SALTS OF ISOPHOSPHORAMIDE MUSTARD AND ANALOGS THEREOF Cross Reference to
Related Applications This application claims the benefit of U.S. Provisional Application Serial No.s
60/922,148 filed 06 April 2007, 60/927,363 filed 02 May 2007, 60/934,914 5filed 15 June 2007 and
61/001,237 filed300®er815ér 2007, which is incorporated by reference in its ErfFeaRBHEK ound of the
Invention Autopsies of soldiers killed by mustard gas in World War | indicated that sulfur mustard

- has a disproportionate effect on rapidly dividing cells and suggested 10that sulfur mustard compounds
might have antitumor effects. Indeed, early researchers attempted to treat cancer by direct injection of
sulfur mustard int®AGRBSITHIHES PEtGaRH WE. Mt My fieAdkirmE axicity,. Of SU TG Bitistakd
compounds and nitrogen mustard analogs, such as mechlorethamine, were investigated as less toxic
alternatives. CICI sulfur mustard mechlorethamine Because of the lack of selectivity of most
mechlorethamine;araiogsi-pradiug S auehiaspnpapbaramide compounds, which can be activated by
the high concentration of phosphoramidases present in neoplastic cells, have been investigated. Two

phosphoramide alkylating,aaghis. eusiephashhamies GPokend, 20ae eamaria camperind lfosfamide
(Hos) have proved to be particularly effective. H2CH2CI (--N,F10/-N, ,0 p; , ,K

P
No.s 60/922,148 filed 06 April 2007, 60/927,363 filed 02 May 2007, 60/934,914
5  filed 15 June 2007 and 61/001,237 filed 30 October 2007, which is incorporated by

reference in ifs entirety.

Backeround of the Invention

Autopsies of soldiers killed by mustard gas in World War I indicated that
sulfur mustard has a disproportionate effect on rapidly dividing cells and suggested
10 that sulfur mustard compounds might have antitumor effects. Indeed, early
researchers attempted to treat cancer by direct injection of sulfur mustard into
tumors. This research was Hmited by the extreme toxicity of sulfur mustard
compounds and nitrogen mustard analogs, such as mechlorethamine, were

investigated as less toxic alternatives.

CH,

15 sulfur mustard mechlorethamine

Because of the lack of selectivity of most mechlorethamine analogs,
prodrugs, such as phosphoramide compounds, which can be activated by the high
concentration of phosphoramidases present in neoplastic cells, have been
investigated. Two phosphoramide alkylating agents, cyclophosphamide (CPA) and

20 the isomeric compound Ifosfamide (Ifos) have proved to be particularly effective.
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0, N(CH2CH2Cpa0 NHCH2CH2C1 Cyclophosphamide (CPA)lfosfamide (Ifos) With reference to

Figure I, isophosphoramide mustard (1LPM) is a common metabolite of CPA and Ifos. IPM is thought to
be responsible for at least a portion of the anti-tumor activity exhibited by CPA and Ifos. Efforts to use
IPM as an anticancer agent directly have been unsuccessful due in part to the compound's instability.
IPM has been synthesized and preliminary biological evaluations of the compound have been
conducted, but unfortunately 113M is too unstable to be isolated and used for human treatment.
Summary In a first aspect, there is provided a crystalline compound comprising IPM or an analog
thereof, haying a structuiitafrégerasta €)1 d6ra0-- LYNEI H2x NFicH2 ) wherein A is the
conjugate acid o@ep%g}rﬁxylg aliphatic %r%n?el %r%;} %%l%}%%wﬁﬁienb%snggrﬂé presERTE@aving groups.
In a second aspect. there s providey & fiethdd misregnn parphamside dtical RORIPOSIHOH,
comprising dissodfities atiystabinebampeunsdas Kiefined MQH@@&%%%%M ) In a third
aspect, there is %&yé%&lt e%%gi%‘ ?Féc%mpéund as defined above for the manu GFédf a
medicament for n-eating a perprg' iferative dr8dtagccessiyliasén paraspeet cthepeisprovided the
use of a compodﬁ@té@]@@fiﬁ@ﬂ’fakia@bedmByhﬂaﬁs&ﬂafm%gmg}?@ﬁ%‘éqg&fgg t{&%i@r}% a CPA resistant

&

condition. 1R @i P, re is provided a lyophilisate comprising IPMaor an analog thereof,
having a structure of formulg%ib%g sﬁﬁgﬁ?ﬁk%h%ﬁﬁ%ﬁﬁEW%HZWWmeimaated

hydroxylated aliﬁﬁﬂt@%ﬁ?ﬁéﬁmﬁ egetimenion; and X and Y independently represent leaving groups. In
a sixth aspect, t@eﬂrgnigaovided a lyophilisate comprising a compound of the formula 9

In a first aspect, there is provided a crystalline compound comprising IPM or an
analog thereof, having a structure of formula D

O
I
Ale D~ Ei:”*- NHCHsCH,X
NHCHCH,Y
@
wherein A is the conjugate acid of a hydroxylated aliphatic amine; and

X and Y independently represent leaving groups.



A+.NHCH2CH2X NHCH2CH2Y wherein A' represents an ammonium species selected from the
protonated (conjugate acid) or quaternary forms of aliphatic amines and aromatic amines, including
basic amino acids, heterocyclic amines, substituted and unsubstituted pyridines, guanidines and
amiciines; and X and Y independently represent leaving groups; and the lyophilisate, when
reconstituted in a dAlihESONGiBPIHaIEN S >90%ipdtenuytior afble astrabiopt3QminutesRATOOM
temperatur@omposidshd SRYEMBRSRES AN AR SAMAHYING dorsialine compound of the there is
provided a Et]gtr.maceutical composition adapted for oral a pharmaceutlcallai/ acceptabsfe diiuent or
excipient and 4 fofmula 9's -0--p-NHCH2CH2X NHCH2CH2Y wherein A' represents an ammonium
species selected ffgm tgxlred proéggggﬁerg &con{ju.%a%z acid) or quaternary forms of aliphatic amines and
aromatic amines, including Basic amind Acids- hBterseydic SRt & ieE RERTE dAstisstituted
pyridines, JUEHdes aheresdicines’; fandotiapd irdepéfidentdispresent leaving groups. In an
eighth aspect, there is provided a lyophilisate comprising IPM or an analog thereof, wherein the
lyophilisate is stadle2OrsAsBsRIBFER T &Rt dastise wiontemiprardinthiefpectbthergsisiprovided a
method of imprdadngetbezeliicreyaf frahamatberapautic.ageptagRPrising administering the
chemotherapeutic agent in combination with a compound as defined above. In a tenth aspect,
there is provided thexuBiobpeonipoarid asdebned pbsnasndhemanpagive of amedisgment for

conjoint aq%@grgg@%\gigmg%mﬁgféutic agent. Disclosed herein are crystalline compounds of

formula (1) 0 P NHCHZCH2X NHCH CH2Y" (1)
Q
A*s "O~P = NHCH,CH,X
NHCH>CH,Y

1)

-wherein A" is a hydroxylated aliphatic ammonium counterion; and

X and Y independently represent leaving groups.

In a sixth aspect, there is provided a Jyophilisate comprising a compound of the formula

0
. il
A"+ "0~ P - NHCH,CH,X
NHCH,CH,Y

wherein A” represents an ammonium species selected from the protonated
(conjugate acid) or quaternary forms of aliphatic amines and aromatic
amines, including basic amino acids, heterocyclic amines, substituted and
unsubstituted pyridines, guanidines and amidines; and X and ¥

independently represent leaving groups; and

the lyophilisate, when reconstituted in a saline solution maintains >90% potency for

at least about 30 minutes at room temperature.
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wherein A+ represents an aliphatic ammonium species; and X and Y independently represent leaving
groups. In certain embodiments, the disclosure relates to pharmaceutical compositions, comprising a
compound of formula (I) and a pharrnaceutically acceptable diluent or carrier. Methods of preparing
such compounds and compositions are also described. Also disclosed herein are a lyophilisate
and a method for producing a lyophilisate comprising isophosphoramide mustard (IPM) and/or an IPM
analog, one or more equivalents of a base, and an excipient. In certain embodiments, the method
comprises contactinga, line salt of IPM or an analog thereof and an aliphatic amine, such as
tris(hydroxymethy] amir1((é)lér:\(}r1§e}'§1}laghs“g(‘i3 e Tor PHNdEfe shammcontanianalpesher ealgapsl Ape, of more
aliphatic amines (pll%‘f%tf%l)/:wf#aﬁé of abeutiteofidRN %@g@%tqﬁ ne&o{ to the amine or amines) with
water and lyophilizitig: thensestlting i kue;,In certain embodiments, t{1enmi%u?é%‘ﬁﬁ“ﬂw@frés@llting
lyophilisate comprise an excipient, such as mannitol, anhydrous lactose, sucrose, D(+)-trehalose,
clextran 40 or povidone (PVP 1(24), preferably rpannitol. Such formulations include lyophilisates,
preferably comprising an excipient, such as manmnitol, anhydrous lactose, sucrose, D()-trehalose,
dextran 40 or povidone (PVP 1(24), preferab “l‘rnba“ﬁﬁif’(’)@gm@ﬁﬁémpound of the formula 0 A+ -0- F-
NHCH2CH2X All-ICH2CH2Y wherein A+ represiit& Ba@putyonium species selected from the
protonated (conjugate acid) or quaternary forms of aliphatic amines and aromatic amines, including
basic amino acids, heterocyclic amines, substituted and unsubstituted pyridines, guanidines and
amidines; and X&HuY MHEFERteRtyropraBentsieaiid GIERURS from AlS fisclosed herein are
pharmaceuti()alxgagmmm rf&ri%lsa i}pi tration,ncomprisin% a p_cﬁaremaceutically
acceptable dilu?rsg{gérﬁxqipien_t andac mpoung as'tiétlo Sttt amd aromaricenaiaseembodiments, the
SO HotR s i dutivreny difchypenpEoltasative. iSRTSIS 0.0, With the

disclosure relate g
compounds pyfainud]atieasidissyssedNgleln. In certai ch embodiments, the disclosure relates to
the treatment of a hyperproliferative disoﬁr%?eé?’saéf%c(% ﬁ%ﬁ’é’lﬁ?@ﬁﬁ%‘&lﬁi@mmfabat&ﬂgukemias
(such as ac é’?yﬁiphocytic leukemia, acute myelocytic leukemia, acute myelogenous leukemia and
myeloblastic, promyelocytic, myelomonocytic, monocytic and erythroleukernia), chronic leukemias
(such as chronic myelpeylic{aranulocytic) leukemia, chronic myelogenous leukemia, and chronic
lymphocytigleuk m'a),%%lﬁ)}g%%& ai%é?d,sI?ﬁ%‘l‘iﬁ)ﬁﬁ,’mlj@i@m&sc@i&gﬁs@gnpmlz,'pq;glgg'g (%rnphoma
(indolent and high GraEE ffhephilisriplie splanaoMildsasionys Magroglobulinemia, heavy chain
disease, myelodyml%stig] ndrome, hairy cell leukemia and myeloﬁspﬁsa&él.wnm‘Additional examples
of conditionﬁ that may 8?‘ reaast%ec?tu§'ﬁ?§"1ﬁé diseidsta mmwmﬁﬁ%ﬁg%@%sié%g dnclyde solid
tumors, suCARYSareRsvtiss agenearcinopriamgnGiging:dHL, NS imited to fi rosarcoma, myXosarcoma,
Iiposarcomfﬁhﬁﬂdﬁ@%ﬂ%’%ﬁgﬂ?@%e@eiﬁns%ﬁ)ma, cyclophospﬁa?ﬁiﬂ%‘ﬁ’égf‘é‘ﬁ&nt sggeomas, and
other sarcomas, synovioma, mesothelioma, A AY% tumor, leiomyosarcoma, rhabdomyosarcoma,
colon carcinoma, Iymphwdickspadigaancys BW&Q@Q%CL%Q% , breast cancer, lung cancers, ovarian
cancer, presta@Sancss, hepatacellular carcinoma, squamofSEeNedreirisiredbasakcellsarcinoma,
adenocarcinoma, sweat 5glan carC|ﬁ’b?ﬁg’,cé’glﬁﬁ%’éﬁiﬁ@ﬂ@l@nwiwwﬁeﬁm@%@&%@inoma, papillary
adenocarcinomas, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma,
bile duct carcinoma, choriocarcinoma, Wilms tumor, cervical cancer, testicular tumor, bladder
carcinoma, and CNS tumors (such as a glioma, astrocytoma, medulloblastoma, craniopharyogioma,
ependymoma, pinealoma, 10hemangioblastoma, acoustic neuroma, oligodendroglioma, menangioma,

melanoma, neuroblastoma and retinoblastoma).
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Brief Description of the Figures Figure | is a scheme illustrating the metabolism of ifosfamide
including the production of acrolein and isophosphoramide mustard. 15Figure 2 shows the X-ray
powder diffraction of IPMTris. Figure 3 shows differential scanning calorimetry (DSC) of IPMTris.
Figure 4 shows thermogravimetric analysis (TGA) of IPMaTris. Figure 5 shows scanning electron
microscope (SEM) images of crystalline IPM-Tris. 20Figure 6 shows a comparison of IPM.(LYS)2 with
IPM.Tris in human MX-1 breast cancer xenografts. Figure 7 shows a comparison of anti-tumor
activity of IP and oral alifftfistligiiofaremisinhumanidsbbreasuaanger xenografts.

Figure 8a shows the viability of RD and RH30 rhabdomyosarcoma cells 25when treated with
IPM.(LYS)2 at various concentrations. Figure‘?b shows the viability of SKES | and SICPNDW
Ewing's sarcoma cells when treated with W(wsgszwa@p.g@mi,@ggﬁcentrations. Figure 8c shows

the viability of 0S230, 0S229, 05222, and SaOS o r cells when treated with IPM.(LYS), at
various concentrations. -4- Figure 8d shows the viabi ity%of SY01 and HSSYII synovial sarcoma
cells when treated with IPM-(LYS)2 at various concentrations. Figure 9a shows the viability of

RH30 rhabdomyosarcoma cells when treated with IPM:(LYS)2 at various concentrations either once a

day or three timasl@;ggyaﬁ%ggg@ﬂ@pagt}g}?ggéggmgg}/u fSOSeéZQ ost%gmsgrg%rgggells when treated
a .

with IPM.(LYS)2 at various concentrations either once a da Of tHree ti ependediive 10
shows that admirffEfratio At e 4kimum tolerated dose (MTD) in the cyclophosphamide-resistant

0S31 osteosarcoma ceiu Igg?agmgl%nted in CRl?.fe ale scid*/* mice for each of three dose schedules

(control, 175 mg/kg daily XI. 106r 100 mglkg Al §C)%3?rfﬁﬁ}ﬁ[6§(§)?h?€§ﬁ1’@iiﬁééignificant tumor growth

delay. Figure lla"shsiieywiophosphiamideoresistance 0534 @siaasarEqma celis.ipplanted in CB17
female scid*/* mice-in.tgems.akihe telative fwg&%rdgoolyme, where treatment comprises administration of

cyclophosphamide a8 comparad 1o tha Gontis! preparing such compounds and
cornpositions are also described.

Also disclosed herein are a lyophilisate and 2 method for producing a
lyophilisate comprising isophosphoramide mustard (IPM)} and/or an [PM analog,
one or more eguivalents of a2 base, and an excipient. In certain embodiments, the
method comprises contacting a crystailine salt of IPM or an analog thereof and an
aliphatic amine, such as ins{hydroxymethy)aminomethane (Tris), or a mixture of
IPM or an analog thereof and one or more aliphatic amines {preferably in a ratio of
about i:1of IPM or analog thereof 1o the amine or amines} with water and
Iyophilizing the resuiting mixture. In certain embodiments, the mixture and the
resuliing Iyophilisate comprise an excipient, such as mannitol, anhydrous lactose,

sucrose, D{+)-trehalose, dextran 49 or povidone (PVP K24), preferably mannitol.
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15Figure 1Ib shows cyclophosphamide resistance in 0533 osteosarcoma cells implanted in CB17
female scid*/* mice in terms of the relative tumor volume, where treatment comprises administration of
IPMe(LYS)7 as compared to the control. Figure 12 shows the activity of IPM.(LYS)2 in terms of
relative tumor 20 volume in the treatment of cyclophosphosphamide resistant 0531 osteosarcoma cells
implanted in CB17 female scid*/* mice (100 mg/kg daily x 3 compared to control). Figure 13
shows the response of SC MX-1 mammary tumors to IP and oral treatment with saline with a dose of
gld x 5. 25Figure 14 shows the response of SC MX-1 mammary tumors to IP treatment with IPM-Tris,
1PM and IPM.(LYS)2 with a dose of gld x 5. Figure 15 shows the response of SC MX-1 mammary
tumors to oral treatmentitith TERPHFEOnP Mdpde brridYisieswite fardbbe whapdisifg, aM@cipient,

2008/124097PC EA5A0RGNA A9y oD Shows: 5 18SRaNTE.of G MXoh mammary tumors
to IF and oral treatmept with saline with a dose ofqld X 5. Figure 17/°shows the response of SC
MX-1 mammary Wﬁ{}? P it ERRIPID MrepRdoiPmdbn oty 8 2iwithrendse of gld x 5.
5Figure 18 shows the response of SC MX-1 mammary tumors to oral treatment with IPM-Tris, IPM and
IPM-(LYS)2 with a dose of gld x 5. Figure 19 sﬁ)ws the effect of MX-1 breast cancer tumors to
treatment with IPM-Tiis in combination wittdexéruBteilwiiatidsi of 12 mg/kg/day IPMTris Q1Dx5
and 8 mg/kg doxorubicin Q4Dx3. 10Figure 20 shovﬁmb@.{ ton survival of IPM.Tris in combination
with doxorubicin with a dose of 12 mg/kg/day IPMTris Q1Dx5 and 8 mg/kg doxorubicin Q4Dx3.

Figure 21 shows dhe.effest onMxXrlbreast cancer tumors, of tr ent with 1PMTris in combination
with doxorubicin with_a dosg%f 24 mg/kg/day IPM- ris_15S Ef %gﬁ?ﬁrﬁgﬁg&o@%&@rubicin Q4Dxa3.
Figure 22 shows {FRREBEEAGHSORGVRICERAPMOTTS #f ebiphbleioimwitndoxorudiciamiithsa dose of 24

mg/kg/day IPMTrisc:QaRx5 AN MIAKIHOKMBITBR NN, subsFIOWE23 %H&‘%En gegifect on MX-1

breast cancer tumors .of treatmiﬁnt with OIF?MTr[s in combination with doxorubicin with a dose of 54
mg/kg/day 1PMT??’§'@??§><§“£H B UYL Sty indepaydeatbarepwenthesstfart on
survival of 1IPMTgupcombination with doxorubicin with a dose of 54 mg/kg/day IPM-Tris Q1Dx5 and

8 mg/kg doxorubicin Q4Dx3.
Also disclosed herein are pharmaceutical compositions adapted for oral

adminisiration, comprising a pharmaceutically acceptable diluent or excipient and a

compound as disclosed herein.

In certain embodiments, the disclosure relates to methods for the treatment of
hyperproliferative disorders, ¢.g., with the compounds or formulations discussed
herein. In certain such embodiments, the disclosure relates to the treatmment of a
hyperproliferative disorder selected from leukemias, including acute leukemias
(such as acute lymphocytic leukemia, acute myelocytic leukemia, acute
myelogenous leukemia and myelobiastic, promyelocytic, myelomonocytic,
monocytic and erythroleukemia), chronic leukemias (such as chronic myelocytic
(granulocytic) leukemia, chronic myelogenous leukemia, and chronic lymphocytic
leukemia), polycythemia vera, lymphoma, Hedgkin's disease, non-Hodgkin's
lymphoma (indolent and high grade forms), multiple myeloma, Waldenstrom's
macroglobulinemia, heavy chain disease, myelodysplastic syndrome, hairy cell

leukemia and myelodysplasia.

Additional examples of conditions that may be treated using the disclosed
compounds and compositions include solid tumors, such as sarcomas and
carcinomas, including, but not limited to fibrosarcoma, myxosarcoma, liposarcoma,

chondrosarcoma, osteogenic sarcoma, cyclophosphamide-resistant sarcomas, and

-3.



25Figure 25 shows the toxicity of1PM-Tris/doxorubicin combination regimen. Figure 26 shows the
effect on MX-1 breast cancer tumors of treatment with IPMTris in combination with docetaxel with a
dose of 54 mg/kg 1PMTris Q1Dx5 IF and 10 mg/kg docetaxel Q6Dx3 IV. Figure 27 shows the
effect on MX-Ireasyica#ier tumors of treatment with IPMTris administere@@itkiéraas/acdege of 36
mg/kg IP or at a dose of 81 mg/kg PO. Figure 28 shows the effect on survival of IPM.Tris
administered either at a dose of 36 mg/kg IP or at a dose of 81 mg/kg PO. 5Figure 29 shows the
pharrnacokinetics of oral and IV administered 1PM.Tris in female Sprague-Dawley rats. Figure 30
shows the AUC tRCTEFEaEIHY HOSOBRPOSHISIARA RUdgadumor, leopyRsaso8ows the Cmax

with increasing dasasiehPa:ekhadmiisierasddIRMpTts higure:32/shonisdhe salstign stability of
IPM in pH 7.0 buffer at 25 C. Detailed Description of the Invention I.IPA/I Salts and Analogs Thereof
15The compositiGh&HiSAR5EEd e MR RIE SH) e PERTARIFESFRNSGHEHENEDE. In certain
embodiments, theAiselosedgalisonchstiennsonmomLatnrardneadai embodiroants;,whs cations
can be a con%ugat? acid of. an amirhe base o can bg. a guatern %gamrgonium Céitj 0. In certain
embodimentg, thé& 8%0%’5%8%?63?5 ﬁ?g%‘g,ﬁﬁé‘uﬁ § gf)ms?i%ep sa oL BNF 878N aﬁalog thereof.
Such compounds:tholugeconystad)imedd mpoumdsafio muleh (i @il < MEI G20 X NEI0-120H2Y
wherein Al represg(y, a0 AMMANIHM SREISS aSlecize) M Ne RIolaNalad AR(CaNbORIR AGIE) or
guaternary forms of hydroxy ai%eg aliphatic amines; and X and Y independently represent leaving
groups. In certairrempotithienis, idreprd YadesT irdeipenderity RRlfogenoprieiminpye Xiamery are the

same. In certain suchSMRAdIMANIRLAREY &8RN Ghrioma, ependymoma, pinealoma,
10 hemangioblastoma, acoustic neuroma, oligodendroglioma, menangioma, melanoma,

neuroblastoma and retinoblastoma).

Brief Description of the Figures

Figure 1 is a scheme illustrating the metabolism of ifosfamide including the

production of acrolein and isophosphoramide mustard.
15 Figure 2 shows the X-ray powder diffraction of IPM=«Tris.
Figure 3 shows differential scanning calonmetry (DSC) of [PM+Tris.
Figure 4 shows thermogravimetric analysis (TGA) of IPM=Tris.
Figure 5 shows scanning electron microscope (SEM) images of crystalline
IPM'T;‘EE‘;. | ) | . - :
20 Figure 6 shows a comparison of IPM=(LY S}, with IPM*Tris in human MX-1

breast cancer xenografts.

Figure 7 shows a comparison of anfi-tumor activity of IP and oral

administration of IPM¢Tris in human MX-1 breast cancer xenografts.

Figure 8a shows the viability of RD and RH30 rhabdomyosarcoma cells

25  when treated with IPM+(L.YS), at various concentrations,

Figure 8b shows the viability of SKES1 and SKPNDW Ewing’s sarcoma

cells when treated with IPM=(L.YS); at various concenirations.

Figure 8c shows the viability of 08230, 05229, (38222, and Sa0S§
osteosarcoma cells when treated with IPM={LYS), at various concenfrations.
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Particular examples of suitable conjugate acids of amine bases include, without limitation, the
conjugate acid of mono-, bis- or tris-(2-hydroxyethyl)amine, 52-hydroxy-tert-butylamine,
N,N-dimethyl-N-(2-hydroxyethypamine, and tris(hydroxymethyl)aminomethane (Tris). In certain such
embodimentsWAR2$8%#njugate acid of Tris. In certain embodimentd, th&' fFjEHttA elates to a
compound comprising a crystalline salt of 1PM or analog thereof wherein the IPM or analog thereof,
and the 10counterion, preferably Tris, are present in a ratio from 2:1 to 1:2, preferably 1:1. In certain
embodiments, the crystalline osition comprise th olymorphic form of.crystals, such
as two, three, four, or etgle%J ?ﬁ/%%;%‘ﬁ”f‘ot?'p \flca%?ig soogg%fs?tgflssl%%ggé%rgls a??’reiffrlwg?‘lr\?g "SGch 1k
embodiments, thevierystedlioie womiidsiior Cemprisesiasmgleipolymorphic form of crystals. In certain
15embodiments, such salts are more stable than IPM and IPM analogs as free acids. In certain
such embodiments, theldamp8antios=terysthiiie saft b Arkebdamo GRipnrasa Frigien Eesteain such
embodiments, thg melingpeiat ofitheicntallingsalichis-patwesn abaut0R-and.abonn 1 0C, about
102 to about 108 C, about 103 to about 106 C, or even 105 to 106 C. 20In certain embodiments, the

compound, &.9., a crystalipg: saltpéasknk tadisiiah PNeTb Tiitsds AloRASicab Gl BQYeapureviad least
about 85% pure,ﬁl@ej%%% pure, at least 95%é)urs%, at least 97% EL%e at least 98% pure, or even at
least 99% pure. Ereaitan sACHEHBSIRREHEIRB RO IRELHE e LEENEE RSB Walght. In certain

embodiments, purity is measuyad ielatys el oliel samARDSNLS e AasamnpsiiaRrfile in other
embodiments (e.qg., wheré the compoun(? is part o%ra pharmaceutical composition or lyophilisate
mixture), purity mayhiseynloasosetareldtivesieias gtadatoisqrocenscelithecoompoteiitegl 7

phosphorous-containiag degragation Peadiiss:at the Sompound) o5 RysPrescts of the anufacture of

the compound (e.g., phosphorous-containing degradation products of the compound), 30thereby
excluding otRer i &M@ﬁﬁ%’o’%@fﬁﬁ% 68)ed $hid B o tumon greattafeEhbodiments, the

compounds are IPM salts or analo%s there%}&hegﬁein,t e salt has a asllf-life at room temg?rature (e.g.,

about 23 QC) in the preSEHES DATERSIHRAT RPGrSRIATIRS ACE FIATERAD STIPMPHT & SHEMA §rA8 acid) in
the presence of \iratésiadlar ¢! Sahmekondlitidhsibe certains sicheeminddimentss vaiutidyl Ssalt has a

half-life in the presence of water that is e léa| 10 or great r than twice as ong as IPM fjﬁel in the
WNEre reatm]g:n %:]mpnses MMIsSIration o %c%\yhos% annde as compared 1o the .
presence of water, more preterably, equal to or greater t ive times. n certain embodiments,

the compounds areniRi salts and analogs thereof, wherein the salts are stable at room temperature in

the presence of water for at least 10one day, two days, three days, four days, five days, six days, or
even aweel®  As uddgWieldih shae i estpsramEls ettt h IR K esANTBARDE analog

thereof after a perigd:aidinme (8 07, eRRITWIR/ AWRINENIRS: JRrRBIRABRE, ixNOBIsONe year, etc.)
is at least 90%, at Jeast 95%, at least 97%, or. even at Iegﬁg 999 oa% the initial uritty,éxghich may be
determined e.g., By FPT COSRG RTRESFANIE TS R s e e]??né’ t)é(?t?ocr?lfﬁ’é)%)f) fth an assay may
be performed, forexamhple, using a Cl 8 column and an isocratic system with a mobile phase

comprising 0.005 M heptafluorobutyric acid and 0.1% trifluoroacetic acid in water. In certain
embodiments, the inverftigareel dtelies [{spratisstesfdEMplising:drcempoohttlefitsd yarenula 9

20 volume in the treatment of cyclophosphosphamide resistant OS31 osteosarcoma
celis implanted in CB17 female scid*/* mice (100 mg/kg daily x 3 compared to

control),

Figure 13 shows the response of SC MX-1 mammary tumors to IP and oral

freatment with saline with a dose of gld x 5.

