1 METHODS AND COMPOSITIONS FOR TREATING CANCER METASTASIS CROSS
REFERENCE 00011 This application claims the benefit of U.S. provisional application Ser. No.
61/602,489, filed February 23, 2012, which is incorporated by reference in its entirety.
5BACKGROUND OF THE INVENTION 00021 Cancer metastasis is the primary cause of
post-operation or post-therapy recurrence in cancer patients. For example, bone metastases, or
metastatic bone disease, a class of cancer metastases that results from primary rumor invasion to
bone amondHaREE? B AMBSOMBRS RS QR ohRRTENES GANEIBRAME BAM IS 10ty pes of
human cancers (e.g., breast, lung, prostate and thyroid cancers). The occurrence of bone metastases
causes serious morbidity due to intractabig &% REgIERISsentbility to fracture, nerve compression and
hypercalcemi ﬁ cer metastasis remajns substantially refractory to therapy despite intensive efforts
to develop Eaé&aq 2&&5 WWM@%@?@\F@W&PT@@@%&WBH@%&?&bevides herein for
treating a dsg6se, 48 dnciticbassoCiaied MithvbieResmeiapasied b subiadtcomprisinggdministering
to the subject in need thereof a therapeutically effective amount of a cyclohexenone compound having
the strycture: RSCH3 OR YR i C i ently is oxygen, NR5 or sulfur;
Risa lr:'tydrogen or C(--/O)Ci-Cé%ﬁgE%/g%ﬁlgﬁg ,%&ﬁg%ﬁ@gggﬁﬁgmly is a hydrogen, methyl or
(CH2)R-CHIBIRU (s iNR5REB2DRIS5 | O PR yJ=050 REpG(0) R (F 0y RG RiGsrhajogen, 5 or
6-membere ,-C1-C8alkyl, C2-C8alkenyl..C2-C8alkynyl, aryl, glucosyl, 25wherein the 5 or
6-mem bere%(llggegl%g,%%%Cgél%tﬁegi' g:g)él%a%ﬁ%%’%&?aﬂk&{yﬁ%ﬁsﬁyﬁ%ﬁéﬁuélgzs%/?%e optionally
substituted Wéthassne desnofesulsstingtstasd that results from primary tumor invasion to bone

among cancer metastasis, is one of the most common ones of metastasis of various
10 types of human cancers (e.g., breast, lung, prostate and thyroid cancers). The
occurrence of bone metastases causes serious morbidity due to intractable pain, high
susceptibility to fracture, nerve compression and hypercalcemia. Cancer metastasis
remains substantially refractory to therapy despite intensive efforts to develop

treatments.

13 SUMMARY OF THE INVENTION
[0003] In one aspect provides herein for treating a disease or condition associated with
bone metastasis in a subject comprising administering to the subject in need thereof a

therapeutically effective amount of a cyclohexenone compound having the structure:

Rs CH;,

o} = R4
n

Ry
20 wherein each of X and Y independently is oxygen, NR;s or sulfur;
R is a hydrogen or C(=0)C -C,alkyl; |
cach of Ry, Ry and Rjindependently is a hydrogen, methyl or (CHy)p—CHs;
R4 is NRsRg, ORs, OC(=0O)R 7, C(=0)ORs, C(=0)Rs, C(=O)NR;sRs, halogen, 5
or 6-membered lactone, C,-Calkyl, C,-C alkenyl, C,-Cialkynyl, aryl, glacosyl,
25 wherein the 5 or 6-membered lactone, Cl-CgaikyL C2~Cgaikenyl, Cz-CgaikynyL

aryl, and glucosyl are optionally substituted with one or more substituents



selected from NR5R6,0R5, OC(=0)R7, C(=0)0R5, C(=0)R5, C(=0)NR5R6, Cc C8 alkyl, C2-C8 alkenyl,
C2-C8 alkynyl, C3-C8 cycloalkyl, and C1-C8 haloalkyl; each of R5 and R6 is independently a
hydrogen or C1-C8alkyl; R7 is a C1-C8alkyl, OR5 or NR5R6; 5m = 1-12; and n=1-12; or a
phannaceutically acceptable salt, metabolite, solvate or prodrug thereof 100041 In another aspect
provides herein methods for inhibiting hypercalcemia of malignancy in a subject, comprising

administering to thelsgtsééram ARR thOReRCIOMWBrafctBoaIRs cfictiiR;afe NG R gycjohexenone
compound having the structure: R3CH3 v. erejn each of X and Y independently is oxygen, NR5
or sulfur; Ris a hy?ﬁo%%#o&@%@ %?&%é&?ﬁ é@éﬁ%lf ﬁi?éfﬁﬂﬂ%%ﬂ%@ﬂ'&rh?QQ§lkéyﬁydrogen,
methyl of (CH2)m-Eil 3 ASfhin NERBG,QRAOCURIRTLU=OIORRITOR2, =ONRSRS, halogen,
5 or 6-membered lactone, C1-C8alkyl, C2-C8alkényl,”C2-C8alkyriyl,*aryl, glucosyl, wherein the 5 or

6-membered lactoRe }C1cCEa iy CARG 8alkBRRK; C2-C8alkynyl, aryl, and glucosyl are optionally
substityted with one or more substituents selected from NR5R6,0R5, OC(=0)R7, C(=0)0R5, Ce--0)R5,
C(=0)NR5R6, CI- 3bT8-afky1"E2-C8 alkenyl, C2-C8 alkynyl, C3-C8 cycloalkyl, and C1-C8 haloalky!:

each of R5 and R:g indepengrmibaschudiager @b bC8akiBloina GlGBakyl,@Rp or NR5R6; m

=1-12; and n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate orprodrug
25thereof. 3 [0008}9FF&hother aspect provides herein methods for inhibiting bone resorption in a

subject compeisigAaministesng athessy hisekinnarshiieresh e ansuisaliegtive amount of a

cyclohexenone compound having the structure: R2 5 wherein each of X and Y independently is

oxygen, NPBEEReY- IRASUPIGHCRIRRTSIE cdménistsBan bachborRr InReedrileR®independently is a
hydrogen, metapbton (GG RbinNRIRGARL X AGEARHITDRRH G DRGu(=0INR5RS,

halogen, 5

0 P Ry
n

wherein each of X and Y independently is oxygen, NRs or sulfur;
R is a hydrogen or C(=0)C,-C alkyl;
each of Ry, Ry and Rz independently is a hydrogen, methyl or (CHy)u—CHs;
15 R4 18 NRsR, ORs, OC(=0)R,, C(=0)ORs, C(=0)Rs, C(=0)NR5sRg, halogen, 5
or 6-membered lactone, C,-Calkyl, C,-C alkenyl, C,-Cialkynyl, aryl, glucosyl

*

wherein the 5 or 6-membered Iactone,_ C,-Cialkyl, C,-C,alkenyl, C,-Calkynyl,

aryl, and glucosyl are optionally substituted with one or more substituents

selected from NR;R4, ORs5, OC(=0)R~, C(=0)ORs, C(=0)Rs, C(=0)NRsRs, C-
20 C, alkyl, C,-C; alkenyl, C,-C, alkynyl, C,-C, cycloalkyl, and C,-C haloalkyl;

each of Rs5 and Ry is independently a hydrogen or C,-C,alkyl;

R7is a C-Coalkyl, ORsor NRsRg;

m = 1-12; and

n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or prodrug
25 thereof.



or 6-membered lactone, C1-C8alkyl, C2-C8alkenyl, C2-C8alkynyl, aryl, glucosyl, 10wherein the 5 or
6-membered lactone, C1-C8alkyl, C2-C8alkenyl, C2-C8alkynyl, aryl, and glucosyl are optionally
substituted with one or more substituents selected from NR5R6,0R5, OC(=0)R7, C(=0)0OR5, C(=0)R5,
C(=0)NR5R6, Cr C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C3-C8 cycloalkyl, and C1-C8 haloalkyl; each
of R5 and R6 is independently a hydrogen or C1-C8alkyl; 15R7 is a Ci-C8alkyl, OR50r NR5Ro; m =
1-12; and nHOO3; loraaptharmrmpestuticalijcadoepiabletsadly faeiabiblitecSotvateanrpriodringthereof.
[00061 In a i rein methods of freating asteolytic lesions.in.a 20subject,
comprising %%5 %lgﬁﬁﬁg&%gééﬂgﬁ%?gﬁ? tr(l)(?élg %ﬁ% %%fl %?ﬁg%fa%ﬁ‘érﬁﬁg&%)%r % |t\1/%a1 ount of a
cyclohexeneffectsmpoantt kdvinydhkesructarenR®whtheinneatk sfatand Y independently is oxygen,
NRS or sulfur; R is a hydrogen or C(5()C1-C8alkyl; 25each of RI, R2 and R3 independently is a
hydrogen, methyl or (GH2 -C 3, AR4A{s®R5116, OR5, 0g=0)R7, C(=0)0R5, C(=0)R5, q=0)NR5RS,
halogen, 5 or 6-memberg alkyl, C2-C8alkenyl, C2-C8alkynyl, aryl, glucosyl, wherein
the 5 or 6-membergg- 2,545 yl, C2-C8alkynyl, aryl, and glucosyl are optionally substituted
with one or more substituepts 5Selected from NR5R6,0R5, OC(=0)127, C(=0)0R5, C(0)R5,
C(=0)NR5R®6, Cr C8 alkyl, C®L8 alkenyl, C2-C8 alkynyl, C3-C8 cycloalkyl, and C1-C8 haloalkyl; each
of R5 and R@ is independeptl ydrogen,or C1-Csalkyl; is a CJ-C8alkyl, OR5 or NR5R6; m =
1-12; :%]d 1‘6’?}2@&2‘%@ %gﬁrﬁi& ?égﬁﬁ?%‘é eﬁt%@%ﬁlﬁ%ﬁeﬁ%' » solvate or prodrug thereof
15INCORPORATIB® I BNyRisE&RENCEJ00AT AN/ Hublications, patents, and patent applications
mentioned in this specification are herein incorporated by reference to the same extent as if each

individual publicat@edBm Rerpafenindppsrdansly ivashsseesrmametnd mdORilaty (idticated to be
incorporated by refgrmgsggaﬁdglf)@di—@g‘{a!%fwg / _%&[quéo%gggnngvel features
[ nged claims. A'better 1 ]

of the invention are set forth with particularigrgln the appe er understanding of the
Vi

features and advaPiGESBPHEJAsEEISt fvEnibini fadltare§ bl wismvcarid tladetidwing detailed
descrigfion that sefs, forth {lustrative emBadimeadncvichihe prineijes, of the inygntion are utiized,

and

aryl, and glucosyl are optionally substituted with one or more substituents
selected from NRsR, ORs; OC(=O)R7, C(=0)ORs, C(=0)Rs, C(=O)NRsR,, C e
C, alkyl, C,-C, alkenyl, C,-C, alkynyl, C;-C, cycloalkyl, and C,-C, haloalkyl;
cach of Rs5 and R is independently a hydrogen or C,-C,alkyl;

13 R-isa Cl-CgaIkyl, OR5sor NRsRg;
m=1-12; and
n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or prodrug
thereof.

[0006] In another aspect provides herein methods of treating osteolytic lesions in a

20 subject, comprising administering to the subject in need thereof a therapeutically

effective amount of a cyclohexenone compound having the structare:

0 = R4
n

wherein each of X and Y independently is oxygen, NR;s or sulfur;
R is a hydrogen or C(=0)C -C,alkyl;

25 cach of Ry, Ro and Rs independently is a hydrogen, methyl or (CH)y—CHa;



25the accompanying drawings of which: 100091 Figures la and Ib show relative change (%) in body
weight during the study (meanSD) (la) and at sacrifice (Ib) of Groups 1-5. Figure la: Relative change
(%) in body weight during the study (meanSD). Body weight at sacrifice, maximum bodyweight and
weight loss from maximum body weight were statistically analyzed 30and the results are shown in
figures Ib, 2 and 2b (not shown), respectively. The rise in mean body weight of control group at day 25
is due to euthana$ia of¥ReRELOB 2NIMEES)B-aldad FAR FiGurONR BOgsONE RIR ahsagsfice (relative
change from day 0, mean+SD), Statistical analysijs rform ing One way ANOVA with
logarithmic transfoortn?é?llgﬁnPo g%vea‘&%i%‘;"o%ﬁ?&?&é@egﬁﬁ%ﬁé%%&r%?ﬁg%ﬂﬂtﬂé”?céhw oup. One
asterisk (*) indicatgaaestatistically significant difisrenee withia pwakiexe-0p. SAninigshin group 5 had
higher body weight at sacrifice. 100101 Figure 2 show$ nfaximunt bddy weightobtainied during the
study (relative chagle #nongldegsgl meapt@BYyStissticadantly siswas perfobsiddasing One way

