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recommended dosage is 12 mg/m® of Novantrone daily on days 1-3 given as an
25  intravenous infusion along with 100 mg/m” of cytarabine for 7 days given as a
continuous 24-hour infusion on days 1-7.

Novantrone® is also approved for use in reducing neurologic disability and/or
the frequency of clinical relapses in patients with secondary (chronic) progressive,
progressive relapsing, or worsening relapsing-remitting multiple sclerosis.

30  Mitoxantrone hydrochloride is thought to be a DNA-reactive agent that is cytotoxic to
both proliferating and non-proliferating human cells in culture.

The toxicity of mitoxantrone limits the dosage of drug that can be administered
to patients. Moreover, the development of multidrug resistance in cells exposed to
mitoxantrone can limit its effectiveness. Consequently, formulations of mitoxantrone

35  are needed that sufficiently solubilize mitoxantrone while maximizing its efficacy for
example, by minimizing toxicily and the development of multidrug resistance in

treated cells.
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met hods, and their use in treating di seases such as cancer, particularly in
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Havi ng described the present invention, reference will now be nmade to
certain exanples which are provided solely for purposes of illustration and

whi ch ar 02/ 32A111 9 intended to be Iimting. P I 757
EXAMPLE iw%b%gzg’x\(a) I e shows one fornulation of |iposomal gg{%@éﬁé?éne

M toxantrone 5 (3 (err)rml es) is dissolved with cardiolipinin (3 noles) in
chl orof orm Phosphatidyl choline ( 14 ol es) dissolved in hexane and 10
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20  using high pressure reverse phase liquid chromatography (HPLC). Alternatively,
liposomes can be collected after centrifugation at 50,000 x g for 1 hour prior to
dissolving them in methanol for HPLC analysis. Generally the encapsulation
efficiency of mitoxantrone in liposomes will be more than 80% of the initial input
dose.
25 More generally, any suitable method of forming liposomes can be used so long
as it results in liposomal mitoxantrone. Thus, solvent evaporation methods that do not
involve formation of a dry lipid film can be used. For example, liposomes can be
prepared by forming an emulsion in an aqueous and organic phase and evaporating the
organic solvent. The present invention is intended to encompass liposomal
30  formulations of mitoxantrone however made.
The invention includes pharmaceutical preparations which in addition to non-
toxic, inert pharmaceutically suitable excipients contain the liposomal mitoxantrone
formulation and processes for production of these preparations. By pharmaceulically
suitable excipients there are to be understood solid, semi-solid or liquid diluents, fillers
35  and formulation auxiliaries of all kinds. The invention also includes pharmaceutical
preparations in dosage units. This means that the preparations are in the form of
individual parts, for example vials, syringes, capsules, pills, suppositories, or
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form conpl exes. To facilitate conplex 5 formation the chl oroT/orm solvent is
removed by evaporation. Phosphati dyl cb,ol ine ( 14 (err)noles) dissolved in
hexane and 10 (err)nol es cholesterol in chloroformcan be added to the dry
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administration of liposomal mitoxantrone as compared to conventional mitoxantrone.

30  Toxicity did not occur until higher doses of liposomal mitoxantrone were administered

as compared 1o conventional mitoxantrone alone, however, toxicity profiles appear

similar. No toxicity occurred in the liposomal formulation that has not been observed

previously with mitoxantrone alone. In animals, higher doses of liposomal

mitoxantrone are better tolerated and more effective than conventional mitoxantrone in

35 its current conventional (non-liposormal) formulation.
Having described the present invention, reference will now be made to certain

examples which are provided solely for purposes of illustration and which are not
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at | east ligasames orisenicajedde ipspigdeemall asilamelar lingstaiss.e 2. 25 Table 2 Grou
Dru; formulation Dose 1 Liposomal mtoxantrone 35 ng/ kg Li posonal
m'toxantﬁgge éi gl kg Conventional M toxantrone 25 ng/ kg Bl ank |iposonts 35
myl kg I n& ' 5 days no adverse clinical side effects were nanifested
for anydof t h&hardxanipte dclﬁubmgitetaths pfepératioh ofraauthes feniutaticn dfd‘q:m_mnlal
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inp \Viaoepphdion i mixtpers vartexed apgagnicated. The liposomes can then be
dialyzed, as desired. Mitoxantrone encapsulation is 80% or more as assayed by HPLC.

