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LIPID COMPLEXES AND LIPOSOMES OF
HIGHLY INSOLUBLE PLATINUM COMPLEXES

The present invention relates to a lipid complex
or liposome of highly insoluble platinum complexes, and more
particularly to a phospholipid complex of a platinum
dicarboxylate which can be reconstituted 1in a
pharmaceutically acceptable vehicle with or without
lyophilization and administered to a patient in the

treatment of cancer and other diseases.

Several platinum complexes have shown excellent
activity against cancer. The clinical use of such complexes
has been severely limited by the 1nsolubility of the
complexes 1n pharmaceutically acceptable vehicles. For
example, diaminocyclohexane (DACH) complexes with platinum
compounds have been shown to be active against several types
of cancer. However, the DACH-Pt complexes are quite
insoluble 1n aqueous vehilicles and many organic solvents.

The insolubility of the DACH-Pt 1n organic solvents has

precluded their encapsulation 1n liposomes or thelr use 1in

lipld complexes by known methods.

Accordingly, there 1s a need for a solubilized,
pharmaceutically stable form of the highly insoluble

molieties such as DACH-Pt complexes.

SUMMARY OF THE INVENTION

According to one aspect of the present invention,
there 1s provided a soluble, pharmaceutically acceptable

dosage form of water-insoluble platinum complexes.

According to another aspect of the invention,
there 1s provided phospholipid complexes or liposomes of

diaminocyclohexane-platinum complexes.
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In still another aspect of the invention, there 1s
provided a lyophilized pharmaceutically acceptable dosage
form of diaminocyclohexane-platinum-phospholipid complexes

or liposomes.
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While the invention will hereafter be described with respect to the preparation of
lipid complexes or liposomes of diaminocyclohexane-platinum malonate and lyophilizates
of lipid complexes of diaminocyclohexane-platinum malonate, those skilled in the art will
appreciate that the methods taught herein are also applicable to the preparation of hipid
complexes or liposomes and lyophilizates of other platinum complexes which are

considered water-insoluble and cannot be administered by injection or infusion.

In accordance with a specific embodiment of the present invention, phospholipid
complexes or liposomes of a diaminocyclohexane-platinum dicarboxylate which can be

reconstituted with a pharmaceutically acceptable aqueous diluent such as water for injection

are provided.

The soluble phospholipid complex of the DACH-platinum dicarboxylate 1S prepared
in situ by a method which comprises reacting DACH with potassium tetrachloroplatinate
and potassium iodide to form DACH-platinum 1odide followed by reacting the DACH-
platinum iodide with silver nitrate to yield DACH-platinum nitrate. The DACH-platinum
nitrate is then simultaneously reacted with a phospholipid in a chloroform/ethanol solution
and a carboxylic acid to form the lipid complex of DACH-platinum dicarboxylate product.
It has been found that carboxylation of the platinum complex greatly reduces its water
solubility. In accordance with the invention, by postponing carboxylation until formation of
the lipid complex or liposome, the solubility of the platinum entity 1s maintained so that a

solution of the complex is available for formation of the lipid complex or liposome.

The DACH-Pt -dicarboxylates of the present invention can also be prepared as
liposomes. Liposomes are widely described in the literature and their structure 1s well
known. In the present invention, liposomes are made by forming a film of the active
ingredient, in this case DACH-Pt nitrate and the phospholipid, adding a carboxylic acid,

and evaporating the solvent for the phospholipid, e.g., chloroform/ethanol to form the film,

adding water for injection, and finally homogenizing the formed liposome.

DETAILED DESCRIPTION OF THE INVENTION

27

SUBSTITUTE SHEET (RULE 26)
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The term "lipid complex” 1s an art recognized term 1n the preparation of
pharmaceutical compounds. Lipid complexes are characterized by a non-covalent bond

between the lipid and the pharmaceutical compound which is observed as a phase change in

differential scanning calorimetry.