25 Figure 14 shows the response of SC MX-1 mammary tumors to IP treatment
with [PM=Tris, IPM and IPM=(LYS), with a dose of gld x 5.

Figure 15 shows the response of SC MX-1 mammary tumors to oral
treatment with IPM«Tris, IPM and [PM=(LYS); with adose of gld x 5.



-0-P-NHCH2CH2X 20NHCH2CH2Y wherein At represents an ammonium species selected from the
protonated (conjugate acid) or quaternary forms of aliphatic amines and aromatic amines, including
basic amino acids, heterocyclic amines, substituted and unsubstituted pyridines, guanidines and
amidines; and®O3A¥N2#Hependently represent leaving 25groups. Particul ZCékaripee’éfiSuitable
amine bases (and their corresponding ammonium ions) for use in the present compounds include,
without limitation, pyridine, N,N-dimethylaminopyridine, diazabicyclononane, diazabicycloundecene,

N-methyl-N-ethylamine, dieth ine, triethylamine, dii ylethylamine, mono, bis- or tris-
(2-hydroxyethyDamine, %ﬁ%@‘?&%@ﬁ/@?ﬁ%?ﬁ%@% W%ﬁﬁﬁ@ﬂ@tﬁ%ﬁ?ﬂd oral
N,N-dimethyl-N-(2eyanaxyathyd)aumineh trid(@wyitokyethyDamine and N-methyl-D-glucamine. 5In

certain embodiments, the invention relates to lyophilisates comprisi compound of the formula O
HO-P-NHCH2CH2X NHEE2EH2awitkheeferense td SeNofriulziBroan bejdortedEHmatarent

independently 1%@@@%@@%@@5@@%@@@;@39@ﬁb%@toqgamg{fg)‘rmula, B can be selected from
: 2 . ]

the basic amino acids, acyclic aliphatic amines, di- and tri alkyl amines, heterocyclic aliphatic amines,

aromatic amigpes, substipgé@geai@%myaﬁtiggggl@y@gi@@%wagggﬂg@?mlliﬁogy%wg;jﬁles, and cyclic and
acyclic amidines. Typically, n is from Ito aboutq% such that the formula can include different basic

molecules. With e B IMEREE 15 MHhand i X Sha ¥t d9saing Grotps. A person of
ﬁure includes

ordinary skill in the art V\QQI und%sstl?nd that the illufsm§fgsg£pos horamide mustard struc
[ yasi ¢

an acidic proton, and as Lot exid g“ésre}aso?mﬁ%trﬁ S conjucgiiafgrbtggle(}lé tBﬁ%%%@%‘é’ﬁpH and in the

presence of a badéhétithsas Bnthkeiise M8 bleingablrasieigroup exidtd oredbeiaaitvasiits conjugate
acid at physiolog@gb%l Mi%ggg%%g@g sgggghosphoramide mustard and isophosphoramide
A 4

mustard analogs. Exemplary embdodiments of the disclosed compounds are depicted in Table 1.
10 Figure 20 shows the effect on survival of IPMeTris in combination with

doxorubicin with a dose of 12 mg/kg/day [IPM+Tns Q1Dx5 and 8 mg/kg doxorubicin
Q4Dx3.

Figure 21 shows the effect on MX-1 breast cancer tumors of treatment with
{PM-Tris in combination with doxorubicin with a dose of 24 mg/kg/day IPM<Tris
15 QiDx5 and 8 mg/kg doxorubicin Q4Dx3.

Figure 22 shows the effect on survival of IPMeTris in combination with
doxorubicin with a dose of 24 mg/kg/day IPM<Tris Q1Dx5 and 8 mg/kg doxorubicin
Q4Dx3.

Figure 23 shows the effect on MX-1 breast cancer tumors of treatment with
20 IPM-=Tris in combination with doxorubicin with a dose of 54 mg/kg/day IPM<Trs
Q1Dx5 and 8 mg/kg doxorubicin (4Dx3.

Figure 24 shows the effect on survival of IPM*Tris in combination with
doxorubicin with a dose of 54 mg/kg/day IPM=Tris Q1Dx5 and 8§ mg/kg doxorubicin
Q4Dx3.

25 Figure 25 shows the toxicity of IPM-Tris/doxorubicin combination regimen.

Figure 26 shows the effect on MX-1 breast cancer tumors of treatment with
IPM-Tris in combination with docetaxel with a dose of 54 mg/kg IPMe=Tris Q1Dx5
1P and 10 mg/kg docetaxel Q6Dx3 IV.



W() 2008/124097PCT/US2008/004449 Table 1 0 IBlii . HO-P-NHCH2CH2X n1 NHCH2CH2Y Bn XY
lysine 2 Cl CI NH3 2 CI ClI cyclohexylamine 2 CI Cl N-methyl-D-glucamine

WO 2008/124097 BPCT/US2008/004449

Figure 27 shows the effect on MX-1 breast cancer tumors of treatment with

IPMeTris administered either at a dose of 36 mg/kg IP or at a dose of 81 mg/kg PO.

Figure 28 shows the effect on survival of IPMeTris administered either at a

dose of 36 mg/kg IP or at a dose of 81 mg/kg PO.

5 Figure 29 shows the pharmacokinetics of oral and 1V administered IPM=Tris

in female Sprague-Dawley rats.

Figure 30 shows the AUC with increasing doses of PO- or IV-administered
[PMi=Tris.

Figure 31 shows the Cypax with increasing doses of PO- or IV-administered

10 IPMeTris.

Figure 32 shows the solution stability of IPM in pH 7.0 buffer at 25 °C.,

Betailed Description of the Invention

I IPM Salts and Analogs Thereof

15 The compositions disclosed herein include crystalline IPM salis or analogs
thereof. In certain embodiments, the disclosed salts include one or more cations. In
certain embodiments, the cations can be a conjugate acid of an amine base or can be

a quaternary ammeonium cation.

In certain embodiments, the disclosed crystalline compounds comprise salts
20 of IPM or an analog thereof. Such compounds include crystalline compounds of

formula ()

O .
EH
Ate O- F:“ NHCH,CHoX
NHCH,CH Y
0
wherein A" represents an ammonium species selected from the protonated

25  (conjugate acid) or quaternary forms of hydroxylated aliphatic amines; and X and Y

independently represent leaving groups. In certain embodiments, X and Y are

-7 -



2 Cl Cl NN-dimethylaminopyridine | CI Cl arg n ne 2 CI Cl lysine 2 Cl| -S02CH3 lysine 2 Br -S02CF13
tris(hydrox ymethyl)aminomethane CI ClI

W 2008/124097 PCT/USZ008/004449

independently halogen. Preferably X and Y are the same. In certain such

embodiments, X and Y are both CL

Particular examples of suitable conjugate acids of amine bases include,
without imitation, the conjugate acid of mono-, bis- or tris-(2-hydroxyethyl)amine,
5  2-hydroxy-tert-butylamine, N,N-dimethyl-N-(2-hydroxyethyl)amine, and
tris(hydroxymethyljaminomethane (Tris). In certain such embodiments, A" is the

conjugate acid of Trs.

In certain embodiments, the invention relates to a compound comprising a
crystalline salt of IPM or analog thereof wherein the IPM or analog thereof, and the
10 counterion, preferably Tris, are present in a ratio from 2:1 fo 1:2, preferably 1:1. In
certain embodiments, the crystalline composition comprises more than one
polymorphic form of crystals, such as two, three, four, or even five polymorphic
forms of crystals. In certain alternative such embodiments, the crystalline
- composition comprises a single polymorphic form of crystals. In certain

15  embodiments, such salts are more stable than IPM and IPM analogs as free acids.

In certain such embodiments, the compound is a crystalline salt of a 1:1 ratio
of IPM and Tris. In certain such embodiments, the melting point of the crystalline
solid is between about 100 and about 110 °C, about 102 to about 108 °C, about 103
to about 106 °C, or even 105 to 106 °C.

20 In certain embodiments, the compound, e.g., a crystalline salt of 2 1:1 ratio
of IPM and Tris, is at least about 80% pure, at least about 85% pure, at least 90%
pure, at least 95% pure, at least 97% pure, at least 98% pure, or even at least 99%
pure. In certain such embodiments, no single impurity exceeds 1% by weight. In
certain embodiments, purity is measured relative to all other components of the

25  composition, while in other embodiments (e.g., where the compound is part of a
pharmaceutical composition or lyophilisate mixture), purity may be measured
relative to degradation products of the compound (e.g., phosphorous-containing
degradation products of the compound) or by-products of the manufacture of the
compound {e.g., phosphorous-containing degradation products of the compound),

30  thereby excluding other components purposefully added to the composition.

-8



Compositions and Methods In certain embodiments, the invention relates to pharmaceutical
composition 5comprising an IPM salt or analog thereof and a pharmaceutical diluent or excipient. In
certain such embodiments, the pharmaceutical composition is a solution, preferably a saline solution
comprising 1PWCOIE#H 28T analog. In certain such embodiments, the conceétFaienisitHeyPM salt or
1PM analog salt in solution is from about 3 mg/mL to about 30 mg/mL or even greater. Such saline
solutions may 10be prepared, for example, by dissolving a crystalline compound of formula (1) or a
lyophilisate of IPM or an 1PM analog as disclosed herein in a saline solution, e.g., while stirring at

room temperature. In ceiFr SR FEABHRR SRS SHERSIRE S6URd salprepanele SudsTait the sodium

chloride concentratiertis @equt: A% hdil%te 2:19%n? (63090 (8% 1 eY¥8RS)%er VO
2008/124097PCT/US2008/ 0444%1'“ certain embodjm n ]gfeous solution ma§3 be prepared
dig &

nts, an a

from a crystalline e&HRpUNd 6 %o U%@S?iﬁrlﬂi}@&ﬁlg@%‘ﬁ fERE ¥ & 1RS¢ Ssed herein.
Such an aqueousssititien{evgteinmatehOsimandsoiosic. Salinatstlution kisisiable at reomtemperature
for at least akout 60 majyglﬁﬁf_fig mirgkllqtesé 100 Sr?inu‘ttest 120 minLtties, 140 minutes, ar even about 160
minutes at room tsemperature. M AEaER emboditien %, RS aﬂiﬁé%g?‘ftﬁfcg HY P E6Atula (), such
as a salt of IPM alndgTaid Phd stseisotubitity tnonvatef ofdtr|eastairotir 36 ynedal talOrmagparer i mg/mL,
60 mg/mL, 70 mgéml; ar.even 80 mg/mL. In certain embodiments a crystalline compound of formula
(), such as a salt of IPM and Tris, has a solubility 10in water of at least about at least about 200

mg/mL, at least about 5Q0daeM knRblaASRDME BA%PAMLat19aSHALGHS 1000 ML, at least

about 1200 mg/mL, or even at least 1400 mg/mL. In certain embodiments, the pH of a solution of the

crystalline compotiREF WSS HERiER UBoOTUS RS KEDiR 16, BasH R HetWeePaROERS.0 and 8.5,

preferably beiweenadigutbdang dbeudh€). ucestairlbamnBogiments, dhe.piHaal such a solution is
about 5.0. In certain embodiments, the invention relates to a kit, comprising a crystalline

compound of formula | afmjumthﬁrm}lsﬂmtimn “stabTﬁeTWtﬁsathsgﬂism,osﬁﬂmﬁTMmémbude IPM and
1P analogs thal A IMERAIN anG ot Mate egulctn @t A hass, Resause B ang e

analogs are 20acid labile and are acidic, the presen isclosed lyophilisates offer gre Sérs'ls)%ability as
well as other advENE§EOTFHE HdvantsgEd bt Gistl bset5oYmel deisn 8 Thetemes of atyntiesis, stability

and bioavailabiIjtw/w&e}@nﬁﬁm%@;m&f@%iaa%éﬁui%a@g%rgymmiﬂgeé@_' a4l e present
disclosure. Additignal advantages of the IPM and IPM analogs that are formulated with one or more
equivalents léf a dgélé scattering detection (ELSD). Such an assay may be performed, for example,

using a C18 column and an isocratic system with a mobile phase comprising 0.005

M heptafluorobutyric acid and 0.1% trifluoroacetic acid in water.

In certain embodiments, the invention relates to lyophilisates comprising a

compound of the formula

o
i
A"+ "O~P ~NHCH;CH,X

20 NHCH,CHoY

wherein A” represents an ammonium species selected ﬁom the protonated
(conjugate acid) or quaternary forms of aliphatic amines and aromatic amines,
mcluding basic amino acids, heterocyclic amines, substituted and unsubstituted
pyridines, guanidines and amidines; and X and Y independently represent leaving

25  groups.

Particular examples of suitable amine bases (and their corresponding
ammonium ions) for use in the present compounds include, without limitation,

pyridine, N,N-dimethylaminopyridine, diazabicyclononane, diazabicycloundecene

3
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25may include increased solubility in water or bodily fluids. In certain embodiments, the disclosed
lyophilisates are salts of isophosphoramide mustard or isophosphoramide mustard analogs including
one or more cations. In certain embodiments, the cations can be a conjugate acid of an amine base or
can be a quat&rfaip#iaiitinium cation. Suitable counterions for 30isophospharépiigedimddtard and its
analogs include the conjugate acids (as used herein terms that refer to amines should be understood
to include their conjugate WO 2008/124097PCT/1JS2008/004449 acids unless the context clearly
indicates that the_free ine is intended) .of bases incl,u%_i& basic amino acids, aliphatic amines,
heterocyclic aminef‘ﬁ%ﬁig@g%‘%g?’@ﬁﬁﬁ?‘?@g}‘ﬁﬁéﬁﬁﬁ ARG SHARERY e ARG mines,
the acyclic aliphatisiamineis; ghtlyelychig-aing anyebic denskirtealkyl amines are particularly suitable for
5 use in the disclgsed compounds, In addifi uaternar onium, counterions are examples of
suitable counterio%ﬁlg}?ﬁgi%cgﬁng@%%rgé%eggf éff%lglgh ggﬁ%ﬁs@éﬁ%ﬁ%ﬁﬁﬁ?me may further
comprise an excipieht:SefablerexcipiettinthudeipilarmnatdiNiteditg]lDagnitatiiaahydrous lactose,
sucrose, D(+)-trehalose, dextran 40 and povidone (PVP 1(24). 10In certain embodiments, the
compounds and composhiefi§iBgatbasreiyophiierivodisdiisety herpinlisrestablprasintgom
temperature for atlgashimoweeksratigast three weeks, at least a month, at least two months, at least
three months, or even at least six months. In certain embodiments, the salts are stable at lower
temperatures (e.g., 0 C, 2 C, 4 C, 6 C, etc.) for at least two weeks, at least three 15weeks, at least a
month, at least two months, at least three months, or even at least six months. In certain such
embodiments, the compounds and compositions, such assthe lyophilisates, are stable for at least one
month, at least two months, at least four moﬁ%ﬂ qQr quﬁq‘;‘a.t leastsixmonths at a lower temperature
(e.g., between about 0 C and about 20C, be m about d t210C, or even between about 2
C 20 and about 8 C). In certain embodiments, the lyophili ses an IPM salt or an analog
thereof. In certain embodiments, the lyophilisate comprises 1PMTris or IF{M(LYS%% referably
1PMTris, and in particuIgYW@?é?%B%rﬁﬁo@%ﬁﬁs?ﬁé@%&fm&ﬂ%&?ﬁ@% é)}’lse a bulking

agent, suchias mesigited. tiasa: fueheniembosimant dhmsaltsrars esibad Alpove canineludesamsecond
25amine or ammg]ni m.group. Ln_gne empo%lmﬁr%t, the.gop iIisa[S(()-:'s_ rQ{;}E}:@Iosed herein include more
than one equivalent of Ah Amine 101 el ey EnAiRH B 188k NospHorA ARG gerocychic
isophosphoramidgipiusiaschareal egr:Baicheemizeginiertstidciud entheisei hasingyridménfegeligatios of

amine to isophos ' 0f.iS0 ramide mustard apalogs. In cetain embodiments,
the 30IyophiIisate%t%\@}g&&a?l(ie\ﬁrléjalglg&gﬁﬁwges’Ogrll %?g%%%%grgeaacr)é%%% e{%?r%‘ t?)f% ('l)éﬁgéﬁlhlér%?ﬁ?dzt?nustard or
an isophosphoraaifiet reiathrida tagdermivennecbidbddipreritbasammolsars priditeedrtiomtaining two

equivalents;af amige-hasapalaarinalet %@9@9@%09{?@%%@ ustardoInSeKtaiR.AMRAMIMents, an
ISop

amine base used to form isophosphoramide mustard an osphoramide mustard analog salts
includes more théﬁ*?@ﬁb“ﬁﬂwmﬁﬁgiﬁ; thatthedistpish BerkimbaramidapagsiEdMBRs 8Ebecifically,
certain examplesigfimistibasicdapagdhatibik RecUSakRBEIWRIRMINRO:s its conjugate base at

physiological pH and in the presence of a base such as B. Likewise, B, being a basic
group exists predominantly as its conjugate acid at physiological pH and in the
20 presence of isophosphoramide mustard and isophosphoramide mustard analogs.

Exemplary embodiments of the disclosed compounds are depicted in Table 1.
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groups; such compounds can be referred to as "dibasic.” For example, one suitable dibasic molecule
is NN-dimethylaminopyridine, which includes two basic amino groups. Certain embodiments of a
lyophilisate disclosed herein include isophosphoramide mustard or an isophosphoramide mustard

analog and ori@Q8guR/AEnt of a dibasic amine.

Certai

n isophosphoraffitie yitestdfie4ind

isophosphoramide mustard analog lyophilisates disclosed herein include two leaving groups. Without
limitation to theory, it is believed that the two leaving groups are displaced in vivo by biomolecular

nucleophiles, such as nucleic acids and proteins, thereby cross-linking 15the biomolecules. The term
"leaving group" refers to a group that can be displa

nucleophile. With reference to the

presently disclo$ed compounds, leaving group refers 1o a group that can be displaced to formljan

acid nucleophilg, to form, for example, a

%dﬂjw&#a'g@mﬁiﬂiﬁ}hh{%ﬂ@éies. Examples of 20suitable

aziridinium intermediate, or can be direct%; isplaced ky a bi
t

leaving groups iphclude the halogens and

omolecular nucleophile, such as g nucleic

e slilfonateg-(¢Satkiy one embodiment of the dis¢losed

isophosphoramide analog salts, the compound is a "mixed" leaving group compound, including two

different types of leaving groupsgfor example a h

such as a bromide_and a chloride U.S. Patent Né.6,197,76

alogen and|a sulfogate or two differgnt halogens,

) t0 Struck teaches methods for making

25such mixed lgaving group cgrpeunds. In
improve the reconstituti i

mustard itself Injcertain such emiipdiments, a lyo

- to-a-lyoph

certaim embodimentsg, lyophjlisates gfidisclos¢d salts

lized-breparationh-of-isophosphoramide
HZeg-prepalation-oi-sopnRosphol

philisate prepareddriom disglosed salts oflPM or an

Analan th

analog thereof and-an-exeipient;-such-as-30from

DA .Ar.an
v ur anr

including an exdipient, e.gyciobedkiagimgent, such as nfannit

arapnf ahd -Trie-—-antiaonal:
rraroy-reTrcor ana sy opuaoraity

l, that fds been| reconstituted in a saline

solution (preferably-596-sodiumchtoride)maintai

minutes, 90 min[ﬁes, VeoaimitBsglragminutes,

br evén at |

FaVaYaVWi 4 £ .l 4. 1 i aYal H +.
I1IS"=9U070 POUETICY 101" Al IEA3T aD0UL SU miutes, 60

past abBut 160 minutes.$A certain such

embodiments, djissolving asattof TPMoran anal

prepared from a saltbf NP dAaRarRG theseof,

g thereof,

suchas IPM.TTiS, or a lyophitisate

suchlas IPM-Tris,&hd an optional excipient,je.g., a

bulking agent, sbuch as mannitol, in a saline solufi
98%, or even atleast 99% p iR SF at least abodt 30 minutds, 60

on maintains at Ie%

st 96%, at least 97%, at least
'ﬁutes, 90 minut % 3 houts, or

even 4.5 hours ¢r more at room temperature. In gertai embodimen{i, such :LOrec%th'gﬁted solutions
A

are more stablelthan reconstitlﬁselaelPM-(LYS)Z S

plutiofis under identical condglitions.

ceftain such

embodiments, the IPM.(LYS),]%@aS been reco

1.5 times as fast, at least twice as fast, or even a

least thre

nstitujed degradesgt least 1.25 tigpes.gs fast, at least

or four times ag fast as %he %alt of IPM or

analog thereof. Lakg et RRYGIMEYS Whate
! methene

thereof and an €

the lypphili

hmuorising 1
|l 9

sate comprises a salt of {RM or an analog
PM_or.an analnc thereof, Tris,and

mannitol, the mixture has a solubility in water of at least about 30 mg/mL, 40 mg/mL, 50 mg/mL, 60

mg/mL, 70 mg/mL, or even 80 mg/mL.
11 Compositions and Methods

In certain embodiments, the invention relates to pharmaceutical composition

5  comprising an IPM salt or analog thereof and a pharmaceutical diluent or excipient.

In certain such embodiments, the pharmaceutical composition is a solution,

preferably a saline solution comprising [PM or an IPM analog. In certain such

embodiments, the concentration of the TPM salt or IPM analog salt in solution is

from about 3 mg/mL to about 30 mg/mL or even greater. Such saline solutions may

10  be prepared, for example, by dissolving a crystalline compound of formula (I ora

lyophilisate of IPM or an 1PM analog as disclosed herein in a saline solution, e.g.,

while stirring at room temperature. In certain such embodiments, the saline solution

is prepared such that the sodium chloride concentration is about 0.5%, 0.9%, 2.5%,

2.7%, 3.0%, 4.0%, or even 5.0%.

-1

] -



In certain embodiments, lyophilisates of disclosed salts of IPM or an analog 20thereof are more stable
than a lyophilized preparation of isophosphoramide mustard itself, i.e., as the free acid. In certain
preferred such embodiments, the lyophilisate of the disclosed salts have a longer shelf life than a
lyophilized preparatienza¢isophosphoramide mustard itself, preferably at le&SfitiAceos8dssie), more
preferably at least five times as long. In certain embodiments, the lyophilisate is formed from 25the
Tris salt of IPM, which may or may not be crystalline prior to dissolution. As described above, in
certain embodlments such lyophilisates further comprise an excipient, e.g., a bulking agent, preferably

mannitol. In certain em%&%m@%@%%%&%@%%ﬁggglﬁtb%‘ﬁéﬁbe Q(ﬁﬁf%ﬁéﬁea from mannitol,

anhydrous Iactoseysmreseo%b)ﬁr@bateaeud@wm@anm@um 6Pwmmmeferably
mannitol. In certa:‘? ?_‘lments addition of such.a bulki Sg {%ent ma %ove the %gblllty of the
lyophilisate relativ&*t6°ti ;?S%Hné& AR A B850 /T’? BBt t585008/004449
absence of the blsti{mg)a)gemalm@emmsmp@aﬂdned"menlmﬁubbmmmmwisfstabﬂeam%out -70

C, about 20.C, of. 6.5, 6,6, OY€] & Rerig.oboneanl o e ties faonths, six months,

nine months, one year, ér even two i/ears or more. 5In certain suc |men S W ere tine

lyophilisate comprises abulking, %%Hx%%ae?éﬂém}% é@ﬁ&ﬁﬁ@'ﬁ?%%ﬁ%f'%ﬁﬁ ram ghout 1% to

about 10%, or about 1% to about 5% (w/v) bulking agent, e.g., mannitol. Prior to lyophilisation or upon

reconstitution, suehlEdfriwsiibnganaycshipiyse ﬂ’éf?ﬁ’ abatices ARgHhEdengBlit 45 gL ot 1PM,
and/or an amine gugh Bssbriadma conseniration afaeuhaRid to abauhbaddapreiesably in a roughly

equimolar amount relative to the IPM. In certain embodlments hen preparing the solutlon prior to
lyophilisation, insfe&HH HefeRE YERT ShePERRIAL S SERAS #riglla E’é%aﬁ%ﬁgear%ﬁaﬁéﬁ tebiidy are
added togettier inithexfarat of @srysialine B abus: S asgmac as&sishetﬁim 500 mg/fLcertain

embodiments, the mvthlor’kb%l n%(smg atklléas%(;)arﬁg silggﬁa rxgp sate S(§|§ fll} sx?]d her e|n and a
P |c

saline solution. e compou sclosed herein'may be admlnl ere ora
transdermally, pa&reenertdﬂwtvléﬂﬁ hadAtidn br sptam anﬁbwﬂaydmaﬁimpﬂs@éﬁe@mtdmsa‘gemmt

formulations contaj nl%;lg‘% %ﬂ;%%l nap; lelglp g&?ggéﬁcégg 3385@9@ ﬁiggsb yants and

vehicles. 20In certain em nts parenteral administration of the disclosed 1PM salts and analogs

thereof via injectiaboiat Srefeded’.| AreEety dFHeEIENS, W@Pétﬂl?ﬁﬁ?s?rﬁtléﬁ @Fiwia disclosed IPM salts

and analogg sheregfiisqprRiay ad. WHoer@in enabadimnentscarally. (PO) administered 1PM salts and
analogs thereof show pharmacoklnetlc (PK) parameters similar to those observed with intravenous

(IV) 25administration. The cganismtayike:providsd-dend singletdosagkincehianically,

crystalline compound of formula I and a saline solution.