20 -
" EXAMPLE 3
This example demonstrates the preparation of another formulation of liposomal

mitoxantrone. Mitoxantrone can be entrapped in liposomes by using 3 pM of the drug,
15 uM of dipalmitoyl phosphatidyl choline, 1 uM cardiolipin, and 9 uM cholesterol in

25 avolume of 2.5 ml. The drug and lipid mixture can be evaporated under vacuum and
resuspended in an equal volume of saline solution. Liposomes are prepared as
described in Example 1. The mitoxanirone encapsulation efficiency is higher than
80% in this system.

30 EXAMPLE 4
This example demonstrates the preparation of another formulation of liposomal
mitoxantrone. In this preparation of liposomes 2 uM mitoxantrone, 2 uM of
phosphatidy! serine, 11 uM phosphatidyl choline, 2 uM cardiolipin, and 7 uM
cholesterol are dissolved in a solution. Lipiosomes are prepared as in Example 1.
35  Greater than 80% mitoxanirone cncapsulation efficiency can be expected.
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separated into 8 groups of ten animals each with 5 animals per cage. On day 0 all
groups of animals were injected i.v. in the tail vein with the drug or vehicle control.
35  The volumes administered were varied based on individual animal weights. Mouse
weights were recorded for each mouse on alternate days following injection and
observation for clinical illness were recorded at least daily. The injections were as
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adm ppstered gV r ! , i thd 7. 20
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30 Thr ee Asdmplsringrowns b2y andd exbibdgd pifled dun anddpunchingdpehavioni Onrdayidon i s

repeat ed 3 animals from groups 2 and 5 were moribund sacrifices and 1 animal from group 5

feid

was deceased. On day 8, 3 animals from group 6 were sacrificed for hematology and

clinical chemistry. On day 10, 1 animal from group 2 was a moribund sacrifice and 1
15  animal was deceased. One animal from group 5 was a moribund sacrifice on day 10.

Three animals in group 1 were deceased by day 12. One animal in group 4 was

deceased on day 18. There was no indication of clinical toxicity observed in any of the

remaining animals through day 60 at which time all animals were sacrificed. Blood

samples were collected for hematological and clinical chemistry testing as described in
20  Example 8, and major organs were fixed in buffered 10% formalin.

The variation in animal weight in various groups was moderate, mild or
unapparent except in groups 2 (5 mg/kg conventional mitoxantrone) and 5 (10 mg/kg
liposomal mitoxantrone). These animals showed progressive weight loss of about 35%
and 25%, respectively, by day 9. By day 13, group 1 (2.5 mg/kg conventional

25 mitoxantrone), group 3 (5 mg/kg liposomal mitoxantrone), and group 4 (7.5 mg/kg
liposomal mitoxantrone) animals initially lost about 30%, 7%, and 30% of their
weight, respectively. Their weight gradually returned during the study. Other
treatment groups exhibited no change in mass during the study.

No morbidity or mortality was seen in the vehicle control group or groups

30 receiving up to 5 mg/kg (] time on 5 consecutive days) of liposomal mitoxantrone.
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cells and platelets w1th clear decreases in neutrophils and lymphocytes and modest

decreases in platelets. In the lower dose groups the effects were much less marked.
25  The data show that conventional mitoxantrone at 5 mg/kg/day and liposomal
mitoxantrone at 10 mg/kg/day induced roughly equivalent acute liver injury, as
evidenced by increased ALT, AST and bilirubin by day 8.
In summary, clinical pathology data from these studies show that liposomal
mitoxantrone administered at 10 mg/kg/day is no more toxic than conventional
30 mitoxantrone when administered at 5 mg/kg/day and significant recovery from toxic
and cytotoxic effects was evident. The data show that liposomal mitoxantrone can
safely be administered at amounts that are more than twice that considered safe for

conventional mitoxantrone.

35 Example 13
The following example demonstrates that the liposomal mitoxantrone

formulation described in Example 7 reaches higher plasma concentrations, has a longer



10 3. The nmethod of claiml, wherein the |iposomal formulation further
conpri ses a phospholipid. 4. The nethod of claim1l, wherein the |iposonal
formul atiwg ¢odsdoer conprises tocopherol. 15 5. The net hogqiygplMAy 1,
wherein the |iposomal formulation further conprises phosphati dyI chol i ne,
chol esterol, and a tocopherol. 6. The thod of claim1, wherein the
cardiolipin is selected fromthe 20 group consisting of natural cardiolipin
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cardiolipinis se ou consi s ural car diolipin
and synt hewntaniagr28”epsoeric acid in 0. M mtrate buffer, pH 3.0, and extracted as

described above. Mitoxantrone was separated by reverse-phase chromatography
(Waters pBondapak® C-18) using a mobile phase of 33% acetonitrile, and 67% 0.16
M ammonium formate buffer, pH 2.7 delivered at a flow rate of | ml/min.