The term "pharmaceutically acceptable aqueous diluent” as used herein refers to

water for injection, saline, and other known aqueous vehicles.

The term "lyophilization excipient” refers to a substance which is added to a
10 solution prior to lyophilization to enhance characteristics such as the color, texture,

strength, and volume of the cake. Examples of lyophilization excipients are provided

below.

In accordance with one embodiment of the present invention, the lipid complexes of
15 diaminocyclohexane platinum complexes are prepared according to the following reacuon

scheme:

NH,
R NH,
Q + KthCI4 4 K] e me—— R \Pt
H ,NH2 'l, /
R NH;
(1) (2) (3) (4)

yellow solid slightly
water soluble

l AgNO,
(5)

NH, 4 P Malonic Acid

(B0 o (RS> - m
', i
R'NH. © DMPC " 6

° O + R 'NH, NO3 g
(B) DMPG

(7)

white powder

20

As illustrated in the first step above, diaminocyclohexane (1), potassium tetrachlor-
palatinate (2) and potassium 10dide (3) in stoichiometric amounts are reacted together in
water to yield diaminocyclohexane-platinum iodide (4) which is only slightly soluble in

water. Silver nitrate solution (5) 1s added to the diaminocyclohexane-platinum iodide (3) to
—_ 3 —
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form diaminocyclohexane-platinum nitrate (6). The diaminocyclohexane-platinum nitrate
(6) is water soluble but is not useful as an anti-neoplastic agent because of its nephrotoxic
properties. The appropriate phospholipid (7), preferably, a mixture of dimyristoyl
phosphatidyl choline and dimyristoyl phosphatidyl glycerol, in a chloroform/ethanol
solution is added to the daiminacyclohexane-platinum nitrate (6) simultaneously with an
excess of a dicarboxylic acid (8) such as malonic acid (illustrated here). Upon removal of
the chloroform/ethanol solvent by sparging with nitrogen, the diaminocyclohexane-
platinum dicarboxylate (9) is formed which 1s, at the same time, complexed with the
phospholipid (7). The diaminocyclohexane-platinum dicarboxylate product (9) is then
centrifuged and resuspended in water for injection. While the above procedure 1s directed

to preparing DACH complexes, those skilled in the art will recognize that other ligands or

chelating agents can be used to provide other complexes.

The carboxylic acids useful in the present invention to prepare the
diaminocyclohexane-platinum dicarboxylates include oxalic acid, malonic acid, succinic
acid, glutaric acid, adipic acid, pimelic acid, maleic acid, fumaric acid, azelaic acid, suberic
acid. sebasic acid, tartaric acid, phthalic acid, and the like. The acid may be substituted or

unsubstituted. In a preferred aspect of the invention, malonic acid is the acid ot choice.

The diaminocyclohexane platinum-dicarboxylates useful in the present invention

have the following structure:

O
H2 o-cC
. 7
N "O0—C
H, I
O

where R' and R? are the same or different and represent, hydrogen, C;-C,p alkyl, Cs-Cyo

aryl, C;-C,g alkaryl, C7-C,g aralkyl, or R! and R* may form a substituted or unsubstituted,
saturated or unsaturated, 4, 5, or 6-member ring; or R' or R’ may combine with R' or R® on

an adjacent carbon atom to form a substituted or unsubstituited, saturated or unsaturated 4,

5, or 6-member ring; and n 1s 0-10.

-4 -
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Typically the diaminocyclohexane-plaunum carboxylate is diaminocyclohexane-

platinum oxalate, diaminocyclohexane-platinum malonate. diaminocyclohexane-platinum
succinate, diaminocyclohexane-platinum glutarate, diamunocyclohexane-platinum adipate,
diaminocyclohexane-platinum pimelate, diaminocyclohexane-platinum maleate,
daiminocylclohexane-plaunum fumerate, diaminocyclohexane-platinum phthalate, and
diaminocyclohexane-platinum tartrate. Preferably, the diaminocyclohexane-platinum
dicarboxylate is diaminocyclohexane-platinum malonate or a diaminocyclohexane-platinum

malonate in which the malonate is substituted with, e.g., an alkyl group or the like, or

a butyl group.

