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DESCRI PTI ON BACKGROUND OF THE | NVENTION 5 This invention pertains to
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02/32400 PCT/ WM 641§ also approved for use, in combination with other approved
drug(s), in the initial therapy of acute nonlymphocytic leukemia (ANLL), including
myelogenous, promyelocytic, monocytic, and erythroid acute leukemias. The
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 toxicity and the development of multidrug resistance in
treated cells.
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EMBCDI ‘1posomal compositions can be used advantageously in conjunction with secondary

25  therapeutic agents other than mitoxantrone, including antineoplastic, antifungal,
antibiotic among other active agents. The liposomes of the present invention can be
multilamellar vesicles, unilamellar vesicles, or their mixtures, as desired. Methods are
provided in which a therapeutically effective amount of the present liposomes in a
pharmaceutically acceptable excipient are administered to a mammal, such as a human.

30 In one particularly preferred method of manufacturing the dosage form, a
quantity of mitoxantrone in a pharmaceutically acceptable excipient (such as
Novantrone®, is added to a vessel containing a quantity of preformed lyophilized
liposomes that contain a mitoxantrone-binding component, and the mitoxantrone is

allowed to bind to the liposomes to provide the pharmaceutical dosage form.
35
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solution can be added to form the liposomes. Alternatively, a two vial system can be
prepared in which the lipophilic ingredients or preformed liposomes are contained in
one vial and aqueous ingredients containing mitoxantrone are provided in a second
30 vial. The aqueous mitoxantrone-containing ingredients can be transferred to the vial
containing the lipid film or preformed liposomes and the liposomal formulation of
mitoxantrone formed by vigorous mixing, vortexing and/or sonicating.
Desirably, the liposomes, once formed, are filtered through suitable filters to
control their size. Suitable filters include those that can be used to obtain the desired
35  size range of liposomes from a filtrate. For example, the liposomes can be formed and
thereafter filtered through a 5 micron filter to obtain liposomes having a diameter of
about 5 microns or less. Alternatively, 1 um, 500 nm, 200 nm, 100 nm, or other filters
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sterols, fatty acids, and the like. Preferred liposome-forming compounds include
cardiolipin, phosphatidyl choline, cholesterol, dipalmitoyl phosphatidyl choline,
phosphatidyl serine, and a-tocopherol.
The liposome-forming material can be dissolved in a suitable solvent, which
30  can be a low polarity solvent such as chloroform, or a non-polar solvent, such as n-
hexane, in which it is soluble. Suitable solvents only include solvents in which the
liposome-forming material is soluble and which can be evaporated without leaving
pharmaceutically unacceptable amounts of pharmaceutically unacceptable residues.
Other components can be mixed in with this solution, including mitoxantrone, to form
35  asolution in which all ingredients are soluble and the solvent can then be evaporated to
produce a homogeneous lipid film. Solvent evaporation can be by any suitable means
that preserves the stability of mitoxantrone and other lipophilic ingredients.
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vigorous mixing. Preferably, the polar solution contains mitoxantrone. The solution

25  can be pure water or it can contain salts, buffers, or other soluble active agents. Any
method of mixing can be used provided that the chosen method induces sufficient
shearing forces between the lipid film and polar solvent to strongly homogenize the
mixture and form liposomes. For example, mixing can be by vortexing, magnetic
stirring, and/or sonicating. Multilamellar liposomes can be formed simply by

30  vortexing the solution. Where unilamellar liposomes are desired a sonication and/or
filtration step can be included in the process.

In the preferred method of manufacturing the liposomal mitoxantrone
formulation, a vial of lyophilized liposomes is prepared and Novantrone® is added to
form the liposomal formulation of the mitoxantrone. The lyophilized liposomes are

35  manufactured by dissolving the lipid ingredients and D-oc-tocopheryl acid in warm
butyl alcohol as described in more detail in Example 7. Warm water with trehalose
dihydrate is mixed into this solution until the solution is clear. The solution is sterile
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filtered through a 0.22 mfilter into sterile vials and |yophilized.
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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 pharmaceutically
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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25  dog lymphoma can be treated effectively with the present mitoxantrone formulation.
However, the present formulation is particularly preferred for use in the treatment of
human patients, particularly for cancer and other diseases caused by cellular
proliferation. The inventive compositions have particular use in treating human
multiple schlerosis, lymphoma, and prostate, liver, ovarian, breast, lung and colon

30  cancers.