20  Mitoxantrone was detected at 600 nm. The limit of sensitivity was 10 ng/ml.

Plasma Pharmacokinetic parameters were assessed by standard methods. The
elimination rate constant (K) was calculated from the linear regression analysis of
plasma concentration-time curve. The area under the curve (AUC,_.,,) was
calculated using the linear trapezoidal method with extrapolation of the terminal

25  phase to infinity (C,/K), where C),, is the last measured concentration. Other
parameters calculated were total body clearance (Cl) as Dose/AUC; volume of
distribution (V,...) = CI/K; elimination half-life (t;,,)=0.693/K sca-

In summary, following i.v. administration, liposomal mitoxantrone produced a
significantly higher peak plasma concentration (50-fold) as compared to conventional

30 mitoxantrone. The decrease in plasma concentration followed first-order kinetics with
elimination half-life of 6.6 min. and | h for conventional and liposomal formulations,
respectively. The AUC values and terminal elimination half-lives were C,,,., AUC and
t,» values after conventional mitoxantrone were 0.41 pg/ml, 0.14 pgehr/ml and 0.11 hr,
respectively, while thesc values were approximately 21 pg/ml, 28 pgehr/ml, and 1 hr,

35  for these same paramelers after liposomal mitoxantrone administration. These
increases could be explained by the decrease in both the clearance and the volume of
distribution of the compound. The calculated tolal mitoxantrone clearance was



20 1 9. The conposition of claim1ll, wherein said |liposone bears a negati
ve charge. 20. The conposition of claim1ll, wherein said |liposone bears a

positive gl@‘g?gﬁ 25 21. The conposition of claim 11, wher Jd.posone
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i s in theecmagpe gradablyuiom.appraximbielst 1 Rt fuglg after administration of
10 conventional mitoxantrone while liver concentrations increased from approximately 25
to 37 pg/g at 4 hours after administration of liposomal mitoxantrone before declining
very gradually to 30 pg/g at 48 hours. Lower peak concentrations of mitoxantrone
were detected in the heart for the liposomal formulation (5.6 pg/g tissue) versus
conventional mitoxantrone (11 pg/g tissue) 5 minutes after administration. The

15  difference remained at least 2-fold for up to 48 hours after administration.

At all time points examined, heart, lung, and kidney concentrations of
conventional mitoxantrone were higher for the conventional mitoxantrone-treated mice
than for the liposomal mitoxantrone-treated mice. At all time points examined, spleen

20  and liver concentrations were higher for the liposomal mitoxantrone-treated mice than
for the conventional mitoxantrone-treated animals, demonstrating that the liposomal
formulation shifts the distribution of the compound. Administration of conventional
mitoxantrone lead to heart tissue concentrations of approximately 10 pg/g at 5 and 15
minutes afler compound administration with the concentrations decreasing gradually to 5

25  to 6 pg/gat 24 and 48 hours. After liposomal mitoxantrone administration, heart
mitoxantrone concentrations were about 6 pg/g at 5 minutes and the concentration
decreased gradually to approximately 2 pg/g at 24 to 48 hours. These data suggest the
potential for decreased cardiac toxicity for liposomal mitoxantrone.

30
Example 14
This example demonstrates the efficacy of liposomal mitoxantrone, as prepared
in Example 7, against human leukemia cells and demonstrates the increased efficacy of
the liposomal formulation as compared to a conventional mitoxantrone formulation.
35  Murine leukemia cells, L1210 leukemia cells were grown in the peritoneum ot CD2F]
mice by three serial propagations (i.p.). Ascites developed within eight days of the last
inoculation were used in the following experiments. Cytostatic activities of liposomal
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results suggest that it may be possible to administer higher dosages of mitoxantrone

in the liposomal mitoxantrone formulation without enhancing the risk of toxicity.

30  Mice tolerated liposomal mitoxantrone dosages of up to 20 mg/kg (60 mg/m?), and
did not exhibit significant toxicity until liposomal mitoxantrone dosages of 35
mg/kg (105 mg/m?).