The Iyophilisates disclosed herein include IPM and [PM analogs that are
formulated with one or more equivalents of a base. Because IPM and its analogs are
20 ecid labile and are acidic, the presently disclosed Iyophilisates offer greater stability
as well as other advantages. The advantages of the disclosed formulations in terms
of synthesis, stability and bioavailability will be apparent to those of ordinary skil! in
the art upen consideration of the present disclosure. Additional advantages of the
IPM and IPM analogs that are formulated with one or more equivalents of a base

25  may include increased solubility in water or bodily fluids.

In certain embodiments, the disclosed lyophilisates are salts of
isophosphoramide mustard or 1sophosphoramide mustard analogs including one or
more cations. In certain embodiments, the cations can be a conjugate acid of an
amine base or can be a quaternary ammonium cation. Suitable counterions for

30  isophosphoramide mustard and its analogs include the conjugate acids {as used
herein terms that refer to amines should be understood to include their conjugate
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dependent upon the particular disease, condition of patient, toxicity of compound and other factors as
will be recognized by a person of ordinary skill in the art. The therapeutically effective amount of the
compound or compounds administered can vary depending upon the desired effects and the
factors noted B8EBE¥E24097 Pharmaceutical compositions for administratiofftt & &B{eteéan include
carriers, thickeners, diluents, buffers, preservatives, surface active agents and the like in addition to
the molecule of choice. Pharmaceutical compositions can also include one or more additional active

ingredients such as aniicrgbial aaenis, s Sinfammatary agents, anesicos arline lie.
Pharmaceutical féfmulations can inciude additional components, such as carrers. The _
pharmaceuticallyiadeéptablsicanriers aséfubfiphtticsenforn blsitony die womgentionslliRemitigton's

Pharmaceutical nces, By WM tin, . CRuhlishin " St.Editien (2006),
describes compéﬂ%&n%%g’n%}/%r?ﬁu at%oﬁésé?gﬁl%{tlggi i%ﬁt_l gﬁgm%gcuti%g%%ﬁ%%%éaigg g!ci%%npounds

herein disclosed. amigenard csbinatdrecpt i aicandernillod penacs ArtheeprdetiareHetle 61

administration bejng gmplayedhEQLNSRNEs PaanteiahirmationsHsalincentairiaiectable fluids
that include pharmaceutically and physmlogmal% accegtable fluids such as water, physiological saline,

balanced salt solGti#HE EsAGHERRIE RyieE 7 Hiedikl serpiermbedEg syt Ebpositions

(for example, powglghipithidablet ratcarswiedoms hxeanventivnalloaxiayiesolicb kasjens aan include,
for example, pharmaceutical grades of mannitol, |actose, starch, or magnesium stearate. In addition to
! ) Bt A BaR A

biologically-neutrAPtAREH Y HEFRTAS BRSNS BE: 8EF A KR inor

amounts of non-tpxigdamxi{EamP20ststances, such as wetting or emulsifying agents, preservatives,
and pH buffering agents and the like, for example sodium acetate or sorbitan monolaurate. In
certain embb#iments, aldisettsrdrobadpoand, s forrmilared seananoracdsisagestsinissiieh as a pill,

tablet, or capsule; i, certain, RS (NE- QR LS AIEAAER A8 A CANRY I8 182N &8RS,

embodiments, such oral dosage forms comprise at least one excipient, glidant, diluent, lubricant,

and/or disintegyafit a#clresveteh Enmstmd; alieas dexrpiihts 2girasit camemts: Ribricants,

and/or disintegragtsinglude; Hut-asecnot linitadifcsialsdfdaed silicandipxidsstaneygalcium silicate,
magnesium carbonate, magnesium oxide, magnesiym laury| sulfate, sodium gaur I 308%:‘?@’ lactose,

microcrystalline c@ffﬁﬁS&%?rﬁ?(ﬁ?(ﬁ(yBrWrﬁgtrﬁll eNutosdCddStAdEe I D €8 ShicTo B SH%h, starch
derivatives, calciumakarhohate a didashc adteistmyyWey200 81 240 AFREHIBROOBIA 44 R ast

six months. In certain such embodiments, the compounds and compositions, such as
the lyophilisates, are stable for at least one month, at least two months, at least four
months, or even at least six months at a lower temperature {e.g., between about (¢ °C
and about 20 °C, between about 0 °C and about 10 °C, or even between about 2 °C
20 and about 8 °C). In-certain embodiments, the Iyophilisate comprises an IPM sait or
an analog thereof. In certain embodiments, the lyophilisate comprises IPM-Tris or
IPM(LY S}y, preferably IPMe=Tris, and in particularly preferred embodiments, such

compositions further comprise a bulking agent, such as mannitol.

In a further embodiment, the salts described above can include a second
25  amine or ammonium group. In one embodiment, the lyophilisates disclosed herein
include more than one equivalent of an amine for each equivalent of
isophosphoramide mustard or isophosphoramide mustard anaiog. Such
embodiments include those having non-integer ratios of amine to isophosphoramide
mustard or isophosphoramide mustard analogs. In certain embodiments, the
30  lyophilisates have a two to one or three to one ratio of amine to isophosphoramide

mustard or an isophosphoramide mustard analog. In working embodiments, salts
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phosphate, magnesium carbonate, magnesium stearate, calcium stearate, sodium stearyl fumarate,
polyethylene glycol 4000, polyethylene glycol 6000, sodium benzoate, light mineral oil, hydrogenated
vegetable oils, stearic acid, glyceryl behenate, insoluble ion exchange resins, sodium starch glycolate,
sodium carbojydnayleéifilose (croscarmellose sodium), gums (e.g., agar F§UIAy Sxes#Em? alginic
acid, sodium alginate, and crospovidone. In certain such embodiments, the oral dosage form
comprises a compound as disclosed herein and at least one excipient, glidant, diluent, lubricant,
and/or disintegrant; preferably at least one excipient, glidant, diluent, lubricant, and/or 10disintegrant
that is suitable foWﬁfﬁﬁE@gﬂS‘W\ﬁﬂW%ﬁ'ﬂ%F&’é)c?)?ﬂbvﬁmg%ofégﬁﬁq haserRshFetih erhBbdiments, the oral
dosage form compsises stideasidenauexeipientglidantn ciltieninitbicants angld axeisintegrant selected
from microcrystalline, cellulose,. lactose, sodium carbaxymethylcellulose, magnesium stearate, dibasic
calcium phosphatto LUa T ST oA S SR T EEh IS B o,
certain embodimenis; éraisolosedcognpauyndds fesmulatéd formadinmistiation. folfddraman subject. In
aspect of this embodipent the pharmacsuiical gampositonncludes.fiom ahgut 0.4 maimi, to about
250 ing/mL, Such B&from about 20 1o about 100 mg/m of the compounH of an I%WI' salt or analog
thereof. 20In onegZeprtGtwrtamEmbddimrdrtsdépehieracabitiesicCofpositioat avedewmtalited into unit
dosage forms. Fqf EXACTRIRSHEUNNIBRAGR BIRSGAARBIAIR (IPMARG L B1G.L0:3RRHb 100 ma or
100 mg to about 1500 mg, such as from about 5 mg t0 about 200 mg or 200 mg to about 1500 mg of a
disclosed IPM salférzndic tietabrierassage isnbihsaertintlessdodivia s ¥eiosage unit may
comprise about 254 5nMghaReMt SRR UL 4R PREsARP O MesAROHE /684 BReVen about 77 mg
of a disclosed IPM salt or analog thereof, It is specifically contemplated in some embodiments that
the present CbmpBhHest &t M4 88 Y% injected and/or implanted drug depot, for instance

comprising multi-vesicular liposomes such as jn DepoFoam. (SkyePharma, Inc, San 30Diego, CA)
(sec. for nstance. Chant i B RACH AL o TS S S Rt Be Sy Bk s 1098,
87, 1341-1346; Yb’faihﬂli,sate@di_suicbéddkeasfe mwﬁMQ_lwﬁW@n@HW@@mﬁﬁdn2@01, 7,
219-227).  Meieds g dlisclosad iRcein Ry aaina.andliensielaracialzeg by abnoimal or

pathological proliterative activity or neoplasia by administering one or Smore of the disclosed
compounds and &prpdeiubRSusisoplidRsesuch avsifitosdhart arrsanteitseb dceoreivigkivhe

disclosed mgfhodjipelisgle thaseschalastarized by abrprmal eell wrowtbuandior differentiatiea, such as

cancers and other neoplastic conditions. Typical examples of proliferative disorders that can be treated

using the disclos@d BSHPRIEE -l BIHFESIH0 R A @ TR R b ROt e ol K¥iEtological
tumors that can bg-digate@rtsingdRecampantdsianthcampdsiiions distiosachheraindociider
leukemias, including }?CHIQ I uIFjemias ch as acyte lymphocytic, ,
leukemia, acute n‘;ﬁ/e (?gelﬁcc?ug etkértia and rﬁ’%?o%i%sﬁc,uﬁr%rﬁfe%&f |c,arsna§/3}locn"elbcnocytic, monocytic
and e_rythroleukemﬂal)f;(gﬁriﬁnitpIﬁukerfdasﬂguphaﬁebﬂﬁgrhmemgewﬁé%@mﬁslq&yﬁe‘)ﬂ@kJémia,
chronic myejggenousieukemia. ADG.SRRMGI MRS BRI RANG YRR VEaymphoma,
Hodgkin's disease, non-Hodgkin's

embodiment of the disclosed isophosphoramide analog saits, the compound is a

Ic leukemia acuEe. ma%?éocytic

“mixed” leaving group compound, including two different types of leaving groups,
for example a halogen and a sulfonate or two different halogens, such as a bromide
and a chloride. U.S. Patent No. 6,197,760 to Struck teaches methods for making

25 such mixed leaving group compounds.

In certain embodiments, Iyophilisates of disclosed salts improve the
reconstitutional stability as compared to a tyophilized preparation of
isophosphoramide mustard itself. In certain such embodiments, a lyophilisate
prepared from disclosed salts of IPM or an analog thereof and an excipient, such as

36 from IPM or an analog thereof and Tris, optionally including an excipient, e.g., a

bulking agent, such as mannitol, that has been reconstituted in a saline solution
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lymphoma (indolent and high grade forms), multiple myeloma, Waldenstrom's macroglobulinemia,
heavy chain disease, myelodysplastic syndrome, hairy cell leukemia and myelodysplasia. 20Additional
examples of conditions that may be treated using the disclosed compounds and compositions include
solid tumors, suchas/sarmreemas and carcinomas, include fibrosarcoma, mygegarcorsmgdiggsarcoma,
chondrosarcoma, osteogenic sarcoma, cyclophosphamide (CPA)-resistant sarcomas, and other
sarcomas, synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma, 25rhabdomyosarcoma, colon
carcinoma, lymphoid malignancy, pancreatic cancer, breast cancer, lung cancers, ovarian cancer,
prostate cancer, heg&iskdndrediumeiaridshmmitireaiP e apisnty, 9a8hl Bl daiABma,
adenocarcinoma gweat Hangsateinamansehacesus aiendiearsinema, faRiliay cakcma, papillary
adenocarcinomas, medullary carcinoma, bronchogenic carcinoma, renal cell 30carcinoma, hepatoma,
bile duct carcinom® EH8HEEarcinoma, Wilms' tumor, cervical cancer, testicular tumor, bladder
carcinoma, and CNS tumors (such 35 3 ligma askocytoma, medylipblastoma, eraniophigryogioma,
epend ymoma, pinealoma, ﬁemanglob%s oma, Acoustic n roma, o |god%n(§}og Ioma, merangioma,
melanoma, rieurchidsterifdvaiidsstinoblastonsal: ncpertdifrembediméitdthe sompbuytisrdidclosed
herein are superigrp £\ ROL (08, A19nG AAANSLERARNAIPTin% RUSIANLIUMGT giauih, Jherefore

one aspect of a method osed herein Includes treating a subject having a CPA and/or Ifds resistant
neoplastic conditieriwatinaroipNes e BHaRaRId e G distiesdtf Hersileast S8FesotEsdrmbodiments,

the compounds disclpsed, hereinsxhilit teducad toxigity-a5:6qMPRAEd 49 RMAANG/REIfoS:For
example, high doses of CPA and/or 10Ifos may result in increased kidne%, bladder, and/or central

nervous system tB%€itles MUEStof tRETHEJEAEL BIEsrAFE mEtABTRtR S BEth¥dhcetaldehyde and
acrolein. In ppMmeresphafdimanisuthepresani-campeunsdsrtednaaacavoid-prodyctionaithese or other

toxic metabolites while retaining efficacy. The present compounds th provide therapeutic
roatment while rA0HE i HEISABIL B B b S RS R0y S bt
nervous system mmmmmma%mmm&wmewm&m daCRAlenstfof HossAedardingly, the
present compounds.areasluf, s sHBSHUIERar GEAARAIONIS o mECLGHETIAIS, (PR ATEcENt

ulin r blood cell and b

compounds are uset preparing patients fo one marrow transplants. CPA and Ifos
are often used in#sidod Beie@dand bone marrow transplants, and the present compounds represent an

advantageous alternative, for example, due to the present compounds' reduced toxicity profile and/or

increased pbtency. AddiicFFaIR" FERNEEERT 6 oY MRE s BB BRSOy &t ATIRIIPEEN and bone
marrow transplanigaifeteirdiRidand-iopiere, NRRROPHaL IREex@mplesiwh BrRI ighdesks: of CPA

and | fos prove too toxic. The 25present compounds may be administered minutes, hours, days,
ecks. of monthd ST 1o DR TERRNE pUIREC G Sy ST BLRS BAEH TS The (RSN horcover,

the present compophok, Haybérdd Finistérdd 60 sipghel. (Altiplen bna/oveapatipgrdosage forms and/or
in association with other agents in preparation of the blood cell or bone marrow transplant. 30In certain
embodiments, the presdfitcEsitipGurbs aneisdianbiisyrfind disglosed salts of IPM or an analog

20 thereof are more stable than a lyophilized preparation of isophosphorammde mustard
itself, i.e., as the free acid. In certain preferred such embodiments, the lyophilisate
of the disclosed salts have a longer shelf life than a lyophilized preparation of
isophosphoramide mustard itself, preferably at least twice as long, more preferably
at least five times as long. In certain embodiments, the lyophilisate is formed from

25  the Tris salt of IPM, which may or may not be crystalline prior to dissolution.

As described above, in certain embodiments, such lyophilisates further
comprise an excipient, &.g., a bulking agent, preferably mannitol. In certain
embodiments, the Iyophilisate comprises a bulking agent selected from mannitol,
anhydrous lactose, sucrose, D{+)-trehalose, dextran 40 and povidone (PVP K24),

30  preferably mannitol. In certain embodiments, addition of such a bulking agent may
mmprove the stability of the lyophilisate relative to the lyophilisate formulation in the
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regimens for blood cell and bone marrow transplants, for example, as substitutes for - 20 - CPA
ancUor Ifos. Moreover, the present compounds can be administered without using protective
measures, such as mesna and/or intravenous hydration that are often used in association with CPA
and Ifos. In ari@thaentdedtiment, the present compounds may be used in COMBIRZRIBABHIth CPA
and/or Ifos, for example, in preparing patients for blood cell and bone marrow transplants and in
conditioning regimens for blood cell and bone marrow transplants. Compositions comprising one or
more of the present compounds in_.combination with CPA and/or Ifos offer additional benefits, such as

reduced toxicity aSERSEIRLTRREEIBS IR, JUSFERHHbRSIRIE B St A BB RIfBbdiments of

the method a subjestiés:aghpinistered o apout0q? medkpiday o, abetk 2epgdialayoh@,disclosed
IPM salt or analoi? thereof. F%exam(g%e, from abt%ut 0.5t0 abﬁ)’;t 10 m%kg/da , such as from about 1
to about 7.5 mg/KJA&YBHE LS d BB oaRE T BE BERIIBret ts 8 <lbfe oY AN B8k Fin

embodiments, IPMpan analog or a salt thereof is administered to a 15 subject at a dose (e.g, daily
dose) greater than about 1.0 g, greater than about 1.5 g, greater than about 2.0 g, or even greater
than about 25 g. In certhinetalsotivhemgothueptywshftdshPivamislisaty coprosssedndking, 2.5 g, or

even30¢.  Ingeitaenindimensnfibonanaionereohisadmiieracia feyhject as a

salt such that the dose (e.g., daily dose) of or the analog thereof 20 (i.e., taking into account only

the IPM anion of #heWditaiscrbistotnfig e kmigrestitteZodtiitelioh Sriatier CahPEARMLBT the

composition) is grgRterdhaRatest Qe caresisktanaAbdLR 6.0 Marealssthan Abakt @8 g, or even
greater than about 1.0§5In certain embodiments, IPM is agLrH;nistered in a com osi'%% as disclosed

herein at a dose §FE4tertHEAALGHL0% G UABAIAGS SHS §§Sg‘,“g*}é:8P€F‘i‘W§ﬁoéb ¥ g, or
25even greater tham @boutl i05gviepgefepHly abeub?zhly, & 5igoti evend Bfative Wnleeifain In
embodiments, a %%g@e of an,IPM saltlfq)r analoa%

.thereof comprise a | amount of IPM or analog
SRESURE S T TPRPnIoh O Tt Sh oLt nE ndBIGRe S the

thereof (i.e., taking it account on
counterion or otheddogmbvients aiitie ooinpoditiomstiameisigraatgrtitals aboye @ 8dgledreater than

about 301.0 g, greaiey, (oan,abolt 1.3 9 ALENRR-AAG LA, ADAHER;0% nYS,
2008/124097PCT/US2008/004449 In"certain embodiments, a dose of IPM salt or analog thereof

may be administered from Qpasameaintbiee Hmps aMmeekifive tines aWeskspaGe a day, or even
twice a day, greferably once a day. In certain such embodiments, a course of an IPM salt or analog

thereof may' Be ad¥ARiEAEds hstesed dsirde 18R SOPRHHEIE B bnsecutive doses. In certain
embodiments a course qf treatment cpmp. ise administering .a.dose,of an IPM.salt or analog
thereof once a day for S FIAETAL By Goye e e O SR e may be on
consecutive or ndrieodsevtliverdepéiiizerviaimerhibodimentsy asingley desdifangstcaedaily dose) may
COMPrIS€ MOr€  4asage unit formulations containing conventional non-toxic pharmaceutically

acceptable carriers, adjuvants and vehicles.

20 In certain embodiments, parenteral administration of the disclosed IPM salts
and analogs therecf via injection is preferred. In certain embodiments, oral
administration of the disclosed IPM salts and analogs thereof is preferred. In certain
embodiments, orally (PO) administered IPM salts and analogs thereof show
pharmacokinetic (PK) parameters similar to those observed with intravenous (IV)

25  administration. The agents may be provided in a single dosage or chronically,
dependent upon the particular disease, condition of patient, toxicity of compound

and other factors as will be recognized by a person of ordinary skill in the art.

The therapeutically effective amount of the compound or compounds
administered can vary depending upon the desired effects and the factors noted
30  above.



10than one dosage form, e.g., a single dose may comprise two or more capsules, tablets, or pills. In
certain embodiments, a daily dose comprising multiple dosage forms may be administered all at once,
or subsets of the dosage forms may be administered at intervals throughout the day. In another
embodiment SV th&Phadbt, a subject is administered a dose (e.g., 15 a dafiyd6sE $#iHiHoout 1 to
about 1500 mg/m2, such as from about Ito about 700 mg/m2, about 5 to about 1000 mg/m2, about 5
to about 700 mg/m2, about 5 to about 500 mg/m2, about 600 to about 1200 mg/m2, about 100 to
about 1500 mg/m2, abo% 30 go aulgi%&tg%(l) nggt/irgnz,%po Ij[nlrgso %g égo ngg(rfpa%, io&g m about 10 to
about 100 mg/m2 of an RMSaE o Andl ogpfhereo? a8 dictlosed hdreis: Fot example, about 10 20m2,

about 12, or evercddienghin2keners|midertdsntedibodimenteof thesnétioet foretrgating i/ prer-proliferative

disorders disclosed herein..a disc X ini : ' ltiple daily
dosing schedule%%@sluc% eiﬁr?%%%ir{r?gr%% t%gi ggr%%%u%ﬁ?@é%@h%ﬁ%e%@ ﬁ%%%ig %%1%5655 and on as

many as five differstitdiayis: th oatcadpbisrel astitipleestaiy deding sthsaudsatpscesmpdund is
administeredsto the subieton cansecHive daySmausb pelremue i dive £eRaacutivedays.

Alternatively, the compound’is administered to the subject on non-consecutive days, such every other

day.  In certaiSrIBGARHENE 6PRMOPSEtRCH AR 6F it AdaiRtHEIAFRIRRIRCSRSHRIS is

administered to ac.gybipctiaradditigndotha prasantivdiselasedeampernds30andcompasitions. For
example, additional therapeutic agents_can that can be used include microtubule,bindiﬁg?agents, DNA

intercalators or cra&Mffkers, IDNA V851, aik SuRIHsGRs, BRIRTAGor RNAEASEARoN inhibitors,
antibodies, enzymes;idaz ymeapiodibitersng éneegisatons: Anelfor singiogenesis tuibiorst the
MicrotubuIelpindinég%%e%ﬁ{ers Hti(%.ar‘i Oas%gnt that interacts with tubulin to stabilize or destabilize

microtubule form& ereby?rier% 1|?|Cng cell division. 5Examples of microtubule binding agents that

can be used in conjunctignwith, [Pl AN, A0alag. .2:sALIRALSaLNGlude puithell lpliatign. paclitaxel,

docetaxel, vinblastine, vindesine, vinorelbine (navelbine), the epothilones, colchicine, dolastatin 15,
nocodazole, podégRyEstEivRReRBiERINY &haloy sk e Bt dPausk éem psumss also can be

used and will be kpawa tajﬂa@a%@eqﬁminawﬂ{uhmpmmc%&ﬁ@rﬁmgaﬁ&@@&h@yepothilones and

epothilone analogs for inc%fqration into the present compounds are described in International
Publication No. VBes S0 845 SUGHHAS A Gh SRR eida sPURf ol Al aterd el S kSIS, such as
paclitaxel and dogglrset deReehseptydoelievedt tibaspavtaidrryFusesiidias therapedtictagents in the

tly disclosed .E | f additional ful taxoids, 15i di | f
resenly decooct PSS SR o il gkt S dngpone

urram et al. and
5,912,264 to Wittraarcet @n, wathlaffarhismipingorporated kergindsy oéferendelidatsoentitetyh,

Suitable DNA angjor, RINASANSEHpHON FEQIMRIONS, BRI YA Imaton, ACReAYER D.
daunorubicin, doxorubicin and derivatives and analogs :
compositions to be administered can contain minor amounts of non-toxic auxiiiary

20 substances, such as wetiing or emulsifying agents, preservatives, and pH buffering

agents and the like, for example sodium acetate or sorbitan monolaurate.

In certain embodiments, a disclosed compeund is formulated as an oral
dosage form, such as a pill, tablet, or capsule; In certain embodiments, the oral

dosage form is a capsule.

25 In certain embodiments, such oral dosage forms comprise at least one
excipient, glidant, diluent, lubricant, and/or disintegrant. In certain such
embodiments, suitable excipients, glidants, diluents, lubricants, and/or disintegrants
include, but are not limited to, talc, fumed silicon dioxide, starch, calcium silicate,
magnesium carbonate, magnesium oxide, magnesium lauryl sulfate, sodium lauryl

30  sulfate, lactose, microcrystalline cellulose, hydroxypropylmethyl cellulose, dextrose,

glucose, sucrose, starch, starch derivatives, calcium carbonate, dibasic calcium

17 -



20thereof also are suitable for use in combination with the presently disclosed compounds. DNA
intercalators and cross-linking agents that can be incorporated into the disclosed compounds include,
without limitation, cisplatin, carboplatin, oxaliplatin, mitomycins, such as mitomycin C, bleomycin,
chlorambucil, Bj&rpHoEMamide and 25derivatives and analogs thereof. PCEONERM&M#HEE]s inhibitors
suitable for use as therapeutic agents include, without limitation, methotrexate,
5-fluoro-5'-deoxyuridine, 5-fluorouracil and analogs thereof. Examples of suitable enzyme
inhibitors for use in combination with the presently disclosed compounds include, without limitation,

camptothecin, etGP6SIALSIHHESHIE, BRI ARG IRV 4R ARA S G e "8uitable
therapeutics for ugeawitifuthe: pee senibyigisatogbd aornpaunrds-thalcbafieaicgenctegdation include
agents that resultbin increis d or de reﬁseddexgre%si n of OEF orlmotrem%aneé, siuch as, without
limitation, raloxifer?g;‘zg@’%ez { tié‘?ﬁ%e;r - iza}'}%-ra %rﬁay%yt}’&%%a; aerﬁlo%fgeﬁ, -ﬁ?f o%o}'tcaeﬁ:\[oxifen,
mifepristone and déruatlyy éssaindianalegsithere ofshAngiodene sisitthihitorsiareddiomn in the art and
examples of suitaig 0angiaaencsisaniblors naude. pinoul ImVaten, anolastaln a3

| d s())ﬂ Tin, inter r%r%’?“aﬁ’ . '

staurosporine, genls_te_ﬁi(mu agillin, medroxyprogesterone, min, | pha,
metalloproteinaseéligihibitoid, Joiditerie thzome. 4ndomarsstdencthromobospondin, endostatin, thalidomide,

and derivatives and analogs thereof Other therapeutic agents, particularly anti-tumor agents, that may
or may not 15fall under BhefBrimseisrihedimedindhaons dsRas e HERUTEIRC ISR Stration in

combination with dheipsesepihitisalesrdconpoundsn Byimaytof @xamplerisueh ageats include
adriamycin, apigenin, rapamycin, zebularine, cimetidine, and derivatives and analogs thereof. In
certain-embodim Wé‘,“fﬁ@?bﬂ?féfﬁgfyéﬁg%ﬁ tHErEOF RS §f@’r§hﬁ“ﬁ§é§ﬁ1%{aﬁ%} With a DNA
and/or RNAltransiikptignaeghiatorssighi et dtvarubitcin. ditbertaig sdtepriative vempedinients, the 1PM
salt or analog therelgf.is adﬁnini%te{{ed inc mbini';\td'on Wilih a microtubule inq[i)n agent .sutch as

CErtaln such smpodqiments e 0ra Sape 1o COmprises at least o Cipient,
docetaxel or paclltaxeﬂ In certain embodiments, Eombinations as described herem may be
synergistic in natghslamedibirytthetribatherdise diisrefioonbidvsicd Mbinatioreof el M salt or

25analog thereof and;ie AbRLINCIARGHEGAIERGh IR IIRALEE ARG SHRRINE dibasic
calcium phosphate, sodium starch glycolate, hvdroxypropylmethyl cellulose and

15  mannitol.

in certain embodiments, a disclosed compound 1s formulated for
administration {0 a human subject. In aspect of this embodiment the pharmaceutical
composition includes from about 0.1 mg/mL to about 250 mg/mL, such as from

about 20 to about 100 mg/mL of the compound of an IPM salt or analog thereof.