ANOVA with logarj Tols fQr iopfoll d Dunnett's:test.fo mpari inst the control
group.'gé)ne asteriég%’%ﬂglﬁg?ggg%%éggfégﬁ(?%ﬁgt gﬁé#éhé&%ﬁh&;béﬁgﬁg%é and letter
"a” indicates a treqy wihl peyatyentidnl Eroup dighbiainedanerevalight siwriod thenstoudyy 100111
Figures 3a, 3b and 3e show illustrative results of total osteolytic lesion area (mim2) at sacrifice
(mean+SD) of Gréaghs o Bs gishReostadknia ssidn akedrapen2y 41 segllizh (mean+SD); and number of
osteolytic lesions gt sactific ean+5D), 15respectively. Figure 3a: Total osteolytic lesion area (mm2)
at sacrifice (mearigﬁ’lﬁ)a: lffe8 ?%%ﬁs@?é%é%ﬁ?@is the sum of areas of bone lesions in right and left
tibia and femur! apinaj. Statigtical analysis was performed using Kruskal Wallis test followed by Mann-
Whitney test for comparison ggjainst the control group. One asterisk (*) indicates a statistical
signifil:‘gnce with piuhilé 20 DBLHRAaERd (eepptaigistlbansighfitansd vaougtroppdalge <0.01 and
three asterisks (**f)aesatistical significance with p-value <0.001. Osteolysis was inhibited in groups 2,
4 and 5. Figure 3b: Mean osteolytic lesion area (mm2) at sacrifice (mean+SD). The results are shown
as the mean areas of individual bone lesions in right and left tibia and femur / animal. Statistical
analysis was performed using Kruskal Wallis test followed by Mann-Whitney test for 25comparison
against the control group. One asterisk (*) indicates a statistical significance with p-value <0.05, two
asterisks (**) a statistical significance with p-value <0.01 and three asterisks (***) a statistical

signifigance with p-value <0.00 s \NSERYRSIN Ry Qetaebii deeiens were smaller in groups 2, 4

and 5. Figure 3c: Number of osteolytic lesions at sacrifice (mean+SD). The results are shown as the
30count of ifANitifid) BeriicrtishoitenEh eahaashtmRlisABRR R iARehin Stitisreafiastitysis was
performed wsingrirustcal Wallisitest falwadd M ann:Whithey tlesLlor sarmpagson against the control

group. One asterisk (*) indicates a statistical 6 significance with p-value <0.05, two asterisks (**) a
statistical SRYRHitaite RHERD-VARISL Il ciipinTae seaefisrl yen indixitindly Bidivsiedriee with
p-value <ORhcipordlentsigeificanb, There were less osteolytic lesions in groups 2 and 5, but more in
group 3. 5[0012] Figure 4 shows illustrative results of whole body tumor burden (mmz2) at

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0608] The novel features of the invention are set forth with particularity in the
| appended claims. A better understanding of the features and advantages of the present
invention will be obtained by reference to the following detailed description that sets
forth illustrative embodiments, in which the principles of the invention are utilized, and
25  the accompanying drawings of which:
[0009] Figures 1a and 1b show relative change (%) in body weight during the study
(mean+SD) (1a) and at sacrifice (1b) of Groups 1-5. Figure 1a: Relative change (%) in
body weight during the study (mean+SD). Body weight at sacrifice, maximum
bodyweight and weight loss from maximum body weight were statistically analyzed
30 and the results are shown in figures 1b, 2 and 2b (not shown), respectively. The rise in

mean body weight of control group at day 25 is due to euthanasia of moribund animals



sacrifice (mean+SD). The results are shown as the average of fluorescent area in two pictures (prone
and supine positions) of each animal. Statistical analysis was performed using Kruskal Wallis test.
Statistically significant differences were not observed (p=0.251). 10[0013] Figure 5 shows illustrative
results of relative change (%) in serum TRACP 5b activity during the study (mean-ISD). [0014] Figures
6a and 6b show illustrative results of relative change from day -4 to day 17 in serum TRACP 5b activity
(mean+SD jadey ativenchHngaddeny elait -4 taalehc? &rénSeruchah RAGRSE aOtivitya (ri®Bin+SD),
respectively., Eigure 6a;.Relative change 15from day -4 t in.serum TRACP 5b activity
(mean+SD§t§t%gtﬁ(§%ca§1al Sé?yvgﬁss g?’ per?é-gl?lendg usI|1r‘%é;vVEfln(‘;(i:-dévzza%};L gl\%)%io%alf# IR’)nglz?lrithmic transfomiation
followed bytBusinetisitesbitreahipaisoncadainst fivecomptrakgnagainkhtbe @stieolsi (f*) indicate a
statistical sjgnificance with prvalue <0.001. TRACP. 5b activity was decreased in gr. 2. Figure 6b:
Relative chtagﬁags rom Xﬁ/l}% %a%jegya 5%?%%%%&115 L?E&ﬁ‘@ﬁ éé\f%g% R/i‘@}E n%éjéﬁggf))g. (g!?gtistical analysis
was péerforrAethusing Soepvichad NENA with togahithmsioctifineformation followed by Dunnett's-test for

comparison inst the control group. Three asterisks (***) indicate g,statistical significance with
- p-value <OW§?E%B%%H3\&?\%W}\%§%}S e}g:‘cord a‘sweeéélﬁ Cd‘r)})adpe .&llgga%ikéﬁg?%?aﬁ‘sfﬁows illustrative
results of refathgs thandey(9o pirseitin) fitcotiagoma RiNstay mirfal papeptid © e INB) values during
the study ( D)..100161, Figure ng 8b w illustrate rejative change from day -4 to day 17
in serum an%g)slt?rr?% aﬁﬁ%%%%?ﬁ%%@%%@rﬁggg F%réﬁ y {tgcl)s"c}gsygg% f%)glgﬁjnns"loﬁlNP values
(mean+SDjgmaspdbtivelytrHigureps &R ekitiiekdfianykdromadaytistital agi dil finase diffeRIP values
(mean#SD), Statistical analysi erformed using One 30way ANOVA with logagithmic
trans%ﬁrmagivo}ﬁl%ﬁ&v%z&cf b)?jl %ﬁ%ﬁtﬁ%ﬁ folrnc(:l((il)?%{fpegrgls%erﬁ1 %availk?w{ ﬁg‘ll go<r\©r'c\>{\l{ QH]:’:IE)OG%%One asterisk (*)
indicates ad@tttistid at @igmifighn demviththewlbdg. <0.05. PINP activity was decreased in group 2. Figure
8b: 7 Relati nge f Y - 24.in.serum PINP values (mean+$D). Statistical analysis
was perfor&%%gfs?gg)gé%g’g gécg\)c/gg \%Whﬁllgag% P]lrenrl(ezsﬁg%g?(?roﬁ%t?égé?ﬁléﬁg‘ %Ii/al_r)(ﬁlnnett s t-test for
comparisoragairststve ton(robgrotip) [00EAjupy v ensmonstdtilsicdésmnesultéomdpatical bone area
(mm2, mean + . q' ical ' -.using Oneway ANO llowed by Dunnett's
tostfor P B R S R Bl s were not
obserl&d. [BOR8]tFigur&itrstiowd dilstitiviatie Sestonofritfavsdbussara fidb Oneamei W Brace with
rabecular benkielded, ale!cal fraale s RIRME NG ONRKRL AN AR owed by
DunnettEs test for pairwise comparison against the control group. One asterisk ?* indicates a
statisticalIyesigmﬂic&mieﬂ_iﬁe]r@nebwiﬁth’@ perftomed 0s0%edsnsird Wsiiiskst (fe)lovittddp Malue <0.01.
Intraosseoyg e e CLEAREN L0 LIRS AR e DT S AL AR idfRlRUKe results of
trabecular bone afea (relative 1o the intraosseous areayj. Statistical analysis was pertformed using
Oneway ANGNsticaitsictBisgaathmib pransforfdiotvolksivadksy Tinratistiest fignfaimvise comparison
again§ thevg;gg g} [ ‘ h risks..(5**) indic istically _sianifi qifference with a
p-valug\7 <0.001.gTrgggg?l%aérib%ﬁrge@gréga%v%si%}ﬁsc)(reageﬁgg%ags%?%%. %/%%%%i%%arﬁgﬁlqé%%ows illustrative

results of WGP aréktadisiver s thkibiivd e ssous drdanStatibiisaraia Yievatepbitiormed using
Kruskall W%grcoﬁeéregodmw{%dapyaM'(mean+SD). The results are shown as the mean areas of

individual bone lesions in right and left tibia and femur / animal. Statistical analysis

was performed using Kruskal Wallis test followed by Mann-Whitney test for

25 comparison against the control group. One asterisk (*) indicates a statistical
significance with p-value <0.05, two asterisks (**) a statistical significance with p-
value <0.01 and three asterisks (**%) a statistical significance with p-value <0.001.
NS= Non-significant. Osteolytic lesions were smaller in groups 2, 4 and 5. Figure 3c¢:
Number of osteolytic lesions at sacrifice (mean+SD). The results are shown as the

30  count of individual bone lesions in right and left tibia and femur / animal. Statistical
analysis was performed using Kruskal Wallis test followed by Mann-Whitney test for

comparison against the conftrol group. One asterisk (*) indicates a statistical



20Whitney U-test for pairwise comparison. Tumor area was increased in group 3. [0021] Figure 13
shows illustrative results of number of osteoclasts gt tumor-bone interface (relative to the tumor-bone
interface length, #/mm). Statistical analysis was performed using Kruskal-Wallis test. Statistically
significant differences were not observed. 25[0022] Figures 14a and 14b show illustrative results of
relative change (%) in body weight of Groups 1-5 during the study (meanSD), and body weight at
sacrifice, respeidtbsle Fiupevalig: Relative chstage(ys) ihaoalstieibtipoifitagdheyigbugly (meanSD).
Body weig rific imum b ight and. weight lgss from maximym eight were
statisticallyh‘é%?;gzﬁe'g ia%%%ressl?ﬁgsgr%ﬁf vsns?ﬁl |1g:§ﬁﬁ'}e%s1 ?ﬁ%{lcﬁglan%ﬁﬁgg? r%%%égively. Figure
14b: Body Wéighiat-sigosifice (rdlativerchahge dstenl oy 10siorenin23R)pStatstitab@natysigiwas
perfolmed r%%q% @ne way ANOVA 8 with logarithmic transformation followed by DunnetC s t-test for
comparisort against the control group. Statistically significant differences were not observed. [0023]
Figure$ 1546413115igwiedslitustidiive sive ssoltsediimuimbodaywaightofl 8réups 136 and weight loss

from maximym. i e i Figure 15a: g;g'!;n dy weight obtained during the
study (reIa?v&%%%%%?@éﬁ%?%%g%é&%i%a%iggaﬁ/lanafi %gv%% f)%sr &%r]?naée dg?tr%OOne way
ANOVA withitteasitipricstrad stglinatoni foltelvetichbshRonnatt Stetiestdbamdmpavisepeatyainsd the control

{erce it 8 value,<q.01. <0.0L Group

group. Two asteRskGIAAICAIS Aialislica V%ﬂﬂé’ 1
4 obtained mor We|§g at dur?ng t%1e' stu%y.llgig%rsé 15 :g\‘/?}gllg?#t loss 1 From maximum body weight
(relative chémgsXPdim maximum body weight, mean+SD). Statistical analysis was performed using

Kruskgl Waljis I\%ﬁ'il!m hi ison inst up. Two
asterisf,llés (i!)iﬁlr%gﬁzg{t%ugé’éte%gﬁca y s|g‘vixlﬁzi%:%%uﬁéggﬁgg%?%?ﬁ{@%?\g%féﬂf6%%%.C%gg g)gg § and 5 lost
more weighctig[cRanEithereivdicarmadfdh) show illustrative results of total osteolytic lesion area
(mm2) atd ( + total I [ r Nn2) tifice (mean+SD),
respectiveljl,(.y {%%:331 rﬂg %%%18 ?%’é%@g%&%@gi%%%ﬁ%%?ﬁ@ét ay E%Eﬁ%igrré%{g ﬁ%ﬁé’ ?ggults are
shown as thé gum_rumal’@a%(‘d? ﬂ@ﬁéﬂéﬁmmdwﬁmaﬂd tehiﬁbq’:achm&eﬁnmm Aamirh&. Brelistical analysis
was performechsing itk Wali tostanialisyed fx Mann- Walineysst iaromparison against the

control group. One asterisk (*) indicates a statistical significance with p-value < d three asterisks
(***) statistibarsigmifiddacanwithip-seimne EBH0T. Shoraliviicohio iéSnStatistinelsudyséawesl in groups 2
and 4. Figuse, A0k Tiotah 0espewic, Iasien g dmerakatancilins:(mesis sults are shown
as the sumuISofrarea% of bogne Iesig%s in right and left 25 tibia and éemur Pa?]gﬁr}rﬁ)g.gggjistical analysis
was perforregngsirgtestuiskapmpdiisapsiefolichibe doptod srevphthese tedefok e Ghipaiislertegainst the

control rouR e aptaak hiadinaigeasiptistinl salkepage MPwaluR 5008 o asterisks ()

a statistical significance with p-value <0.01 and three asterisks (***) a’statistical significance with

p-value <0.201PPotdigsrblytRdesiondragaaert deredsediny groupsmantiMAGB[6B25] Figures 17a
and 17 sha HHALYE (39 U akmenmaR e IRsORALEaLAVER AL IMARRAeqSD) and mean

osteolytic lesion area (mm2) at sacrifice (méart+SD), respectively.”"Figure 17a: Mean osteolytic lesion
area (mmz2)egagaypg tgmsformation followed by Dunnett’s-test for comparison against the

control group. Three asterisks (***)} indicate a statistical significance with p-value
<0.001. TRACP 5b activity was decreased in group 2.
{0015] Figure 7 shows illustrative results of relative change (%} in serum procollagen I
25 N-terminal propeptide (PINP) values during the study (mean+SD).
[0016] Figures 8a and 8b show illustrate relative change from day -4 to day 17 in
serum PINP values (mean+SD) and relative change from day -4 to day 24 in serum
PINP values (mean+SD), respectively. Figure 8a: Relative change from day -4 to day
17 in serum PINP values (mean+SD). Statistical analysis was performed using One
30 way ANOVA with logarithmic transformation followed by Dunnett’s-test for
comparison against the control group. One asterisk (*) indicates a statistical

significance with p-value <0.05. PINP activity was decreased in group 2. Figure 8b:



(mean+SD). The results are shown as the mean areas of individual bone lesions in right and left tibia
and femur / animal. Statistical analysis was performed using 1Cruskal Wallis test followed by
Mann-Whitney test for comparison against the control group. One asterisk (*) indicates a statistical
significance with p-value <0.05 and three 5asterisks (***) a statistical significance with p-value <0.001.
Osteolytic lesions were smaller in groups 2 and 5 at day 28. Figure 17b: Mean osteolytic lesion area
(mm2) at s&slficee nheape- 80N ddye 4asulty AreisowmddNievulean(areas-8hindivdduatddone lesions in
right and left tibia and femur / animal. Statistical IS W erformed using Kruskal Wallis test
followed by%f%ﬁ%ﬁlstﬁgﬁesf ?o?sé% %é%?igvgﬁr aAgga%s Wétﬁéggﬁ%%ﬁotﬁ%}s@ﬁ@%%risk (*) indicates
a statisticalfsigmifichbe ®wittep-iatvescOSoanshtisreea gsierisks (Sifya gtatiptical significance with
p-value <O.ﬁﬂﬁ7ﬁ[) olvtic lesions were. smaller. in groups.2 and 4 at acrjfice.g[g Figures 18a and
18b show illustra |§§e§?é§tgl:tsf 0 rs'lbﬁrﬁl %arl%\%eorsetsé’leg)s/t?f ‘fé)sm?ra\ls?b a(%nc?aayf r(lrhneaﬁlf % number of
osteolyiic |ssisisictl smekifice wrsgantB8Dy( 15ies tictivelyARigie I@kwWwdrhbdrefrestaalytic lesions at

day 28 (me '+§m,- e al}}s re shown as the count o 'n%éi idyal hone.lesions.in right and left tibia
and femur/{%ézlln?ma.1 tgﬁét%a tsé)rl?a Es\??sls\?\//\{gg ﬁ(élr? o?ﬁ%auﬂ?él‘%% \éﬁi%ls\l/%ré]ﬁ}g ets{il%gl f)evr\llge%? by
Mann-Whitmeyetast fdrseomparison against the control group. One asterisk (*) indicates a statistical
significance i@ Peyalie 50 her re mo teolytic 20lesions in group 2 because, individual
lesions wer pre!/en edefﬁgr?\@ﬁglélr-féﬁlvﬁ%\%gc esgﬁse?r}.% ﬂgrg?gsf%?ﬁ%ﬁ?gél?g&?%s?gowﬁgq&ll ns at
sacrifice (niezhree®®) bTheirebudts! it aintival agallysi couspofindivid usingddedesionNDvight and left

tibia apd femﬂgé‘,@gtgg' qb %?etﬂ g% n i erformed usin uskal Wallis test. followed by
Maim-Whitney test for 'ccl)lmpa%%on Sggg?%&tﬁég%%{%ﬁg?gﬁpag? %/I\%t}é% ENEKS I(’g;f)oﬁ%ié)a{’tee a 25statistical
significancasigtish (falndi«g Gl Thisvecalbrsigiofeostédiytintasiatis ipgrdup 2 bésaudesindividual

lesions werg preve fram.fusi it ch other. [0027] Figure 19 shqws illustrasive results of
cortical bone area (r;rﬁﬂz me%%wﬁsgf%. rsbfgiil‘s{ﬂl%% %Sr?g%}léﬁgrw%s aE)Se]r 8?%1%%86&%0?5)%?&3&’ \NOVA with
square roof N Eiavacidn sboweldublyaunmettEtestfdrepalanisecaraparidaivagathst the control
30010uP. CAREA.BR0EALER MESINAIPARRILIO SR £ ORTLLBYECO RSl SHgve results of
intraosseus area (bone marrow space Wwith trabecular bone inc eaf. Shatistical ana ysis was
perforhed ngt@pmscﬁm@nlmomw Bludetiietest \esicrpaineisereomparistsagainst the
e T e e R g T
illustrative results of trabecular bone area (relative to the IntraossedUs area). Statisticar analysis was
performed Wdthg RrvgkalVidiis tdsaisfotlonechb yivkanas\ihitweyd@sifonpdmparison against the
control groygy reg ASIgHSKS, **’-‘Mggjé‘t%g %ﬁﬁg%tﬁ 15' nifi difference with a p-value <0.001
and one as eri;EI{}‘ (*) with a p-valaé < 0.05. TrabecuIar%lg%e%%aeraeggwﬂ)‘zglsvFn‘%r?ekcleleslélér n sasff:f(%{rlesatment groups.
[0030] Figuress R S4atipidcabinshsiw Wiespeivenebuiic oKintsholdFallis tashdrlhreadlielative to the

intra%eowﬁgﬁ@} @Jrggjgp;gll Bémfs@r@(ﬁnfﬁﬁ%ﬁ“’fﬁ Ofggég%g%};c@{ggfseous tumor area (relative to

the intraosseous area). Statistical analysis was performed using Krus al-Walis test followed by Mann-
Whitney U-t42 ¥oHpetirw ik shomip alistitiatastithe oot opetulastasterisker pindicate a

statistically; significant differenar WiHho?- BovR'HR 720108 Onf. A5 lzk (i Bvgle <0.05.

performed using Kruskal-Wallis test. Statistically significant differences were not
observed.

25 ]0022] Figures 14a and 14b show illustrative results of relative change (%) in body
weight of Groups 1-5 during the study (mean=SD), and body weight at sacrifice,
respectively. Figure 14a: Relative change (%) in body weight during the study
(mean+SD). Body weight at sacrifice, maximum bodyweight and weight loss from
maximum body weight were statistically analyzed and the results are shown in figures

30 14b, 15a and 15b, respectively. Figure 14b: Body weight at sacrifice (relative change
from day 0, mean+SD). Statistical analysis was performed using One way ANOVA



15Intraosseous tumor area was decreased in groups 2 and 4. Figure 22b: Total tumor area. Statistical
analysis was perfoinied using Kruskal- Walllis test fgllowed by Mann-Whitney U-test for pairwise
comparison against the control group. Two asterisks (**) indicate a statistically significant difference
with a p-value < 0.001. Total tumor area was decreased in group 2. 20[0031] Figure 23 shows
illustrative results of number of osteoclasts at tumor-bone interface (relative to the tumor-bone
interface length laganthnStatisticairantaiypdis was perfbmadiising® fiewan @A guitisidigarithmic
o allen ol ane W PHARSILS (650l PAIRMRS COTRASAT Agaie) the control gfoup. Thiee

asterisks (***) In te a statistically significant ditfference with a p-value <0.001. The number of
250steocladad kdiimwdsot e imdrisbehvas ilesretiseddsusorpn2xDEFAHEPBESGRIPTION OF THE

INVENTION}LQQ 2} Gopmon: irea for cancer metastasis, include.palliative carg, surgery,
chemotherapy, §n<} raél}gtionltéheré%%ﬁ b ole}lea{;{élﬁl%%n%% n%ﬁfeeflgg%tg?éﬂar%%g% s ;fﬁ%%{ﬁnff?ﬁny refractory to
therapy desdiaimtensiodyefforgbttobdevefofutre atine sitsl 30kanyesynthetit@ntizgrier agents used in

chemotherapy,gasse desemlaruaripXduissues, Ths venion axdlirenang compounds, in some

embodiments, are obtained from extracts of natural produ rovide reduced complications
and/or side leffegtBinittm sioment mbodiomedtby Jovitet sHeteinfareametirsds faathst theatment of a

disease or itio |at ' Re.me S administern lohexengne compound
provided h e% r%{i}r?!fj’(l) %ﬁ%&%@%ﬁﬁ ﬁbﬁ%ﬁ%ﬁgﬁé&ﬁ@ nséggéféﬁﬁ%%%ﬁgf;? Ig%:\% a*%ﬂh% Pépe utic
benefit to aalvfeeOdingtreatéotiadisdaseromeogidonizs Suciutdy. Witbb A6k Métadtokiss (see
Exampies 1zl (4933 H0e fianiash oL D AIaRAe IR RLAIRARGR A UARe loAegmetastases
that results from primary tumaor invdsion to bone. Bone-originating cancers like beleosarc ma,
chondrosarétivisticshdrRiyiig s asaredonn ed etviare Kawdal Wikdi h aastftologichbmMigmancies that originate

in the blood g (Qruon:Salid vaars haueAOmslaaseR 0908 Al ke fm gpilelal tumors and

form a solid mass’inside the bone. Bone metastases cause severe pain, ¢ enzed %y a dull,
constant achetiafittrpedumidispikdstrencioeithpainy dthe ©0dlirréoepsfhanktnetastases causes
serious moqp'éqlglytdue to intractable pain, high susceptibility to fracture, nerve compression and
hypercalcemia. 15[0034] Hypercalcaemia or hypercalcetnia is an elevated calcium level in the blood. It
can bé%an d8ya{itbreatics bpratbiphinbiovglbististvausetin alevatedtcalpiimiciivekisoften indicative of

other diseae 3 1otk AU DY SRETAKEILIL RIS 81 B s 1o gessive skeletal

calcium release, increased int_estlnal paIC|um absorption, or decreased renal calcium excretion.
20[0035] BémeasH) ofesnestivelye drigwisrl fos iionkdgeohdiadeaisis. hilmaniy tydey@cancer is

capable of {glin,ing metRgIAic MMOrsiIIN LanS. IS MIRIREOMIGMERLES fhe marow tends to favor

particular types of cancer, including prostate, breast, and lung cancers. Particularly in prostate cancer,

bone metasthEeank ity haniieabnliptitecek etezitawies PB10086] kriverKewhi oHptiertst there are
providagl mifigdedieaiisha. derass RLERRUNANASRACIRIGHYHN DANG MEIRNASIRAA Suplect
prising administering to the subject in need thereof a'therapeutically éffective amount of a
cyclohexenGnéndigetg3: statistical significance with p-value <0.05 and three asterisks (***)
statistical significance with p-value <0.001. Total osteolytic lesion area was decreased
in groups 2 and 4. Figure 16b: Total osteolytic lesion area (mm?) at sacrifice
(mean+SD). The results are shown as the sum of areas of bone lesions in right and left
25 tibia and fexﬁur / antmal. Statistical analysis was performed using Kruskal Wallis test
followed by Mann-Whitney test for comparison against the control group. One asterisk
(*) indicates a statistical significance with p-value <0.05, two asterisks (**) a statistical
significance with p-value <0.01 and three asterisks (¥*%) a statistical significance with
p-value <0.001. Total osteolytic lesion area was decreased in groups 2 and 4.
30 [0025] Figures 17a and 17b show illustrative results of mean osteolytic lesion area

(mm?) at day 28 {mean+SD) and mean osteolytic lesion area (mm?) at sacrifice

{mean+SD), respectively. Figure 17a: Mean osteolytic lesion area (rnmz) at day 28



li compound having the structure: wherein each of X and Y independently is oxygen, NR5 or sulfur; 12
R is a hydrogen or C(=0)CI-C8alkyl; each of RI, R2yand R3 independently is a hydrogen, methyl or
(CH2)67-CH3; R4 is NR5R6, OR5, OC(=0)R7, C(=0)0R5, C(=0)R5, C(=0)NR5R6, halogen, 5 or
6-membered lactone, C1-C8alkyl, C2-C8alkenyl, C2-C8alkynyl, aryl, glucosyl, 5wherein the 5 or
6-membered lactone, C1-C8alkyl, C2-C8alkenyl, C2-C8alkynyl, aryl, and glucosyl are optionally
substituted (Wighrorid or Fheressubsugntesefcbieth feonmiR SR 6 IDRBEDOEIRIPNCEMPRS, C(=0)R5,
C(=0)NR5 G A58 alkyk .S ?g!}% n 't G&; | [,.C3-C cloalkyl, and G1:C8 haloalkyl,
each of RSF%gr?d ??6 IS indepé}n(%ﬁty a %(ﬁggerﬁ%? %‘?@g%fﬁi}? %%@%gugugf%%?l OR5 or NR5R6;
m= 1-12; antdiahs] tasp follemsddnmdeeutiValineictesp tableosgirinatatyolites, thelvantral progirug thereof In
some embodiR R0 e oHRIRG AP PIBARLE ANAS HURICRIIS,CANGEL I SQMEGTbodiments, the
subject is human. See Examples 1-4. 15 100 In ' some embodiments, the cyclohexenone
compoéind kHeTiftHE*Stractatisticnbrapaiicansyntitbtivaibuerdbbiil sghtiveticalliesiom waye suitable
starting malgialo! HQIRALLBRAGIENR, e AERDANINE,LAMRONNE 15 preRare Rpfegmentation, or
the like. For exa?néleéhéf)?npound I (::#éi(') %%eowrgas Antroquflnono or "?Xr?troc?f‘g?lgogrﬁégund 3,in

some instafeEsiivy ﬁmaﬁéﬁﬁoﬁweﬁdm@ﬂy@maﬁﬂilethmy-amdfyt@&idh@@meﬁ-dienone. The
non'”mitedlgﬁﬁgﬁéqﬁ{}’gﬁ? MAUAYs A G ystaed AEIaY sIRRA l%'n?l'leés was performed

using Kruskal Wallis test followed by Mann-Whitney test for comparison against the

10 control group. One asterisk (*} indicates a statistical significance with p-value <0.05
and three asterisks (***) a statistical significance with p-value <0.001. Osteolytic
lesions were smaller in groups 2 and 4 at sacrifice.