Example 15
35 This example demonstrates the efficacy of liposomal mitoxantrone, as prepared

in Example 7, when administered in multiple doses. Forty female CD2F1 mice were
separated into 4 groups of ten animals and inoculated with L1210 cells as described in
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liposomal mitoxantrone at 2.5 or 5 mg/kg every 24 hours for 4 days starting 24 hours
after inoculation.
The median survival time for mice treated with conventional mitoxantrone and
5 liposomal mitoxantrone at 2.5 mg/kg was 13 and 14 days, respectively. This survival
time was similar to that described at the same concentration in the single dose study of
Example 14. No animals survived to day 60 at this dose level in these treatment
groups. Mice treated with liposomal mitoxantrone at 5 mg/kg had a median survival
time of 37 days with 4/10 animals surviving to day 60. These data suggest a potential
10 clinical benefit of liposomal mitoxantrone over conventional mitoxantrone when the

drug is administered in multiple doses.

Example 16
This example demonstrates that in mice bearing xenografted human prostate

15 cancer cells, survival was increased after single dose administration of liposomal
mitoxantrone, as in Example 7, and mean tumor volume was reduced after multiple
dose administration of liposomal mitoxantrone as compared to conventional
mitoxantrone-treated animals. Male Balb/c, nu/nu, 6-8 week old mice were
inoculated with 5 x 10° of human hormone-refractory prostate tumor cells (PC-3).

20  Tumor growth was monitored twice a week until the tumor volumes were in the range
of 60-100 mm®. Animals were then divided into groups and were treated by i.v.
injection via the tail vein with conventional mitoxantrone at doses of 0.625, 1.25, 2.5,
and 5 mg/kg once every other day for four days. Doses of mitoxantrone formulated in
liposomes were 2.5, 5, 7.5, and 10 mg/kg. Control animals received either normal

25  saline or blank liposomes. The median survival time was calculated and all surviving
animals were sacrificed on Day 34.

Animals treated with conventional mitoxantrone at 0.625 and 1.25 mg/kg
demonstrated 100% survival by day 34; however, no animals treated with 2.5 and 5
mg/kg survived. Survival rates for liposomal mitoxantrone were 100% for the 2.5

30  mg/kg dose, 91% for the 5 mg/kg dose, 43% for the 7.5 mg/ml dose, and 0% for 10
mg/kg dose.

The experiments were repeated for the treatments with conventional
mitoxantrone at doses of 0.625 and 1.25 mg/kg and liposomal mitoxantrone at 2.5 and
5 mg/kg following the same dosing regimen. In these experiments tumor volumes

35  were measured once or twice a week by measuring the three major axes.

Treatment with liposomal mitoxantrone at both dosages caused a significant

reduction in tumor volume compared to control groups and treatment with
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higher concentration in blood plasma, a slower clearance than conventional
mitoxantrone following administration to dogs. Plasma samples from dogs

10  (3/sex/group) administered conventional mitoxantrone i.v. at 0.13 or 0.26 mg/kg or
liposomal miloxantrone i.v. at 0.26, 0.58 or 0.87 mg/kg were analyzed for
mitoxantrone levels by reverse phase HPLC using ametantrone as the internal
standard. Time points analyzed were 0, 5 and 30 min and 1, 2, 4, 8 and 24 h after a
single dose administration.

15 Plasma concentrations in animals receiving conventional mitoxantrone could
not be measured at the 5 min time point for the low dose and 30 min for the high dose.
One male that received 0.258 mg/kg was measurable at the 1 h time point. In contrast,
most animals that received liposomal mitoxantrone had mitoxantrone plasma
concentrations for up to 2 h for the low dose and 4 h for the mid and high doses.

20 Concentrations of mitoxantrone were much lower when conventional
mitoxantrone was administered as compared to when liposomal mitoxantrone was
administered as reflected in both C,,, and AUC values (Table 6). Additionally,
clearance was higher for conventional mitoxantrone as compared to liposomal
mitoxantrone. Both C,,,« and AUC values increased with increasing liposomal

25  mitoxantrone dosages while clearance, volume of distribution and elimination half-life
were constant over the dosages. There were no differences in these parameters
between the sexes. The results are summarized below in Table 6, which sets out the
mean for each parameter. Other parameters shown in the table include the
mitoxantrone half-life (t,,,), the volume of distribution (V), and clearance rate (Cl).