20 In one aspect, certain embodiments of pharmaceutical compositions are
formulated into unit dosage forms. For example such unit dosage forms can contain
from about 1 mg to about 100 mg or 100 mg to about 1500 mg, such as from about 5
mg to about 200 mg or 200 mg to about 1500 mg of a disclosed IPM salt or analog
thereof per dosage unit. In certain embodiments, a dosage unit may comprise about

25 15 mg, about 30 mg, about 45 mg, about 60 mg, about 75 mg, or even about 77 mg

of a disclosed IPM salt or analog thereof.

It 15 specifically contemplated in some embodiments that the present
compounds are delivered via an injected and/or implanted drug depot, for instance
comprising multi-vesicular liposomes such as in DepoFoam (SkyePharma, Inc, San

30 Diego, CA) (see, for instance, Chamberlain et al. Arch. Neuro. 1993, 50, 261-264;
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individual effects when the two or more agents are administered separately in the same amount.

In certain such embodiments, such a synergistic effect may permit administration of sub-therapeutic
doses of the IPM salt or analog thereof In certain 30such embodiments, administration of a
sub-therapeutlE @848/t teduce or avoid a WO 2008/124097PCT/US2008/004%4B Siddidffect
associated with higher doses of the IPM salt or analog thereof, e.g., the methods of the present
invention may be advantageous over existing combination therapies by allowing conventional
anti-cancer agents to exert greater effect at lower dos:%e. 5In certain embodiments, the efficacy of the

additional agent S #hgiclelt WHER atfthinfEter8d ik édmbittion Shith. dn FeNF dteli2an &l thereof. In

certain such embgdinsentsdhaadtitienalagent iscmehemptbepapgutic, including, but not limited to,
microtubule binding agents, DNA intercalators or cross-linkers, DNA synthesis inhibitors, DNA and/or
RNA transcription inhibitdeshabtivodiesioeas wres; Oenzyimednhibitors cyenesaguddtors, and/or
angiogenesis inhjbitors. In certain such e diments, the efficacy. of a,microtubule. binding agent,
e a docetaxel o S B B TR o
analog theredf Inreertaif thitdiprdtises swohpermds dirdextaptisésiefficacysobE®NA and/or RNA
transcription inhibitor, such as doxorubicin, is improved when 15administered in combination with an

IPM salt or analog therdepifiterathab ABctiMments reIdnedathsrardrsgimadot iwageTrs.  As
used herein, the igsR Sub:theraresyiciRsancludesadase dhal maysiabiiza g Jedure.4umor

volume, but would not be considered an_effective treatment at that dose, or even a dose that alone

provides no mea&lifBlEtnerRistif WHEED S0 1A EATRATBMBGH M MY S PPt S EHAEY thereof

is administered apa:tase obapatt 10QImgdeabpui:RRAmgcahautibi meiisabestd00 mg, or even
about 175 mg to about 300 mg. In certain embodiments, the IPM salt or analog thereof is administered
at a dose ofi@ibout 150 mgzmabmatcl iEmatplapoat 185 thavenbiIG g, whntti200mepualdeut 225 mg,

about 250 mg, a*%%ﬂtc%ﬁ%@ﬁio%%&@s%@ﬁé?&n%}?&ﬁdﬁg?e%k%&%’s‘?ﬁ‘n@ﬁx‘&ﬁ?&’&@%aﬁk%é@i” Such

embodiments the IPM salt or analog thereof that is administered at such doses is administered orally.
In certain such efiBeldrherise hamRE ik SHissTaiageHEr ctYdleat i AgilimsteA6Hit combination with

doxorubicin at a desgEARAUEHIEHTICLIR PRI KAQEY: Pgéqt{)@}gcmgg&@p&gc%gjmg, or even about

115 to about 150 mg. In 30certain such embodiments the IPM salt or analog thereof that is

administered in CBSTRRGIRANL TR HERGRIGRIF ACE oS BHsBYt SHeME ChbsiR TY8IAfg i Sbout 115

15  (granulocytic) leukemia, chronic myelogenous leukemia, and chronic lymphocytic
leukemia}, polycythemia vera, lymphoma, Hodgkin's disease, non-Hodgkin's
lymphoma {(indolent and high grade forms}, multiple myeloma, Waldenstrom's
macroglobulinemia, heavy chain disease, myelodysplastic syndrome, hairy cell

leukemia and myelodysplasia.

20 Additional examples of conditions that may be treated using the disclosed
compounds and compositions include solid tumors, such as sarcomas and
carcinomas, include fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma,
osteogenic sarcoma, cyclophosphamide {CPA})-resistant sarcomas, and other
sarcomas, synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma,

25  rhabdomyosarcoma, colon carcinoma, lymphoid malignancy, pancreatic cancer,
breast cancer, lung cancers, ovarlan cancer, prostate cancer, hepatoceliular
carcinoma, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat
gland carcinoma, sebaceous gland carcinoma, papillary carcinoma, papiliary
adenocarcinomas, medullary carcinoma, bronchogenic carcinoma, renal cell

3¢ carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, Wiims' tumor, cervical
cancer, testicular tumor, bladder carcinoma, and CNS tumors (such as a ghoma,

19 .-



- 25- WO 2008/124097PCT/US2008/004449 mg, about 125 mg, about 135 mg, about 140 mg, about
145 mg, about 155 mg, about 165 mg, about 175 mg, about 185 mg, or even about 200 mg. In
certain such embodiments the 1PM salt or analog thereof that is administered in combination with
docetaxel at ardpz@wizaout 50 mg to about 200 g, 5about 75 mg to about EXOBURSLHPENEN about 80
to about 190 mg, In certain such embodiments the WM salt or analog thereof that is administered in
combination with docetaxel at a dose of about 50 mg, about 70 mg, about 80 mg, about 90 mg, about

95 mg, about 100 mg, about 110 m%,&about 120 mg, about 130 mg, about 140 mg, about 150 mg,
about 160 mg, aB¥itY IO HRGREBHYIRVIBERE: %BWE%?&R% gygﬁdiﬁﬁ%%tpﬁglﬁ{a;a’llLDeﬁnitions

The following explanatiopsighiermnsandiRxamplas, viepreridegdionbstietdagrihe theprasent
compounds, compositions and methods, and to_guide those of 15ordinary skill in the an in the practice
of the present diSGIgShes R ﬁ%r?g%gjﬁﬁ‘&)@‘@ood that the terminology used in the disclosure is for
the purpose of describing paiculas embodiments and sxamples.on'kanel sghtepdee.ga be limiting
Ranges can be expressed herein as from "about ore particular value, and/or 20to "about" another
particular vafue. Whtns siech sgramy &R exptasJéok waistir temiroglipiaht ihbluefessitomamedne

particular value ?J&%;t@%@&%@%@é%%e{a&@n%mMgrAygu%/}é@eph\A@m%% [ S

approximations, by use of the antecedent "about," it will be understood that the particular value forms
another embodiresittatapptastietRenditioe riborr A rt enapsintbreal it Hg8s 25are

significant both in relation to the other endpoint, and independently of the other. endpoint. The term
acyclic aliphatic amine"E%?@?%ﬁ@%@ﬁﬁﬁﬁ@ﬁc%‘ﬁﬁﬁ@%ﬁ%%?%?fh%r@ﬁ{%? %léﬁ%ggﬁﬁe aliphatic

groups is acyclictoxicity as Asmis@ddereins alipbati anfinet refers, tbigrodesporitPef thd/fermula
gggg;‘;igﬁ?g gi%g%é%%%ﬁgjgﬁeﬁé% E(Szgrpe)%l iﬁggg]iecr,garz?&gf c\‘%%al nervous system foxicities
due to the presence of certain metabolites, such as chloroacetaidehyde and acrolein.
In seme embodiments, the present compounds reduce or avoid production of these
or other toxic metabolites while retaining efficacy. The present compounds thus are
able to provide therapeutic treatment while reducing deleterious side-effects, such as
15  normal kidney, bladder, or central nervous system cell death, that may be linked to
metabolites of CPA and/or Hos. Accordingly, the present compounds are useful as

substitutes for CPA and/or ifos.

For example, the present compounds are useful in preparing patients for
blood cell and bone marrow transplants. CPA and Ifos are often used in blood cell
20  and bone marrow transplants, and the present compounds represent an advantageous
alternative, for example, due to the present compounds’ reduced toxicity profile
and/or increased potency. Additionally, the present compounds may also be
employed in blood cell and bone marrow transplants wherein CPA and Ifos are
inappropriate, for example, where high doses of CPA and Ifos prove too toxic. The
25  present compounds may be administered minutes, hours, days, weeks, or months
prior to the transplant, particularly days or weeks prior to the transplant. Moreover,
the present compounds may be administered in single, multiple, and/or repeating
dosage forms and/or in association with other agents in preparation of the blood cell

or bone marrow fransplant.

30 In certain embodiments, the present compounds are useful in conditioning
regimens for blood cell and bone marrow transplants, for example, as substitutes for
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The term "angiogenesis inhibitor" is used herein, to mean a molecule including, but not limited to,
biomolecules, such as peptides, proteins, enzymes, polysaccharides, oligonucleotides, DNA, RNA,
recombinant vectors, and small molecules that function to inhibit blood vessel growth. Angiogenesis is
implicated 5irveerdisrpattiblogical processes, such as those involved in diSSrdarseclHe%diabetic
retinopathy, chronic inflammatory diseases, rheumatoid arthritis, dermatitis, psoriasis, stomach ulcers,
and most types of human solid tumors. The term "heterocyclic amine” refers to a compound of
the formula NRIR2R3, wherejn at least one of RI-3 is a heterogyclic group or.RI, R2 and/or R3 10taken
together with theiEorAREN HtfodERTERSRT ’fW§W§?Omp??T§ Clin %%3%‘3‘6%8 VIEREHE to a group

that can be displagged byoa:aualeaphitess\iibireferescedaitbeipresentlysdigdtasen bampoufids, leaving
gorm an aziridinium intermediate, or can be directly

group refers to a group that can be di edt
displaced by a big?_‘ﬁéjlfoca é)rm_&‘gllégﬁﬁl%l? g‘u%%%séﬁ“nucleic _acid nucleqphile, 15to form, for example, a
/-alkylated guanidinium,specigs, %%é&a%%egﬁﬁ@gg%ﬁ%@ﬂgi%p YR, Relude hehaladens,and the

sulfonates (-SO2R). In certain embodiments e disclosed isophosphoramide analog salts, the
compound isSa "mixkd®Réavid@ytgpieorpowhel, inplepingaweligifie fenblppe soF advintegroups, for

example a halogen,and &-sidfenate.of iwa.differenihaloarns sHelbas alramislsc20anda chioride.

U.S. Patent No. 6,197,760 to Struck teaches methods for making such mixed leaving group
compounds.  "REBHIESIaCARIERSHIPTIC PRICEIREASIHONTE Al UNES TR SREW eI Bwth.

Neoplasia is one exagplef @i proliferative dissy dek: hheipsasustifmecplasia isaagapiasny (a tumor),
which is an abnormal growth of tissue that results from 3zexcessive cell division. A tumor that does not

metastasize is refAEd FEESHRRRGTCR AT that A Me%urrounding tissue and/or can
metastasize 5 referred 19 A el a M nen:s o ERPHNAL 91 BRMloRAIN MRAEITAL NG Siibsequently
described eveént or circumstance can gu nee8 not occur, andjt at the Jgscription Includes instances
30where said eveht orghgdmstanteud2burg/andiiystdncessiobast élivieds aranalog thesepdeddrerein, the

term stable means thatthe sompaunssdass ot RAIREe RPTe, than B%mPasferably Aghmose than 2%

or even 1% over at least five days, or the period of time spécified. Such degradation can be monitored
by H NMR, HPLGnsfketfer elataisearrsbernsaund sad trordiningriered e lFehigerstood in the art,
"treatment” is an approach for obtaining beneficial or dea’red resu#s inclu&igg clinical rglsults.

Beneficial or desired clifft&F7EStLHERAATHEGIE, Vot BPEHRE Riris ttg],eéﬁ% SRIBISLES S Ation of
one or more Sympioips at £anditiens ddiminisbmeatiaf @xtesicof diseasecstablizeshte . Inbgworsening)

state of disease, Preventiig SRISPA PL PSRRI ALITBOWNG Of diseans PIRgIaRsIOn.
amelioration or pafiiation of the disease State, d remission (whetfrer partial or total), whether
detectable or undétebtiblelt FriFaiment' can wido areanZdiaohgingoswxdval @g.compared to expected

survival if not receiving treatment. _ o
In certain embodiments, IPM or an analog thereof is admimstered to a

subject as a salt such that the dose {(e.g., daily dose} of IPM or the analog thereof
20 (i.e., taking into account only the IPM anion of the salt and discounting the weight
of the counterion or other components of the composition) is greater than about 0.4
g, greater than about 0.6 g, greater than about 0.8 g, or even greater than about 1.0 g,
In certain embodiments, IPM is administered in a composition as disclosed herein at
a dose greater than about 0.4 g, greater than about 0.6 g, greater than about 0.8 g, or
25 even greater than about 1.0 g, e.g., upto about 2.0 g, 2.5 g, oreven 3.0 g.

In certain embodiments, a course of an IPM salt or analog thereof may
comprise a total amount of IPM or analog thereof (i.e., taking into account only the
IPM anion of the salt and discounting the weight of the counterion or other
components of the composition) that is greater than about 0.8 g, greater than about

30 1.0 g, greater than about 1.5 g, or even greater than about 2.0 g.
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IV.Examples 15The foregoing disclosure is further explained by the following non-limiting examples.
Example] A reactor was charged with Tris (103.3 mg) and MeCN (3 mL) followed by addition of IPM
(200.5 mg) in MeCN (3 mL). The reaction mixture was stirred 20 overnight. The solid was then
collected by filtratiossamdthe cake was washed with MeCN. The cake was 8figdttdeboda€uum to
constant weight to provide the final product (296 mg). The final product was subjected to X-ray powder
diffraction to confirm crystallinity (Figure 2). The crystallinity was further supported by DSC where a
sharp peak appeared at 105.77 (Figure 3). Additionally, the IPM-Tris salt 25showed a weight loss of
0.7692% around 125C By FGATER @Wfifﬁnéﬁ%’?’,SSE‘%\%}PM@Wé@%%@?ﬁgfﬁﬁﬁ’é’%late-Iike crystal

shape. The sighilibsefdhe srystalline, LRMilHs Was Monirred oyHik NMRIard wasifgund to

remain stable at room temperature for up to six days. The stability of the crystal structure was
monitored by DSE WHHBHHfEHEY HiEHFRB'Y BRfert Sy A WG sG0ar P08 7 /9856 08/004449

had not absorbed,vateror eivangadiy sietetdiaover iigeosseioitendaysiais comdemperature.
Example 2 A reactor was, chgrged YVith Tris 28.36% ) and DMF (49tmLp%\an heated to 5form a clear
solution. Aftet th& ¥SIEHIBH hEE ESoIB T FESAT 18 &’3?5%&8??%%5%% Gea The Miktire was stirred
to form a clear saldtidmsicetonidtte (4amikVand: ansmalbarheunt ofiseeds werethe themdéohito the
solution, followed by the slow addition of MIBE (240 mL).to,qi ry.. T Iy jrred for
another hour at w%i%ﬁeﬁrﬁg%hgyﬁ?gé?gﬁg éyvél;é%e%oﬁg%tregdl %R/ %rgagtlrgﬁygﬁ% rtlhcgjﬁﬁ%gg t?{gf{\(’e&vsxrliggmlOwashed
with MTBE (80 midnsEhetifitalagake was dried under vacuum to constant weight at room temperature to

provide the final product (23.2 g). Example 3 30 to 40 mg fra%:anents of MX-1 human mammary
tumors from an in vivo pASSAHETBIR fiptaftet Sibe deiidBidsly FIRUART PhIEEN T IRPTISMATAry fat pad

and 15allowgd torgachd 80352 meinaveidhibatosssthe sfadehieatment rldratmenteyyas
tablets, or pills. In certain embodiments, a daily dose comprising multiple dosage
forms may be administered all at once, or subsets of the dosage forms may be

administered at intervals throughout the day.

In another embodiment of the method, a subject is administered a dose (e.g.,
15 adaily dose) from about 1 to about 1500 mg/m®, such as from about 1 to about 700
mg/m?, about 5 to about 1000 mg/m’, sbout 5 to about 700 mg/m?, about 5 to about
500 mg/m?, about 600 to about 1200 mg/m?, about 100 to about 1500 mg/m’, about
30 to about 600 mg/m’, about 10 to about 600 mg/m’, or from about 10 to about 100
mg/m2 of an IPM salt or analog thereof as disclosed herein. For example, about 10

20 mg/m’, about 12, or even 14 mg/m’.

In certain embodiments of the method for ireating hyper-proliferative
disorders disclosed herein, a disclosed compound is administered to a subject on a
multiple daily dosing schedule. In such embodiments the compound is administered
on at least two days and on as many as five different days. In one aspect of multiple
25 daily dosing schedules, the compound is administered to the subject on consecutive
days, such as from two to five consecutive days. Alternatively, the compound is

administered to the subject on non-consecutive days, such every other day.

In certain embodiments of the method one or more additional therapeutic
agents is administered to a subject in addifion to the presently disclosed compounds
30  and compositions. For example, additional therapeutic agents can that can be used

include microtubule binding agents, DNA intercalators or cross-linkers, DNA
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initiated on Day 10 following tumor implantation; administration was intraperitoneal once daily for 5
days. 1IPM(LYS)2 (43%1PM and 57% Lys) and 1PMTris showed similar activity against MX-1 tumors
when doses were normalized to (PM (see Figure 6). 20 Example 4 30 to 40 mg fragments of MX-1
human mamn¥&gy2edpsrs§ffom an in vivo passage were implanted sc in nu/BGFiige g/ théehammary fat
pad and allowed to reach 75-200 mg in weight before the start of treatment. Treatment was initiated on
Day 10 following tumor implantation; administration was intraperitoneal or orally 25 once daily for 5
days. 1PMTris, which may be prepared as described in Example 1, at maximum tolerated doses for
each administratfiFES B adite H§W%ir?ﬂ?ﬁﬂ%"gﬂfé‘]hlgﬂ%ﬁﬂi@fgr’é’g‘ﬁaWWS%temicalIy
(see Figure 7). \M2008(1i2408:( BEEAIGROOBIVO40xampmiess GelbRealiferation Assay ~ Growth
inhibition was determined by the microculture tetrazolium method. Briefly, cells were seeded in 96-well
flat-bottomed microtitre platesuht i density of55 0 aells im0t Intdraofsmedi&atiertovernight

noubation, 100 [ 3lmediacamning trMikiCaimias Adted 10.aablaue crpalles,ina!

concentrations and a final vo ume o _8. /well. Data points represent the mean viability and the
error bars (stand&rhaielsandmotreabhlelielintericasnigdhagiplieass) IMCPPORGINE WErEiddive

metabolic activitigs gf freated,and phiteatedicaliswersmeasmiss DYclQ.mitachandtial conversion of
3[4,5-dimethylthiazon-2-y1]-2,5-diphenyl tetrazolium bromide (MTT, Sigma, St. Louis, MO) to

formazine. At the"édiHsiEtior 8 trEarigarekinfeie et iRy Shaeretii st gelFiécdseh well and

incubated at 37Cy&1%: 622 fonS:hars-Fosmazne erysialsawere dissolverb iR kvl 86 anleptical
density at 595 am measured on a VERSAmax spectrophotometer (Mo ecul(?}ﬁlg[?g.vices, %mnyvale,

15CA). Viability iAS S8R 505 AR C8°4 B S PR B S SR STEL ATV BY the
absorbancel at 570enitt.irFthecontie| samplespdihddsGniapdafined aslihe dencentpatioimat which

viabilty of the treated cells was 5096 dht of e contis (reatediconil £.0.8), Murige Xenograf

Models 20CB 17 female cid /i aconic Farms, Germantown, were iImplanted with tumor

subcutaneous flabfOHifIGH ST éios Bilitgpnpriate Wesadtsbisheekat SaxbidessThilerondiGusicer
Research HOSpit%lﬁ'&g&?zﬁchea%Q dassliReshRESUIPLSHE (200 Rk R0sRipalion it O dotygor, mice

were anesthetized with 4% isoflurane. After a small incision was’made in the flank of the mouse, and a
4 25min by 4 mnikepmRsarebtdiFde sadrtamearatcbtamadasRl additiop) nyelindfe aiid/* mice (Taconic

Farms, Germantoyahdy) Mers-isaipdiniihil RM (LY daily fatchondsdays ojestailvaiminiection
starting on day | every 21 days for 2 cycles. Five non-tumor-bearing mice e%%ggcﬂ] ned to each
treatment group. #ic ’wéﬂt@ﬁ@mﬁﬁﬂ'é’)ﬁﬁ“esr’%zr%gﬁ?&/%ﬁt,rﬂﬁb%‘?yk y /kg/day, 300r 200

mg/kg/day of 1PNM:ébXD)2ied ot dvantanas cafinednaisaneight loss greater WO
2008/124097PC17US2008/004449
Suitable DNA and/or RNA transcription regulators, including, without

limitation, actinomycin D, daunorubicin, doxorubicin and derivatives and analogs
20 thereof also are suitable for use in combination with the presently disclosed

compounds.

DNA intercalators and cross-linking agents that can be incorporated into the
disclosed compounds include, without limitation, cisplatin, carboplatin, oxaliplatin,
mitomycins, such as mitomycin C, bleomycin, chlorambucil, eyclophosphamide and

25  derivatives and analogs thereof.

DNA synthesis inhibitors suitable for use as therapeutic agents include,
without limitation, methotrexate, 5-fluoro-5-deoxyuridine, 5-fluorouracil and

analogs thereof.
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than or equal to 20% the animal's weight at the time of randomization, or death. The MTD is defined as
the highest dose at which no toxicity occurred. When the tumors were approximately 0.20 to 0,7
cm in diameter, tumor-bearing mice were randomized into groups of 5 to 8 mice with 1 treatment group
and 51 controlsiaou@sEseated mice received tasidotin at a dose of 90 mg/kgfdayirsa@gdnisaperitoneal
injection daily for 5 days starting on days 1 and 21. Assuming a spherical tumor, the volume was

perpendicular to D. Volumes are expressed as relative tumor volumes (RTV) where the tumor volume
at any 10given time poinEismiivicicef byittdestarimg tnmbitems|fmaesdine R gidneatddiand control

mice were measujed 2, fRIMUN.AfAREE REIWESKASRRRSIPRRGALITHMa REsRoTse And platistical

Considerations in'Mice .~ Using criteria defined previously by Houghton, etgg%progre}s)swe disease is
defined as less thEBEY R drESsBR o clgivai temiod vorings forrted entire study 15period (RTV
>0.5) and greater than 25% increase in tumor volume at the end of the study perio%ﬁTVﬂ.ZS).
Stable disease tumor reGraESGHRAEPAVES At EtcrEl B ey difivardrnmPoBRdmahroughout

the entire stugly pefiect Rt auia)ianchlessdhaemdabadneraaseiinuner Molume aldhepadief the study
period (RTV<1.25 fA Qartial response is defined as greater tha%S%%éegression in tumor 20volume
(RTV<0.5) but with S TREALFAbRE L inBi e SFGPAATEH SR T ES: PSLE D IHESsURAIE tumor
mass (<0.10 cm3jietgnytpbing duning e 4repdrmeptapenidtt{Onnépksomasdbfiinedeasaa eamplete
response (CR). A sust mﬁgm%'? was defined as a loss of measurable tumor mass (<0.10 cm3) at any
point after initiation of erapy without re-growth during the 6 week study period. Mice that died before

week 9 or 25before the tymog seached dimesoe ik yolime WRreEHalded:s i pRiatistical

analysis was based on event-free survival (EFS). An event is defined as a relative tumor volume of 4x
(i.e., quadrufie thESAEGRE T HBIDYDS) NGl dsati Hons i i dnEasiatiie oRiPteIPEESoN of the

study to an eventghaethasatRILS: NatipachinganananNthvfiwasksthe anchef the study period, the
EFS 30time was exc%iged at that %@The exact tog-rank test was used to compare event- free
ek

survival distributighg& o PR H ORGP S CRAREBHAN GraO bR 2R Vs for the
control and treatechthigletinetieatidonpides dridsdag the \WileaxiaaManhdidbiiney test. This allows for
comparison of tumor volume after one cycle of tasidotin and at or near the time of event for the
untreated mice. BiologictiBataSame tgmemte blinesledecdinciuted REntnthR M8 drabalonyosarcoma

lines (Amerigan Type, Galiug GPIRG LR MARAISAS N «BAAS ABURCSHLIIR ine,

administration in combination with the presently disclosed compounds. By way of
example, such agents include adriamycin, apigenin, rapamyecin, zebularine,

cimetidine, and derivatives and analogs thereof.

In certain-embodiments, the IPM salt or analog thereof is administered in
20 combination with a DNA and/or RNA transcription regulator such as doxorubicin.
In certain alternative embodiments, the IPM salt or analog thereof is administered in

combination with a microtubule binding agent such as docetaxel or paclitaxel.

In certain embodiments, combinations as described herein may be synergistic
in nature, meaning that the therapeutic effect of the combination of the IPM salt or
25  analog thereof and the other therapeutic agent(s) is greater than the sum of the
mndividual effects when the two or more agents are administered separately in the

same arnount.