[0626} Figures 18a and 18b show illustrative resulis bf number of osteolytic lesions at
day 28 (mean+SD) and number of osteolytic lesions at sacrifice (mean+SD),

15 respectively. Figure 18a: Number of osteolytic lesions at day 28 (mean+SD). The
results are shown as the count of individual bone lesions in right and left tibia and
femur / animal. Statistical analysis was performed using Kruskal Wallis test followed
by Mann-Whitney test for comparison against the control group. One asterisk (*)
indicates a statistical significance with p-value <0.05. There were more osteolytic

20 lesions in group 2 because individual lesions were prevented from fusing with each
other. Figure 18b: Number of osteolytic lesions at sacrifice (mean+SD). The results are
shown as the count of individual bone lesions in right and left tibia and femur / animal.
Statistical analysis was performed using Kruskal Wallis test followed by Mann-
Whitney test for comparison against the control group. Two asterisks (**) indicate a

25  statistical significance with p-value <0.01. There were more osteolytic lesions in group
2 because individual lesions were prevented from fusing with each other.

[0027] Figure 19 shows illustrative results of cortical bone area (mm”, mean +SD).
Statistical analysis was performed using Oneway ANOVA with square root
transformation followed by Dunnett’s test for pairwise comparison against the control

30 group. Cortical bone area was increased in group 2.

[0028] Figure 20 shows illustrative results of intraosseus area (bone marrow space with

trabecular bone included). Statistical analysis was performed using Oneway ANOVA



5 CH3CH3CH3 OC H3 CH3 H30%.0TOH 9H39H3CH3 H3C,\L'MOH O,r,

15 [0038] In other

embodiments, the cyclohexenone compound having the structure R3CH3 OR4 is isolated from the
organic solvent extracts of Antrodia camphorata. In some embodiments, the organic solvent is
selected from alcohols (e.g., methanol, ethanol, propanol, or the like), esters (e.g., methyl acetate,

ethyl acetate, or

10

15

20

25

30

followed by Dunnett’s test for pairwise comparison against the control group.
Statistically significant differences were not observed.

[0029] Figure 21 shows illustrative results of trabecular bone area (relative to the
intraosseous area). Statistical analysis was performed using Kruskal Wallis test
followed by Mann-Whitney test for comparison against the control group. Three
asterisks (***) indicate a statistically significant difference with a p-value < 0.001 and
one asterisk (*} with a p-value < 0.05. Trabecular bone area was increased in all
treatment groups.

[0030] Figures 22a and 22b show illustrative results of infraosseous tumor area
(relative to the intraosseous area) and total tumor area, respectively. Figure 22a:
Intraosseous tumor area (relative to the intraosseous area). Statistical analysis was
performed using Kruskal-Wallis test followed by Mann- Whitney U-test for pairwise
comparison against the control group. Two asterisks (**) indicate a statistically
significant difference with a p-value < 0.01 and one asterisk (*) with a p-value < 0.05,
Intraosseous fumor area was decreased in groups 2 and 4. Figure 22b: Total tumor
area. Statistical analysis was performed using Kruskal- Wallis test followed by Mann-
Whitney U-test for pairwise comparison against the control group. Two asterisks (**)
indicate a statistically significant difference with a p-value < 0.001. Total tumor area
was decreased in group 2.

[0031] Figure 23 shows illustrative results of number of osteoclasts at tumor-bone
interface (relative to the tumor-bone interface length, #/mm). Statistical analysis was
performed using Oneway ANOVA with logarithmic transformation followed by
Dunnett’s test for pairwise comparison against the control group. Three asterisks (¥#%)
indicate a statistically significant difference with a p-value < 0.001. The number of

osteoclasts at tumor-bone interface was decreased in group 2.

DETAILED DESCRIPTION OF THE INVENTION
[0032] Common treatments for cancer metastasis include palliative care, surgery,
chemotherapy, and radiation therapy. However, cancer metastasis remains
substantially refractory to therapy despite intensive efforts to develop treatments.
Many synthetic anticancer agents used in chemotherapy cause discomfort or toxicity
issues. The invention cyclohexenone compounds, in some embodiments, are obtained

from extracts of natural products and provide reduced complications and/or side effects.



5the like), alkanes (e.g., pentane, hexane, heptane, or the like), halogenated alkanes (e.g.,
chloromethane, chloroethane, chloroform, methylgne chloride, and the like), and the like. For example,
exemplary Compounds 1-7 are isolated from organic solvent extracts. In certain embodiments, the
organic solvent is alcohol. In certain embodiments, the alcohol is ethanol. In some embodiments, the
cyclohexenone 10 compound is isolated from the aqueous extracts of Antrodia camphorata. [00391 In
some embddisnertsnRadinnénidrogevid 81 hapD3HSmE ORI Bieor@Eme)CH3 dissmmerembodiments,
R1is a hyd thyl. tal iments, R2.is a hydroge ethyl, ethyl, propyl, butyl,
pentyl or hégﬁ&%%o%%%%%%%egn%ggg%g lsy%}’oagénr% n}%%ee%h%y% %%%/(}FP %I%S%hgu%%&uﬁ% or hexyl.
In some eniyodided s eR4ds 58thedo feg, N2 ANH GHS cR{ICHI)200CH 81 10C2H HrG(=e)CH3,

C(=0)C2H5, C(= =0)0 = =0)NHC2H5, C(=0)NH2, OG(=0)CH3,
oc<:o>czﬁ%%%%%%%ﬁ%{f%)%%‘%%é%‘é?)%%ﬁﬁéﬁi,0838{15‘5%3&éf&%ﬁi?%?%‘r"’ (=0)NH2. In
some émbddintenttisR4isd €2 B58Gd8)26H, C2H5C(CH3)20CH3, CH2COOH, C2H5COOH, CH20H,
C2H50H, ; : = 3)(; H2C = H3)(C(=0)CH3 or
6-memberm'§ o%%@ggét%%l%gZ%ngfgér%ﬁ%gé g%gélksyz/%y , %gr)(/)% %aﬁ?é %&c%%?ﬂ%v%%%in the 5 or
6-memberagsaiéidimen GUne8yaikyloORY G8aike iin € B@8alkigiyhtawy baanarglilsosyl are optionally

substitutedaqi@a&%%m%%&%@%@gﬁat%ﬁ@@i@%{@&%@éggr E Ak 7, B(=-0)0R5,

C(=0)R5, C(=0)NR5R6, C1-C8 alkyl, C2-C8 al ynyl, cycloalkyl, and Ci-C8 16
haloalkyl. Ih@ertaloSGeabodings nesiqRhist CHETHEE (EHEIRd sk ftan embodidisents;s[0040J In some
embogiments. IAGLe; &%@%&&?&Hﬁ%ﬁ&&é&%‘ ypescalsemia ﬁafas alignangy i, a.subject
comprising administering to the subject in need thereof a btherapeutically effective amount of a
cyclohexenBaeegoatistings dravings tisee iructoberaR@CH8 hyhedelh eacttaof Xehow thipdepdindently is
oxygen, NR&: fur;-R.i = - X hofRI, 122 and R3
independeFr%ﬁyl/Q{Esssg% h%&%%@fa %%Rygi%%% Eéﬁ‘%’?&!ﬁ.%%?’lﬁ%%sﬁfﬁgﬁ%s 6%§u%%?r83§ , Ce-010R5,
C(=-0)R5, Gretd NRER® hamyehh srseepfanibetediautoncn@ie CRalkypssG2-a@salkenyl, C2-05alkynyl,
aryl, glucosyl,.wheyein the 5 or 6-membered lactone, C1-C8alkyl, C2-C8alkenyl, C2-C8alkynyl, aryl,
and glucosy@re optionally substituted with one or more substituents selected from NR5R6,0R5,
OC(=0JR7,[0036) dhpec@REa C{HOINRBRENB s aBEjgvalikyl caoh@s lsiie mylthe blgsialkynyl, C3-C8
cycloalkyl, andy1-C8 halo - 8 BS@ (@.is4] e j-C8alkyl; R7 is a
C1-C8alkyl, OR5 onr_ N_é}géig%n%&g ﬁgq%;%)nd %%léiﬁi%?%%gr%&g%grr%g%ae%%%g{ygaﬁgégéﬁgﬁle salt,
metabolite, Jtiratdisriprodfughzodisrasis.1n woriercthiddihramdethgsubijsqiansistbrisasndancer or

prostate caggef, Iéké%@e%@gﬁna%ﬁﬁxﬁqglééﬁ@ﬁﬁt:@a@ém%s§gﬁ @f@%lgﬁsgﬁéﬁon, or

decreased renal calcium excretion.

20 [0035] Bone is one of the most common locations for metastasis. While any type of
cancer is capable of forming metastatic tumors within bone, the microenvironment of
the marrow tends to favor particular types of cancer, including prostate, breast, and
lung cancers. Particularly in prostate cancer, bone metastases tend to be the only site of
metastasis.

25  [0036] In some embodiments, there are provided methods treating a disease or
condition associated with bone metastasis in a subject comprising administering to the
subject in need thereof a therapeutically effective amount of a cyclohexenone

Ry CHy

0 P Rs

n
Ri~
X OR

compound having the structure: Ry

wherein each of X and Y independently is oxygen, NRs or sulfur;



[0041] In some embodiments provide methods for inhibiting bone resorption in a subject comprising
administering to the subject in need thereof a therdpeutically 17 effective amount of a cyclohexenone
compound having the structure: wherein each of X and Y independently is oxygen, NR5 or sulfur; R
is a hydrogen or C(=0)C1-C8alkyl; 5each of RI, R2 and R3 independently is a hydrogen, methyl or
(CH2)cC113; is NR6R6, OR5, OC(gg%g Cé(: 120. 5, g=0)R6, q=0)NR6R6, halogen, 5 or
6-membered lactoné® &Y@fgﬁﬁ&ﬂr Bk m@?, 2-C8alkynyl, aryl, glucosyl, wherein the 5 or

6-membere actage; el R alienyh CR Chaloml sk end dgosyl e optionaly

substituted with one or more substituents 10selected from 5R6,0R5, 7, g=0)0R5, C(=0)R5,
C(=0)NR5R6, C1Fe® ke 28 AikeryIRc LCEHIny(€QI88 &ycloails RankplozegsSShaloalky!;

each of RS and Rg,ig independenticadvdredanar €1cCapliyli R7 s A 8aliyliQBs,pr NRSRE; m

= 1-12; and 15n=1-12; or a pharmaceutically*acceptablé salt, metabdlite; solvate or prodrug thereof. In
some émbodimentehdiuinshbje et am brdestdhnter Cprogititel candaulkesde aptipgivients, the
subject is human. See Examples 1-4. [0042] In some embodiments provide methods of treating

osteolytic lesions A% SOBjELICEETh BF R AR M FRTHEIS THEIIS SEMTB HB@ST a therapeutically

effective amount Qtpgyglalisxsnape esmpodind Ing CiyrenRBCHZ AR ROR R2 wherein
each of X and Y independently is oxygen, ng;g %ifur(;mg)i?%ghy rog%%CﬂC%ﬁO)C%{-%Sélkyl;

C, alkyl, C,-C, alkenyl, C -C, alkynyl, C,-C, cycloalkyl, and C,-C, haloalkyl;
each of Rs and Re is independently a hydrogen or C -Calkyl;

10 Rsisa CI—CSalkyl, ORsor NRsR:
m=1-12; and
n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or prodrug
thereof. In some embodiments, the subject has breast cancer or prostate cancer.
In some embodiments, the subject is human. See Examples 1-4.

15 [0037] In some embodiments, the cyclohexenone compound having the structure

o) = R4
n

Ry 1s prepared synthetically or semi-synthetically from any
suitable starting material. In other embodiments, the cyclohexenone compound is
prepared by fermentation, or the like. For example, Compound 1 (also known as
Antroquinonol™ or “Antroq”) or Comp.dund 3, in some instances, is prepared from 4-

20 hydroxy-2,3-dimethoxy-6-methylcyclohexa-2,5-dienone. The non-limited exemplary

compounds are illustrated below.



each of RI, R2 and R3 independently is a hydrogen, methyl or (CH2)1-CH3I 18 R4 is NR5R6, ORS5,
OC(=0)R7, C(=0)0OR5, C(=0)R5, C(=0)NR5R6, halpgen, 5 or 6-membered lactone, C1-C8alkyl,
C2-C8alkenyl, C2-C8alkynyl, aryl, glucosyl, wherein the 5 or 6-membered lactone, C1-C8alkyl,
C2-C8alkenyl, C2-C8alkynyl, aryl, and glucosyl are optionally substituted with one or more
substituents 5selected from NR5R6, OR5, OC(=0)R7, C(=0)0R5, C(0)R5, C(=0)NR5R6, Cr C8 alkyl,
C2 C8 alkenyl, C2-C8 kuynyl €5 C8 cyett IkyI amd C1-C8 haloalkyl each of R5 and R6 is

human. See Example@s\ . [0043] Osteolytic lesion®a 20CT3 fons oy ﬂg lesions for
short, are characteristic aréas of damage causqqi by ma. When myeloma invades bone 15tissue,
it causes weak areas to Thou. In addition, the myeIo‘Pna cells t%*ﬂaase chemicals that also lead to bone
breakdown. The result is lesions with a specific ' puncheoseapisappegrance that may occur in any bone
in the body, but arg most ofégp notedcw the sp&,q_? skull, pelvis and ribs. Certain Pharmaceutical and
Medlcal Ter noIiZO[OO (47 S 6herw| e%tated the foIIowmg teims used in this application,

in the specq‘J1 O] and, he appended claims, the singplar formg,’a," art,_gnd them_gnclude plural
referents unless the context clearly dictates othedW|s. g A d indicate d, donventional
methods of mass gbesgrosgopy, NMR, HPLC, prot&in 2% [ istry, re@blmblnant DNA
techniques and phaimacology are employetl:th. thi ication, the use of "or" or "and" means
"and/or" unless stated otherwise. Furthermore, use o kpe term "including" as well as other forms, such
as "include", "includes," and "included," is not I|m|t|ng he séction headings used herein are for
organizational purposgsipnly aggiare nottg, be coagiyued as limitingcthe subjent,30matter described.
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100451 An "alkyl" group refers to an aliphatic hydrocarbon group. The alkyl group may be a saturated
alkyl group (which means that it does not contain any carbon-carbon double bonds or carbon-carbon
triple bonds) or the alkyl group may be an unsaturated alkyl group (which means that it contains at
least one carbon-carbon double bonds or 5carbon-carbon triple bond). The alkyl moiety, whether
saturated or unsaturated, may be branched, or straight chain. t00461 The "alkyl" group may have Ito
12 carbon atoms (wheni@ver i pears herein, a numerical range such as -1 to 12 refers to each

V& : L €&rbon atoms™ mean%npat the éﬂ@/l group may consist of 1
O atoms 3 carbon atoms, etc., yp to and incl ding 12 carbon atoms, although

designated). The alkyPgrqup of the compounds des 2 ed as "C1-C8 alkyl"
or similar designations. %a%/ of example only, "CI-C8 a kyI" ndlcates that there are one, two , three,
four, five, six, seven or eight carbon atoms in the alkyl 150ha|n “BHgne agpect the alkyl is selected from
the group consisting eh%nethyl e,thyl pr8pyl %-propyl n-butyl, iso-butyl, sec-butyl, and t-butyl.