The organic solvent used to prepare the solution of the phospholipids must be
compatible with the phospholipids and not destabilize them or the DACH-Pt nitrate
compiex. In addiuon. the hpids should be soluble enough in the solvent so as to be able to
introduce enough of the lipid to form the complex yet minimize the amount of solvent that
must be removed later. A volatile or low boiling solvent which can be readily removed
from the dispersion of the lipid complex is most preferred. The solvent most typically used

to prepare this solution 1s chloroform, ethanol or methylene chloride or mixtures thereof. A

rmuxture of chloroform and ethanol provides good results in the present invention.

Phospholipids are amphipathic in nature, i.e., the molecules have a hydrophobic tail
such as a long cham hydrocarbon, and a hydrophilic head. In an agueous medium, such as
water or saline, the tails align with each other, away from the aqueous molecules, while the
heads face outward into the aqueous phase. It is this nature of the phospholipids that makes

them very usetul for formulating highly insoluble drugs like such as those of the present

invention.

The phospholipids used in the invention are selected such that their phase transition
temperature 1s about equal to or below the body temperature or about 37 C. Representative
examples of useful phospholipids include synthetic phospholipids dimyristoyi phosphatidyi
choline (DMPC), dimyristoyl phosphatidyl glycerol (DMPG), dipalmitoyl phosphatidy!
choline (DPPC), dipalmitoyl phosphatidyl glycerol (DPPG), distearoyl phosphatidy! choline
(DSPC), or distearoyl phosphatidy! glycerol (DSPG), or a combination thereof. Other

examples of phospholipids can be found in the CRC Handbook of Lipid Bilavers by Marsh,
- 5 -
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M_.A.. CRC Press (1990). When DMPC and DMPG are use din a ratio of DMPC to DMPG

of about 7:3 they mimic the cell membrane.

The lipid solution is added to the DACH-Pt nitrate solution such that the weight

ratio of the DACH-Pt nitrate to lipid is about 1:80 to 1:5, preferably about 1:80 to 1:10,
more preferably abut 1:45 to 1:25.

In some applications, it has been found desirable to add cholesterol or 1ts
hemisuccinate derivatives to the lipid complex. The cholesterol is believed to cause the
bilayers to pack more closely and thereby slow the release of the drug. This approach may
be particularly desirable with subcutaneous formulations where severe necrosis can result 1f

the drug is delivered too quickly. The cholesterol is added to the phospholipid solution.

The cholesterol may be used in an amount of about 0.5 to 15 parts per 100 parts

phospholipid.

Any of a variety of techniques known in the art can be used to remove the solvent
from the lipid-DACH-Pt dicarboxylate complex. For example, the solvent, such as the

chloroform/ethanol mixture discussed above can be conveniently removed by sparging with

an inert gas such as nitrogen.

The phospholipid complexes of DACH-Platinum dicarboxylate can be suspended 1n
a pharmaceutically acceptable vehicle such as water for injection or the complex can be

lyophilized with a pharmaceutically acceptable lyophilization excipient. Manitol 1s

gelatin, and carbohydrates such as lactose, dextrose, dextran, hetastarch, etc. are common
examples of excipients which are also believed to be useful herein. The excipients can be

used alone or in combination to provide a cake of good quality which readily disperses in

water upon reconstitution.

The excipients are typically added to the dispersion as solutions in water. Again, 1t
is desirable to use concentrated solutions to minimize the amount of water for removal by

lyophilization. The amount of the excipient is adjusted in a manner that is well known in

.6 -
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the art to provide a cake which does not crack or shrink and 1s porous so that it readily
dissolves and has a good appearance. Mannitol has been found to be useful. Mannitol is

added to the dispersion as solution having a concentration of about 5 to 150 g/ml. Mannito}

is added in an amount of about 1 to 100 parts by weight per | part phospholipid-DACH-Pt

dicarboxylate complex.