The active compound or its pharmaceutical preparations can be administered
locally, orally, parenterally, intraperitoneally and/or rectally, preferably parenterally,
however intravenous administration is prefered.

In a human of about 70 kg body weight, for example, from about 0.5-100

35  mg/m® mitoxantrone is administered. Preferably, from about 5.0 or more to 50 mg/m2
of mitoxantrone or more preferably from about 10 or more to about 45 mg/m” is
administered. Still more preferably about 20 or more to about 40 mg/m” and still more
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25 dogs and a longer elimination half-life of compound in mice is demonstrated. Peak
plasma concentrations were approximately 50-fold higher in the mouse and 9-fold
higher in the dog at comparable dosages. Mouse tissue concentrations of conventional
mitoxantrone were lower in heart, lung and kidneys and higher in liver and spleen after
administration of liposomal mitoxantrone as compared to conventional mitoxantrone.

30  Toxicity did not occur until higher doses of liposomal mitoxantrone were administered
as compared to 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-liposomal) 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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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 mitoxantrone 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 pM of
phosphatidy! serine, 11 uM phosphatidy! choline, 2 uM cardiolipin, and 7 uM
cholesterol are dissolved in a solution. Lipiosomes are prepared as in Example 1.
35  Greater than 80% mitoxantrone encapsulation efficiency can be expected.
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and about q}ﬁop% f trehal ose dihydrate is mxed into the lipid 30 solution
until the& is clear. The mxture is sterile filtered through a 0.22
m cron Preformed liposomes are prepared by adding about 2 g of D-ai-tocopherol acid

succinate to about 10 kg of t-butyl alcohol which is warmed to about 35-40° C. The
solution is mixed for about 5 minutes until the tocopherol is dissolved. About 60 g of

25  tetramyristoyl cardiolipin is added to the solution and the solution is mixed for about 5
minutes. About 100 g of cholesterol is added to the solution and the solution is mixed
for about 5 more minutes then about 300 g of egg phosphatidyl choline is added and
mixed for another 5 min. A second aqueous solution containing 2,000 g of water at
about 35° C —40° C and about 120 g of trehalose dihydrate is mixed into the lipid

30  solution until the mixture is clear. The mixture is sterile filtered through a 0.22 micron
pore size Durapore® Millipak 200 filter and about 11 g is filled into sterile vials and
lyophilized. Liposomes prepared in this manner are in the form of an off-white cake or
powder and are easily reconstituted. The moisture content of the lyophilized
liposomes is about 12% or less. The lyophilized product is stored at 4° C prior to

35 use.

To prepare liposomal mitoxantrone 7.5 ml mitoxantrone solution (15 mg) from

a Novantrone® vial is added to a vial of lyophilized lipids along with 7.5 ml of normal
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retained in the formu ation at the 1 mg/ml mitoxantrone concentration.

Unless noted otherwise, in the following examples a 1 mg/ml mitoxantrone
formulation was prepared with a 1:15 mitoxantrone to lipid molar ratio, a hydration
25  time of 2 h, and a sonication time of 10 min.

Example 8
The following example demonstrates that mitoxantrone in the liposomal

formulation described above has a lower toxicity as compared to identical

30  concentrations of nonliposomal (conventional) mitoxantrone and that at least 15 mg/kg
of mitoxantrone administered in a liposomal formulation is not toxic to mice. Eighty
male CD2F1 mice weighing 20-22 g were acclimated for 1 week and randomly
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