30
TABLE 6
Mitoxantrone Dose Chan AUC... tn Cl \%
Formulation (mg/ke) (ng/ml)  (ughr/ml  (hr) (ml/min/kg) (L/kg)
)
Conventional-M*  0.13 0.027 NC° NC NC NC
Conventional-F ~ 0.13 0.016 NC NC NC NC

Conventional-M  0.26 0.084 0.05°¢ 036 89 2.8
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“ conventional mitoxantrone was detected only until the 30 minute sampling time

5 This example shows that in the dog, administration of liposomal
mitoxantrone produced about a 9-fold increase in peak plasma mitoxantrone
concentration as compared Lo identical doses of conventional mitoxanirone. The
liposome formulation also exhibited increased AUC values as well as a decreased
clearance rate. Both C,,, and AUC values increased linearly with increasing

10  dosage. The C,,, values were approximately 0.5, 1.7 and 2.4 pg/ml at 0.26, 0.58
and 0.87 mg/kg (5, 12 and 17 mg/m?).

Example 18
This example demonstrates that dogs can tolerate higher doses of

15 mitoxantrone when the drug is formulated in liposomes as compared to a
conventional formulation of mitoxantrone. Conventional mitoxantrone was
administered to beagle dogs (3/sex/group) at i.v. dosages of 0 (saline), 0.129 or
0.258 mg/kg (2.6 or 5 mg/m?) on Days 1, 23, 43 and 65. On these same days,
beagle dogs (3/sex/group) received liposomal mitoxantrone at 0 (blank

20  liposomes), 0.258, 0.580 or 0.869 mg/kg (5, 12 or 17 mg/m*). Evaluations for
compound-related effects were based on clinical observations, body weight, food
consumption, ophthalmologic and ECG examination, clinical pathology, plasma
drug concentrations, organ weights and gross and microscopic postmortem
examinations.

25 One male dog in the 0.869 mg/kg liposomal mitoxantrone group was
sacrificed on Day 12 after one dose of liposomal mitoxantrone was administered
due to lesions and swelling of the left limbs, hypoactivity, pallor, dehydration, and
diarrhea.

One blank liposomal mitoxantrone trealed female dog had alopecia while a

30 second had excessive salivation through the first 29 days of the study. One female
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" Fl s$10%$& openia and thrombocytopenia 4 to 10 days following each dose cycle and the
10 severity was dose related. White blood counts tended to rebound towards normal
values during the latter half of the 3-week dosing cycle. The differential white
blood cell data revealed a dose-related decline in neutrophil counts that was most
severe on the 10" day after each dose administration. Dose-related lymphopenia
also occurred with each dosing cycle and appeared to worsen with each successive
15 dose. Anemia did not occur in the conventional mitoxantrone animals but evidence
of erythroid toxicity as evidenced by decreased reticulocyte counts was observed.
Reticulocyte counts rebounded rapidly to normal or siightily higher than normal
values on Days 10, 32, and 46.
Animals given liposomal mitoxantrone had changes in hematology parameters
20  similar to those observed in the conventional mitoxantrone-treated animals with the
exception that the animal sacrificed during the study (0.869 mg/kg liposomal
mitoxantrone) had leukopenia, thrombocytopenia and anemia. A slight anemia was
seen in the female dogs along with decreases in reticulocyte counts in both male
and female dogs. Rebound of reticulocyte counts was not as fast in females as in
25  male dogs.
No changes in coagulation or clinical chemistry parameters were observed for
animals in any of the dosage groups.
At necropsy, 1 male in the liposomal mitoxanirone 0.869 mg/kg group had a
fluid-filled pleural cavity and a thickened heart as well as gastrointestinal lesions.
30  These findings appear to be compound-related. At this dosage one animal had
discoloration of various lymph nodes. Thrce animals total in the liposomal
mitoxantrone 0.580 and 0.869 groups had blue coloration at injection sites. No
other findings were attributed to administration of compound.
In summary 1 of six dogs administered liposomes alone and 1 of [8 animals
35  administered liposomal mitoxantrone had limb sores accompanied by limping,
which is likely due to administration of the liposomes themselves. This study
demonstrates that dogs can tolerate higher doses of mitoxantrone when the drug is
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25  Toxicity (DLT) is defined as occurrence within the first course of therapy (i.e. 21 days)
of unacceptable toxicity, defined as a grade 3 or 4 nonhematologic toxicity including
hypersensitivity reactions, other than nausea/vomiting or alopecia or a grade 4
hematologic toxicity other than neutropenia, or a grade 4 neutropenia which persists
for more than 3 days or febrile neutropenia defined as grade 3 or 4 neutropenia with a
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initfal three patlcnts treated at a given dose level evelops dose-limiting toxicity