After removing the solvents and adding the excipient, the dispersion 1s passed
through a homogenizer (e.g., a Tekmar rotor/stator homogenizer, Model T25, or a
microfluidics submerged jet homogenizer, Model M110Y). As a general rule, the smaller
the particle size of the dispersion , the faster the formulation can be dried during the
lyophilization cycle. A dispersion having a particle size distribution ranging from about 10
to 500 nm and averaging about 250 nm has been found to be sausfactory for lyophilization.

The optimum particle size may vary depending on the mode of administration.

A typical lyophilizauon cycle useful in accordance with the present invention is

provided below. The cycle may be varied depending upon the equipment and facilities

available 1n a manner well known in the art.

The homogenized formulation can be poured into vials of a 5 to 50ml nominal
volume. The vials are placed 1nto a lyOphilization chamber at about 5 C. The vial size will
usually be selected such that each vial contains a single dosage of the phospholipid-DACH-
Pt dicarboxylate. The temperature of the chamber 1s reduced to -30 C over a period of one
hour after which the temperature 1s maintained at -30 for about four hours. The pressure in
the lyophilization chamber is then reduced to 200-250 microns of pressure for the
remainder of the cycle. After reducing the pressure in the chamber, the temperature is
ramped up to +25 C over a period of fifteen hours and the product is held at 25 C for five
nours. The temperature then is ramped up to +40C over a period of 20 minutes and held at

40 C for two hours. The lyophilized product preferably has a final moisture content of less

than about 5% and typically about 1 to 2%.

For mtravenous or subcutaneous administration, the complex can be reconstituted

using aqueous vehicles such as water, saline or another electrolyte. The lyophilized product

with the addition of water provides a colloidal dispersion of the lipid complex in an

*Trade-mark -7 -
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aqueous solution of the excipient. Neither the complex nor the lipids are soluble in water.
A colloidal dispersion consists of at least two discrete phases. The first is a dispersed or
internal phase. The second is a continuous Or external phase. Systems in the colloidal state
contain one or more substances that have at least one dimension 1n the range of 10-100A to
a few microns. See pp. 272-4 in Chapter 19, Disperse Systems, Remington’s
Pharmaceutical Sciences, 18th Edition, 1990, Mack Publishing Company, Easton, PA

18042. In the colloidal dispersions of the present invention the dispersed or internal phase

comprises particles of the phospholipid-DACH-pt dicarboxylate complex having a particle

'size in the range of about 10nm to 1000nm. In selecting the aqueous vehicle, 1t 1s

recommended to use one having a specific gravity about equal to the hpid complex (est.

1.08g/cc) to minimize the tendency for the dispersion to separate.

The lyophilizate of the lipid compiex can be reconstituted with water. saline, or
another pharmaceutically acceptable aqueous diluent for intravenous administration. Upon

reconstitution a dispersion is obtained which is suitable for injection. The lyophilizate can

also be administered orally as an aqueous dispersion Or as a paste.

For oral administration, the lyophilizate can be reconstituted to form an oral

dispersion or formulated into a paste. Alternatively, the lyophilizate can be filled into a soft

gelatin capsule for oral administration.

The phospholipid-DACH-Pt dicarboxylate complexes are administered 1n a
therapeutically effective amount. Dosages for the complex are described in the literature.
The drug is preferably administered as a continuous infusion over 3 to 21 days using

programmable continuous infusion ambulatory pump. It is anticipated that the drug will be

administered with granulocyte colony stimulating factor (GCSF).

While the phospholipid-DACH-Pt dicarboxylate complex can be lyophilized, the

phospholipid-DACH-Pt dicarboxylate complexes are pharmaceutically active and typically
will be formulated into a dosage form for oral, intravenous or subcutaneous administration

without lyophilization. Formulation aids such as antibacteriais and antioxidants can be

used to enhance the stability of the complex.