of mtoxantrone admnistered in a |iposomal fornulation is not toxic to
mce. Eighty male CD2F1 m ce weighing 20-22 g were acclimated for 1 week
and randovdy2/3xeparated into 8 groups of ten ani mal s eachP@iWR01342337i nal s
per cage. On day 0 all groups of aninmals were injected i.v. in the tail
vein with the drug or vehicle control.1235 The vol unes adm ni stered were
vari ed based on individual animl weights. Muse weights were recorded for
each nougRwnNnddhes nate days followi ng injection and observation for
clinical illness were recorded at |east daily. The injections were as WO
02/ 32400 PCT/ USQL/ 42757 12 shown in Table 1. Table 1 G oup Drug

f or mul at Tabie Dose 1 Conventi onal Mtoxantrone 15 ng/kg 2 Conventi onal
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mtoxanttone 5 ng/ kg 7 Bl aflonvepiewhdéitegnirgnkg 18 mekegal saline sol ution
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group other than group 1. Following the study all remaining animals were sacrificed
and blood hematology and clinical chemistry were studied and the major organs were
fixed in buffered 10% formalin and studied.
A comparison of weights seen in the various groups showed clinically moderate
15  or unapparent changes for all groups except group 1, (15 mg/kg dose) of conventional
mitoxantrone. The group 1 animals progressively lost weight up to about 35% by day
9/10. Group 2 animals initially showed significant weight loss of 20% by day 10 but
gradually recovered throughout the remainder of the study. The remaining groups all
gained weight steadily throughout the study.
20 In this and the following examples blood was analyzed for bilirubin, blood
urine nitrogen (BUN), creatinine, alkaline phosphatase, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), hemoglobin, hematocrit, white blood cell
count, red blood cell count, mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelets,
25  neutrophils, band neutrophils, lymphocytes, monocytes, eosinophils, basophils.
Clinically significant elevations in ALT were noted in most of the group 1 mice and
one of the group 7 mice at day 10. Similar AST elevations were also observed. Two
group 1 mice also exhibited modest elevations in BUN but not creatinine, suggesting a
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20 control. 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
shown in Table 2.

25 Table2
Group Drug formulation Dose
1 Liposomal mitoxantrone 35 mg/kg
2 Liposomal mitoxantrone 25 mg/kg
3 Conventional Mitoxantrone 25 mg/kg
4 Blank liposomes 35 mg/kg

In the first 5 days no adverse clinical side effects were manifested for any of the
animals. During days 6-7 all group 3 animals became moribund. One such animal
died on day 6 and the remaining group 3 animals were sacrificed on day 7. No clinical

30  signs of toxicity were apparent in any other group. Following the study all remaining
animals were sacrificed and blood hematology and clinical chemistry were studied as
in Example 8. The major organs were fixed in buffered 10% formalin and studied in
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20  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
shown in Table 3.

25 Table3

Group Drug formulation Dose

1 Conventional Mitoxantrone 10 mg/kg
2 Conventional Mitoxantrone 25 mg/kg
3 Liposomal mitoxantrone 10 mg/kg
4 Liposomal mitoxantrone 25 mg/kg
5 Liposomal mitoxantrone 35 mg/kg
6 Blank liposomes 35 mg/kg
7 Normal saline solution

In the first 2 days no adverse clinical side effects were manifested for any of the
animals. During day 3 all group 2 animals became moribund and 3 were sacrificed.
Three animals each from groups 1, 3, 4, 5, 6, and 7 were also sacrificed intentionally
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In conclusion, no morbidity or mortality was seen in the study with any of the
25  controls or the liposomal formulation of mitoxantrone whereas 100% morbidity was

observed in group 2 animals, which received 25 mg/kg of conventional mitoxantrone.