Typical alkyl groyps include, b tare) iMfed to, methyl, ethyl, promctslsopropyl butyl,
isobutyl, sec-butyl Jtertigry buityl, entwoneopeﬂ'ﬂ/l hexyl, allyh..but2-enyl, But-3
cyclopropylhﬂéthg, clok pllmethyl cyclopentylmethyl, cycloh ethyl, and the 20like. In one

aspect, an alkyl Is a 1 C8 alkyl. [0047] The term aIkyIéﬁ@‘r fivalent alkyl radical. Any of
the above mentionec nmmpvalent alkyl groups may be an alkyleng by abstraction of a second
hydrogen atom from the alkyl. 1 one aspect, an alkylene is a CI- Cuél‘Rernez In another aspect, an
alkylene is a Ci-C8alkylene. Typical alkylene groups include, but are 25not limited to, -CH2-,
-CH(CH3)-, -C(CH3)2-, CQIHZCH <, - CH2C(CH3)2- -CH2CH2CH2-,
-CH2CH2CH2CH?2; andthe like, boa ded hex
wherein each of the at ing the ring is7a cadbon atom Argkrings P i, SevenH
eight, nine, or Adre tk 2 arbon atoms. Aryl groups arg %ptlo
an aryl is a phenyl or a aph aﬁenyl In one aspect, an aryl iS a
C6-Cloaryl. Depending oncth@ strygture, an aryl group can be a monaradlcal ora dlradlcal (i.,e., an
arylene group). In one aspect, an arylene is a C6-Ci0 20 arylene. Exerﬁﬁl?ary aryf‘enes include, but are
not limited to, phenyl-1,2-ene, phenyl-1,3- ene, and phenyl-1,4-ene. [0049] The term "aromatic" refers
to a planar ring havirgHg delocakized p- elelgtrn system containing 4@2 p elecég_g)ns Wh&[p nis aeH
mteger AromaticLings Spg, seven, eight, ni e ten/or more w
@ substltuted The term *aromatic” includess carbocyclic aryl (' e.g.
phenyl) anoﬁﬁ%t ocyelicanyl (or "heteroaryl” or heteroarorhaﬂe ¢ .g., pyridine). The term 0
includes monocyclic gt fused-ring polycyclic (i.e., rings which share gdjacent pairs of carbon atoms)
groups. 10[0050] The téfa "hal®" or, alternatlvely, "halogen” or "hallzje tmeans foro, chloro, bromo or
iodo. [00511 The term_"lactone” refers to a cyclic ester which can be seen as the condensation product
id&lid group -COOH in the sarffEamolecies Its characterized
arbBa 15atoms and a § with a ketone

by a closed ring 3
group =0 in ene of
0

OH
O-
CHy 47
CHa CH3 CH, CHs
O Pz = = F
HaC o
0 OH
0\
CHs
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[0052] The term "heterocycle" or "heterocyclic" refers to heteroaromatic rings (also known as
heteroaryls) and heterocycloalkyl rings (also knowfkas heteroalicyclic groups) containing one to four
heteroatoms in the ring(s), where each heteroatom in the 20ring(s) is selected from 0, S and N,
wherein each heterocyclic group has from 4 to 10 atoms in its ring system, and with the proviso that
the any ring does not contain two adjacent O or S atoms. Non-aromatic heterocyclic groups (also
known as héeiklielehness)hndiovatgrtipsyhialiersomy Sompmeihttheirgrihg systany but aromatic
heterocyclic groupsgnust ha\@@t least 5 atoms in their ring system. The 25heterocyclic groups include
benzo-fused rigg syktenis. An example of a 3-membered heterocyclic group is aziridinyl. An example
of a 4-membereo 1 p is azetidinyl. An example of a 5-membered heterocyclic group is
EXAT Gb-membered heterocyclic group is pyridyl, and an example of a

10-membered heterpcyclic group is quinolinyl. Examples of non-aromatic heterocyclic groups are
30pyrrolidinyl, tetrahy@ofuranyl, dihygofsteanyl-telraysrethieryly exazalidinanyh dgtiaaydropyranyl,
dihydropyranyl, tetrahydrothiopyranyl, piperidinyl, morpholinyl, thiomorpholinyl, thioxanyl, piperazinyl,
aziridinyl, a“zaé’ﬁag’ﬁxiﬁ%xé?éﬁwtﬁ%‘?aﬂwe% BBt iERRs Db keis ke d R helaeniny |,
diazepinyl, ihéazepin¥thdadi3fofaiahyed e vidinybey Q- 3ndnindelinyk, 2bRWany. 44-pyranyl,
dioxanyl, l%qi_ xolg;yl, pyrazolinyl, dithjanyl, dithiolanyl, dihydropyranyl, dihydrothienyl,
dihydrafura |,1%§Aa SOFSE fniBSanRy e RS bORERSH o8 isbikehdalsenatot Rikeaag fe-2.
3-aZabiCyClﬂ{l%ﬂ;}ﬁmﬁﬁéaﬁmoﬁidtﬁ&@l@,'%l@ﬂﬁ&ﬁiﬂﬁi&ﬁ}ﬂk@m,%@%ﬁﬁ@%h%ﬁ@rﬁféydiC groups are
pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, or%fol & 'f‘}lﬁf,‘%ﬁiﬁ@/’l?&ﬁiﬁfﬁﬁﬂ?ﬁ Tsb GtRrismiayrdifaanar sens saligsolyl, benzofuranyl,
cinnolinyl, ingtexaly inrdalizinghtyainaagingk: syicazinrdtiazinwbiseindyh.Lopteridinyl, purinyl,
oxadiazolyl,égii?%iazolyl, urazanyl, benzofyrazanyl, benzothiophenyl, benzothiazolyl, benzoxazolyl,

, qui

quinazolinyf By iR AR IR R FERY RIFRAERentoris St Yretiseifiay be C-attached

or N-atiacheghpbese BUehlis-aaesibitcRaiiistanaeAsareuRARNIYed o Rysrole may be pyrrol-1-y1
ftached). Further, a group derived from 15imidazole may be

(N-attache rrol-3-y1 (C- ‘

imidazol-li#%ﬂﬁﬂégﬁﬁl&gfaﬁﬁfﬁtﬂl- t’t%éﬁ]é’&}‘%%%fagiial%klﬁa e Yotsyar Sriirteel-5-y1 (all
C-attached)n IhedheitrodyedsgRYPSIAGEedRenzatisad INgshstemDIRReaAfORaticheterocycles
may be suzlst'tuted with o%e‘zeegr wo 0x0 (-0) moieties, such as pyrrolidin-2-one. f0053i The terin

"alkenyl" a Xéggeﬁe}%?ﬁl? PEPG R BoEhsi ot yemesmbrdimentseisewould also be
knot\)/vn as &15':6;%%@&!Kﬁ?‘i’)’l),fwﬂmqat@@nhﬁﬁt}t@ip&ﬂg{fr?m&ﬁodg@ggmmmg@é@% at least one
carbon-carpagn dou the removal of twg hydrogens. In some embodiments,
depen ing%%oﬁ%lsﬁﬁétﬁﬁé%:ﬁg%&&@é’g r ﬁ@%ﬁh GffadlCas: & kdhylene
I5alkany! g, A are pot JOLGE 0 sthemyl 2ronentl 2 oty 2 prosen) 3 bty
4-penteny|@ﬁ%@%@%@%@@#@ﬁfé@&ﬁ%&ﬁ@’&%@Q&gﬁ?ﬁ{o%é)fﬁ:l@% 'Iélk);nyl" as
used hereingmmeanbaistraighR biadsHed(Ciain OM aygisicWhich gas & it worlg also be known as a
"cycloalkenyl; I-ngi %aig_% r# ining. fr BE% robon (ané)containin%at least one carbon-carbon
triple bond%rrﬁe (éy th %}% g]l(%}glf’f(g%;ﬁﬁi 6%%%’.@%8%@%%&9 s, depending on the
structetre, ﬁmﬂiﬁ%@@mndﬁﬂ@iﬂ@ca‘d&aﬂ-ﬁmﬂﬁmwt&ﬂs,@n@lwmze@%m&)yip@ome

0

embodiments, alkynyl groups are optionally substituted. lllustrative examples
C,alkynyl, aryl, and glucosyl, wherein the 5 or 6-membered lactone, C,-C, alkyl, C,-

Cyalkenyl, C,-C alkynyl, aryl, and glucosyl are optionally substituted with one or more
substituents selected from NR;sRg, ORs, OC(=O)R;, C(=0)ORs, C(=O)Rs,
C(=O)NRsRg, C,-C, alkyl, C,-C, alkenyl, C,-C; alkynyl, C,-C, cycloalkyl, and C,-C,



22 alkynyl include, but are not limited to, ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, and
the like. [0055] The term "alkoxy" as used herein, rgeans an alkyl group, as defined herein, appended
to the parent molecular moiety through an oxygen atom. Illustrative examples 5of alkoxy include, but
are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy, pentyloxy, and hexyloxy.
[0056] The term "cycloalkyl" as used herein, means a monocyclic or polycyclic radical that contains
only carbormdnalkyldrogestaan gisiddesithddeisHatlaréisai(riled, partatynumshodiatentsor fully
unsaturated. Cycloalkyl groups mclu@g groupsg |t;avmg fgp,(n 3to %Q_,lOrmg atoms. Representative
examples of cyclic include but gge nat limited 0, %he fo owing mgieties: ED Lib 03 a) >00 0> . In some
embodiments, depending on structlre, a cycloalKyl group ¥a monoradical or a diradical (e.g.,
20a cycloalkylene group). [68&¢]-Th
as used herein, include alkyl, alkeny, alkynyl and alkoxy structures |n which at least one hydrogen is
replaced Wtﬁbada@@gga atom. In certaitHembodiments in which two or more hydrogen atoms are

replaced w 6' gen atoms, the halogen atoms are all the 25 same as one another. In other
embodime g‘f Ritti 6™ %%%ﬁ%ﬁ%ﬁ%ﬂfﬁ%%‘?@mﬁé%é%} PRRAIRELY BEEFHSSIAB halogen

atoms are aohallithaksmeAsbReatpasing3dhnisems: Thaoalkyt-anthdluarealkpxy” include

haloalkyl and haloalkoxy ggfgups respectively, in which the halo is flyorine. In certain embodiments,
haloalkyls g}gﬁ?ﬁ%ﬁ& sHitegorghes Gp’ﬁg’li’é’ﬁﬁ”%%%gw@‘a%dd?é@“ﬁép&ﬁt%ﬁle D- or L-form

glucosyl groups, |n Eyvhlch tm%glucosyl group is attached via any hydroxyl group on the glucose rlng

that typically lie flatvar spread out on the growing surface, With the
Ra

wherein each of X and Y independently is oxygen, NR; or sulfur;
R 1s a hydrogen or C(=0)C,-C,alkyl;
each of Ry, R; and R; independently is a hydrogen, methyl or (CH,)—CH3;

10 R4 is NRsRg, ORs, OC(=O)R7, C(=0)ORs, C(=0)Rs, C(=O)NR;sRg, halogen, 5
or 6-membered lactone, C -C,alkyl, C,-C alkenyl, C,-Cialkynyl, aryl, glucosyl,
wherein the 5 or 6-membered lactone, C -C alkyl, C,-Calkenyl, C,-C alkynyl,
aryl, and glucosyl are optionally substituted with one or more substituents
selected from NRsRg, ORs, OC(=0)R, C(=0)OR;s, C(=0)Rs, C(=O)NRsRg, C-

15 C, alkyl, C-C, alkenyl, C,-C_ alkynyl, C,-C, cycloalkyl, and C,-C, haloalkyl;
each of Rs and Ry is independently a hydrogen or C,-C,alkyl;

R-;isa C]-Cgaﬂcyi, OR;s or NRsR;
m=1-12; and
n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or prodrug

20 thereof. In some embodiments, the subject has breast cancer or prostate cancer.