-R-
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Liposomes of the phospholipid complexes diaminocyciohexane dicarboxylates are
prepared by adding a solution of a diaminocyclohexane platinum nitrate to the appropriate
phospholipid, adding a dicarboxylic acid, evaporating the solvent used tor the phospholipid

to form a liposome film, adding water for injection, and homogenizing the formed

5  liposome.

The invention will now be described 1n more detail with reference to the following

non-limiting examples.

10 EXAMPLE I

20.0g of K,PtCl, (potassium tetrachloroplatinate), 54.2 g KI (potassium 1odide) and
5.0 g of DACH (diaminocyclohexane) were dissolved 1in 600 mL water and the reaction

allowed to proceed for 1 hour. The product, DACH-PtI, precipitated out of water.

15
10.8 g of AgNO; (silver nitrate) was dissolved in 170 mi of water. To this was
added 17.9 g of DACH-PtI, with stirring. The reaction was allowed to proceed overnight,
to yield DACH-PtNO:;.
20 To 3.1 ml of DACH-PtNOs solution, at a concentration of 65 mg/ml, was added

0.1m sodium hydroxide until pH was between 5.5 and 5.7.

4200 mg of dimyristoyl phosphatidyl choline (DMPS) was dissolved in 8.5 ml of
absolute alcohol. To this was added 1800 mg of dimyristoyl phosphatidyl glycerol (DMPG)

25  dissolved in S ml of chloroform.

A 13% W/V malonic acid solution was prepared. The pH was adjusted to 5.5-3.7

with sodium hydroxide.

30 The lipid solution was warmed to 40-50 C, keeping the vessel covered. To this was
added the DACH-Pt NO; solution. The contents are stirred for 20 minutes. The cover of
the vessel is then removed, and the solvents allowed to evaporate. To this i1s added 25 mL

of 0.9% sodium chloride solution. The residual solvents are purged by sparging with

.9.-
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nitrogen. The lipid complex suspension is q.s.’d to 50 ml. The particle size was reduced

using a Tekmar homogenizer.

EXAMPLE 2

The procedure of Example 1 is repeated except that the dicarboxylic acid employed

is butylmalonic acid.

Table 1 illustrates the anti-tumor activity of phospholipid complexes of DACH-

10  platinum malonate and DACH-platinum butymalonate compared to Cisplatin and a

placebo.

Having described the invention in detail and by reference to preferred embodiments
thereof, it will be apparent that modifications and variations and possible without departing

15 from the scope of the invention defined in appended claims.

-~ 10 -

SUBSTITUTE SHEET (RULE 26)



PCT/US98/00035

02279279 1999-07-30

CA

WO 98/33481

e P e i — S ettt

01 X (' = uapInq jowny [entu] |

- 0¢l | - (0ga2eld) [onuo) |
g+ el G'€ .
Ci+ 139 ¢S |
g+ 091 08 uneidsip | -
LS+ C¢OC 0LC
[O+ 01¢ 00V _
GO+ G'1T 009 areuorelq [Aing i d-HOVA
Q0+ cC+ S 0°0¢ 0LC
C 191 0 |9+ 01¢C 00r
L 081 1'C 08+ C¢dl - 009 JeuoeN id-HOVd
“ udpang JowinJ, [EAIAING JO Y)3ud'| yjeaq a3)/dui
L /1 % uy a8uey) 01507 uj Iseadu] 9, Jo Ae(q UBIPIN aso(] ~ uonemuiiog

ANIT 114D 88¢d INVLSISTY WANILV'Id LSNIVOYV
SANNOdINOD WNNILVId-HOVA 40 ALIAILDYV JON/LLLLNV

1 dT4dV.1L

e : - A NI R AT T4 L CA ATk, Fihy T AT G RIS ARATIL el LM RN o] ORI L bt " ey el A AN el ) AR I, i, et Ty bl 4 Wy BRI 450 4 | Pt Vbt Al ey 1 e sl rerld s i o8