In certain such embodiments, such a synergistic effect may permit
administration of sub-therapeutic doses of the IPM salt or analog thereof. In certain

30 such embodiments, administration of a sub-therapeutic dose may reduce or avoid a
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SKPNDW and SKES | Ewing's sarcoma lines, and EISSYIl and SYOI synovial sarcoma lines. The
cells were grown in monolayer at 37 C, 5% CO2 in media of MEM (Saos-2, SY0-1, HSSY-11), DME
(SK-PN-DW, RD), or RPM! (RH30) 10supplemented with 10% fetal bovine serum (Invitrogen,
Carlsbad, CAyv0.5%spenicillin/streptomycin (Invitrogen, Carlsbad, CA), and*CYsighatgriiaei{invitrogen,
Carlsbad, CA). The results are shown below (Figures 8 and 9). WO
2008/124097PCT/US20081004449 SK-PN-DW 5K-ES-1 RH30 RD Ewing's Sarcoma L wing's

Sarcoma Iveolar abdomyosarcoma 0.5 pg/mL _0.5 pg/mL 1.?\/igg/mL 5.0 gg/mL 5.0 pg/mL <5.0 gg/mL
1.0 p.g/mL 1.0 g@;ﬁmemgt@h\ggggﬁg%@gﬁﬁgthe IPM salt or analog thereof, e.g., the

methods of the present invention may be advantageous over existing combination
therapies by allowing conventional anti-cancer agents to exert greater effect at lower

dosage.

5 In certain embodiments, the efficacy of the additional agent is improved
when administered in cbmbination with an IPM salt or analog thereof. In certain
such embodiments, the additional agent is a chernotherapeutic, including, but not
limited to, microtubule binding agents, DNA intercalators or cross-linkers, DINA
synthesis inhibitors, DNA and/or RNA transcription inhibitors, antibodies, enzymes,

10 enzyme inhibitors, gene regulators, and/or angiogenesis inhibitors. In certain such
embediments, the efficacy of a microtubule binding agent, such a docetaxel or
pachitaxel, is improved when administered in combination with an IPM salt or
analog thereof. In certain alternative such embodiments, the efficacy of a DNA
and/or RNA transcription inhibitor, such as doxorubicin, is improved when

15  administered in combination with an [PM salt or analog thereof. In cerfain

embodiments, the IPM salt or analog thereof is IPMeTris.

As used herein, the term “sub-therapeutic dose” includes a dose that may
stabilize or reduce fumor volume, but would not be considered an effective treatment

at that dose, or even a dose that alone provides no measurable therapeutic effect.

20 In certain embodiments, the IPM salt or analog thereof 1s administered at a
dose of about 100 mg to about 500 mg, about 150 mg to about 400 mg, or even
about 175 mg to about 300 mg. In certain embodiments, the IPM salt or analog
thereof is administered at a dose of about 150 mg, about 175 mg, about 185 mg,
about 19.0 mg, about 200 mg, about 225 mg, about 250 mg, about 275 mg, about 285

25  mg, about 290, or even about 300 mg. In certain such embodiments the IPM salt or

analog thereof that is administered at such doses is administered orally.

In certain such embodiments the IPM salt or analog thereof that is
administered in combination with doxorubicin at a dose of about 100 mg to about
200 mg, about 110 mg to about 180 mg, or even about 115 to about 150 mg. In
30 certain such embodiments the IPM salt or analog thereof that is administered in

combination with doxorubicin at a dose of about 100 mg, about 110 mg, about 115
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SYO-1 Synovial Sarcoma <1.0 gg/mL 1.0 gg/mL FISSY-11 ovial Sarcoma 0.5 gg/mL 0.5 pg/mL SaOS
Osteosarcoma <5.0 pg/mL 5.0 pg/mL 0S222 Osteosarcoma <5.0 pg/mL 10.0 p.g/mL 0S229
Osteosarcoma 0.5 pg,/mL 0.5 pg/mL 05230 Osteosarcoma

WO 2008/124097 PCT/US2008/004449

mg, about 125 mg, about 135 mg, about 140 mg, about 145 mg, about 155 mg, about
165 mg, about 175 mg, about 185 mg, or even about 200 mg.

In certain such embodiments the IPM salt or analog thereof that is
administered in combination with docetaxel at a dose of about 30 mg to about 200 g,
5  about 75 mgto about 195 mg, or even about 80 to about 190 mg. In certain such
embodiments the IPM salt or analog thereof that is administered in combination with
docetaxel at a dose of about 50 mg, about 70 mg, about 80 mg, about 90 mg, about
95 mg, about 100 mg, about 110 mg, about 120 mg, about 130 mg, about 140 mg,
about 150 mg, about 160 mg, about 170 mg, aboﬁt 180 mg, about 190 mg, or even
10 about 200 mg.

Il Definitions

The following explanations of terms and examples are provided to better
describe the present compounds, compositions and methods, and to guide those of
15 ordinary skill in the art in the practice of the present disclosure. It is also to be
understood that the terminology used in the disclosure is for the purpose of
describing particular embodiments and examples only and is not intended to be
Hmiting.
Ranges can be expressed herein as from “about” one particular value, and/or
20 to “about” another particular value. When such a range is expressed, another
embodiment includes from the one particular value and/or to the other particular
value. Similarly, when values are expressed as approximations, by use of the
antecedent “about,” it will be understood that the particular value forms another
embodiment. It will be further understood that the endpoints of each of the ranges
25 are significant both in relation to the other endpoint, and independently of the other

endpoint.

The term “acyclic aliphatic amine” refers to an aliphatic amine as above,

wherein at least one of the aliphatic groups is acyclic,

As used herein, “aliphatic amine” refers to a compound of the formula

30 NR'R’R’, wherein at least one of R is an aliphatic group.
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5.0 ps/mL 5.0 ug/mL Resistance to cyclophosphamide (CPA) and ifosfamide (IFOS) is a major
obstacle to overcome in cancer treatment. Mice with xenografts of CPA-resistant human sarcoma cells
had a more than 5-fold reduction in sarcoma growth when 5treated with IPM-(LYS)2; CPA therapy had
no effect (Figures28@ta42). Human Clinical Trials The safety and dosen@ngirrgusitasedl studies
utilized IPM.(LYS)2 administered daily for three consecutive days each four weeks (1 cycle). The
results demonstrated evidence of clinical activity in sarcoma (2/11 subjects including at 10least one
who had failed IFOS therapy) and mesothelioma (I subject with extended stable disease). The

maximum tolerated dosé {RFFD) FIBRETESS) 1iiiRlS Scrsdlie Has At MG MO here was little
bone marrow toxigityuang na-hesnpritagie CystiisitbladderdRxicimaiL N texicibh-Thesdose limiting
toxicity WO 2008/124097PCT/US$2008/004449 was characterized by electrolyte imbalances. This
NITD s comparaBlE 7 THOE L6 UP STEREF ik 95 Lo SO IS HOSE ACHCEL TR lovels that
are 25-fold higheribantiasas: thatkih30%idbhinean saxcomawell kesoExaniple GiMaterials and

Methods éAnimaI (d?_gre: F}}{gl-to.-siT weeks-old r&lalet D2F1 mice Wereﬁ%‘rchasekgggom Frederick

Cancer Reséarch and Devel opr(r)fcélﬁ? den %Srsﬁéféﬁeri% , )}'.ri o V‘Fgr%lo(P oder Mice were implanted ip

with one million cédiiboitheiPG88muline:le ikBmaaongis28agatgemaedicrhingiH 888riitior line was
maintained as 10@%%%@{&8@&%&%@@%&@68& r&mﬁg@@@m&gsignmed as day 0, with

treatment beginning on day 1 following tumor implantation. A sufficient number of mice were implanted

so that animals with bodynweights,inajange asiiarranasPrssipipweressalesaddar the trial. Drug
Formulation: 1PM Iﬁt\{%)gg;suppli_ed in pre-weighed,vials of 100 mg, 15was formuylated in saline on the

first day of treat TRatsrBeRn e ahoh b 78 Alpirecrcib AisHuhis SRR Was then diluted

to the lower;dosingkeansgatiations okAGohmd: 3frddn%idm b, :anek2.8 mg/mL. On subsequent
days of treatment, IPM-(LYS)2 was formulated at 14 mg/mL and a portion of that solution was then
diluted to the lower dOsifig: étmecEhtraticris ol imeCtiOngwepehat can be displaced by a

nucleophile. With reference to the presently disclosed compounds, leaving group
refers to a group that can be displaced to form an aziridinium intermediate, or can be
directly displaced by a biomolecular nucleophile, such as a nucleic acid nucleophile,
15 to form, for example, a 7-alkylated guanidinium species. Examples of suitable
leaving groups include the halogens and the sulfonates (-S0O,R). In certain
embodiments of the disclosed isophosphoramide analog salts, the compound is a
“mixed” leaving group compound, inchiding two different types of leaving groups,
for example a halogen and a sulfonate or two different halogens, such as a bromide
20 and a chloride. U.S. Patent No. '6,1:9'7,760 to Struck teaches methods for méking '

such mixed leaving group compounds.

“Neoplasia” refers to the process of abnormal and uncontrolled cell growth.
Neoplasia is one example of a proliferative disorder. The product of neoplasia is a
neoplasm {a tumor), which is an abnormal growth of tissue that results from
25  excessive cell division. A tumor that does not metastasize is referred to as “benign.”
A tumor that invades the surrounding tissue and/or can metastasize is. referred to as

“malignant.”

“Optional™ or “optionally” means that the subsequently descrnibed event or
cireumstance can but need not occur, and that the description includes instances

30 where said event or circumstance occurs and instances where it does not.
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20administered on the basis of exact body weight with the injection volume being 0.2 mL/10 g body
weight. Drug Treatment: The study consisted of eight treatment groups of eight mice per group and
two vehicle-treated control groups with ten mice for a total of 84 mice on the first day of treatment.
IPM.(LYS)2 wasradésitistered as a single injection on 25 day 1 (gld x 1) at 8684¢€89814489, 933, and
467 mg/kg given po and at a dosage of 280 mg/kg given ip. IPM.(LYS)2 was also administered daily
for five consecutive days (gld x 5) at dosages of 280, 187, and 93 mg/kg/dose given po and at a

dosage of 56 mg/kg/dose givep, ip. One control group was treajed with saline administered po as a
single injection on day I&Fgféﬁg&%ﬁlg’c%ﬁﬁﬁ%F&‘g'&gewaeg%eta%%\?vﬁ%ms%%% :i%g%jﬁ%if r.agg po on aqld
x 5 treatment schedrdeha\i9:200841:240 8¢ PG Tt 182008/ 00 4449 iStudeDuriatiomn vEhé gtudy was
terminated 61 days after r implantation. Any,animal that became mori ndﬂ\@ uthanized prior
to study terminat%‘ﬁ .pem%(gﬁrr%%fg?gi%(gg é:% :dﬁ%f%?% %%%%ﬁnegcrll |tg rc?é%)lt%s, m(fg%’n days of death,

and the increase iiPlif€spanthbasedaictheanedian day of death and expressed as a 5percentage

(%ILS); median survival time and the %ILS calculated based on the !nedian eryivaI time.
Statistical Analysis: TheAddivad faremidisl essupfivarmeas s astriBadpsriARPTRables

analysis (stratified Kgplan:Meierartimatiansfalioned byitbaMantahldaensaal logerapkiiash in order to

statistically compare the survival data 10between groups. A life tables analysis allows one to compare

the survival data BesReEH e Groups treBHdsatithais IRGEEEASe el el tHe e TBRHIC R 8 cluding

them. Results  of shBemedian day.ef deathrimbeih afihe sehiolestreated edibelsgroups was 1511.0,
with deaths occurring. between days 10 an 11:4% As%c'tes was [C)res%ant in allgn%rgql‘%s q PM.(LYS)2,
administered po &% ‘%%ﬁé?@-?r ST GIER R 08y 15 i ROXIE 6 ThaPinice At d88Ges 6 £200 and
933 mg/kg. 10 thes@reing rdchseing tregtmenhwithdie dosagepalit400 mgikglisnecammadmied and four
animals were euthamzednfsg?[%léﬁ]go mg{g'?%p%% nw%%%gf &g&%@@%t were &%p@nlzed on day 6, and

the last animal died on da i the group receiving treatment with the dosage of 933 mg/kg, six
animals were eutfifnizetofi cayadsdoeeto pokimgintityuandaiie rempimiddewsrgaidasiivtéigroup died
on day 9. Necropﬁgti%i&@@g@&ﬂgﬂ?nce of tumor in these two treatment groups. Prior to death or
euthanasia of the animals, significant 25weight losses of 24% and 22% were observed in groups
receiving IPM.(LY/$)2 atgxamples

15 The foregoing disclosure is further explained by the following non-limiting

examples.
Example 1

A reactor was charged with Tris (103.3 mg) and MeCN (3 mL) followed by
“addition of IPM (200.5 mg) in MeCN (3 mL). The reaction mixture was stirred
20 overnight. The solid was then collected by filtration and the cake was washed with
MeCN. The cake was dried under vacuum to constant weight to provide the final
product {296 mg). The final product was subjected to X-ray powder diffraction to
confirm crystallinity (Figure 2). The crystallinity was further supported by DSC
where a sharp peak appeared at 105.77 (Figure 3). Additionally, the IPM=Trs salt
25  showed a weight loss 0f 0.7692% around 125 °C by TGA (Figure 4). Finally, SEM
showed that IPM=Tris had a plate-like crystal shape.

The stability of the crystalline IPM<Tris was monitored by "H NMR and was
found to remain stable at room temperature for up to six days. The stability of the

crystal structure was monitored by DSC which indicated that the IPM+Tris crystals
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dosages of 1400 and 933 mg/kg, respectively. IPM.(LYS)2 administered at a dosage of 467 mg/kg as
a single po treatment was better tolerated; however, two animals were euthanized on day 8 due to
moribundity. The maximum loss in average body weight for this group was 8%. The remaining six
animals in thevgoowpsdizgdietween 30days 11 and 15 and were determinedit@iiasas@gtités present
upon necropsy. The ILS for this treatment group was 9% whether the calculation was based on
median day of death or median survival time. Statistical comparison of the survival data for this group
with that of the vehicle-treated control group (group 1, treated gld x 1) indicated that the difference was
not significant. 5P LYREFST sNIAISESFech A SR HEATR B Y80 R GRY S A SR ARG was
tolerated without @eaths@ngd with a minimal loss in mean body weight (4%, 1 g). The median day of
death for this group was 34.5 with an ILS of 214%. The median survival time was 38.0 days with an
ILS of 245%. Additiemglly 2two animals survived until study termination on day 61. Necropsy indicated
no tumor 10present. Statistical analysis of the survival data for this treatment group and the

vehicle-treated control gtowpetgrovgs thareeded ded ssxfinticateadRavHifféfante swds sideifieant.
IPM.(LYS)2, ad "}i&iﬁ%%r%_m&a@&ﬁag%%%&&m 193 MUKYCIRSER AL Yvreatment

schedule, was tolerated without treatment-related deaths. A 15minimal loss in mean body weight (4%,

1 g) was observediiffthelhrou: resekansiTPiiQ fooypitiernsdageror 280 migite /dosB - N hRight loss

was observed forthgtwadover dosaos-asaupsa Mediandayseldeathand mediagiswrvival times were
17.0, 17.0, and 15.0 days with ILS values of 55%, 55%, and 36% for the dosa%es of 280, 187, and 93

mg/kg/dose, resptiValy oSSR LomishitssN ot HESurvRAFIBTaIATSHBERR AELE i groups
with survival datasfarithe viehicle-seatedcontio bigrauai G tfiiaiatba, lhX b idicatad thesincrease in

lifespan for gach group.was statistically significa PM-(LYS)?, given ip at a dosage of 56
mg/kg/dose1 n a‘%aﬁﬁg‘jﬂﬁ?@:ﬁg%%s&% &1% I\I/lv?é%q{qlmfec Eifet %/gna%jalfrx?éte ?ﬁrg%ggg%ﬁgrﬂg%nrgia with a
median day of 25sieiafh of 2815 Fhefirsudeatbrogsierbd fombap 240033 thellast death on day 33, with
four of the eight animals in the group surviving until the time of the study termination on day 61. The
ILS value calculaté@makedl on median day of death was 159%. The median survival time for this

treatment group was >47.0 days with a calculated [LS value 0f327%. This treatment regimen was
well-tolerated with no 36tPdatAfeRE fstaBe et e S aaes TREyIass s dreBbEy Weight. When the
survival data for thigsgpeupeveamplatisticalhceanmpaseditontiat elited v aldclardiwatedcpatrahgroup

o g o R 2065 MER R D 46 U TRRG RemA SLSliglispisinabers
initiated on Day 10 following tumor implantation; administration was intraperitoneal
once daily for 5 days. IPMe(LYS), (43% [PM and 57% Lys) and IPM-Tris showed
similar activity against MX-1 tumors when doses were normalized to IPM (see

Figure 6).
20 Example 4

30 to 40 mg fragments of MX-1 human mammary tumors from an in vivo
passage were impianted sc in nuw/nu mice in the mammary fat pad and allowed to
reach 75-200 mg in weight before the start of treatment. Treatment was initiated on
Day 10 foliowing tumor implantation; administration was intraperitoneal or orally

25  once daily for 5 days. IPMeTris, which may be prepared as described in Exampile 1,
at maximum tolerated doses for each administration, was equally active against MX-

1 tumors when administered orally or systemically (see Figure 7).
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1vs.50.000 4. vs.50.000 6 vs. 70.000 6 vs. 8 0.000 6 vs. 9 0.000 6 vs. 10 0.000 7 vs. 10 0.000 5
Conclusions 1PM-(LYS)2 was toxic to the mice when administered po as a single treatment at
dosages of 1400 and 933 mg/kg. A single treatment with the dosage of 467 mg/kg administered po
was toleratedwoteligita@donly a minimal increase in 10 lifespan that was n@Statistie#Asignificant.
IPM(LYS)", administered as a single ip injection at a dosage of 280 mg/kg, was quite effective and
resulted in two 61-day survivors and a significant increase in lifespan. IPM(LYS)2, administered
po on agld x 5 schedule at dosages of 280, 187, and 93, was much better tolerated and more effective
against the P38sfd&iierhia 15than the single treatments with higher dosages. Treatment with all
three dosages given p(;cql%‘é 5 produced statistically significant increases in lifespan. When
administered ip on a gldX thg{ﬁ%ﬂ%@ﬁ%‘H’ule at a dosage of 56 mg/kg/dose, 1PIV(LYS)2 elicited

o ey noreases In HERpANAHR (oK1 HAB AT RS SRR P LAMG AN R cermination

Briefly, cells were seeded in 96-well flat-bottomed microtitre plates at a density of

5 500 cells/well in 100 gL of media. After overnight incubation, 100 pL of media
containing [PMe(LY'S), was added to achieve specified final concentrations and a
final volume of 200 pL/well. Data points represent the mean viability and the error
bars (standard deviation of cach experiment done in triplicate). At 120 hours the
relative metabolic activities of treated and untreated cells were measured by

10  mitochondrial conversion of 3-{4,5-dimethylthiazon-2-yi]-2,5-diphenyl tetrazolium
bromide (MTT, Sigma, St. Louis, MO) to formazine. At the completion of the drug
treatment, 250 pg of MTT was added to each well and incubated at 37 °C, 5% CO,
for 6 hours. Formazine crystals were dissolved in DMSO and optical density at 595
nm measured on a VERSAmax spectrophotometer (Molecular Devices, Sunnyvale,

15  CA). Viability was defined as the absorbance at 595 nm in the treated samples
divided by the absorbance at 570 nm in the control samples. The ICso was defined

as the concentration at which viability of the treated cells was 50% that of the

controls (treated/control = 0.5).
Murine Xenograft Models

20 CB17 female scid*/* mice (Taconic Farms, Germantown, NY) were
implanted with tumor subcutaneous flank tumors. The OS31 tumor line was
established at St. Judes Children's Cancer Research Hospital and has been described
previously (20). For transplantation with OS1 tumor, mice were anesthetized with
4% isoflurane. After a small incision was made in the flank of the mouse, and a 4

25  mm by 4 mm section of tumor implanted subcutaneously.

CB17 fernale scid*/* mice (Taconic Farms, Germantown, NY) were treated

with IPM=(LYS), daily for 1 or 3 days via tailvein injection starting on day | every

21 days for 2 cycles. Five non-tumor-bearing mice were assigned to each treatment
group. Mice were treated with either 75 mg/kg/day, 100 mg/kg/day, 150 mg/kg/day,

30 or 200 mg/kg/day of IPM(LYS),. A toxic event was defined as weight loss greater
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WO 2008/124097PCT/US2008/004449 Example 7 Materials and Methods Animal Care:
Five-weeks-old female athymic NCr-nu/nu mice were purchased from Taconic Farms (Germantown,
NY). 5Tumor Model: 30 to 40 mg fragments of MX-1 human mammary tumors maintained in an in vivo
passage werewfplaatedost in mice in the mammary fat pad using a 12-gautfeltibeaisigedie and
allowed to grow. The day of tumor implantation was designated as day 0. Tumors were allowed to
reach 138-245 mg in weight (138-245 mma3 in size) before the start of treatment. A sufficient number of
mice 10were implanted so that tumors in a weight range as narrow as possible were selected for the

trial on the day oft8aMEHEIMMERIGTRIAY TO ST &HTS A IR SRS TR I e e ébfed with

tumors in the ProRErsiZzaIERNGE Were RSSIgNaddodhenatiausdraatnagraups so that the median
tumor weights on the first day of treatment were as close to each other as possible (172-197 mg).

15Drug FolPM-Tris (205vhghaftRdMvialvadri ahymaynbedyepzived @3 deseoribeddteExample 1, and IPM
were both formulated in saline on the first d f treatment(day C rati mg/mL,
ad then diuted QTN LRSS T8 TAap Bl Lo et P RSBt b
1PM.(LYS)2{100 mm:tPMetoygindhdalydvar-fonmrilab i stiting @ﬁ@ﬁ@eoﬁﬂ&_ W@f&ﬁé‘mm ata
20concentration of el aniidhan shiied: oit salgifn iedawar desing aaneanialions of 935

4.2 and 2.8 mg/mL. Each concentration was then aliquoted for daily use, frozen, stored at -20 C, and

thawed for daily gsberdpirjeesonzevelengminidteronsn thetbassoriaxdetbady Weitht with the

injection volume heing B % mk/12.9h0dyweightReDrugTseaimnent-Ahacxperiment vonsisted of 12
treatment groups of eight mice per group and two vehicle-trgﬁgﬁd control groups with ten mice each for

a total of 116 micE O MRS HerAY BPrdammane AM Sty (AUl g nere Yatnfiétsted daily for
five consecutive gays: (atick oSt BMrErisdandilPi e hoth asdministthe®ipvatdesagesafi36 and 24
mg/kg/dose and po at ?r%g%?es of 120 303nd 81.ml%1kgédose. JéPMa LYS)2 was administered ip at
dosages of 84 and 5&° g‘?’(%%gl & rﬁo alt d%lsrgges of 380Pand 1 mg/kg/dose. The control groups

were treated either ip or PO 106 MANIEIE ASale), Jumos MessismeEns a0 Bpyeiohts: The sc

tumors were measured and the animals were weighed twice weekly starting with the first day of
treatment. Tumor volumgyyas-dettnainat pycaliRermeassigments: nmloanrddisingdhadeymula for an
ellipsoid sphere: L X W2 /2 = mm , o _
defined as less than 50% regression from original tumor voiume for the entire study
15 period (RTV >0.5) and greater than 25% increase in tumor volume at the end of the
study period (RTV>1.25). Stable disease tumor regression that does not exceed
50% of the original tumor volume throughout the entire study period (RTV >0.5)
and Iess than 25% increase in tumor volume at the end of the study period
(RTV<1.25). A partial response is defined as greater than 50% regression in tumor
20  volume (RTV<0.5) but with a measurable tumor mass of greater than 0.10 cm’.
Loss of measurable tumor mass (<0.10 cm’) at any point during the treatment period
(6 weeks) was defined as a complete response (CR). A sustained CR was defined as
a loss of measurable turnor mass (<0.10 cm?) at any point afler initiation of therapy

without re-growth during the 6 week study period. Mice that died before week 9 or

25  before the tumor reached 4 times the initia! volume were excluded.