Example 11
The following example demonstrates that the administration of multiple doses

30  of mitoxantrone, as prepared in Example 7, is better tolerated when a liposomal
formulation is given as compared to identical concentrations of conventional
mitoxantrone HCI and that at least 10 mg/kg of liposomal mitoxantrone administered
repeatedly on 5 consecutive days is not toxic to mice. Forty male CD2F1 mice
weighing 20-22 g were acclimated for 1 week and randomly separated into 8 groups of

35 five 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 and once daily thereafter
for a period of 5 days. The volumes administered were varied based on individual
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group 2 and 2 animals from group 3 became moribund sacrifices, one additional
animal from group 3 was found deceased, and one animal from groups 6, 7, and 8 was
sacrificed for hematological and clinical chemistry analysis. There was no indication
of clinical toxicity observed in any of the remaining animals through day 60 at which
15 time all animals were sacrificed. Blood samples were collected for hematological and
clinical chemistry testing as described in Example 8, and major organs were fixed in
buffered 10% formalin.
Comparison of the animal masses in various groups was interpreted as
moderate, mild or unapparent except in groups 2 (5 mg/kg conventional mitoxantrone)
20  and 3 (7.5 mg/kg conventional mitoxantrone). These animals showed progressive
weight loss of about 25 % by day 7. Group 1 (2.5 mg/kg conventional mitoxantrone)
and group 6 (7.5 mg/kg liposomal mitoxantrone) animals initially lost about 28% of
their mass but gradually recovered through the end of the study. Other treatment
groups exhibited no change in mass during the study.
25 On day 7 the mice sacrificed from groups 6, 7, and 8 each exhibited a modest
AST elevation. The mouse from group 8 also had increased alkaline phosphatase
activity and the mice from groups 6 and 7 had reduced creatinine and alkaline

phosphatase. Moribund-sacrificed mice from groups 2, 3, and 6 exhibited marked,
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seen in the livers of several mice administered conventional mitoxantrone at 5 or

25 7.5 mg/kg. Minimal hepatocellular vacuolar degeneration was seen in only 1
mouse at 5 mg/kg liposomal mitoxantrone and none of the mice at 7.5 mg/kg.
In summary, no morbidity or mortality was seen in any group that received
liposomal mitoxantrone or in the group that received 2.5 mg/kg of conventional
mitoxantrone. In contrast, all of the animals in groups 2 (5 mg/kg conventional
30 mitoxantrone) and 3 (7.5 mg/kg conventional mitoxantrone) died.

Example 12
The following example demonstrates that mitoxantrone in the liposomal

formulation described in Example 7 has a lower toxicity as compared to identical
35  concentrations of conventional mitoxantrone HCI and that at least 35 mg/kg of

mitoxantrone administered in a liposomal formulation is not toxic to mice. Thirty

male CD2F1 mice weighing 20-22 g were acclimated for 1 week and randomly



30 mtoxantrone) and 3 (7.5 ng/ kg conventional mtoxantrone) died. Exanple
12 The foll ow ng exanpl e denbnstrates that mtoxantrone in the |iposonal
fornul at ivodozigseri bed in Exanple 7 has a | ower toxicity aBCTORpaNResf to
identical 35 concentrations of conventional mtoxantrone HO and that at

| east 35 ng/ kg of mtoxantrone adm nisiigered in a |liposomal forrmulation is
not toxic to mce. Thirty nale CD2F 1 mce weighing 20-22 g were
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wei ghts were determn or e nouse n alternate
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daily. ThgedsnH&i6.| PRS ijedtRINS wepdQMhokwh ihaldbge 5. Table 5 Group Drug
formul ati on Dose 1 Conventional Mtoxantrone 2.5 ng/kg 2 Conventi onal

M toxantrone 5.0 ng/kg 3 Liposormal mtoxantrone 5 ng/kg 4 Liposonal
m t oxantTames57.5 ng/ kg 5 Liposomal mtoxantrone 10 ng/ kg 6 Nornmal saline

sol ution No adverse clinical wer e obsen in any of the mce in
the fi rs@gdays Ani mal s |]§ﬁ f&fn];lﬁg gnZ nd 5 g(gr%lgblted ruffled fur and
hunchi ngl behavi or. On day 8C0r)3€amnnﬁhl\/btd>qa0tmg¢ oups> mgdégd 5 were nori bund
sacrifices and 1 ani nal fror@cglwggﬂg)rélmaq§g§@seqo%/ y 8, 3 animals

fromgroup 6 were sacrificed . for hematol ogy and Clla} chem stry. On day
10, 1 andmal from group 2 wadP@SOREH MBIANEERS i fi ce BMAKEL 15 ani mal  was

deceased4 One animal from gﬂﬁpkﬁsoﬁqa\l\lﬁﬁto@(aﬂﬁbmd)und s7a3:mgﬂ{g:e on day 10.