SUBSTITUTE SHEET (RULE 26)

£33 S . LD R TR AL ) ST MO 04 INEAMGLIOONTLCIETYH{ (il i 7400 SN 20T AN AT P MIAC LI L 20 o 4 T8 M 2 Wl it e S\ IR Il A Wit e LRGSO (i) W F) cay s i o ST U S F 5 COMRIRENN MO e A VW A MM ) 3025 01T GAROTIN AL SV I A 4 1PN R D st RCENERACRN S LA ML TP 1 o S KN AL S4F X %



CA 02279279 2006-12-27

51522-47

CLAIMS:

1. A pharmaceutical composition comprising a lipid
complex of a phospholipid and a water-insoluble complex of a
platinum dicarboxylate, wherein the platinum dicarboxylate

5 18 a diaminocyclohexane-platinum dicarboxylate of the

formula:
O
H, [
N O—C
/
‘Bt XCR'RD),
2\ /
N 0O—C
H

10 where R' and R’ are the same or different and represent
hydrogen, C,-Cyo alkyl, Cg-Cyi9 aryl, C;-Cis alkaryl, or C;-Cis
aralkyl, or R' and R® form a saturated or unsaturated 4, 5 or
6-membered ring; or R' or R®’ combine with R' or R? on an

adjacent carbon atom to form a saturated or unsaturated 4, 5

15 or 6-membered ring, and n is 0-10.

2 . The composition of claim 1, wherein the
diaminocyclohexane-platinum dicarboxylate is selected from
the group consisting of diaminocyclohexane-platinum oxalate,
diaminocyclohexane-platinum malonate, diaminocyclohexane-

20 platinum succinate, diaminocyclohexane-platinum glutarate,
diaminocyclohexane-platinum adipate, diaminocyclohexane-
platinum pimelate, diaminocyclohexane-platinum maleate,
diaminocyclohexane-platinum fumerate, diaminocyclohexane-

platinum phthalate, and diaminocyclohexane-platinum

25 tartrate.

3. The composition of claim 2, wherein the
diaminocyclohexane-platinum dicarboxylate is

diaminocyclohexane-platinum malonate.
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4 The composition of claim 1 or 2, wherein the
phospholipid is selected from the group consisting of
dimyristoyl phosphatidyl choline, dimyristoyl phosphatidyl
glycerol, dipalmitoyl phosphatidyl choline, dipalmitoyl

phosphatidyl glycerol, distearoyl phosphatidyl choline,
distearoyl phosphatidyl glycerol, and any combination

-

thereotf.

5. The composition of claim 4, wherein the
phospholipid 1s a mixture of dimyristoyl phosphatidyl
choline and dimyristoyl phosphatidyl glycerol.

F

6 . The composition of claim 5, wherein the

dimyristoyl phosphatidyl choline 1s present 1n the mixture

1n a weight ratio to the dimyristoyl phosphatidyl glycerol

ﬁ
p—

of about 7:3.

7 . A pharmaceutical composition comprising a complex

P
e

of diaminocyclohexane-platinum malonate and dimyristoyl

phosphatidyl choline (DMPC) and dimyristoyl phosphatidyl

glycerol (DMPG), the ratio of DMPC:DMPG being about 7:3.

8 . The composition of any one of claims 1 to 7,

wherein the lipid complex forms a colloidal dispersion when

reconstituted with a physiologically acceptable agueous

diluent.

9. The composition of any one of claims 1 to 7,
wherein the lipid complex 1s a lyophilizate of the

phospholipid and the complex of platinum dicarboxylate.

10. The composition of any one of claims 1 to 9,

wherein the composition further comprises a pharmaceutically

acceptable excipient.