In some embodiments, the subject is human. See Examples 1-4.

[0041] In some embodiments provide methods for inhibiting bone resorption in a

subject comprising administering to the subject in need thereof a therapeutically



hymenium exposed to the outside; the edges may be turned so as to foim narrow brackets. Most
species are found in temperate and boreal forestd,’and cause brown rot. Some of the species in this
genus are have medicinal properties, and have been used in Taiwan as a Traditional medicine.
15[0061] The term “carrier,” as used herein, refers to relatively nontoxic chemical compounds or
agents thate %%itllit%tg t%e ipg%pgrat(i)gn %% gn%oc@lgoglrllgdi tqf i%ellﬁlgr tissues. [0062] The terms
to-administration” orni]hgqlke, 28 lsed erein, aremeant to e%compass administration of the selected
therapeutic agents to a singte patientCHnd are 20intended to include treatment regimens in which the
agents are administered:hy the same o different route of administration or at the same or different
time. [0063] The term "dil
interest prior to delivérx Dilient®Ban also be used to stabilize compounds because they can provide a
more stable environment. Salts dissolved in 25buffered solutions (which also can provide pH control or
maintenanéBy&recutilized as dfents in the art, including, but not limited to a phosphate buffered saline
solution. [0QG4l-Thetararss elfestiveiapaunti ofs higranewtieally gifartive amount,” as used herein,
refer to a sufficient amount of an agent or a compound being administered which will relieve to some
extent one or more @f%%@?ﬁ?&t@ﬁ%("ﬁﬁ}%lﬁs@&’é or 30condition being treated. The result can be
reductjon and/or alleviatign of the,signs, symptoms, or,causes of a disease,.or.any.qther desired
alteratlggn of a bio%gﬁ:gfs%%e?rﬁl}ﬁii? é&%ﬁ%}e?%w-%f?ek@ﬂvé’ enl’ll’o%ﬁ or ﬁ@r@ﬂé‘ﬁﬁ%ﬁg’es is the amount
of the 24 compodition ¥BaRariORg &CHRIPEUNTE@EONIERios€ehdtein feGiiN8dRe pabwier, & clinically
significant decrease n disease symprorps. An,a p@anéﬁ("efff%iyg'éﬁ@%%gfggfﬁgdndsivliduaI case

. e

may be determined usménteéﬁnlques, SUGh 45 & doge eScalation atu y ferms "enhance-

or "enhancing,” asysRshRESINIHaABS Be-RCTRAsE0CRI0leng e ther impaiancy €1 susaion a desired
effect. Thus, in regard to enhancing the effect of therapeutic agents, the term 'enﬁancing" refers to the

ability to increaseavylpeoibglyceitierrinoptierily snbititatishwitle effert mpotisebshirepeutic agents on a

system. An "enh - i ount," 1Isedhhereir rs 0. ; MEL ?gﬁ ate 10to enhance
the efggct of ano&%?%%?gégﬁjﬁgg%h%%%%@ %’;g‘?:r?.f O‘@Ggf_@%étg olite” o%%’?:%mpound
disclosed herein is gatigfivative, afitbagicompgund thatds-toymetonike!) dhe Coropauldiismetabolized.
The term "active metabolite™ refers to a biologically active derivative of a compound that is fol tiled
when the compoutighiehietaps Fels. e tadenthiathbdipass, 0as uSetdiein, refers to the sum of the
processes 15(incl dln%, é)uEncﬁ Iifn'ttﬁg to,lghﬁdéo_lysis reactions and reactions catalyzed by enzymes)
by which a particu ArStibsiande 1S cha %% BY &n organism. Thus, enzymes may produce specific
structural alteratigps-tp_gocgmpound. For example, cytochrome P450 catalyzes a variety of oxidative
and reductive reactions while uridine diphosphate glucuronyltransferases catalyze the transfer of an

activdted glucuromiclatidl ohaIRRHIR 1605 M atReBIRIR SR ANFREEESICORGHE sk acids, amines
and free sulphydng geaeps,: Matakalitea:afdhe, ermpejudsdiselasechhereih prasrrtienally identified

either by administration of compounds to a hgost and analysis of tissue samples from the host, or by

incubation of comPBoR&SHA? & densabisats Brendhai5e s "8PtREdstiting compounds. 25[0067]

The term "pigyp)asadticabeeriineienrasidsatMemRIBS MRans asposHetitipidestitsfbam the mixing

or combining of more than one active ingredient and includes ] ]
comprising administering to the subject in need thereof a therapeutically effective

20  amount of a cyclohexenone compound having the structure:

0 = Ra
n

wherein each of X and Y independently is oxygen, NRs or sulfur;
R is a hydrogen or C(=0)C,-C_ alkyl,

each of Ry, R and Rs independently is a hydrogen, methyl or (CH»),,—CH3;



both fixed and non-fixed combinations of the active ingredients. The term "fixed combination" means
that the active ingredients, e.g. a compound (i.e., a cyclohexenone compound described herein) and a
co-agent, are both administered to a patient SOsimI&Itaneoust in the form of a single entity or dosage.
The term "non-fixed combination” means that the active ingredients, e.g. a compound (i.e., a
cyclohexenone compound described herein) and a co-agent, are administered to a patient as separate

25 entities either SEDIRRERLHIR CORSUTHRLY Y- S5asienta Lt Dp-ehRGliRInjenening tme limits,

wherein such administration provides effective levels of the two compounds in’the body of the patient.

The latter also apPfdstsBoereaiasierspl:, £galind. Aarfigbteatbreftprbearlnerk gawesyihgredients.

5[0068] The term "pharmaceutical composition” refers.t ixtyre of . compaund (j.e.,
cyclohexenone covnajﬁéﬁlﬂzﬁ egsgf?ée%%ng?gﬁﬁﬁvaﬁho%?hgﬂ %ﬁ%mﬁ&@b‘%& %ﬁﬁts&é?éﬁ{%g‘é%rriers,
stabilizers, diluent@ﬂjgﬁg@iﬁ@%g%%WMﬁgsgggm%;mw%gg@M&t@@g@g excipients. The
pharmaceutical composition facilitates administration of the compound to an orgl)%nism. Multiple

techniques of admREEAFP R ARiBounB e S5 HABME GFOHR R G BIR n S RHARSE Beifravenous,
l, l, t h ' topical administrati 0069],The term "subject”
or patientencom e e R e Rty oy

member of the Masyhalfan, glﬁsa'ﬁhymmmaﬂymam@g@sgug@aﬁgghimpanzees, and other apes
and monkey species, farm 15animals such as cattle, horses, sheep, goats, swine; domestic animals

such as rabbits, dBgds afg-€agskidpaRienNatsiteals including rodents, such as rats, mice and guinea
pigs, and the like. In__p?ﬁf_rggﬁdiment, the mammal-is a human. [0070] The terms "treat," "treating"” or
"treatment,” as us€d heréih®Mclude alleviating, abating or ameliorating at least one symptom of a
disease or conditian;pi€yentingAaaddiitndisycagiomis, éihipitng siedistase armoagiton, e.g.,

arresting the development of the disease or condition, relieving the disease or condition, causing
regression of the § geoggf F%ﬁ&f{@%{ ﬂ&%éﬂlg %%%8% ﬁsc%%g%tacﬁfﬁ’ié’ld%gg%eB%Qfﬁdition, or

sea
stopping the symgiosnmefkthbodisease, diconddo: dithemptpiBilastitady and/or therapeutically. 25

Routes of ini tion [0071] Suifable roytes of administration jnclude, but are not limited to, oral,
intravenou@&%@aﬁ?%%&&éo ?%Sérg?l?e{&f’glf%%ﬁﬁge IC?B'E)%H?SH)%?{ SRRSOtk &Rnal, vaginal,
otic, nasal, dachtopicdkaceasnisidaticn: lcoaddittonnbyluray. 8Wexampitoan!inpatenteral delivery includes
intramuscular, subcutaneous, intravenqus intramedullary injections, as well intrathecal, direct
oy R B s S B R S s R s P bt
embodimenntitg} alsoivabunichas deskribed. léreirdsladmiriizienedtin sgadakratheclibduwnsystemic

manner, for example, via injection of the c mpoung irectly into an organ, often in a depot preparation
or sustaine%pPéa@elﬁéa%fédf%%ulg o Th iélp%néfﬂgcog?nlgg ?mé%?é,% %%%%%’t?ﬁ@%%ﬂ?a%éﬁ%%?e administered
by implantagame(fhudxantpleand ribs.

Certain Pharmaceutical and Medical Terminology

20 [0044] Unless otherwise stated, the following terms used in this application, including
the specification and claims, have the definitions given below. It must be noted that, as
used in the specification and the appended claims, the singular forms “a,” “an” and
“the” include plural referents unless the context clearly dictates otherwise. Unless
otherwise indicated, conventional methods of mass spectroscopy, NMR, HPLC, protein

25  chemistry, biochemistry, recombinant DNA techniques and pharmacology are
employed. In this application, the use of “or” or “and™ means “and/or” uniess stated
otherwise. Furthermore, use of the term “including™ as well as other forms, such as
“include”, “includes,” and “included,” is not limiting. The section headings used herein
are for organizational purposes only and are not to be construed as limiting the subject

30  matter described.



5subcutaneously or intramuscularly) or by intramuscular injection. Furthermore, in other embodiments,
the drug is delivered in a targeted drug delivery sy§%em, for example, in a liposome coated with
organ-specific antibody. In such embodiments, the liposomes are targeted to and taken up selectively
by the organ. In yet other embodiments, the compound as described herein is provided in the form of a
rapid release formulation, in 10the form of an extended release formulation, or in the form of an

inteiniediat¢upie psenfanpylatien: feyekathat aipbadimeniseARgsonReuNddasclibraharsin is
administered topically. Oggl In some embodiments, the cyclohexenone compound, or a
pharmacet?ﬁ%&lﬁ?tgﬁ?:%ﬂlt%} SEM ST OB RS 283 WAt S0 S RFE Pty ISHRAAIAERSYR D parenterally

or 15intravelabibondethetefohadihanisplb® S BEURNIRGI GONMPAHAH bErA Rhnmacautically
acceptable salt, metaboljte, solvate or prodrug. thereof, is administered by injection. In some

embodime y}l@% @émﬁ?&sc@mﬁbfmﬁ?’&s&Hﬁ%ﬁﬁﬁﬁ%@ﬁf@rﬁﬁéegﬁﬁﬁé@é&’&dﬁ@tmmite,

solvatesor pradeagciBraati jt-adminigeseeialyie?), Rhameaceutisal Comrasitiaad armwation 100741
In some embodi ggts provi %%ompounds having the structure: R3CH3 OR R2 wherein each of X and
Y independ%rﬁﬂfxq]g LYGEAL BFsulfur; R is a hydrogen or Ce=0)C1-C8alkyl; 25each of R1, R2 and

R3 indeperjdeady fha hydiduginumeiyhard Gl b-cafbbiBalBhis MRARG: RRBp Qs [OMRY, C(=0)0R5,
C(0)R5, C(=0)NRSRG, halogen, 5 or.6-membered lactone, C1-C8alkyl, C2-C8alkenyl, C2-C8alkynyl,
aryl, glucosy W& HESBFBIhehiBe ﬁeéﬁqt&?l&a | RSB TR 81 RaESH - CBHkynyl, aryl,
and glucosybareraptignally” substitutedvithigngoupers suhstitugnteadbseiveicd HeRNR5RE6, ORS,
OC(=0)R7, C(=0)QRS, CEEO%‘E" Ce=0)NR5R6, Cc C8 @: |, C2-C8 alkenyl, C2-C8 alkynyl, C3-C8
cyclodlkyl, ASTPE IR Shcn W ReuhiPisdiamreruhas Al AiHiouEn Bf BtseHaikyl: R2 is a
C1-C8alkylqeaitiar NRAR6:EMe obcliZieand sethelRiaralphiarmiasewicain aceantableisalt,

metabolite, solvate drug thereof. [0075] In some embodiments, R is a hydrogen, C(=0)C3I-18,
C(:O)CZHéfe&}ga E‘?%%pﬂf%#% Baba ROUBAR 5P R B3 RavhefsEIIRIRAAS a hydrogen,

methyl, ethyC papik:htind sheidyldesiylathaptyk owes . exingestaitye mbodinents; iRdidatas 10 hydrogen
or methyl. In ce}ﬁain emboditmentj), Rzﬁls a %’dro en, meth I,,%gtt}wyl, ropyl, butyl, pentyl or hexyl. In
certain emBAHiREIRE R TRy dPbgedO Mt BthgrvSroply el REnaPBISHRAE #Hk¥bme

emborimentsiR dis-halnges, HHRKNHGHIAUGHE) ZhOEHS, Q52HLE; SFIGH3E0)C21-15,
C(=0)0CH3, C(-0)0C2H5, C(=0)NHCH3, G(=0)NHC2HS5, C(=0)NH2, QC(=0)CH3, OC(=0)C2F15,
OC(=O)OCIR§?‘%3§’ SEEIBY Y&é@&%ﬁﬁ%‘%&%ﬁ?\{ﬁé‘g’i-ﬁ?‘&ﬁ LERIRE2. In certain
embodimerts] R, 5 256 HA)2Dhit 256 HHB)RBE HI0 BHAPOpL GRNBGBHyICH20H,