Three animals in group | were dece ay 12. nimal in group 4 was
deceasedé on day 18. There \M}ﬁ 9?6’“? g)éflf{%ﬂneyof cl |1ﬁ}8 &t oxi Ci ty observed

in any o6 the renmining anidahmlsdimesghitday 60 at which tinme all animals
were sacrificed. Blood sanples were collected for hematol ogi cal and

cli n| cal chemistry testing as described in 20 Exanple 8, and major organs
verelG i xed i nNp@afdveseglinigeh efrctrarerepbsamed ymanaef 'tlsﬁ niige ghihedirsiaeddyst in

various GhaS ineouppder, aetn@ 5 éaﬂlﬁteqrrufﬂmm@@ﬁ@mn@ﬁﬁgB&havnolg rowpgy & (5
ng/ kg co?vent |10 al mot 0X rgw eancg S ? %ﬁ 0S0 Omm (t)oxgnt rone).
These ant REFEISRBTLEOHPogAEL v dairbmntsuiiiss ag d T agbyom ol
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 (1 time on 5 consecutive days) of liposomal mitoxantrone.



and 25% respectively, by day 9. By day 13, group 1 (2.5 ng/kg conventi onal
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data fromfihgReoistetdd St BRY §Qalaskd RARAIBDhils 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
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calculated using the linear trapezoidal method with extrapolation of the terminal

25  phase to infinity (C,,/K), where Cy,q 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 seca-

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 1 h for conventional and liposomal formulations,
respectively. The AUC values and terminal elimination half-lives were C,,,x, AUC and
t,;, values after conventional mitoxantrone were 0.41 pg/ml, 0.14 ugehr/ml and 0.11 hr,
respectively, while these values were approximately 21 pg/ml, 28 pgehr/ml, and 1 hr,

35  for these same parameters 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 total mitoxantrone clearance was
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concent r dtd @fg at 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 of CD2F1
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



decreased gradually to approximately 2 .ig/g at 24 to 48 hours. These data
suggest the potential for decreased cardiac toxicity for |iposonal
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These single dose studies suggest liposomal mitoxantrone can be administered
at higher doses than conventional mitoxantrone with an improved clinical outcome. In
25  amurine model of leukemia, liposomal mitoxantrone improved the median survival
of animals as compared to conventional mitoxantrone at comparable dosages and
decreased compound-related mortality at both the same and higher dosages. These
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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Cont o PG oSG LA PRI, LGP BLhl ALlcd bppsomes. The
injection via the tail vein with conventional mltoxantrone at doses 0f 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  mgkg 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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| i posomal m toxantrone was adm ni stered reflected ip both Crax and AUC
val ues (SRMFRIFIONsANGPR [oh i fpythe IEWég’F%ﬁE‘Zﬁ\kbér Hieg‘ﬁléfa‘?“&“gggﬁ%nt i onal
m t ANt rone @snedmagosdoft @itbkaasmedlere 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 Cnax AUC,_, tp CI \Y
Formulation (mg/ke) (ug/ml)  (ughr/ml  (hr)  (ml/min/kg) (L/kg)
)
Conventional-M*  0.13 0.027 NCP NC NC NC
Conventional-F (.13 0.016 NC NC NC NC

Conventional-M (.26 0.084 0.05° 0.36 89 2.8
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"10 * dosage. The Cpay 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 treated female dog had alopecia while a

30 second had excessive salivation through the first 29 days of the study. One female



0.258 mg/ kg (2.6 or 5 ng/n2) on Days 1, 23, 43 and 65. On these sane days,
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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 mitoxantrone 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. Three 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 18 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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bl ue col pxahplenat injection sites. No other findings were attributed to
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as descri Exanple 7. Liposomal mtoxantrone is admnistered i.v.
over 45 mn. at the doses shown below in Table 7. 20 Table 7 Li posonal