11. The composition of claim 10, wherein the excipient

1s mannitol.
- 13 -
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12. The composition of any one of claims 1 to 11,
wherein the composition further comprises cholesterol or a

hemisuccinate derivative thereof.

pr—

13. The composition of claim 9, wherein the lipid

complex forms a colloidal dispersion when reconstituted with

a physiologically acceptable aqueous diluent.

14 . A method for preparing a water soluble
pharmaceutically acceptable lipid complex of a water
insoluble diaminocyclohexane-platinum dicarboxylate, the
method comprising reacting simultaneously
diaminocyclohexane-platinum nitrate with a phospholipid and

a dicarboxylic acid.

15. The method of claim 14, wherein the
diaminocyclohexane-platinum dicarboxylate is a

diaminocyclohexane-platinum dicarboxylate of the formula:

O
H |
N O—C
\ /
Pt \(CRle)n
N
N O—C
H,

where R* and R® are the same or different and represent

hydrogen, C;-C,p alkyl, C4-Cyo0 aryl, C;-Cis alkaryl, or C--Cig
aralkyl, or R' and R° form a saturated or unsaturated 4, 5,
or 6-membered ring; or R' or R® combine with R' or R? on an
adjacent carbon atom to form a saturated or unsaturated 4,

5, or 6-membered ring, and n is 0-10.

16. The method of claim 15, wherein the
diaminocyclohexane-platinum dicarboxylate is a
diaminocyclchexane-platinum dicarboxylate selected from the
group consisting of diaminocyclohexane-platinum oxalate,

diaminocyclohexane-platinum malonate, diaminocyclohexane-

- 14 -
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platinum succinate, diaminocyclohexane-platinum glutarate,
diaminocyclohexane-platinum adipate, diaminocyclohexane-
platinum pimelate, diaminocyclohexane-platinum maleate,

diaminocyclohexane-platinum fumerate, diaminocyclohexane-

platinum phthalate, and diaminocyclohexane-platinum

Cartrate.

17. The method of c¢laim 14, 15 or 16, wherein the

dicarboxylic acid 1s selected from gsuccinic acid, glutaric

acid, adipic acid, pimelic acid, maleic acid, fumaric acid,
azelaic acid, suberic acid, sebasic acid, tartaric acid and

phthalic acid.

18. The method of claim 16 or 17, wherein the
diaminocyclohexane-platinum dicarboxylate 1is

diaminocyclohexane-platinum malonate.

19. The method of any one of claims 14 to 18, wherein
the phospholipid 1s selected from the group consisting of
dimyristoyl phosphatidyl choline, dimyristoyl phosphatidyl
glycerol, dipalmitoyl phosphatidyl choline, dipalmitoyl
phosphatidyl glycerol, distearoyl phosphatidyl choline,
distearoyl phosphatidyl glycerol, and any combination

thereof.

20. The method of claim 19, wherein the phospholipid

1s a mixture of dimyristoyl phosphatidyl choline and

dimyristoyl phosphatidyl glycerol.

21. The method of claim 20, wherein the dimyristoyl
phosphatidyl choline 1s present in a weight ratio to the

dimyristoyl phosphatidyl glycerol of about 7:3.

22 . The method of any one of claims 14 to 21, wherein

the complex of the phospholipid and the water-insoluble

diaminocyclohexane-platinum dicarboxylate forms a colloidal

— 15 —
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dispersion when reconstituted with a physiologically

acceptable aqueous diluent.

23. The method of any one of claims 14 to 21, whereln
the complex of the phospholipid and the water-insoluble

diaminocyclohexane-platinum dicarboxylate 1s lyophilized.

24 . The method of any one of claims 14 to 23, whereiln

a pharmaceutically acceptable excipient 1s added to the

complex.

25. The method of claim 24, whereiln the excipient 1s
mannitol.

26. The method of any one of claims 14 to 25, wherein

cholesterol or i1ts hemisuccinate derivatives are added to

the complex.

277 . The method of claim 23, wherein the lipid complex
forms a colloidal dispersion when reconstituted with a

physiologically acceptable aqueous diluent.
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