C2H50H, CH2Ph, C2H5Ph, CH2CH=C(C1-13)(CHO), =C(C113)(C(=0)CH3), 5 or 6- bered
lactone, ar;?le, = q@é tc §/E}r36tr)%; ng'%i(neopen)tgr% he?(ygla_ﬁﬁ,%ut- —enyﬁ)‘éut(—B-c)anyl, ), 5 or 6-membere

cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, and the
20 like. In one aspect, an alkyl is a C-Cy alkyl.
{0047] The term “alkylene” refers to a divalent alkyl radical. Any of the above
mentioned monovalent alkyl groups may be an alkylene by abstraction of a second
hydrogen atom from the alkyl. In one aspect, an alkylene is a C;-Cjalkylene. In
another aspect, an alkylene is a C;-Cgalkylene. Typical alkylene groups include, but are
25  not limited to, -CH»-, -CH(CHj3)-, -C(CH3)z-, -CH2CH,-, -CH,CH(CH3)-, -
CH,C(CHj),~, ~-CH»CHCH,-, -CH,CHCH2CH;-, and the like.
[0048] As used herein, the term “aryl” refers to an aromatic ring wherein each of the
atoms forming the ring is a carbon atom. Aryl rings are formed by five, six, seven,
eight, nine, or more than nine carbon atoms. Aryl groups are optionally substituted. In
30  one aspect, an aryl is a phenyl or a naphthalenyl. In one aspect, an aryl is a phenyl. In
one aspect, an aryl is a C¢-Cjparyl. Depending on the structure, an aryl group can be a

monoradical or a diradical (i.e., an arylene group). In one aspect, an arylene is a C¢-Cig



wherein 5 or 6-membered lactone, aryl, C1-C8 alkyl, and glucosyl are optionally 20substituted with one
or more substituents selected from NR5R6, 0125,0C(=0)12.7, C(=0)0125, C(=0)R5, C(=0)NR512.6,
C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C3-C8 cycloalkyl, and C1-C8 haloalkyl. In certain
embodiments, R4 is CH2COOH, C2H5COOH, CH20H, C2H50H, CH2Ph, C2H3Ph,
CH2CH=C(CH3)(CHO0), CH2CH=C(CH3)(C(=0)CH3), 5 or 6-membered lactone, aryl, or glucosyl,
wherein thaRbmer et sl tactoneludsy b ang g dsyitafe o pienalnt Sutnritobsaskvit’ one or more
substituentg,gelegted fromMmNRA126, 0125, OC(=-0)R7, C(=0)0R5, C(=0)RS5, Ce--0)NR5R6, C1-C8
alkyl, C2-C8 alkenyi, C2-C8 alkynyl, C3-C8 cycloalkyl, and C1-C8 haloalkyl. 100761 In certain
embodimet#§4Heldsripoutassbioriariront gleng cogdisting efdeR@lidedcridie®d8C H3 0 C H 3
H3C, OH S, gHB C%—ISCH C Ij SCIH 30 CH3H3C, OHOH H3CH3CH3CH3
Systém confaining 4n+2 % €lectfons, whete n1'1s an integer. Afomalic rings can be
5  formed from five, six, seven, eight, nine, ten, or more than ten atoms. Aromatics are
optionally substituted. The term “aromatic” includes both carbocyclic aryl (“ary!”, e.g.,
phenyl) and heterocyclic aryl (or “heteroaryl” or “heteroaromatic™) groups (e.g.,
pyridine). The term includes monocyclic or fused-ring polycyclic (i.e., rings which
share adjacent pairs of carbon atoms) groups.
10 [0050] The term “halo™ or, alternatively, “halogen” or “halide™ means fluoro, chloro,
bromo or iodo.
[0051] The term “lactone™ refers to a cyclic ester which can be seen as the
condensation product of an alcohol group -OH and a carboxylic acid group -COOH in
the same molecule. It is characterized by a closed ring consisting of two or more carbon
15 atoms and a single oxygen atom, with a ketone group =0 in one of the carbons adjacent
to the other oxygen.
[6052] The term "heterocycle" or “heterocyclic™ refers to heteroaromatic rings (also
known as heteroaryls) and heterocycloalkyl rings (also known as heteroalicyclic
groups) containing one to four heteroatoms in the ring(s), where each heteroatom in the
20 ring(s) is selected from O, S and N, wherein each heterocyclic group has from 4 to 10
atoms 1n its ring system, and with the proviso that the any ring does not contain two
adjacent O or S atoms. Non-aromatic heterocyclic groups (also known as
heterocycloalkyls) include groups having only 3 atoms in their ring system, but
aromatic heterocyclic groups must have at least 5 atoms in their ring system. The
25  heterocyclic groups include benzo-fused ring systems. An example of a 3-membered
heterocyclic group is aziridinyl. An example of a 4-membered heterocyclic group is
azetidinyl. An example of a 5-membered heterocyclic group is thiazolyl. An example of
a 6-membered heterocyclic group is pyridyl, and an example of a 10-membered
heterocyclic group is quinolinyl. Examples of non-aromatic heterocyclic groups are
30 pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl, oxazolidinonyl,
tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl, piperidinyl, morpholinyl,

thiomorpholinyl, thioxanyl, piperazinyl, aziridinyl, azetidinyl, oxetanyl, thietanyl,



OHCH3H3C.00H 30 H3C,0SOH CH3CH3CH3CH C) H 3C ,0---Y-OHO0 0,C H3 100781 In
some embodiments provide pharmaceutical compgsitions comprising a therapeutically effective
amount of a cyclohexenone compound having the structure: R3CH3 wherein each of X and Y
independently is oxygen, NR5 or sulfur; 10R is a hydrogen or C(=0)C1-C8alkyl; each of RI, R2 and R3
independently is a hydrogen, methyl or (CH2).-CH3; 32 R4 is NR5R6, OR5, OC(=0)R7, g=0)0R5,

C(=-0)R5, G(HRIMNRIRE 1RGN, ehiepmemBREoeiasione i Ballikbia E 8akenyl, C2-C8alkynyl,
aryl, gluco%l wherein the 5 or 6-membered Iactone C1- C8alkil C2-C8alkenyl, C2-C8alkynyl, aryl,

and glucosyFRRYSERRTIN o BETHOMB L PEFE 8-t ad i P yranyl, 4H-pyranyl,

dioxanyl, 1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl,
dihydrothienyl, dihydrofuranyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, 3-

5  azabicyclo[3.1.0Thexanyl, 3-azabicyclo[4.1.0]heptanyl, 3H-indolyl and quinolizinyl.
Examples of aromatic heterocyclic groups are pyridinyl, imidazolyl, pyrimidinyl,
pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolvl, oxazolyi,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl,
cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, tsoindolyl,

10 pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, and furopyridinyl. The foregoing groups may be C-attached or N-
attached where such is possible. For instance, a group derived from pyrrole may be
pyrrol-1-yl (N-attached) or pyrrol-3-yl (C-attached). Further, a group derived from

15  imidazole may be imidazol-1-yl or imidazol-3-yl (both N-attached) or imidazol-2-vl,
imidazol-4-yl or imidazol-5-yl (all C-attached). The heterocyclic groups include benzo-
fused ring systems. Non-aromatic heterocycles may be substituted with one or two oxo
(=0) moieties, such as pyrrolidin-2-one.

{0053] The term “alkenyl” as used herein, means a straight, branched chain, or cyclic

20 (in which case, it would also be known as a “cycloalkenyl™) hydrocarbon containing
from 2-10 carbons and containing at least one carbon-carbon double bond formed by
the removal of two hydrogens. In some embodiments, depending on the structure, an
alkenyl group is a monoradical or a diradical (i.e., an alkenylene group). In some
embodiments, alkenyl groups are optionally substituted. llustrative examples of

25  alkenyl include, but are not limited to, ethenyl, 2-propenyl, 2-methyl-2-propenyl, 3-
bu’{enyl, 4-pentenyl, S-hexenyl, 2-heptenyl, 2-methyl-1-heptenyl, and 3~ceceny1.
[0654] The term “alkynyl™ as used herein, means a straight, branched chain, or cyclic
{(in which case, it would also be known as a “cycloalkenyl™) hydrocarbon containing
from 2-10 carbons and containing at least one carbon-carbon triple bond formed by the

30  removal of four hydrogens. In some embodiments, depending on the structure, an
alkynyl group is a monoradical or a diradical (i.e., an alkynylene group). In some

embodiments, alkynyl groups are optionally substituted. Illustrative examples of



5selected from NR5R6,0R5, OCE=0)R7, 2=0)0R5, C(=0)R5, C(=0)NR5R6, C1- C8 alkyl, C2-C8
alkenyl, C2-C8 alkynyl, C3-C8 cycloalkyl, and C1-28 haloalkyl; each of R5 and R6 is independently a
hydrogen or C1-C8alkyl; R7 is a C1-C8alkyl, OR56f NR5R6; m = 1-12; and n=1-12; or a
pharmaceutically acceptable salt, metabolite, solvate 10or prodrug thereof; and a pharmaceutically
acceptable excipient. [0079] In some embodiments, the compounds described herein are fonnulated
into IOhafm%ﬁ%ﬂ@%&@ﬂwﬁﬁﬁkﬁ@%dﬂm@l@,%H@ﬁ?iﬂfﬁﬂ&%%@fﬁ?ﬁfﬁ?ﬂ&%yﬁ%ﬁ%}ﬂ%s are
foimulated in a conventignal manner using one or more physiologically acceptable carriers comprising
excipients SFatgudi S SVRkeN facilitate processing of the active 15compounds into preparations

which can heggspdpharmacaiticallys Riapretormulationis:denendenturreibe xemig of administration
chosen. Any pharmaceutically acceptable teghnia%es, carriers, and excipients are used as suitable to

formulate tABRSAAFERCESRAFROMPISSHIBE e e HERBERER PR YRR ItoR T StssHamalsd Practice of
Pharmacy, MingisgnitfddFasies Balidvaak S whlisbing &emmp: 295  DRRRLE., 20
Remington 's Pharmaceut(é:al Sciencesl, Mack Publishﬁgg Co., %aéﬂs%grl?, 2enr¢i§€\%§r¥la 197%% Libeinian,
H.A. and LAHHEAXY: PERXIOBh At Dosage Forms, Marcel Decker, New York, N.Y., 1980;
and Pharmpapsélicaidlesage fasamsyangk REg IRRIMERYSIEMSn RS ¥R BalvikipRingait Villiams &

Wilkins 1999). [0080Q] Provided herein are pharmaceutical compositions comprising a compound (i.e.,

25a cycloh8atEREES Y HEPAB SATIREIERaIn s AudRa thnsedbincam saceasthbry iakient(s),
excipient(ShREakFRT(S) i ¢RHMLRAIOdIBRAIEy IR RPN RRUNES LS Pady & adipistered as
pharmaceutical compgsitions in which a compound. (i.e., a cyclohexenone compound described
hereirtfis MIREFWRA: SFEaHoE R GrediRfe LY ARSI MereplinEiedmpBgsed herein are all
combinationsiigfachives &eisforth in 30the combination therapies section below and throughout this
disclosure. In specific 33 embodiments, the pharmaceutical compositions include one or more
compounds (i.e., af€yclohexenone compound descakibed herein). 100811 A pharmaceytical
composition, as u erein, refers.to a mixture mpound Iohexe
described herej ther chemicgglBcompo ch as carners,-stabilizers, ¢ IS,
agents, suspending agents, thickening agents, and/or excipients. In certain embodiménts, the
pharmaceutical composition facilitates administration of the compound to an organism. In some

embodiments, practicing the methods of treatmenqt or use provided hereir; terapeutically effective
amounts of corppounds|(i.e}, a cy enong pound cribe herein) are ed in a
phamiaceutical composttied to’a mammal ‘having a/disease.or gondition to be tréated. |A Afic

embodiments, the mammal is a human. In certain embodiments, therapeutically effective amounts
vary depending on the severity of the disease, the age and relative health of the subject, the potency
of the compound used and other factors. The compounds described herein arehused singly or 15in
combination Wior, rapeutints as nents tures ] In @
embodiment, a sompound (€., axyclohexgnone’compQund descrbed/heres rmulg an
aqueous solution. In specific embodiments, the aqueous solution is selected from, by way of example
only, a physiologically compatible buffer, such as Hank's solution, Ringer's solution, or physiological

saline buffer. In@ @Cj @3

depending on the structure, a cycloalkyl group is a monoradical or a diradical (e.g.,

. In some embodiments,

20 a cycloalkylene group).
{0057] The terms “haloalkyl,” “haloalkenyl,” “haloalkynyl” and “haloalkoxy” as used
herein, include alkyl, alkenyl, alkynyl and alkoxy structures in which at least one
hydrogen is replaced with a halogen atom. In certain embodiments in which two or
more hydrogen atoms are replaced with halogen atoms, the halogen atoms are all the
25  same as one another. In other embodiments in which two or more hydrogen atoms are

replaced with halogen atoms, the halogen atoms are not all the same as one another.



20 embodiments, a compound (i.e., a cyclohexenone compound described herein) is formulated for
transmucosal administration. In specific embodiments, transmucosal formulations include penetrants
that are appropriate to the barrier to be permeated.’In still other embodiments wherein the compounds
described herein are formulated for other parenteral injections, appropriate formulations include
agueous or nonaqueous 25solutions. In specific embodiments, such solutions include physiologically

compatible Drfeimaraiai-exipients 4RF34it0.anathaiRMaRMIMAFaMPAULDs desetibed herein

are formulated for. oral administration. Compounds described herein, including a compound (i.e., a
cyclohexenSHBEBHThO iR & BELTIS R RSy e f8iFRTImTctPRPEBRBIRI MG ki€ 30compounds

with, e.g., piarsaaggutisadiaeaceptable carriers or excipients. In various embodiments, the compounds
described herein are formulated in gral dosaé%;e forms that 34 include, by way of example only, tablets,

powders, il 4 ale B patifes Vighidsedderedritodikroshufheg Suepah SEREard the like.