M t oant Takle 7 Dose Level My _/ MR)
Liposomal Mitoxantrone

Dose Level (mg/mz)

1 9

2 12
3 15
4 20
5 25
6 30

Three patients are studied at each dose level. Drug administration is repeated
every three weeks in the absence of progressive disease or unacceptable toxicity.
Adverse events are graded according to NCI/CTC criteria. Dose-Limiting
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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| evel . Drug adm nistration is repeated every three weeks in the absence of
progr essiweonszenase or unacceptable toxicity. Adverse evRPar@seawL73r aded
according to NCI/CTC criteria. Dose-Limting 25 Toxicity (DLT) is defined
as occurrence within the first course z§ therapy (i.e. 21 days) of
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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.

25



after the one-week delay. If treatnent nust be held for nore than two
weeks, then the patient will be renoved fromthe study. 25 WD 02/ 32400
PCT/ USOLMQP5724029 WHAT |S CLAIMED I S: 1. A nethod of treatiosg/L737anmal i an
di sease conprising: admnistering to a mammal a pharnmaceutical conposition
conprising a therapeutically effectivexd anmount of mtoxantrone in a

| i posonmal formulation conprising cardiolipin, and a pharnaceutically
accept abegaxci® e IMED [Rie nethod of claim1, wherein the manmal is a
human. 10 3. The method of claiml, wherein the |iposomal formnulation
further conprises a phospholipid. 4. The nmethod of claim1, wherein the

l'i posonal foriul at Aqmen}ludtolﬁe'eatimg)armdmsliamdieq:ﬁsecoﬂnpriﬂiﬁgSadﬁmﬁstmgﬂm of

claim1l, vvherel th

phosphat i gﬁﬂn%rﬁo‘ql haefmaﬁQﬁch r%g’&srland%r{l?osclég%tthpe%%g@%%ﬁg& tfod of claim
1, wer eamotnhteofcran@kaunltmpema@pe@r@@itfedmﬂhabﬁm comprigiog gastiplipiondidst i ng of
natural ardiolipin. 7. The method of claiml,
wherein ?ﬁ%rg}a?%%tgdo %@&ﬁ%&%@ﬁ% %P:t:ve charge. 8. The nethod of claim1,
wherein the |iposone bears a positive charge. 25 9. The nethod of claim1,
wherein at |east 99%e efethdiofialbiax anwhedh the mdremalistachunhgposomes. 10. The
met hod of claim1, wherein the mtoxantrone concentration is in the 30
range of about 0.5 to about 2 ng/m . 11. A therapeutic nitoxantrone

conplsi tion c@rrpri §hamethdd piodaime 1, wherpin thie digosormalxfantniaten dwdhex | i pi d
conponen rdiolipin. 35 12. The conposition of claim1 1,
wher ei n %%%BF}E Sat Igﬁo%l?%hpg@ the mtoxantrone to |lipid conponent is in the
range of from about 1: 10 to about 1:20. WD 02/ 32400 PCT/ USOL/ 42757 30 13.
The conpositign of T%E%éﬂh&d]om%h?ﬂ“wh&%ui ﬂhEQﬁ)@E@n@l%hﬁQ]@ﬁ@n fith@xant r one
conprises vesicles having a size of about 5 .tmor |ess. 14. The

Conposi t PORPHFCSIPERRRCHOL wher ei n sai d Ilposorre entrapped 5 nitoxantrone
conprj ses vesicles having a size of about I mor |ess.

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.