Statistical analysis was based on event-free survival (EFS). An event is
defined as a relative tumor volume of 4x (i.e., guadruple the starting tumor size), or
death. EFS is defined as the time from the initiation of the study to an event. For
those tumors not reaching an event by 6 weeks, the end of the study period, the EFS

30  time was excluded at that time. The exact log-rank test was used to compare event-

free survival distributions between treatment and control groups. Additionally, the
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where L and W refer to the larger and smaller perpendicular dimensions collected at each
measurement. This formula is also used to calculate tumor weight, assuming 10unit density (1 mm3=1
mgQ). Study Duration: The study was tenninated 50 days after tumor implantation. Any animal that
became moribB¥R @08 WieSe tumor became ulcerated or reached 4,000 mgRyAS/EiFIEEA prior to
study termination. Parameters Evaluated: Number of nonspecific deaths, number of partial and
15complete tumor regressions, number of tumor-free survivors, and the individual animals' times to
reach two tumor mass doublings were de}ermined.%he median time to.reach é}ww mor. mass
doublings in the fHEAENENT Grdeh ST FPANY ABAIFSFEHOEICECY WasomRiTh WE S AR ISR 6Fihe overall
delay in the growthsah thamesian: tumes 4TeG): 20Statisticain/Arialysis: Voheninditidvakaniritals time to
reach two tumor mass dou Iirg{ s was tlffetdnaeso e eeﬂrﬁgﬁp{ﬂé inng %Egéi%}r}t's t-test/Mann Whitney rank
sum test or life taBIESERSRIER i BFaer (o Cmpare statistically the growth data between groups. A life
tables analysis (stratifie%iOK%%lggz-M?gr estimation followed by the Mantel-Haenszel log-rank test)
allows one to compare the growth data between 25groups using the animals whose tumors did not

reach the evaluation poifthy,exeludingthemqResiis RD Fipaisdnbeinyshiclesdmatadcontrol

groups grew well in all 10 mice. The median tumor reached two tumor mass doublings in 7.4 and 7.2
days, respectivel{AUvEraDbEPESAd87e ETHEEEIBOSIIBRARS O tHROH LB AT PO Feated groups.
There was no losgdpmeanhedkweightfapthesesho graypsddasny thenatedys 1 sitapesitoneal
administration of IPM.Tris at dosages, of 36 and 24. mg/kg/dose el LgFgJ mar.growth.delays (T-C) of
10.2 and 7.7 day¥"FESHeEGRIy BT 1%%%@@6%@3@%%3’%?%’%%&- régd’élﬁé%r}.nﬁgfﬁ Gosages were
tolerated with maxiBEMBlessESSIH e ar SR IvEiGhE ¢F HOPHI (2 W), &ne 09 HEMIdFadEs of 36 and 24
mg/kg/dose, yespectively. Intraperitopeal administration ef [P desa 4 mg/kg/dose
elicited turr?lo(r{groSu Ygré%%vgd(’)ﬁé&@nﬁ%@%ﬁ%@r&rggﬁ%&?{) céit %s%rsga%ggggkv%g%gﬂ%érated with
maximum lossespaxmean ivayoweight(6h0ve gand Ja59ndl Ghlormbsigpeierseed iy e gRn/kg/dose,
respectively. Thedimes, 10 ¢eachiqumerpass.AesblingsenkM werestatistically less than that for
the corresponding dosage of IPMTris (p = 0.000 for the dosage of 36 mg/kg/dose; p = 0.021 for the
dosage of 24 mg/kg/dose). Intraperitoneal administration of IPM-(LYS)2 at dosages of 84 and 56
mg/kg/dose, which correspond to IPM dosages of 36 and 24 15mg/kg/dose, elicited tumor growth
delays of 24.3 and 9.0 days, respectively. The higher dosage of IPM.(LYS)2 was toxic-two mice dea
on day 20 and two :
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euthanized because of morbundity or excessive loss in body weight. The lower dosage of IPM-(LYS)2
was tolerated with a maximum loss in mean body weight of 15% (3 g). The tolerated IPM.(LYS)2
dosage exhibited comparable activity to that 20for 1PMTris at a corresponding dosage of 24
mg/kg/dose (p0,788)1atd’superior activity to that for IPM at a correspondi@§ BoSage/ ef24
mg/kg/dose (p=0.0047). Oral administration of IPM-Tris at dosages of 120 and 81 mg/kg/dose elicited
tumor growth delays of 8.7 and 9.0 days, respectively. The higher dosage of 1PMTris elicited a
maximum loss in me cause of a
body weight less tharg: n body
weight of 10% (2 g). G ited tumor
growth delays of 4.6 imum loss in
mean body weight of S%EM@Wh firimes S asante two tufRes3mmeks doublifigseiee not statistically
different from the times- ording-dosage-of tPM=Tris~(p="0"1174for the dosage of 120
mg/kg/dose; p = 0.11 §2<f&8 -the dofaens Saragikg/dosdTF0SraRadministiafiérief M. (LY S)2 at
dosages of 280 and 187y /kyfdgse; whichrcorrespond 1o ITPMdoSages of 120 and 81’ mg/kg/dose,
elicited tumor growth 8&la9s of 5. olahedm days, respectivély. B dosagesereolerated with
maximum losses in mean body -;-, 0. The 5h|gher cosage of IPM(LYS)2
exhibited comparableLa L 10 thd iS.& . age of 120
mg/kg/dose (p = 0.10 %band p O %Jaﬁg«yf@ﬁpectlvely) Tmslwlqgsage ai |(§>;yg/h-k\gs)2 exhibited
inferior activity to that{for 1PM-Tris{at a corresponding dosage of 81 mg/ki/dose (p = 0.0290) and
comparable activity td that for 1PM SR EYRESEEREg ddsage of 81 mg/Kg/dose (p = 100.3073).
Summary of Table of g{%l_sltlcal Anglyas,ﬁr&y Pairs p Vallug 2 vs 4 0.00[- 1)_57fL}L/gsh%L(I).OZJ 13vs7

ynovia coma png/mL
HSSY-11 Synovial Sarcoma <0.5 pg/mL <0.5 ug/mkL
5208 Osteosarcoma <5.0 ug/mbL <5.0 ng/mlL
08222 Osteosarcoma <5.0 pg/mL <10.0 pg/mL
(05229 Osteosarcoma <(0.5 pg/mL <0.5 ug/mL
08230 Osteosarcoma <5.0 pg/mL <5.0 pg/mlL

Resistance to cyclophosphamide (CPA) and ifosfamide (IFOS) is a major
obstacle to overcome in cancer treatment. Mice with xenografts of CPA-resistant
human sarcoma cells had a more than 5-fold reduction in sarcoma growth when

5  treated with IPM=(LYS),; CPA therapy had no effect (Figures 10 to 12).
Human Clinical Trials

The safety and dose-ranging phase | studies utilized IPMe(LYS),
administered daily for three consecutive days each four weeks (1 cycle}. The results
demonstrated evidence of clinical activity in sarcoma (2/11 subjects including at

10 least one who had failed IFOS therapy) and mesothelioma {1 subject with extended
stable disease). The maximurm tolerated dose (MTD) of IPM<(LYS), on this
schedule was 400 mg/m”/d. There was little bone marrow toxicity and no

hemorrhagic cystitis (bladder toxicity) or CNS toxicity. The dose limiting toxicity
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0.7661 5vs 7 0.00472 9 vs 11 0.11743 9 vs 13 0.10003 11 vs 13 0.91433 10 vs 12 0.11523 10 vs 14
0.02903 12 vs 14 0.30733 | Life tables analysis 2 Mann-Whitney rank sum test 153 Student's Hest
The response of the MX-1 human mammary tumor xenog-rafts to treatment with (1) vehicle - ip and
po, (2) ip IPM¥ig 2aRNdegvd IPM.(LYS)2, and (3) po 1PMTris, IPM, and 1PRA-(LYS)@igshown in
Figures 13, 14, and 15, respectively. Conclusion For ip administration of equivalent IPM dosages
the antitumor activity of IPM-Tris was superior to that for 1PM (both dosages) and comparable to that

for 1IPM.(LYS)2 (both dosage_s). For po administration of equivalent IPM dosages, the
was characlerized by electrolyte imbalances. s MTD is comparable to [FOS
doses of greater than 25 g/m2 and this dose achieves serum levels that are 25-fold

higher than doses that kill 50% of human sarcoma cell lines.
Fxample 6
5 Materials and Methods

Animal Care: Five-to-six weeks-old male CD2F1 mice were purchased {rom

Frederick Cancer Research and Development Center (Frederick, MDY,

Tumor Model: Mice were implanted ip with one million celis of the P388
murine leukemia using a 23-gauge needle. The P388 tumor line was maintained as
10 anin vivo passage. The day of tumor implantation was designated as day 0, with
treatment beginning on day 1 following tumor implantation. A sufficient number of
mice were implanted so that animals with body weights in a range as narrow as

possible were selected for the trial.

Drug Formulation: IPMe(LYS),, supplied in pre-weighed vials of 100 mg,
15  was formulated in saline on the first day of treatment (day 1) at a concentration of 70
mg/mlL. A portion of this solution was then diluted to the lower dosing
concentrations of 46.65, 23.35, 14, 9.35, 4.65, and 2.8 mg/mL. On subsequent days
of treatment, IPM=(LYS); was formulated at 14 mg/mL and a portion of that
solution was then diluted to the lower dosing concentrations. All injections were
20 administered on the basis of exact body weight with the injection volume being 0.2

mL/10 g body weight.

Drug Treatment: The study consisted of eight treatment groups of eight mice
per group and two vehicle-treated control groups with ten mice for a total of 84 mice
on the first day of treatment. IPM=(1.YS), was administered as a single injection on

25  day 1 (q1d x 1) at dosages of 1400, 933, and 467 mg/kg given po and at a dosage of
280 mg/kg given ip. IPM=(LYS); was also administered daily for five consecutive
days (qld x 5) at dosages of 280, 187, and 93 mg/kg/dose given po and at a dosage
of 56 mg/kg/dose given ip. One control group was treated with saline administered
po as a single injection on day 1. The second control group was treated with saline

30 administered po ona qld x 5 treatment schedule.
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Santitumor activity of IPMeTris was comparable to that for IPM (both dosages), comparable to that for
IPM.(LYS)2 at the higher dosage, and superior to that for IPM-(LYS)2 at the lower dosage. Example 8
Materials and Methods 10Animal Care: Five-weeks-old female athymic NCr-nu/nu mice were
purchased fromdHaskare{Prattville, AL). Tumor Model: Thirty-to-forty mgpfragrsmntgre#iX-1 human
mammary tumor maintained in an in vivo passage were implanted sc in mice in the mammary fat pad
using a 12-gauge trocar needle and allowed to grow. The day of tumor 15implantation was designated
as day 0. Tumors were allowed to reach 113-245 mg in weight (113-245 mm3 in size) before the start
of treatment. A sufficienBRisnbF sfamicEhweradinipian e 88 14 L aMErERA SARer RG34 narrow
as possible were gelegigdfomnthedrialomthe day vhireatmantdnitiation «day &afiasitumor implantation).
Those animals selected with tumors in the proper size range were 20assigned to the various treatment
groups so that the medizartumerweightsan thedfitst dayokireafindeiie nealeldsestoferath other as
possible (144-162 .. Dru%F(%rmul ion‘:le -;:rir}i}s gaOSd@%go?EgzM%gl }E:ag(sjég I Haealth) which
may be prepareda“gs &s¢ribéa in é&%sfﬁ%ffe PoWas formulated in saline-on eac?w Hray of tredtment at a
concentrationt of p8r&emtggm(©dhd thenddilutedwithisaknedohhécidwernRStvsingpeshee tlirations of 9, 6,
4.05, 2.7, 1.8, and 1.2 Ingimi.. |PM (Eagle-Picher Pharmaceutical Service) was formulated in saline on
each day of treatment at a concentration of 6.0 mg/mL and then diluted with saline to the lower dosing

concentrations of 4.05, &@;and L4 MatSLTARMU:V:S)2 AARMS IRMysinR/viab MWaiversity of lowa)

was formulated in saline on the each day of treatment at a 30concentration of 14 mg/mL and then
diluted with saliné#8RHBYSWREGoaE Bkttt HE O SR A giitos g MLORIHRS MG solutions

were kept on ice aftexdprasiaian ancywekaadiministaeradavwithin GO-minAljectiang ware
administere

on the basis of exact haody weight with the injection volume heing 0.2 mL/10 g body
veight. SrA Tr SR ERHE o Tl SIS AP TS QEBMEMPETSURE STRISAL Wide per aroup
and two vehicle-tteatedctntmbgroupsavitia tenmmicehendil for acoafatiof ddBonedpexthiedingt day of
treatment. All agen;s | (and vehicle) were administered daily for five consecutive days (gld x 5).
1PM.Tris was administered ip at dosages of 81, 54, 36, and 24 mg/kg/dose and po at dosages of 270,
180, 120 10 and 81 mg/kgidase. 1PM was administered ip at dosages of 36 and 24 mg/kg/dose and
po at dosages of 120 and 81 mg/kg/dose. 1PM.(LYS)2 was administered ip at dosages of 84 and 56
mg/kg/dose and po at dasrgasiai’& and<h8yimeikgldase vihielcardsalorowps] wenghreated either ip

(group no. 1)_or po, (group no. r%}0) with the vehicle (saline). mor Measurements.and Body
Weights: Tﬁl)e’j sc t{ljl r.r((?o rxglv% e%eéat se %%uriénéx%ﬁgtween gaysrf% anc? ﬂf‘ Ascites was present in aﬂ

animals.

IPMe(LYS),, administered po as a single treatment given on day 1, was toxic
to the mice at dosages of 1400 and 933 mg/kg. In the group receiving treatment
with the dosage of 1400 mg/kg, one animal died and four animals were euthanized

20  due to moribundity on day 5, two animals were euthanized on day 6, and the last
animal died on day 10. In the group receiving treatment with the dosage of 933
meg/kg, six animals were euthanized on day 5 due to moribundity and the remaining
two animals in the group died on day 9. Necropsy indicated no presence of tumor in
these two treatment groups. Prior to death or euthanasia of the animals, significant

25  weight losses of 24% and 22% were observed in groups receiving IPMe(LYS); at
dosages of 1400 and 933 mg/kg, respectively. 1PM=(LLYS), administered at a dosage
of 467 mg/ke as a single po treatment was better tolerated; however, two ammals
were euthanized on day 8 due to moribundity. The maximum loss in average body
wetight for this group was 8%. The remaining six animals in the group died between

30  days 11 and 15 and were determined to have ascites present upon necropsy. The

-35.



the animals were weighed twice weekly starting with the first day of treatment. Tumor volume was
determined by caliper measurements (mm) and using the formula for an ellipsoid sphere: Lx W2 /2 =
mm3, 20where L and W refer to the larger and smaller perpendicular dimensions collected at each
measurementwhhisoformeda is also used to calculate tumor weight, assumirit§ GfIsHEH AL mm3= 1
mg.). Study Duration: The study was terminated 52 days after tumor implantation. Any animal
that became moribund or whose tumor became ulcerated and reached 254,000 mg was euthanized
prior to study termination. Parameters Evaluated: Number of nonspecific deaths, number of partial

and complete turio? fBHFREEALFRIREBIPOY BhGrtRsE ST IR BHS AP B ERSRELRE BHFHRS' timess to
reach two tumor masst desthlingsspresdeiprningd. Theisediantimesenreteh tuatnaiunass doubling

in the treatment groups ‘g/) ar}]d contro W?& 0081124097P TATS§%08/010444t9 grogo (G) was used
in the calculation'B¥t Pl BaFS ST AR D MU BRSO 4R 1o et 81&eiStical Analysis:
The individual animdalsdihtieatahreddfetaredwmonmasgsidaablings was used as the endpoint in a

Student's t-test/Mann Whitney rank sum 5test in order to compare statistically the growth data between
groups. Resdlts Tudfdds(inHth adshivlssrabie dicomee g UFS gresvs|Risizglel Buedber The

median tumor fe%&gg%gsg%qewww@%é«aﬁg%mmﬁﬂ@ S fRg B2 dRYS. 42 5B8G Wa fRIog ip-treated

and po-treated groups. There was no loss in mean body weight for 10these two groups during the

study. Intrap&itdieanadimhsiay atiéest imVhisaaratssHge i 2mbkgiddéeawdd foxic to the

mice, eliciting thrge deathsaod ane euthanasiaduadomorkundits andamaxmyndass in mean body
weight of 20% (4.5g). The lower dosages of 54, 36, and 24 m?//lzg/dose were tolerated with maximum
)

losses in mean bERPHERHEY BI85 U9 BYALH S §), YrcP1ob 5 oRsy, TEFREINIY™ARE dosages of
54, 35, and124 mg/kgistosa£ligited dsmetgrpwthsaenys (dtOhoftds4r 3t androw daysheespectively.
Intraperitoneal administration of IPM at dosages of 36 and, 2 /dose elicited.tumor growth delays
of 1.1 and 0.3 da%, e %ﬁlée@ﬁ%gﬁ?"g&%r Ot a%?é%“%ere“%%%a gé%tﬁ%%é%%%ﬁ%ﬁ%ﬁ%%@?ﬁen%@gn body
weight of 8% (1.&gndhad@02% (0.4 g) for dosages of 36 and 24 mg/kg/dose, respectively. The times
to reach two tumor mass doublings for IPM were statistically less than that for the highest tolerated

dosages of IPMTris but BiMisicafy. thdruaipierad phercdrrasponthity dodagedoti mareslgsen.0148 for

the dosage of 54 mgkg/desg RenAdRaIOWRe sesae iR makaldesrdairapgrioneal
administration of IPM-(LYS)2 at dosages of 84 25and 56 mg/l;%{doseéwhich correspond to IPM

dosages of 56 andiP# g bR 2B RATYIHEHIS K Gowt s FEROSITES BHEOZCHRY CrESARE tively. Both
dosages were  [PMe(LYS) at a dosage of 280 mg/kg/dose. No weight loss was observed for the

two lower dosage groups. Median days of death and median survival times were
17.0, 17.0, and 15.0 days with ILS values of 55%, 55%, and 36% for the dosages of
280, 187, and 93 mg/kg/dose, respectively. Statistical comparison of the survival
20 data for each of these three groups with survival data for the vehicle-treated control
{group 6, treated gid x 5) indicated the increase in lifespan for each group was

statistically significant.

IPMe<(LYS),, given ip at a dosage of 56 mg/kg/dose on a gqld x 5 injection
schedule, was quite effective against the P388/0 leukemia with a median day of
25  death 0f 28.5 The first death occurred on day 24 and the last death on day 33, with
four of the eight animals in the group surviving until the time of the study
termination on day 61. The ILS value calculated based on median day of death was
159%. The median survival time for this treatment group was >47.0 days with a
calculated ILS value 0£327%. This treatment regimen was well-tolerated with no

30  treatment-related deaths and a 4% (1 g) loss in mean body weight. When the
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tolerated with maximum losses in mean body weight of 1% (0.3 g) and 0% for dosages of 36 and 24
mg/kg/dose, respectively. The times to reach two tumor mass doublings for IPM-(LYS)2 were
statistically less than that for the highest tolerated 30dosage of IPMTris but statistically the same as
the correspondifigzéissageof WO 2008/124097PCT/US2008/004449 IPMTrST(p $2@%&B4490r the
dosage of 54 mg/kg/dose; p = 0.1578 for the dosage of 36 mg/kg/dose). Oral administration of
IPMTris at dosages of 270, 180, and 120 mg/kg/dose was toxic to the mice, eliciting eight
deaths/euthanasia due to morbundity, seven 5deaths, and three deaths, respectively. The dosages of

180 and 120 mg/RyyHyse W tedmasint s ssasicais armeargdieitit of PsoscBoegysti 200 (4.7
0), respectively. Thadenast:desaas of 8d.rmaikaldosa iwas teleratedwith.aamaximumilssin mean
body weight of 10% (2.2 g). The dosage of 81 mg/kg/dose elicited a tumor growth delay of 2.6 days.
Oral administration of IP{-at:a-¢egageiotd20d&me/kg/dose was toxic to the mice, eliciting two deaths
and a maximum loss in mean body weight of 18% (3.8 g). The lower dosage of 81 mg/kg/dose was
tolerated with a maximum loss in mean body Weight’efr9% g2 gyand elicited a tumor growth delay of
2.3 days. The times to reach two tumor mass dopgtings Ve Ezﬂ t statistically different from the times
for the corresponding dosage of IPMTris (p = 0,2932. 10r: 15the dosage of 81 mg/kg/dose). Oral
administration of 1PM-(LYS)2 at dosages of 280!asd 31.87htkg/dose, which correspond to IPM
dosages of 120 and 81 mg/kg/dose, elicited tumgrgrowirpagigys of 3.9 and 4.7 days, respectively.
Both dosages were tolerated with maximum logses in.mean._body weight of 14% (3 g) and 7% (1.6 Q).
The lower dosage of IPM-(LYS)2 exhibited simil&ractivity%8%at for IPM-Tris at a 20corresponding
dosage of Si mg/kg/dose (p = 0.8785). Summary JaRlelqf Figtstical Analysis Group Pairs p Value |
vs. 30.00101 11 vs. 6 0.02302 1 vs. 8

6vs. ¢ | 0.000
6vs. 16 | 0.000
7wvs. 10 ] 0.000

Conclusions

[PM-{1.Y'8), was toxic to the mice when administered po as a single
treatinent at dosages of 1400 and 933 mg/kg. A single treatment with the dosage of
467 mg/kg administered po was tolerated but elicited only a minimal increase in
10 lifespan that was not statistically significant. IPM+(LYS},, administered as a single
fp injéctibnrat a rdosﬁzilge of 280 mg/kg, was quite effective and resulted in two 61;&&}1

survivors and a significant increase in lifespan.

IPMe(LYS);, administered po on a gld x 5 schedule at dosages of 280, 187,
and 93, was much better tolerated and more effective against the P388/0 leukemia
15  than the single treatments with higher dosages. Treatment with all three dosages
given po gld x 5 produced statistically significant increases in lifespan. When
administered ip on a gld x 5 treatment schedule at a dosage of 56 mg/kg/dose,
IPM=(LYS); elicited significant increases in lifespan with four of eight animals in

the group surviving until study termination on day 61.
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0.14562 3 vs. 6 0.01481 3 vs. 8 0.01041 4. vs. 6 0.18792 4 vs. 8 0.15782 10 vs. 14 0.00532 10 vs. 16
0.02341 10 vs. 17 0.00391 14 vs. 16 0.29322 14 vs. 17 0.7209/ 14 vs. 18 0.8785/ Mann-Whitney rank
sum test

WO 2008/1240697 PCT/US2008/004449

Example 7
Materials and Methods

Animal Care: Five-weeks-old female athymic NCr-nu/nu mice were

purchased from Taconic Farms (Germantown, NY).

5 Tumor Model: 30 to 40 mg fragments of MX-1 human mammary tumors
maintained in an in vivo passage were implanted sc in mice in the mammary fat pad
using a 12-gauge trocar needle and allowed to grow. The day of tamor implantation
was designated as day 0. Tumors were allowed to reach 138-245 mg in weight
(138-245 mm- in size) before the start of treatment. A sufficient number of mice

10 were implanted so that fumors in a weight range as narrow as possible were selected
for the trial on the day of treatment initiation {(day 10 after tumor implantation).
Those animals selected with tumors in the proper size range were assigned fo the
various treatment groups so that the median tumor weights on the first day of

treatment were as close to each other as possible (172-197 mg).

15 Drug Formulation: IPMeTris (205 mg of IPM/vial} which may be prepared
as described in Example 1, and IPM were both formulated in saline on the first day
of treatment (day 10) at a concentration of 6.0 mg/mL and then diluted with saline to
the lower dosing concentrations of 4.05, 1.8, and 1.2 mg/mL. IPM(LYS); (100 mg
IPM-Lysine/vial) was formulated in saline on the first day of treatment at a

20  concentration of 14 mg/mL and then diluted with saline to the lower dosing
concentrations of 9.35, 4.2 and 2.8 mg/mL. Each concentration was then aliquoted
for daily use, frozen, stored at -20 °C, and thawed for daily use. All injections were
administered on the basis of exact body weight with the injection volume being (.2

mE/10 g body weight.

25 Drug Treatment: The experiment consisted of 12 treatment groups of eight
mice per group and two vehicle-treated control groups with ten mice each for a total
of 116 mice on the first day of treatment. All agents (and vehicle) were
administered daily for five consecutive days {qid x 5). IPM<Tris and IPM were
both administered ip at dosages of 36 and 24 mg/kg/dose and po at dosages of 120

30 and 81 mg/kg/dose. [PM=(LYS), was administered ip at dosages of 84 and 56
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2 Student's t-test 5The response of the MX-1 human mammary tumor xenog;rafis to treatment with (1)
vehicle - ip and po, (2) ip IPMTris, IPM, and IPM.(LYS)2, and (3) po 1PMTris, 1PM, and IPM-(LYS)2 is
shown in Figures 16, 17, and 18, respectively. Conclusions For ip administration of equivalent [PM
dosages the awtitumenazetivity of 10IPMTris was comparable to that for botPCPNEZEIRNS(LY S)2
(higher dosage). The lower dosage was inactive against the MX-1 tumor in this study. The highest
tolerated dosage of IPM.Tris was superior to the highest tested dosage of either IPM or IPM.(LYS)2.
For po administration of equivalent IPM dos%es, the antitumor activity of the IPMTris was comparable

to that for both IPREAdeEvInd RsTbdesares 13| SR efédestad 8 OF B heERETI¥EE was toxic

to the mice for botJRMeitsis anek IRMyith thénthe-Rrevious MX-1 study (Example 7) for ip
administration of equivalent IPM dosages the antitumor activity of IPM.Tris was superior to that for IPM

(both dosages) and conpasiable desthatford RM. (kod5) 2/ thoth - dosageshnkor peradministzaton of
equivalent IPM dgsages, the antitumor activity of IPMeTris was,5¢0 rable ta that for IPM (both
dosages), compa%‘aeb%%#%é‘f?grvfﬁﬁ?éﬁ% gteﬁ]éy h%ﬁg}%‘g}s%ge;ergﬁ% gﬁ 8%%? %ﬁf Hatf for IPM-(1
YS)2 at the |6werldosageiume Wrecdmparingdthe talgpstudiestheawtiityof theé threstgents when
administered ip was |essdn thisstu d(gpgefépr IPM-Tris at a dosage of 36 mg/kg/dose - T-C value of
10.2 days vs. 3.3 days; for IPM at a dosage of 36 10mg/kg/dose - T-C value of 5/2 days vs. 1.1 days;
and for IPM-(LYS)2 at a dosage of 56 mg/kg/dgse wT-G valyg3of 9.0 days vs. 0.3 day). The activity of
IPM-Tris when administered po was also less (comparable values for IPM and IPM(LYS)2) in this

study (e.g. for IPMT&s at avdlosageah8l-mghkg/dosenli-Cpeadeba 0 daysvion Stlaysdfar IPM at a
dosage of 81 mg/k%éfiose -T-C vall.ﬁ!of 4.0 days VS, 2.3(9?(}/3' 1% and for IPM- LYng at a dosage of

280 mg/kg/dose-ela r\“llaeraus‘elrf:iffmgfB‘dayl§ \f/%%? c'i%l?/ssfﬁ Tife reﬁ%%h‘ Es’lsef(‘t)urnt]ﬁ% dé etaassear%%ity is not

obvious, giviéh therstuldystostlicywaridtimg)with such biological systems. With respect to the tumor

component of the study, the vehicle-treated control tumors grew at comparable rates in the two
studies. The median turftdyéigtion thecifsddayeaferaanaieht WeresshgeineyerrdaipiPrample 7

(range of 172-19 Amoadhan RAsaxaaRieiaRas Ahidnlbd Peanewr ekdis stralkdifference

should have no significant effect on the antitumor activity. Example 9 Materials and Methods 25Three
groups of eight nifed{Ere Hestemar I, SHARACHEY Y Brepared as described in Example |,

three groups of eight mii;,gr were }S[i%ta ga\%ig) %xogléb(i)%inbgne f%H,lou%:o tenunr}{ grv(\)/lgsatrrt(‘aaqtel%with
vehicle, and eighteen group’%lo eight mice were treated with the T A&/AOXSruBIcH combination.
MX-1 tumor ffagmenmits (30 tdon g ghrersicans, inwinbepaSsage) fvee mumptanteddshb codandoalsly in
animals’ times to reach two tumor mass doublings were determined. The median
time to reach two tumor mass doublings in the treatment groups (T} and control

group (C) was used in the calculation of the overall delay in the growth of the

median tu'mor {T-C}.

