the lipid used, micelles Will accumulate in lung, 
kidney, liver, and to some extent brain. KWon et al. have 
shoWn that polymer-drug conjugates containing polyethyl 
ene glycol form micelles that demonstrated prolonged cir 
culation in blood and enhanced uptake at target sites. 

The formulation of a lipid-complexed preparation alloWs 
for the intravenous delivery of this compound. LC-TII, in 
the formulation described, appears to have equivalent anti 
tumor activity to free CPT in the treatment of KB-VI, 
MDA-Panc3, and DIFI cell lines. The antitumor effect 
appears to rely upon prolonged drug exposure, but is not 
affected by MDR-1 expression. LC-CPT has increased 
potency in vivo and a more predictable pattern of biodistri 
bution than free CPT. This is probably related to crystalli 
Zation of the free drug since CPT (lactone ring intact) is a 
highly lipophilic molecule. The increase in potency of 
LC-TII compared to free CPT Was predicted by Burke et al. 
Who demonstrated that lipid membranes stabiliZe the lactone 
ring. HoWever, the present invention alloWs for lipid: drug 
ratios for loWer than the lipid: drug ratios employed by 
Burke et al. thereby rendering clinical usage of the claimed 
LC- TII possible. Furthermore, interactions With lipids may 
reduce albumin binding Which has been shoWn to reduce 
CPT activity. 

Studies of the biodistribution of this formulation of 
L-CPT intravenously administered to mice demonstrates the 
greatest concentration of drug in lung tissue. This is fol 
loWed by accumulation in liver and spleen. Since these 
organs are the most common sites of metastatic tumor 
deposits, LC-CPT may provide the additional bene?t of 
organ targeted therapy. Similarly, distribution of drug aWay 
from the bladder and gastrointestinal tract may reduce 
toxicity at these sites. 

The folloWing examples are included to demonstrate 
preferred embodiments of the invention. It should be appre 
ciated 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 speci?c embodiments 
Which are disclosed and still obtain a like or similar result 
Without departing from the spirit and scope of the invention. 

Abbreviations 

Some of the abbreviations used in this patent are as 
folloWs: 

LC-Lipid Complexed 
TII-Topoisomerase I Inhibitor 
CPT-Camptothecin 
NGPE-N-Glutaryl-Phosphatidylethanolamine (18:1) 
DOPG-1 ,2-Dioleoyl-sn-Glycero-3-[Phospho-rac-(1 - 

glycerol)] 
DOTAP- 1,2-Dioleoyl-3-Trimethylammonium-Prop ane 

DMPC-1 ,2-Dimyristoyl-sn-Glycero -3 -Phosphocholine 
DOPC- 1,2-Dioleoyl-sn-Glycero -3 -Phosphocholine 
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10 
DOPE- 1,2-Dioleoyl-sn- Glycero-3-Phosphoethanolamine 
PC—sn-Glycero -3 -Phosphocholine 
TOPPA-1 ,1 ‘,2,2‘-Tetraoleoyl Pyro Phosphatidic Acid 
OCPC- 1-Oleoyl-2-Capryl-sn-Glycero -3 -Phosphocholine 
DMPG- 1 ,2-Dimyristoyl-sn-Glycero -3-[Phospho -rac-(1 - 

glycerol)] 

EXAMPLE I 

Liposome Complexation 
In order to prepare LC-CPT (a liposomal preparation 

containing CPT Within spherical lipid vesicles) various 
individual lipids Were screened for complexation With CPT. 
Individual lipids that complex Well With CPT can be com 
bined to form liposomal CPT. CPT crystals and lipid/CPT 
complexes of >0.4 microns can be visualiZed under a 
?uorescent microscope (since CPT ?uoresces due to its rigid 
ring structure). CPT that does not complex With lipid is seen 
as ?uorescent crystals, While CPT that complexes With lipid 
is seen as morphologically different ?uorescent particles 
(lipid/CPT complexes). Therefore, the better a lipid com 
plexes With CPT the less CPT crystals are formed, and the 
more lipid/CPT complexes are formed. 
Materials and Methods 

Chemicals and Drugs. CPT is obtainable from Dr. Vish 
nuvajj ala (National Cancer Institute). Cardiolipin (CL), 
DO-N-Glutaryl-phosphatidylethanolamine (NGPE), and all 
other lipids Were obtained from Avanti Polar Lipids, Inc 
(Alabaster, [3H] CPT is obtainable from Moravek 
Biochemicals, Inc. (Brea, Calif.) [14C] Cholesterol from 
Amersham Corp. 

Cell Lines. MDA-Panc3 cells(pancreas carcinoma), DiFi 
cells (colon carcinoma), and KB cells (squamous 
carcinoma) Were used for in vitro data. 

Drug/lipid Complex Preparation. CPT Was mixed in ratios 
of from 2:1 to 25:1 W/W lipid:drug in chloroform-methanol 
(8:1). For studies Where CPT Was radiolabeled, approxi 
mately 0.02 uCi/ml [3H] CPT Was added to the preparation. 
Trace quantities of 14C labeled cholesterol Was added to 
samples requiring lipid labeling. For small samples, the 
lipids Were dried in 12x75 mm culture tubes under a stream 
of nitrogen gas. For large samples, a rotavapor (Buchi 
RE140, SWitZerland) Was used to dry lipids in a 100 to 1000 
ml round bottom ?asks. The lipophilic ?lm Was then vor 
texed in a Touch Mixer Model 231 (Fisher Scienti?c, Fair 
LaWn, N.J., USA.) for one minute in sterile phosphate 
buffered saline (pH 7.4). For liposomal CPT 0.9% Nace Was 
used. Preparations Were screened for lipid entrapment by 
light and ?uorescent microscopy (Nikon Labophot-2, 
Japan). 

Chromatography. A 30 cm agarose 0.5M column is used 
to separate liposome-bound drug from free CPT. PBS is used 
as the mobile phase for all preparations. TWenty samples 
Were collected in 3 mL aliquots for a total of 60 mLs. 
Fluorescence and scintigraphy Were used to detect encap 
sulated and free drug. Fluorimetry. Aliquots of 20 pl from 
each collection tube Were transferred to cuvets containing 2 
ml methanol. Fluorimetry Was performed as described by 
Hart et al. (Hart et al., 1969). Fluorescence Was measured at 
an excitation Wavelength of 370 nm and emission Wave 

length of 434 nm (Perkin-Elmer MPF44A, NorWalk, Conn., 
U.S.A.). TWo ml of ethanol Was used as a control for 
machine calibration. 

Determination of Entrapment Ef?ciency. 
A modi?cation of the Ficoll ?otation method for separat 

ing entrapped from free drug Was used (Fraley et al.). 200 L 


