15. The conposition of claim 11l wherein said |iposone entrapped

m t oxantrone conpri ses vesicles having a size of about 0.5 mor less. 10
16. The owopw3406 on of claim 11l wherein said |iposone entPEppsel/42757

m t oxantrone conpri ses vesicles having a size of about 0.1 mor |ess. 17.
The conposition of claim1ll, wherein tige |ipid conponent further conprises
a conpound selected fromthe group consisting of phosphatidyl choline, 15

chol esterol, a3tocyphesmpesidbiaf eaimyil viiesinhieé iigddonthetiapgednd
phosphati d serine. 18. corposi ti f m 11, wherein said

I 8 The1 tion claﬁ' N
car di ol i PRIEXPUIQNS COMREEEY YISt 188 8B AbPY WY BHHat ural cardi ol i pi n
and synthetic cardiolipin. 20 19. The conposition of claim1ll, wherein said
| i posonme bears,a n i G . 2Q. . ! im11l, wherein
said |i posorreﬁlj'o'ear 29%5%%@93{1?@259@@%&:Jl%ge@%gmﬁ%)tsé@r@rﬁggrﬁﬁﬁdn of claim 11,
wher éi n sdiogantrgeseomprisss mesieleshaving a sivgeof@baylolsium @dessf cl ai m 11, wherein
said |liposone is a mxture of multilanellar vesicles and unilanellar
vesicles. 30 23. A _therapeutic mtoxantrone conposition conprjsing a lipid
conponent  an¥#dni t bRaReMBABLigNer gaHn d havhseigsaidiinasome ePFfépPﬁdt oxantrone to
|i pi d commeRr@ittoriescontprised Gediclbgrathg hisid dlabott 0.5 Léh boleayout 1:20. 35 24.
The therapeutic mtoxantrone conposition of claim23 wherein the |ipid
conmponent conprises a phospholipid. WO 02/ 32400 PCT/ USQOL/ 42757 31 25. The
t herldpeut i ¢ mi6.oxahhe ooapodtipost tlaon ldfwldreinsaiziBiptsemeientrapeed i pi d
conponeny,.: i se - I tic mtoxantrone
conposi t@é@?é@?@f&éﬁ)ﬁqﬂ%&%ﬁﬂ%ﬁ%ﬁ%h%ﬂgé %Fgﬁeﬁ% goggyﬁ%gﬁéﬁgg%npri ses egg
phosphati dyl choline. 27. The therapeutic mtoxantrone conposition of claim

23 wherein theylipirfe c6&APPRNSMbS SRR S®BeeNPIR IR 8bmpdient Surtiidre
therapeutic m toxantrong cont]ég itign of claimz23 pgoel n.t hf I |{)| d
conponenfOPRHISs & compAYne selsc %’?96’% OPP Gonsis gL Rbiogphatidyt ehdinepi n, and
t ocopsher dhholest&9!, oFfophebhkipelinttos] pieosphitidyehclomgasi phiosphatfdyt baine. 23

wherein the mtoxantrone concentration is in the range of about 0.5 to

about 2 ng/m . 15 30. A nethod for preparing a pharnmaceutical dosage form
of mtoxantroh®  The composition of claim 11, wherein said cardiolipin is selected from

the group consisting of naturai cardiolipin and synthetic cardiolipin.

20 19.  The composition 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.



conprising the steps of obtaining a vessel containing a quantity of
preformed |iposones that conprise a conponent that binds mtoxantrone,

obt ai ni ngv@0waxsel conprising a quantity of ritoxantronePCTVU801/42757
pharmaceutically acceptabl e excipient, 20 m xing a portion of the

m toxantrone in the pharmaceutically agceptable excipient with the

| i posones, and allowing the mtoxantrone to bind to the |iposones to obtain

a pharnaceutpsal ¢RSa@eagefit A foxahiroXSOdmpReti o3t cldine2 FeiHeesin @fe ighidi m 30

wherein éohn%pgr{e%tt 8(r)rrrgggselsl 8?&1@1?i%y%5’1%1in62.5 | yophi i zed.

26.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid
5  component comprises egg phosphatidylcholine.

27.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid

component comprises cholesterol.

10 28.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid
component further comprises a phospholipid, cholesterol, cardiolipin, and tocopherol.

29.  The therapeutic mitoxantrone composition of claim 23 wherein the
mitoxantrone concentration is in the range of about 0.5 to about 2 mg/ml.
15
30. A method for preparing a pharmaceutical dosage form of mitoxantrone
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 acceptable 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.