20 Stafistical Analysis: The individual animal’s time t¢ reach two tumor mass
doublings was used as the endpoint in a Student’s t-test/Mann Whitney rank sum
test or life tables analysis in order to compare statistically the growth data between
groups. A life tables analysis (stratified Kaplan-Meier estimation followed by the
Mantel-Haenszel log-rank test) allows one to compare the growth data between

25 groups using the animals whose tumors did not reach the evaluation point by

exciuding them.
Results

Tumors in both vehicle-treated control groups grew well in all 10 mice. The

median tumor reached two tumor mass doublings in 7.4 and 7.2 days, respectively,
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30the mammary fat pad in female athymic nude mice. 1PM-Tris (or its vehicle) was given
intraperitoneally daily for five consecutive days (Q1 dx5) at three dosages (12, - 47 - WO
2008/124097PCT/US2008/004449 24, and 54 mg/kg/dose), wherein the 1PMTris formulation
comprised 258/@ mIPM(MW 221.02), 141.9 mg Tris base (MW 121.14, mi¢laftsgtieriRm4¥ris base
1:1), and 3% Mannitol. Doxorubicin (or its vehicle) was given intravenously every fourth day for three
injections (Q4dx3) at 8 mg/kg/dose). Dosing solutions were 5prepared on the day of treatment and
IPM.Tris dosing solutions were kept on ice once prepared. Treatment began when tumors were

approximately 175 TP 58 g8 TP thBR ingh D BIE PRI &P St FEESNBG S &XIHBBr in two

dimensions and camektedtodpdorMasSS wsifg the formula for a prolate ellipsoid (a x 1)212), where a
10is the longer dimension and b is the smaller dimension, assuming unit density (1 mm3 = 1 mg).
Tumor measurements weteprecorded Avidei weskly @it drtitumod@aetiety Wblsaagsessed by the delay in

tumor growth of the freated groups in comparison o the. vahiclestreat I . partial and
complete regress%%%,gfg%)éet%%grg re6 Sy f\)/‘glr%s.‘%’l%?égﬁa\ﬁ@e/ﬁe%}%W@ﬁéﬁ%ﬁ%&%ﬁ%&% d at 54
15mg/kg/daysin cohedifsitio davitte destonbicaat Beamikayday Bt dovaseisiereielewmnbinatiion group

died early due to foxicity, Results can.he, 5860, AGUIEHIO2E) and (AGSURDIRALIOMBLIBMTriS with

doxorubicin resulted in significant antitumor activity, where tumor growth inhibition by the combination

exceeded that ob&EFEt HArFRiFRIECliEhY atRHFISTHONGA ARHEIESIAB I SighTeanty Zvincreased
survival in compagisomute, singie aoant: administ atisnnlnedasct dhe eHestbof thecombipatian. shows

synergistic efficacy, that is, greater than additive efficacy compared to the age;ggaﬁ%ministered

individually in like 58858 5E N FR P TAG LIS ga o TEWI- PSR IGTRRISP S §Vif&Hittle or no
improvemenpwhey.canparedoia gey ehidenepdadgopticianinabiblije ansmahsveightsinie 25
combination groups were reduced durin atment (aver animal weights reduced by 20% at end of
dosing at day 22), 8?%6%%8@/}%}@ S(?Pé%};o&ﬁc%a ossﬁ%‘gs%%%%’ileﬁﬁﬁﬂﬁé‘co@ﬁg’%&%%%rfc% ve%( 18% day 38),
suggesting that takisite whE’ Mversities Thidbdataisudgegtsuthi cuyiigidatiorpthér8py wWwitkhtPM-Tris and

doxorubicin may e, el oL ARG B GRCSH BRI SAIAGSIR SR RIPBIOIN QLIEMTIS as

single agents 300r In tombination; including but not limited to, breast cancer, ovarian cancer, and

sarcoma. WO 20081 2409% peive/d2e08/ooh sagExed steli b dosages of 36 and 24
15  mg/kg/dose, elicited tumor growth delays of 24.3 and 9.0 days, respectively. The

higher dosage of IPM+(LYS); was toxic — two mice dead on day 20 and two
euthanized because of morbundity or excessive loss in body weight. The lower
dosage of IPM»(LLYS), was tolerated with a maximum loss in mean body weight of
15% (3 g). The tolerated IPM<«(LYS), dosage exhibited comparable activity to that
20 for IPM=Trs at a corresponding dosage of 24 mg/kg/dose (p=0.766) and superior
activity to that for IPM at a corresponding dosage of 24 mg/kg/dose (p=0.0047).

Oral administration of IPM=Tris at dosages of 120 and 81 mg/kg/dose
elicited tumor growth delays of 8.7 and 9.0 days, respectively. The higher dosage of
IPM-Tris elicited a maximum loss in mean body weight of 15% (3 g) with one

25  mouse being euthanized because of a body weight less than 14 g. The lower dosage
was tolerated with a maximum loss in mean body weight of 10% (2 g). Oral
administration of IPM at dosages of 120 and 81 mg/kg/dose elicited tumor growth
delays of 4.6 and 4.0 days, respectively. Both dosages were tolerated with a
maximum loss in mean body weight of 5% (1 g). The times to reach two tumor

30  mass doublings were not statistically different from thé times for the corresponding

dosage of IPM-Tris (p = 0.1174 for the dosage of 120 mg/kg/dose; p = 0.1152 for

- AQ -



Fragments (30 to 40 mg each) of MX-1 human mammary tumors from an in vivo passage were
implanted subcutaneously in nude mice in the mammary fat pad and were allowed to reach 75 to 198
mg in weight before initiation of treatment. 5IPM.Tris (54 mg/kg), which may be prepared as described
in Example 1veadoddeetesiel (10 mg/kg) were administered QI Dx5 IP and E6D&S908/¢esptctively,
starting ten days after tumor implantation. The combination of the two agents demonstrated an
increased antitumor effect compared to either agent administered as a single agent as seen in Figure
26. 10Example 11 Fragmen%sggso to 40 mg each) of MX-1 human mar tumorsd; anin
vivo passage wef8aipiaséed Sl ﬁﬁ?&ﬁ%lﬁﬁ%@fﬁ@ﬂﬁ%qmﬁgmﬁ% 13t FRAEHE g?e allowed
to reach 75 to 198:mgan weightbeloraithecsiastnitaatiiehtiolivk s 36 gka)zupidtsenay be
prepared as described jn Example 1, 15administered,|P was found to sup s.tumar growth to
Bpproximately thél LA LRGHE R RIS (B2 A S P A St s a7,
Additionally, the esédretesystenieddministration oflRMIdisweslited HsimdasiddrdasEsein survival of
MX-1 xenograft-hearing,mice, T ledign, Suryi f I median survival of
the PO grouga Wﬁgig%ﬂ::ﬁi cfa?? ?3;1}1(? 'Eﬂ]é?%&z%)izan é%\)és?léjer%i%%ﬁgﬁﬁ%quvlﬂe%%@%%%?%?g&%}was 30 days as

seen in Figure 28PMrd gejaivhIBM alnicomespaatiig dseasesd PO medpddesesiOviAthagtrange
expected from the B’.'§1%0@4}%@&%%}}.5@@@&L‘Aéﬁﬁﬁ‘i@&%@@%‘W%eﬁﬁ@%‘%%@i)ﬁé@ﬂ@ymw'w
i

rats were administered 1PM. ris, which may be prepared as 25described in Example 1, once daily via
gavage (PO) or b&IGENERTORISTED MICPTTE pieEsethagkelderoty 3¢ W40 Md/kg and

blood samples forRisevaluationweraoli@ingd. pre deseanch@h0 Soshe2 of 88 r8x/k2/RRe @4-hours
post-dose from the_retro orbital sinus. Three animals per group were sampled at each time point. PK

results for plrg-dogeﬂ’,{}a. ; 1, 2, and 4 hours are shown in Figure 29 30where Tr"ax appeared to be

approximately 0.5 hours. Estimates cgterminal %ixg @g@&f{(ﬁ qg}%ép 0364 hours. For each dose,
AUC values were used to estimate a g%’lﬁtae%?oeqatﬁvea encaélogfﬂsoaral y atiministered 1PM.Tris as the

ratio (AUC post-P0 dose)/(AUC post-IV doseb,%ggpp\éﬁ,gje?)fgra%ch dose are shown in Figure 30 and
Com values for each dose are shown in Figure_31.Both AUC and C, values Sincreased linearly with
increasing dose of PO- or IV-administered IPM2T¥is? | B¥Vailability of the 20, 30, and 40 mg/kg PO
doses of IPM.Tris were 48%, 65%, and 73%, fespestively.gyerall mean bioavailability was 62% in
females. Similar PLC was observed in rats; hgwever,-mean-bigalailability in males was estimated to
be 41%. 10Example 13 Solution Stability of IPM. T§i&/Mafniffl and IPM-(LYS)2

5vs7 | 0.0047°
9vs1l |0.1174°
9vs13 |0.1000°
i1vs13]0.9143°
10vs 12| 0.1152°
10vs 14 | 0.0290°
12 vs 14 | 0.3073°

' Life tables analysis
2 Mann-Whitney rank sum test
15 ? Student’s t-test
The response of the MX-1 human mammary tumor xenografts to treatment
with (1) vehicle — ip and po, (2} ip IPM=Tris, IPM, and IPM={LYS), and (3} po
IPMeTris, IPM, and IPM+(LYS), is shown in Figures 13, 14, and 15, respectively.
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The reconstituted stability of IPM.Tris formulation was evaluated in 5% sodium chloride solution for
injection. The concentration of IPM was found to maintain >90% potency for up to 2.0 hours. 15The
IPM-(LYS)2 formulation was evaluated in 0.9% sodium chloride solution for injection. The,
concentration @il PiRwasfound to maintain >90% potency for up to 1.0 howC Bokaiesiosialbility of
IPM-Tris/Mannitol Table | presents reconstitution stability data for LPMTris/mannitol in the 20presence
of 25 mL of 5% sodium chloride solution for injection. Aliquots were taken at target times of -1 hr, 1.5
his, 2.5 hrs, 3.5 hrs, 4.0 hrs, and 5.0 hrs. Samples were analyzed for IPM potency. Table I.
Reconstitution Stability SFHENATIHE/ Mannitol in the Presence of 5% Sodium Chloride Solution

Reconstitution Time (hours). % Potency based on Original 1PM Vial Content 0 100194 2903864
816 For'ip admimstration of equivalent IPM dosages the antitumor activity of

IPM-=Tris was superior to that for IPM (both dosages) and comparable to that for
IPMe(1.Y3), (both dosages). For po administration of equivalent IPM dosages, the

5 antitumor activity of IPM+Tris was comparable to that for IPM (both dosages),
comparable to that for IPMe(LY S}, at the higher dosage, and superior to that for
IPMe(LYS}),; at the lower dosage.

Example 8
Materials and Methods

16 Animal Care: Five-weeks-old female athymic NCr-nu/nu mice were

purchased from Harlan (Prattviile, AL).

Tumor Model: Thirty-to-forty mg fragments of MX-1 human mammary
tumor maintained in an 1 vivo passage were implanted sc in mice in the mammary
fat pad using a 12-gauge trocar needle and allowed to grow. The day of tumor

15 implantation was designated as day 0. Tumors were allowed to reach 113-245 mg in
weight (113-245 mm’® in size) before the start of treatment. A sufficient number of
mice were implanted so that tumors in a weight range as narrow as possible were
selected for the trial on the day of treatment initiation (day 6 after tumor
implantation). Those animals selected with tumors in the proper size range were

20 assigned to the various treatment groups so that the median tumor weights on the

first day of treatment were as close to each other as possible (144-162 mg).

Drug Formulation: IPM=Tris (205 mg of IPM/vial, Cardinal Health) which
may be prepared as described in Example 1, was formulated in saline on each day of
treatrnent at a concentration of 13.5 mg/mL and then diluted with saline to the lower

25  dosing concentrations of 9, 6, 4.05, 2.7, 1.8, and 1.2 mg/mL. IPM (Eagle-Picher
Pharmaceutical Service) was formulated in saline on each day of treatment at a
concentration of 6.0 mg/mL and then diluted with saline to the lower dosing
concentrations of 4.05, 1.8, and 1.2 mg/mL. IPM»(LYS), (100 mg IPM-Lysine/vial,
University of lowa) was formulated in saline on the each day of treatment at a

30 concentration of 14 mg/mL and then diluted with saline to the lower dosing
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74 Solution Stability of IPW(LYS)2 Table 2 presents reconstitution stability data for IPW(LYS)2in
the presence of 25 mL of 0.9% sodium chloride solution for injection. Aliquots were taken at target
times of -1 hr, 2 hrs, 2.5 hrs, 3.5 hrs, 4.0 his, and 5.0 hrs. Samples were 5analyzed for IPM.(LYS)2
potency. Feblm@/Resonstitution Stability of LPM.(LYS)2 in the Presence ofiG29%/&8aedium Chloride
Solution Reconstitution Time (hours) % Potency based on Original IPM(LYS)2 Vial Content 0 100 1 90
2792573564457 51

10

15

20

25

concentrations of 9.35, 4.2, and 2.8 mg/mL. All dosing solutions were kept on ice
after formulation and were administered within 30 min. All injections were
administered on the basis of exact body weight with the injection volume being 0.2

mL/10 g body weight.

Drug Treatment: The experiment consisted of 16 treatment groups of eight
mice per group and two vehicle-treated control groups with ten mice each for a total
of 148 mice on the first day of treatment. All agents (and vehicle) were
administered daily for five consecutive days (gld x 5). IPMeTris was administered
ip at dosages of 81, 54, 36, and 24 mg/kg/dose and po at dosages of 270, 180, 120
and 81 mg/kg/dose. IPM was administered ip at dosages of 36 and 24 mg/kg/dose
and po at dosages of 120 and 81 mg/kg/dose. IPM-(LYS), was administered ip at
dosages of 84 and 56 mg/kg/dose and po at dosages of 280 and 187 mg/kg/dose.
The control groups were treated either ip (group no. 1) or po (group no. 10} with the

vehicle (saline).

Tumor Measurements and Body Weights: The sc tumors were measured and
the animals were weighed twice weekly starting with the first day of treatment.
Tumor voiume was determined by caliper measurements (mm) and using the

formula for an ellipsoid sphere:
Lsz;’Zlﬂmm},

where L and W refer to the larger and smaller perpendicular dimensions coliected at
each measurement. This formula is also used to calculate tumor weight, assuming

unit density (1 mm® = 1 mg.).

Study Duration: The study was terminated 52 days after tumor implantation.
Any animal that became moribund or whose tumor became uvlcerated and reached

4,000 mg was euthanized prior to study termination.

Parameters Evaluated: Number of nonspecific deaths, number of partial and
complete turnor regressions, number of tumor-free survivers, and the individual
animals’ times to reach two tumor mass doublings were determined. The median

time to reach two tumor mass doubling in the treatment groups (T) and control
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Conclusion IPM/tromethamine/mannitol formulation maintains 90% potency for 2.0 10hours when
subjected to 5% sodium chloride in solution. IPM(LYS), formulation maintains 90% potency for 1.0
hour in the presence of 0.9% sodium chloride. The difference in the reconstitution stability (>90%
potency) betwe@th#1tidey formulations is 1.0 hours, a factor of two. The iIncPeag&MSERBHIY time may
assist clinicians during preparation and administration of drug product. Example 14 Solution Stability
of 1PM The reconstituted stability of 1PW1 formulation was evaluated in pH 7 buffer at
approximately 25 C over 3.5 hours as shown below in Table 3 and in Figure 32. Reconstitution Time

(hours) Vo Purity&"88.0oby 80°6%4 1 dhe cplgginp pEtheoomsall  davgeqhe srowth of the

median tumor (T-C).

Statistical Analysis: The individual animal’s time to reach two tumor mass
doublings was used as the endpoint in a Student’s t-test/Mann Whitney rank sum

5  testin order to compare statistically the growth data between groups.
Results

Tumors in both vehicle-treated control groups grew well in all 10 mice. The
median tumor reached two tumor mass doublings in 9.2 and 8.9 days, respectively,
for the 1p-treated and po-treated groups. There was no loss in mean body weight for

10 these two groups during the study.

Intraperitoneal administration of IPM-=Tris ata dosage of 81 mg/kg/dose was
toxic to the mice, eliciting three deaths and one euthanasia due o morbundity and a
maximuim loss in mean body weight of 20% (4.5g). The lower dosages of 54, 36,
and 24 mg/kg/dose were tolerated with maximum losses in mean body weight of 5%
15 (1.2g),6% (1.3 g), and 1% (0.2 g), respectively. The dosages of 54, 35, and 24
mg/kg/dose elicited tumor growth delays (T-C) of 4.4, 3.3, and 0.9 days,
respectively. Intraperitoneal administration of IPM at dosages of 36 and 24
mg/kg/dose elicited tumor growth delays of 1.1 and 0.3 days, respectively. Both
dosages were tolerated with maximum losses in mean body weight of 8% (1.8 g) and
20 2% (0.4 g) for dosages of 36 and 24 mg/kg/dose, respectively. The times to reach
two tumor mass doublings for IPM were statistically less than that for the highest
tolerated dosages of IPM=Tris but statistically the same as the corresponding dosage
of IPM=Tris (p = 0.0148 for the dosage of 54 mg/kg/dose; p = 0.1879 for the dosage
of 36 mg/kg/dose). Intraperitoneal administration of IPM+(LYS}); at dosages of 84
25  and 56 mg/kg/dose, which correspond to IPM dosages of 36 and 24 mg/kg/dose,
elicited tumor growth delays of 0.5 and 0.3 day, respectively. Both dosages were
tolerated with maximum losses in mean body weight of 1% (0.3 g) and 0% for
dosages of 36 and 24 mg/kg/dose, respectively. The times to reach two tumor mass
doublings for IPM={LYS), were statistically less than that for the highest tolerated

30  dosage of [IPM«Tris but statistically the same as the corresponding dosage of
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2.557.4% 3.0 52.1% 3.5 47.0% Solution Stability of 1PMTris/Mannitol Table 4 presents
reconstitution stability data for IPM.Tris/Mannitol in the presence of 25 mL of 5% sodium chloride
solution for injection. Aliquots were taken at target times of 1.5, 3 .0, and 4.5 hours. Reconstitution
Time (hours) Rurityo§/@)4®9.80 1.5 99.72 3.0 99.49 4.5 99.50 Solution Stabity/GsIPROHMNS)2

Table 5 presents reconstitution stability data for IPM.(LYS), in the presence of 25 mL of 0.9% sodium
chloride solution for injection. Aliquots were taken at target times of 1.5, 3.0, and 4.5 hrs.

10

15

20

IPM+Tris {p = 0.0104 for the dosage of 54 mg/kg/dose; p = 0.1578 for the dosage of
36 mg/kg/dose).

Oral administration of IPMeTris at desages of 270, 180, and 120 mg/kg/dose
was toxic to the mice, eliciting cight deaths/euthanasia due to morbundity, seven
deaths, and three deaths, respectively. The dosages of 180 and 120 mg/kg/dose
elicited maximum losses in mean body weight of 23% (5.3 g) and 20% (4.7 g),
respectively. The lowest dosage of 81 mg/kg/dose was tolerated with a maximum
loss in mean body weight of 10% (2.2 g). The dosage of 81 mg/kg/dose elicited a
tumor growth delay of 2.6 days. Oral administration of IPM at a dosage of 120
mg/kg/dose was toxic to the mice, eliciting two deaths and a maximum loss in mean
body weight of 18% (3.8 g). The lower dosage of 81 mg/kg/dose was tolerated with
a maximum loss in mean body weight of 9% (2 g) and elicited a tumor growth delay
of 2.3 days. The times to reach two tumor mass doublings were not statistically
different from the times for the corresponding dosage of IPMe»Tris (p = 0.2932 for
the dosage of 81 mg/kg/dose). Oral administration of IPM=(LYS); at dosages of 280
and 187 mg/kg/dose, which correspond to IPM dosages of 120 and 81 mg/kg/dose,
elicited tumor growth delays of 3.9 and 4.7 days, respectively. Both dosages were
tolerated with maximum losses in mean body weight of 14% (3 g} and 7% (1.6 g).
The lower dosage of IPM+(LYS8); exhibited similar activity to that for IPMe*Tris ai a
corresponding dosage of 81 mg/kg/dose (p = 0.8785).
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Reconstitution Time (hours) Purity (%) 0 97.48 1.5 96.97 3.0 92.54 4.53 95.37 Example 15 Stability of
Solid IPM-Tris  One month Two months Three months Purity (% area) -20 C 100.0% 100.0%

WO 2008/124097 PCT/USZ008/004449

Sumnmary Table of Statistical Analysis

Group Pairs  p Value
1vs.3 | 0.00101
1vs.6 | 0.02302
Ivs. 8 |0.1456°
3vs.6 | 0.0148
Jve. 8 | 0.0104'
4.vs. 6 |0.1879°
4vs.8 | 0.1578*
10 vs. 14 | 0.0053°
10 vs. 16 | 0.0234'
10 vs. 17 | 0.0039"
14 vs. 16 | 029327
14 vs. 171 0.7209
14 vs. 18| 0.8785'

' Mann-Whitney rank sum test
? Student’s t-test
5 The response of the MX-1 homan mammary tumor xenografts to treatment
with (1) vehicle — ip and po, (2) ip IPM=Tris, IPM, and IPMe=(LY8),, and (3) po
[PMeTrnis, IPM, and IPM=(L.YS), is shown in Figures 16, 17, and 18, respectively.

Conclusions

For ip administration of equivalent IPM dosages the antitumor activity of
10 IPM-<Tris was comparable to that for both [PM and IPM=(L.YS), (higher dosage).
The lower dosage was inactive against the MX-1 tumor in this study. The highest
tolerated dosage of IPM=Tris was superior to the highest tested dosage of either IPM
or IPM=(LYS),. For po administration of equivalent IPM dosages, the antitumor
activity of the JPMeTris was comparable to that for both IPM and IPM<(LYS), at the
15  lower dosage. The dosage of 120 mg/kg/dose was toxic to the mice for both
IPM-=Tris and IPM.
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100.0% 5 C 99.9% 100.0 100.0% 25C 100.0% 99.8% 99.9% Potency (IPM content % w/w) -20C
100.5% 100.4% 102.4% 5C 101.3% 99.6% 102.3% 25C

WO 2008/124097 PCT/US2008/604449

In the previous MX-1 study (Example 7} for ip administration of equivalent
IPM dosages the antitumor activity of IPM=Tris was superior to that for IPM (both
dosages) and comparable to that for IPMe(LY S), (both dosages). For po
adminisiration of equivalent IPM dosages, the antitumor activity of IPMeTris was
5  comparable to that for IPM {both dosages), comparable to that for IPM=(LYSE), at
the higher dosage, and superior to that for IPMe(LYS), at the lower dosage.

In comparing the two studies the activity of the three agents when

administered ip was less in this study (e.g., for IPM*Tris at a dosage of 36
mg/kg/dose — T-C value of 10.2 days vs. 3.3 days; for IPM at a dosage of 36

10 mgkeg/dose — T-C value of 5/2 days vs. 1.1 days; and for IPM=(LYS}), at a dosage of
56 mg/kg/dose — T-C value of 9.0 days vs. 0.3 day). The activity of IPM+Tris when
administered po was also less (comparable values for IPM and IPM=(LYS),) in this
study (e.g. for IPMe=Tris at a dosage of 81 mg/kg/dose — T-C value of 9.0 days vs.
2.6 days; for IPM at a dosage of 81 mg/kg/dose — T-C value of 4.0 days vs. 2.3 days;

15 and for IPMe(LYS); at a dosage of 280 mg/kg/dose — T-C value of 5.0 days vs. 3.9
days). The reason(s) for the decreased activity is not obvious, given the study-to-
study variation with such biological systems. With respect to the tumor component
of the study, the vehicle-treated control tumors grew at comparable rates in the two
studies. The median tumor weights on the first day of treatment were slightly larger

20 in Example 7 (range of 172-197 mg) than in this example (range of 144:162 mg),
however, this small difference should have no significant effect on the antitumor

activity.
Example 9
Materials and Methods

25 Three groups of eight mice were treated with IPMe«Tris, which may be
prepared as described in Example 1, three groups of eight mice were treated with
doxorubicin, one group of ten mice was treated with vehicle, and eighteen groups of
eight mice were treated with the IPMe«Tris/doxorubicin combination. MX-I tumor
fragments (30-40 mg, from an in vivo passage) were implanted subcutaneously in

30 the mammary fat pad in female athymic nude mice. IPMeTris (or its vehicle) was
given intraperitoneally daily for five consecutive days (Q1dx5) at three dosages (12,
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97.8% 90.9% 80.8% Stabi ity of Solid 1PMTr s/Mannitol lyophilisate Time zero 1 month 3 months 6
months 9 months Purity (% -70C 98.5% 98.7% 98.7% 99.7% 99.8% WO

2008/124097PCT/US2008/004449 area) -20C
WO 2008/124097 PCT/US2008/004449

24, and 54 mg/kg/dose), wherein the IPMeTnis formulation comprised 258.9 mg
IPM (MW 221.02), 141.9 mg Tris base (MW 121.14, molar ratio IPM:Tris base
1:1), and 3% Mannitol. Doxorubicin {or its vehicle} was given intravenously every
fourth day for three injections (Q4dx3) at 8 mg/kg/dose). Dosing solutions were

5  prepared on the day of treatment and IPM-Tris dosing solutions were kept on ice

once prepared.

Treatment began when tumors were approximately 175 mg in size (range of

100 to 250 mg). Each tumor was measured by caliper in two dimensions and
converted to tumor mass using the formula for a prolate ellipsoid (a x b%/2), where a

10 is the longer dimension and b is the smaller dimension, assuming unit density (1
mi = 1 mg). Tumor measurements were recorded twice weekly and antitumor
activity was assessed by the delay in tumor growth of the treated groups in
comparison to the vehicle-treated control group, partial and complete regressions,
and tumor-free survivors. Note that when IPM«Tris was administered at 54

15 mg/kg/day in combination with doxorubicin at 8 mg/kg/day, two animals in the

combination group died early due to toxicity. Results can be seen in figures 19-25.