(DLT), dose escalation will continue. If one of the initial three patients treated
develops DLT, then three additional patients will be entered on the same dose level. If
none of the three additional patients develops DLT, dose escalation will continue. If
10 one or more of the additional three patients treated at a dose level develops DLT, dose
escalation will cease. If two or three of the initial three patients treated at a dose level
develop DLT, dose escalation will cease. Six patients will be treated at a possible
MTD to ensure that criteria are met before declaring that dose level the MTD.
A subsequent course of treatment may be administered 21 or more days
15  after prior liposomal mitoxantrone dose, and when absolute neutrophil count
(ANC) is 1,500 m/m’ or more and the platelet count is 100,000 /mm?, and
recovery from any other treatment-related toxicily {except alopecia) is to
baseline grade or less than grade 1, whichever is less restrictive.
Treatment is delayed for one week for resolution of toxicities. If
20  toxicities are not resolved after a one-week delay, treatment will be delayed for
one additional week, with the same dose reductions as would have occurred
after the one-week delay. If treatment must be held for more than two weeks,
then the patient will be removed from the study.
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1. A mecthod of treating a mammalian disease comprising: administering to
a mammal a pharmaceutical composition comprising a therapeutically effective
5  amount of mitoxantrone in a liposomal formulation comprising cardiolipin, and a
pharmaceutically acceptable excipient.

2. The method of claim 1, wherein the mammal is a human.

10 3. The method of claim 1, wherein the liposomal formulation further
comprises a phospholipid.

4. The method of claim 1, wherein the liposomal formulation further
comprises tocopherol.
15
5. The method of claim 1, wherein the liposomal formulation further
comprises phosphatidylcholine, cholesterol, and a tocopherol.

6. The method of claim 1, wherein the cardiolipin is selected from the
20  group consisting of natural cardiolipin and synthetic cardiolipin.

7. The method of claim 1, wherein the liposome bears a negative charge.

8. The method of claim 1, wherein the liposome bears a positive charge.
25

9. The method of claim 1, wherein at least 90% of the mitoxantrone is

bound to liposomes.

10. The method of claim 1, wherein the mitoxantrone concentration is in the
30  range of about 0.5 to about 2 mg/ml.

11. A therapeutic mitoxantrone composition comprising a liposome
comprising mitoxantrone and a lipid component that contains cardiolipin.

35 12, The composition of claim 11, wherein the molar ratio of the
mitoxantrone to lipid component is in the range of from about 1:10 to about 1:20.
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10 16.  The composition of claim 11 wherein said liposome entrapped
mitoxantrone comprises vesicles having a size of about 0.1 um or less.

17.  The composition of claim 11, wherein the lipid component further
comprises a compound selected from the group consisting of phosphatidy! choline,
15  cholesterol, a-tocopherol, dipalmitoyl phosphatidyl choline and phosphatidyl serine.

18.  The composttion of claim 11, wherein said cardiolipin is selected from
the group consisting of natural cardiolipin and synthetic cardiolipin.

20 19.  The compositior: of claim 11, wherein said liposome bears a negative
charge.

20.  The composition of claim 11, wherein said liposome bears a positive
charge.
25

21.  The composition of claim 11, wherein said liposome is neutral.

22.  The composition of claim 11, wherein said liposome is a mixture of

multilamellar vesicles and unilamellar vesicles.

30
23. A therapeutic mitoxantrone composition comprising a lipid component
and mitoxantrone wherein the molar ratio of the mitoxantrone to lipid component is in
the range of from about 1:10 to about 1:20.
35 24.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid

component comprises a phospholipid.
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comprising the steps of obtaining a vessel containing a quantity of preformed
liposomes that comprise 2 component that binds mitoxantrone, obtaining a vessel
comprising a quantity of mitoxantrone in a pharmaceutically acceplable excipient,

2C : mixing a portion of the mitoxantrone in the pharmaceutically acceptable excipient with
the liposomes, and allowing the mitoxantrone to bind to the liposomes to obtain a
pharmaceutical dosage form of mitoxantrone.

31.  The method of claim 30 wherein the preformed liposomes are
25  lyophilized.