The combination of IPM*Tris with doxorubicin resulted in significant
antitumor activity, where tumor growth inhibition by the combination exceeded that
observed with single agent administration and the combination significantly

20 increased survival in comparison to single agent administration.  In fact, the effect
of the combination shows synergistic efficacy, that is, greater than additive efficacy
compared to the agents administered individually in like doses, even where the
dosage of [PM»Tris alone 1s so low as to provide little or no improvement when
compared to a vehicle-treated control animal. While animal weights in the

25  combination groups were reduced during treatment {average animal weights reduced
by 20% at end of dosing at day 22}, they quickly recovered once dosing ended (full
recovery was observed by day 38), suggesting that toxicity was reversible, This data
suggests that combination therapy with IPM=Tns and doxorubicin may be useful for
treating any cancer that responds to either doxorubicin or IPMeTris as single agents

30 orin combination, including but not limited to, breast cancer, ovanian cancer, and

Sarcomd,

- 48 -



98.5% 98.6% 99.1% 99.3% 99.8% 5C 98.5% 99.1% 98.9% 99.2% 99.8% Stability of Solid
IPM-(LYS)2 lyoph isate Time zero 1 month 3 months 6 months 9 months 12 months 18 months

WO 2008/124097 PCT/US2608/004449

Example 10

Fragments (30 to 40 mg each) of MX-1 human mammary tumors from an i
ﬁz‘vo passage were implanted subcutaneously in nude mice in the mammary fat pad
and were allowed to reach 75 to 198 mg in weight before initiation of treatment.

5 IPMeTris (54 mg/kg), which may be prepared as described in Example 1, and
docetaxel {10 mg/kg) were administered Q1Dx5 IP and Q6Dx3 IV, respectively,
starting ten days after tumor implantation. The combination of the two agents
demonstrated an increased antitumor effect compared to either agent administered as

a single agent as seen in Figure 26.
10 Example 1]

Fragments {30 to 40 mg each) of MX-1 human mammary tumors from an i
vivo passage were implanted subcutaneously in nude mice in the mammary fat pad
and were allowed to reach 75 to 198 mg in weight before the start of treatment.
IPMeTris (36 mg/kg), which may be prepared as described in Example 1,

15  administered IP was found to suppress turnor growth to approximately the same
extent as IPM+Tris (81 mg/kg) administered PO as seen in Figore 27. Additionally,
the oral or systemic administration of IPM=Tris resulted in similar increases in
survival of MX-1 xenograft-bearing mice. The median survival of the IP group was
39 days, the median survival of the PO group was 37.5 days, and the median

20 survival of the vehicle control group was 30 days as seen in Figure 28, The
equivalent antitumor activity of these PO and IP doses is within-the range expected

from the PK of orally and systemically administered IPM=Tris.
Example 12

Sprague-Dawley rats were administered IPM-Tris, which may be prepared as
25  described in Example 1, once daily via gavage (PO) or bolus IV injection. IPMe-Tris
was administered in doses of 20, 30, or 40 mg/kg and blood samples for PK
evaluation were obtained pre-dose and at 0.5, 1, 2, 4, 6, 8, 12, and 24 hours post-
dose from the retro orbital sinus. Three animals per group were sampled at each
time point. PK results for pre-dose, 0.5, 1, 2, and 4 hours are shown in Figure 29

30 where Ty appeared to be approximately 0.5 hours. Estimates of terminal t)
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24 months -70

10

15

20

C 99.8% 98.8% 98.8% 99.5% 99.8% 99.6% 100.0% 100.0% Purity

WO 2608/124697 PCT/AIS2608/004449

ranged from 0.25 to 0.64 hours. For each dose, AUC values were used to estimate
absolute bicequivalence of orally administered IPM-=Tris as the ratio (AUC post-FO
dose)/{AUC post-1V dose). AUC values for each dose are shown i Figure 30 and
Cax Values for each dose are shown in Figure 31. Both AUC and Chax values

increased linearly with increasing dose of PO- or [V-administered IPM=Tris.

Bioavailability of the 20, 30, and 40 mg/kg PO doses of IPM-Tris were 48%,
65%, and 73%, respectively. Overall mean bioavailability was 62% in females.
Similar PK was observed in rats; however, mean bioavailability in males was

estimated to be 41%.
Example 13
Solution Stability of IPMeTris/Mannitol and IPMe(LYS)

The reconstituted stability of IPM#*Tris formulation was evaluated in 5%
sodium chloride solution for injection. The concentration of IPM was found to

maintain >90% potency for up to 2.0 hours.

The IPMe(LYS), formulation was evaluated in 0.9% sodium chloride
solution for injection. The concentration of [IPM was found to maintain >90%

potency for up to 1.0 hour.
Solution Stability of IPM=Tris/Mannitol

Table 1 presents reconstitution stability data for IPM+Tris/mannitol in the
presence of 25 mL of 5% sodium chioride solution for injection. Aliquots were
taken at target times of ~1 hr, 1.5 hrs, 2.5 hrs, 3.5 hrs, 4.0 hrs, and 5.0 hrs. Samples
were analyzed for IPM potency.

Table 1. Reconstitution Stability of IPMeTris/Mannitol in the Presence of
5% Sodium Chlioride Solution

Reconstitution | % Potency based on Original
Time (hours) | IPM Vial Content

G 100

i 94
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W 2008/124097 PCTIOR2008/004449

2 %0
3 86
4 81
6 74

Solution Stability of IPM=(LYS),

Table 2 presents reconstitution stability data for IPM=(LY 5)zin the presence
of 25 mL of 0.9% sodium chloride solution for injection. Aliquots were taken at
target times of ~1 hr, 2 hrs, 2.5 hrs, 3.5 hrs, 4.0 hrs, and 5.0 hrs. Samples were

5  analyzed for [PM-(LYS}), potency.

Table 2. Reconstitution Stability of IPM=(LYS) in the Presence of
0.9% Sodium Chloride Solution

Reconstitution | % Potency based on Original
Time (hours) | IPMe(L.Y S}, Vial Content

0 100

1 90

2 76

2.5 | 7

3.5 64

4 57

5 3l

Conclusion

IPM/tromethamine/mannitol formulation maintains 90% potency for 2.0
16 hours when subjected to 5% sodium chloride in solution. IPM<(LYS), formulation
maintains 90% potency for 1.0 hour in the presence of 0.9% sodium chloride. The
difference in the reconstitution stability (>90% potency) between the two
formulations is 1.0 hours, a factor of two. The increase in stability time may assist

clinicians during preparation and administration of drug product.
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(% area) C 99.8% 98.4% 98.5% 96.0% 96.9% 97.1% 5

WO Z008/124097 PCT/US2008/004449

Example 14
Solution Stability of IPM

The reconstituted stability of IPM formulation was evaluated in pH 7 buffer

at approximately 25 °C over 3.5 hours as shown below in Table 3 and in Figure 32.

Reconstitution

Time (hours) % Purity
G 100.00%
0.5 85.5%
1.0 80.3%
1.5 72.2%
2.0 64.8%
2.5 57.4%
3.0 52.1%
3.5 47.0%

Solution Stability of IPMe=Tris/Mannitol

Table 4 presents reconstitution stability data for IPM=Tris/Mannitol in the
presence of 25 mL of 5% sodium chloride solution for injection. Aliquots were

taken at target times of 1.5, 3.0, and 4.5 hours.

Reconstitution | Purity
Time (hours) | (%)

0 99.80
15 9972
3.0 99.49
4.5 99.50
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99.8% 93.1% 54.8% 49.2% C

WO 2008/124097 PCT/US2008/604449

Solution Stability of IPM(LYS),

Table 5 presents reconstitution stability data for IPMe{.YS), in the presence
of 25 mL of 0.9% sodium chioride solution for injection. Aliguots were taken at

target times of 1.5, 3.0, and 4.5 hrs.

Reconstitution | Purity

Time (hours) (%}

0 97.48
1.5 96.97
3.0 92.54
4.5° 95.37

Example 15

Stability of Solid IPM<Tris

One month Two months Three months

=20 °C 106.0% 100.0% 100.0%
Purity (% area) 5°C 00.9% 100.0 100.0%

25°C | 100.0% | 99.8% 99.9%

=20 °C 100.5% 100.4% 102.4%
Potency (IPM ‘

5°C 101.3% 99.6% 102.3%
content % w/w)

25°C 57.8% 90.9% 80.8%

Stability of Solid IPM+Tris/Mannitol lyophilisate

6 9
Time zero 1 month 3 months
months | months
Punty (% 70 °C 88.5% 08.7% 98.7% 90 7% | 99.8%
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Example 16 Condition IPM Free acid (API) IPM-Tris salt (API) IPM-Lysine Injectable IPM-TrisMannitol
Injectable Current Stability Data Summary No change in purity at -70 C, 2 years No change in urity at
5 C, 3 mo. No change in purity at -70 C, 2 years No change in purity at 5 C, 1 year Long-Term Storage

Temperature FOQ®BEZE®T 5 C Solubility at 25 C (saline) 14 mg/ml PCT/IS2008/004449
area) 20°C | 98.5% 98.6% 99.1% 99.3% | 99.8%
5°C 98.5% 99.1% 98.9% 99.2% | 99.8%

Stability of Solid IPM=(LYS), lyophilisate

Time l 3 ) 9 12 18 24
ZEr0 month | months | months | months | months | months | months
S10
oc 998% | 98.8% | 98.8% | 99.5% | 99.8% | 99.6% | 100.0% | 100.0%
Purity
20
(% oc 99.8% | 98.4% | 98.5% [ 96.0% | 969% | 97.1%
area) .
5
oc 69.8% 193.1% | 54.8% | 49.2%
Example 16
Condition IPM [PM-Tris salt IPM-Lysine IPM-Tris-
Free acid {APD Injectable Mannitol
(AP Injectable

Current Stability No change in {No change in jNo change in  |No change in
Data Summary purity at purity at purify at purity at
-70 °C, 2 5°C,3mo. §70°C, 2years |S°C, 1 year

years
Long-Term Storage 70 °C 5 °C -70 °C 5°C
Temperature
Solubility at 25 °C |14 mg/mi ~1400 mg/ml 20 mg/ml 80 mg/mll
(saline)
Reconstitution NA INA < 40 seconds < 30 seconds
Solubility Time
Reconstitution NA INA 45 minutes 2.5 hours

Stability at 25 °C
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-1400 mg/ml 20 mg/ml 80 mg/mil Reconstitution Solubility Time NA NA <40 seconds < 30 seconds
Reconstitution Stability at 25 C NA NA 45 minutes 2.5 hours WO 2008/124097PCT/US2008/004149
Stability in 250 ml NA NA >90% potency1>90% potency 0.9% saline *for 15 min

WG 2008/124097 PCT/USZO0R/00G4449
Stability in 250 mi  [NA NA >G0% potency >90% potency
0.5% saline for 15 min for 45 min
H 3.02 NA 18.5 5.0

Eguivalents

Those skilled in the art will recognize, or be able to ascertain using no more
5 than routine experimentation, numerous equivalents o the compounds and methods
of use thereof described herein. Such equivalents are considered to be within the

scope of this invention and are covered by the following claims.

All of the above-cited references and publications are hereby incorporated by

reference.
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for 45 min pH 3.02 A 8.5 5.0 Equivalents Those skilled in the art will recognize, or be able to ascertain
using no more 5than routine experimentation, numerous equivalents to the compounds and methods
of use thereof described herein. Such equivalents are considered to be within the scope of this
invention and are covered by the following claims. All of the above-cited references and N
publications are hereby incorporated by reference. CLAIMS: LA crystalline compound comprising
IPIM or an analéd thE¥®®f, having- a structure of formula (1) 0 A+. -0-P-NHCH2CH2X NFICI-120H2Y
(1) wherein A L the conjugate acid of a hydroxylated aliphatic amine; and X gnd Y independently
represent leaving groups. 2.A crystalline compound of claim 1, wherein Am is selected from the

conjugate acid ¢f moné- chistabittisq@ubardryethyamiiid/ 2:ydraxistetiet0hutylamine,
N N-dimethy L\ (2 ysrgpgeiyamine. and

O
i
Ate 'OWE‘I’W NHCH,CHLX
NHCHCH,Y
5 (1
wherein A" is the conjugate acid of a hydroxylated aliphatic amine; and

X and Y independently represent leaving groups.

2. A crystalline compound of ¢lainy 1, wherein A is selected from the
conjugate acid of mono-, bis- or tris-(2-hvdroxyethyljamine, 2-hydroxy-tert-
16 butylamine, N.N-dimethyl-N-(2-hydroxyethylamine, and

tris(hydroxymethylaminomethane (Tris).
3. A crystalline compound of claim 2, wherein A is the conjugate acid of Tris.

4. A crystalline compound of any one of claims 1 fo 3, wherein X and Y are

independently halogen.

15 5. A crystalline compound of claim 4, wherein X and Y are the same.
6. A crystalline compound of ¢laim 5. wherein X and Y are both CL.
7. A crystalline compound of any one of claims 1 to 6, wherein the IPM or

analog thereof and the ammonium species are present in a ratio from 2:1 to 1:2.

8. A crystalline compound of claim 7, wherein the IPM or analog thereof and

20 the ammonium species are present in a ratio of 1:1.



tristhydroxymethypaminomethane (Tris). A crystalline compound of claim 2, wherein A- is the
conjugate acid of Tris. 4.A crystalline compound of any one of claims to 3, wherein X and Y are
independently halogen. 155,A crystalline compound of claim 4, wherein X and V are the same. 6. A
crystalline compound of claim 5, wherein X and Y are both Cl. 7. A crystalline compound of any one of
claims 1 to 6. wherein the IPM.or analog thereof and the ammonium species are present in a ratio
from 2:1 to 1:2.&8. A c%gfgﬁ%/lg%%c S&%&‘H"gf’ 'I%éﬁﬂ%,gvméﬁreei‘r?ﬁj?é‘ PRABE BAIOY tR&reof and 20the
ammonium speciesAimpresgntindayatonflD3lto &dAicrystalline compound of claim 8, wherein the
melting point of the crystalline compound is about 103 to about 106 C. 10. A crystalline compound of
claim 9. wherein the melting point of crystalline compound is 105 to 106 C. 1..A crystalline compound
of any one of cléims 14o-1G alerehmheras statliriecompoumd tomprises wosingllpolymorphic form of
crystals. 12. A crystalline.gompound ohany ane-pf claims 1 to 11, wherein the compound is stable at
room temperature in the presence of water for at least one day. 13. A crystalline compound of claim
12, wherein the compound is stable at room 10temperature in the presence of water for at least three
days. 14. A crystallinescempaund afslainnd 3rwhesgindhe samnaynd is:siable akroqm gmperature in
the presence of water for at least six days. 15. A methqd for preparing a pharmaceutical composition,

comprising disSOVIRG A CRISRTIE AorRSSURY BRar e st Slaim&!d!to 14 in a saline solution. 16. A

method of claim 15, wherein the solution is stable at room temperature for
12. A crystailine compound of any one of claims 1 to 11, wherein the compound

is stable at room temperature in the presence of water for at least one day.

13, A crystalline compound of claim 12, wherein the compound is stable at room

10 temperature in the presence of water for at least three days.

14, A crystalline compound of claim 13, wherein the compound is stable at room

termperature in the presence of water for at least six days.

15. A method for preparing a pharmaceutical composition, comprising

dissolving a crystalline compound of any one of claims | to 14 in a saline solution.

b
A

16, A method of claim 15, wherein the solution is stable at room temperature for

at least about 120 minutes,

17. A method of claim 17, wherein the solubility of the crystalline compound is

at least about 50 mg/mlL.,

18, A method of any one of claims 13 to 17, wherein the pharmaceutical
20 composition is formudated adapted for oral, topical, transdermal, or parenteral

administration.

19. A method of claim 18, wherein the pharmaceutical composition is

formulated for parenteral administration.



at least about 120 minutes. 17. A method of claim 17 herein the solubility of the crystalline compound
is at least about 50 mg/mL. 18. A method of any one of claims 15 to 17, wherein the pharmaceutical
20composition is formulated adapted for oral, topical, transdermal, or parenteral administration. 19,A
method of claim 18, wherein the pharmaceutical composition is formulated for parenteral

administration. 20. Usgfa cempovingd of claim 1 for themanaifaciwercf adrdisament for treating a

hyperproliferative disorder. 21. Use of claim 20, wherein the hyperproliferative disorder is selected
from acute leukérpiéisgchhonrenedideratais Fspjegthemia vera, lymphoma, Hodgkin's 5disease,
non-Hodgkin's lymphoma, multiple myeloma, Waldenstrom's macroglobulinemia, heavy chain disease,

myelodysplastic syndrgme, hajry cell leykemia, myelodysplasia, sarcomas and.carcinomas,
synovioma, mes%%elio”ﬁi,%&()iﬂﬁ‘; M ",r?é%ﬁlﬁ?ggﬁ?ﬁ%rﬁ?é%ﬁ%%é%(iygagja%séé%(ﬁ@c%?g%r%arcinoma,
lymphoid malignangy i panereatic-eancdeuheeast carigerlungacanactgmphatian Harlgkin'prostate
10cancer, hepatocellular cargcinoma, squamous cell, carcinoma, bagal cell carcinoma,
adenocarcinom ,1%%%%6’3%3%’%%?8@M’é?@%%%c%ﬁ%% a%ﬁ%%%‘f%é%ﬁ%ﬁ%@ carcinoma, papillary
adenocarcinomagasmedulary.cateinemva, dronchagenimearciyopisstie nat detheateingme] hepatoma,
bile duct carcinoma, chgriocagi;oma,.lS 20 Wilms' tumar, cervical cancer, t%gti(():tlrllleag tr%rglor, bladder
carcinoma, and ENSTIGRES 55585 S HSABSLY SF I ERTE ore ARG RO fedicament
for treating a CPAwesistant@ohditionoh2d:Adydptiiisateccaraprising M oraoanalpgtherdof, having a
structure of formule}.gg g _ . ot
malidhancy, pancreatic cancer, breast cancer, lung cancers, ovarian cancer, prostate
10 cancer, hepatocellular carcinoma, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, scbaceous gland carcinoma, papillary

carcinoma, papillary adenocarcinomas, medullary carcinoma, bronchogenic

carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,

I5

20
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0 A+. -0-P-NHCH2CH2X NHCH2CH2Y (1) wherein At is a hydroxylated aliphatic ammonium
counterion; and 10X and Y independently represent leaving groups. 24.A lyophilisate of claim 23,
wherein A represents a protonated amine selected from selected from mono-, his- or
tris-(2-hydroxyethynamine, 2-hydroxytert-butylamine, N,N-dimethyl-N-(2-hydroxyethyl)amine, and

tris(hydroxymethyhaminomethane (rish de 2 Advepnilisaie mhgRimsénuhereiniteagmmonium

counterion is the conjugate acid of Tris. 26. A lyophilisate of claim 23, wherein X and Y are
independently Halegeh. 27. A lyophilisate of claim 26, wherein X and Y are the same. 28. A lyophilisate
of claim 27, wherein X and Y are both CI. 2029.A lyophilisate of claim 23, wherein the lyophilisate
further comprises mannitol. 30.A lyophilisate comprising a compound of the formula R NHCH2CH2X
NHCH2CH2Y witerein AT 8 Aents Wi 4t '%ﬁg%i@%’ggﬂgﬁ ﬂ%’?’ﬁqﬁ UPBESHARSd (conjugate
acid) or quaternggyfarms of aliphatis:amiaesmand aromatic amines, including basic amino acids;
heterocyclic amines, substituted and unsubstituted pyridines, guanidines and arnidines; and X and Y
independently represent leaving groups; and the lyophilisate, when reconstituted in a saline solution
maintains >90%6potendy laphilieastabguideeriifdtesaat aodng tempetabarend 031k tyspHilisate of

claim 30, wheregu %glleyéghilisatc, when reconstituted in a saline solution maintains >90% potency for
at least about 160 minutes at room temperature 32. A iyoph | sa e of claim 30, further comprising an
excipient. o

I
A+ o O~ ?“NHCHQCHzx
NHCH,CH,Y

D
wherein A” is a hydroxylated aliphatic ammonium counterion; and

10 X and Y independently represent leaving groups.

24. A lyophilisate of claim 23, wherein A" represents a protonated amine
selected from selected from mono-, bis- or tris-(2-hydroxyethyl)amine, 2-hydroxy-
tert-butylamine, N,N-dimethyl-N-(2-hydroxyethyl)amine, and

tris(hydroxymethyljaminomethane (Tris).

15 25. A lyophilisate of claim 24, wherein the ammonium counterion is the

conjugate acid of Tris.

26. A lyophilisate of claim 23, wherein X and Y are independently halogen.
27. A lyophilisate of claim 26, wherein X and Y are the same.

28. A lyophilisate of claim 27, wherein X and Y are both CL

20 29. A lyophilisate of claim 23, wherein the lyophilisate further comprises

mannitol.
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33. A lyophilisate of claim 32, wherein the exc ent is annitol. 1534.A pharmaceutical composition
adapted for oral administration, comprising a pharmaceutically acceptable diluent or exci.pient and a
crystalline compound of the formula 0 -0-P-NHCH2CH2X NHCH2CH2Y wherein A+ represents an
ammonium species selected from the protonated 20(conjugate acid) or quaternary forms of aliphatic
amines and arogrdatic a inej#ncluding basic amino acids, heterocyclic amines, substituted and
unsubstituted pyrldineé(,fb’l? &ﬁ?é%%péﬁfﬁﬁﬁe‘é‘?fﬁﬁﬂuﬁda%t@ id@phdently represent leaving
groups. 35. A lyophitisate comprising IPM or an analog thereof, wherein the lyophilisate is stable at
room temperature for at least a month. 36. A lyopfiilisate of claim 35, wherein the lyophilisate is stable
at room temperature for at least two monthse 537 & fyidptillisate-piclaim 35, wherein the IPM or analog
thereof has a structure of formula (1) .NHCH2CH2§§%@I@@I¢2Y wherein A+ is a hydroxylated
aliphatic ammonium counterion; and 10X and Y indepenéentfy represent leaving groups. 38.A
lyophilisate of clai , W iIn A-.represents a protonated amine selected from selected from mono-,
bis- or tris-(2-hi@#%%(eigtﬁyﬁgﬁﬁgg@i-ﬁgﬁw eIHnE)E’W é?ﬁiﬁ‘é,eﬂﬁqrjﬁf) ﬁﬁﬁ/ﬁmﬁlﬂfiaﬁoxyethyl)amine,
and tris(hydroxymethyljaminomethidner (uisyrib3Ioaryaphilisate; ofialaiet 38 whesein the ammonium
counterion4s the conj Ik% fdris..40. A lyophilisate of claim 37, wherein X and Y ar
independe:r)]tly halogelré(?;{z)lﬁlﬁ.:éACE yo%%ﬂjllgabtcé%gfaéé% ?lgdf?\si\?eﬁleegg}iﬂc)%cgﬁél Nare itk %ﬁH&%X‘ﬂmf
unsubstituted pyridines, guanidines and amidines; and X and Y

independently represent leaving groups; and

the yophilisate, when reconstituied in a saline solution maintains >90% potency for

at least about 30 minutes at room temperature.

10 31 A lyophilisate of claim 30, wherein the lyophilisate, when reconstituted in a

saline solution maintains >90% potency for at least about 160 minutes at room

temperature
32. A lyophilisate of claim 30, further comprising an excipient.
33. Alyophilisate of claim 32, wherein the excipient is mannitol.
15 34, A pharmaceutical composition adapted for oral administration, comprising &

pharmaceutically acceptable diluent or excipient and a crystalline compound of the

formula

0
3]

AT+ "O=P = NHCH,CHX
NHCH,CH,Y

wherein A" represents an ammonium species selected from the protonated

20 (conjugate acid) or quaternary forms of aliphatic amines and aromatic amines.
inchuding basic amino acids, heterocyclic amines, substituted and unsubstituted
pyridines, guanidines and amidines; and X and Y independently represent leaving

groups.
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42. A lyophilisate of claim 41, wherein X and Y are both Cl. 2043.A lyophilisate of claim 37, wherein
the lyophilisate further comprises mannitol. 44. A lyophilisate of claim 37, wherein the purity of the
1PM or analog thereof is at least 97% of the initial purity as determined by HPLC using evaporative
light scattering detection after one month at room temperature. 45. A method of claim 18, wherein the
pharmaceutical emposiion ielQIualEe AHARIGFLIOK PIL RUWBISIRUOR.: 4 A IElfigd gfambproving
the efficacy of a chemothérapeutic agent, comprising administering the chemotherdpeutic agent in
combination withsateblnpbundrofeoiairhta®, iarmietictizoneliiin 46, wherein the chemotherapeutic agent
is a microtubule 10binding agent. 48. A method of claim 47, wherein the chemotherapeutic agent is
docetaxel. 49. A method of claim 46 wherein the chemotherapeutic agent is a DNA and/or RNA
transcription inhitSitor. 50 ARHURGH SRR 0™ WHER T IHE G EHhE B8R 5%t is doxorubicin.
1551.Use of a cm@@m@mﬂ%hgﬂ the m@anpéacture of a medicainent for conjoint administration with
a chemotherapeutic agent.

5 37. A lyophilisate of claim 35, wherein the IPM or analog thereof has a structure
of formula (I}
0
Ate O~ Fl'-"— NHCHCHoX
NHCH,CHyY
&)

wherein A" is a hydroxylated aliphatic ammonium counterion; and

10 X and Y independently represent leaving groups.
38. A lyophilisate of claim 37, wherein A” represents a protonated amine
selected from selected from mono-, bis- or tris-(2-hydroxyethyl)amine, 2-hydroxy-
tert-butylamine, N.N-dimethyl-N-(2-hydroxyethylyamine, and

tris(hydroxymethyhDaminomethane (Tris).

15 39. A lyophilisate of claim 38, wherein the ammonium counterion is the

conjugate acid of Tris.

40, A lyophilisate of claim 37, wherein X and Y are independently halogen.
41.  Alyophilisate of claim 40, wherein X and Y are the same.

42, Alyophilisate of claim 41, wherein X and Y are both CL

20 43. A lyophilisate of claim 37, wherein the lyophilisate further comprises

mannitol.
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44, A lyophilisate of claim 37, wherein the purity of the [PM or analog thereof is
at least 97% of the initial purity as determined by HPLC using evaporative light

scattering detection after one month at room temperature.

45, A method of claim 18, wherein the pharmaceutical composition is

formulated adapted for oral administration.

46. A method of improving the efficacy of a chemotherapeutic agent, comprising
administering the chemotherapeutic agent in combination with a compound of claim

1.

47. A method of claim 46, wherein the chemotherapeutic agent is a microtubule

binding agent.

48. A method of claim 47, wherein the chemotherapeutic agent is docetaxel.

49, A method of claim 46, wherein the chemotherapeutic agent is a DNA and/or
RNA transcription inhibitor.

50. A method of claim 49, wherein the chemotherapeutic agent is doxorubicin.

51.  Use of a compound of ¢laim 1 in the manufacture of a medicament for

conjoint administration with a chemotherapeutic agent.
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