[0084] 4n cavtaith ephocisignisophamMacaeticah RISPAFAIRIS fos ey ahuse gra.eRiained by mixing one or
more solid excipients with one or more of the compounds described 5Sherein, optionally grinding the
resulting m&éﬁr@j aha B esHyahis rﬁ’&mf@%&%ﬁ@§%i%&ﬂi@%§ﬁ%é’%%%ﬁ@§; if desired, to

obtain tablefsaedrRgen, caEass Buitableexaiiests RreniorRarisuardilees:siaR1asaugars, including
lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as: for example, maize starch,
wheat starc,tﬁ,eﬁl’:@‘é‘f&t’@fﬂ%ﬁ?ﬁ%dstarch, gelatin, gum tragacanth, methylcellulose, 10microcrystalline

ceIIIuI(_)sei, h[&(li)l%)qymmm{fifgeél’aygéggg|@ﬁ)ﬁ;rfgidiﬁmqaﬁﬁwygl&ﬁﬁkﬂlli@@ﬂél|g?ﬁ#&ﬁ%ﬂ%%&%éGﬁﬁbe;s; |
polyvinylpyrrolidone (PVP or povidone) or calcium phosphate. In specific embodiments, disintegrating
agent%aélre %bﬁﬁ’ﬁgtf ieidbe t@%ﬁ‘?ﬂi@%ﬂﬁ@t G ERRAhAN 98, thy Y Bk atie Wik eross-linked

croscannellpagsosivexppobivinyheystalidengcadats of Alen taeid o & salbthemalsch 15as sodium
alginate. [0085 o&gﬁembodiment dosage forms, such as drﬁgee cores and tablets, are provided

In
with one or ST REAER G fouBE i BRBatRATS RS Te LT Y SaUsE WONHGAS are used for
coating thesigsageferspedibeisubr Goluiars optiapalyneppiapranditenal sppangigssuch as by

way of example only, arabic, talc, 20polyvinylpyrrolidone, carbopol gel, polyethylene glycol,
- and/or titan L#‘r‘iv %g glu%%&ﬁ&?@%‘l?ﬁffﬁﬁ?; and suitable organic solvents or solvent mixtures. Dyestuffs

and/or pignjesss jardadsenontienally added teiha, geatingstanidentifieatinnninderas. Additionally, the
dyestuffs and/or pigments are ogtijnaﬂ%uti%ed to characterize different combinations of active
compound %%EE%‘."%@%@B@%TW& HAR B GBI I 8L A CamPHDd vt £HEWits of at least one
of the compemgs described herein are formulated into other oral dosage folios. Oral dosage fonns
include pus@lﬁgﬁi su{es made %J}_g.ela%int,as,yvell as soft, sealed capsules made of gelatin and a
plasticizer, 2STEVREISI 6P SSTBIBF RS Pe GHEE MBb AfHSRTs SN 4H CREEHES contain the active
ingredientsdncahrixiud@mititstenobibeadideted therapeutic agents to a single patient, and are
20 intended to include treatment regimens in which the agents are administered by the
same or different route of administration or at the same or different time.
[6063] The term “diluent” refers to chemical compounds that are used to dilute the
compound of interest prior to delivery. Diluents can also be used to stabilize
compounds because they can provide a more stable environment. Salts dissolved in
25  buffered solutions (which also can provide pH control or maintenance) are utilized as
diluents in the art, including, but not limited to a phosphate buffered saline solution.
[0064] The terms “effective amount™ or “therapeutically effective amount,” as used
herein, refer to a sufficient amount of an agent or a compound being administered
which will relieve to some extent one or more of the symptoms of the disease or
3¢ condition being treated. The result can be reduction and/or alleviation of the signs,
symptoms, or causes of a disease, or any other desired alteration of a biological system.

For example, an “effective amount” for therapeutic uses is the amount of the



30 Fillers include, by way of example only, lactose, binders such as starches, and/or lubricants such
as talc or magnesium stearate and, optionally, stal%itlizers. In other embodiments, soft capsules,
contain one or more active compound that is dissolved or 35 suspended in a suitable liquid. Suitable
liquids include, by way of example only, one or more fatty oil, liquid paraffin, or liquid polyethylene
glycol. In addition, stabilizers are optionally added. [0087] In other embodiments, therapeutically

effective angupssRic deag-ane of dhaRBIAWRAESEHRES G IsiRAE frmtated for buccal or

sublingual administration. Formulations suitable for buccal or sublingual administration include, by way
of example GHRFHAL 81 fiszBhdReRie B IdisFRGinaIR TP BRSNS A8 & v PBtings @escribed
herein are fpranylatad fernametakinircior-naliding founnations sidiaRle fsbelis iigstion or
continuous infusion. In specific embodiments, formulations for 10injection are presented in unit dosage
form (e.qg., iﬂ%poules) or in multi-dose containers. Preservatives are, optionally, added to the

injection forpeéatians dhsathasembodiments ihephasmaceiicaksampesiions gf a compound

(i.e., a cyclohexenone compound described here|n3 are formulated in a form suitable for parenteral

injection asPE USSR IR RSIGASY SbRiFaHE bR dritrdaiiedt diRporiadessddo svemicies tRarenteral
injection foipfrdations@ppanally-eaniainRimutaionn saenis AYchaaSHsRening. siabilizing and/or

dispersing agents. In specific embodiments, pharmaceutical formulations for parenteral administration

include aquUISLE 8ofitish& dIisE AR A EERBo td rrlitethen fiBTarmitici Assai®srial embodiments,

suspensions,efethe Activehaampauds At RIERA edAs APREARH eI NG CHRARLHSREBIRNS.
20Suitable lipophilic solvents or vehicles for use in the pharmaceutical compositions described herein

includ by WaHtss R shnf At ehid siRoRyy dgeatir biletiresl FXHert fatty acid esters, such as
ethyl oleatej@udoply cekicless R IRPSAUBRPoMEARIB HRARHSCIIRAAINGAL AausPUSIBIREHPN

suspension%cqnt in substances which increase the viscosity of the suspension, such as sodium

carboxymethgh BeifiiBEd Whendbranmsiad it as tesplisrhiheheray Ssavsise Bbaldn T elmable
stabilizers @5 agestisewhinhanereasa hesuRilibhRbing eemrowRss daalawnior he, praparation of

highly concen%%ted solutions. Alternatively, in other embadiments, the active ingredient is in powder

form for coRSHRRISHSHit Bf SehanRssariifede. s uteriReriRogaisthré thiatem 0éfBrPtReESSB[0088] In
one aspect(igerRdTBis: tie iMeaneXenaes sempeuntsHaseibesh berein)RrREpasaes solutions

for parenteral inje scribed herein or known in the art and administered with-an automatic

tion as. d
injector. AutSn¥ g}’iﬁjBéEBFﬁ%I?&‘??%%flﬁ?dée@h%&?%é%%&fw.@}-ﬂét%%?ﬂéaaﬂﬂsgs, 5,358,480;
5,540,664; 560 ¢ls B Yordotdrang (WiN200%/ Q%ﬂr%ﬁdﬁ@.%@fe%fﬁh@@ﬂ@&%ﬂéqi@%herem by

reference for such disclosure) are known. In general, all automatic injectors contain a volume of

solution thaABROGERE WS SEGRITHYC ey dsrdienipblinaidae dielprleim) to be Sinjected.
In general, glutamatitinis cinrsinchaieya tesenveiefor Beldingie sRiution Wiithisiacfid,

communication with eedle for delivering the drug, as well as a mechanism for automatically
deplgéléng tﬁ]é)ﬂlggaI%@&?@?tiﬁl&pﬁﬁ‘ﬁ3@8&%&8%’8@%@&1%&“&@%%%% YWt the patient.
Exemplary gnjsgtorsIprabiie abpiicQSipbuikibaikeldseimleefpihessidiahio wplwmmotapiytion at about
a concentration.of 0.5 m%ﬂl]g 0 50 mg of a compound (i.e., a cyclohexenone compound described

herein) per AOBPSERA PPATEEHIIE BARANE BrRISHY&f HGYRRPBRECE SohRosbmpound.

[00891 In stitl wthecuwambadinenthdhaicamnpoupasdelseyclahexpnans compaypdsdeseribed herein)
are administered to%ically. The compounds described herein are foimulated into a variety of topically

administraﬁ%né%?ﬁﬂ itions, such as solutions, 15suspensions, lotions, gels, pastes, medicated sticks,
balmgscreqd i vy Dirtmantspiaueaceutical combination™ as used herein, means a product that

results from the mixing or combining of more than one active ingredient and includes
both fixed and non-fixed combinations of the active ingredients. The term “fixed
combination” means that the active ingredients, e.g. a compound (i.e., a cyclohexenone
compound described herein) and a co-agent, are both administered to a patient

30 simultaneously in the form of a single entity or dosage. The term “non-fixed
combination” means that the active ingredients, e.g. a compound (i.e., a cyclohexenone

compound described herein) and a co-agent, are administered to a patient as separate



pharmaceutical compositions optionally contain solubilizers, stabilizers, tonicity enhancing agents,
buffers and preservatives. [0090] In yet other embgdiments, the compounds (i.e., cyclohexenone
compounds described herein) are foimulated for transdermal administration. In specific
20embodiments, transdermal foimulations employ transdermal delivery devices and transdermal
delivery patches and can be lipophilic emulsions or buffered, aqueous solutions, dissolved and/or
dispersed ismifiedyinesrahan adbasie chnvationusyamnbegdisnents, si¢hnpalishescragopstiycted for
continuous, pulsatile, or,.on demand delivery of pharmaceutical agents. In additional embodiments, the
ﬁ%’eﬁi}@vﬁ’ml@oﬁ% ﬁ%ﬂl’(‘i{%ﬁgg‘)&gf%@%ﬁgéﬁ Wﬂﬁvﬁ%ﬂfﬁgé\%ed herein) is

I
transdenna

accomplisheshippundans it iontophdiejapate s anetihtstikgphesestairiambadimgnisgtransdermal
patches prch\{ide cantrolled deﬂ%{frry of a com%ound i.e,, a cyclohexenone compound described
herein). In SpeAHRBISHRINREN R PR A AD SOSN8 Elowed by using rate-controlling membranes
or by trappifig e8¢ Thenpenrghaithiapely teaippstiba0rdogel hnalterratve emhedisagnts, absorption
enhancers are lisﬁd to increase leétg}ac;[?tion. At@grﬁgon nhancers or carriers include absorbable
pharmaceuticafiy A AbIE"Es Ao ek SHGLY THEL KRB THAR 2 one
embodimentr3dt 4y snbilermaldievicesdecisiipe fors ahspeantaor6an) piisingia \ag member, a
reservoir contaa}inin the com@%urlg chl)ﬁtionﬁllg with carri.ef‘spla ogfionally a rate cqntr%)ﬁ%%’grrier to
deliver the E8MPotSt IS e IR SIS RYL CYTRBRRFHAB 4o Jates,2dmenastiten PAfB%ver a prolonged
period of timenpashthesnsdeadenrevibéighvieehid hifieoskitmiatod] nbransdesmalfexmuiations

d thed [ inistered ysi iety of devi hich h b described in the art.
For lhmplS b BATOE TR0 BUAE TOUSST T Yl B SR G ULLEHbo horein

may incorpprhiesceryaindovaicabsduiigatiytémceptable excipients which are conventional in the art. In
one lSemb@%@f%eﬁ%@% ermal fgrmtulatjpns described herein include at Ie?st three components:
(1) a formulation'of & COMpotRE (1.6 aP/Bh BRSSPI BeSCABRCR ST ®HA penetration
enhancer; andu@®), &ntaqeeousmadgdvwanininmediian firaansdermal terauistibng gan doslude additional
componentﬁ sua%p as Qt%tS”Otﬂimit d to, gelling a%erljts, creams an%}gintment bases, and the like. In
some embOdIEhREIHRE S 34 P BT RAT S P A SIS T AR RAIS & WRRAFS oF8n-woven backing
material to anhahcerabsongztide hodgretent, theateneuad; afoihestianadelinal faimetativinsfrom the skin.

In other embodiments, the transdennal formulatjons described herein majntain a saturated or
supersatu ré'zoe%f’szf%(?ec gsp%)brﬁ% i giﬁﬁ%?c?r%ih %Lffgn{len I%fﬁ&%giﬁcllﬁ BeF B SRR 4R ompounds

(i.e., cyclohexEthorigedmpoe noib@bdeatribe duaereinl) iaretiotmalated for administration by inhalation.
Various foFleh itable for agministration by, inhalation include, b &Pare nat i gedﬁg, .aerosols, mists or
powders. @mt?éblﬁt%%ﬁ(?%p%sit%ﬁ%ﬂ(g% %ror%rﬁglﬁe & 35891: Sﬁeé%e‘ﬁ%p}“l t8 ﬁbﬁj}?@’described
herein) areatativgnieatheliiahverest lediteforsmopamasiosdiapeay poadaiialiprefammpressurized packs
or a npulisgndinine-ise.el auliane RoRRIAN! Ja(e g dihiorediigiopethane,
trichIorofluoromet}ﬁamlfn dichiSiotetrafttioroet ane, carbon dioxide or ot 1rngutﬁ'gble gas). In specific
embodiments;dioprdesagahmii e sepressutinied, actiosol gsidedérained dynprovidiegdnglve to deliver a
metered anljé)gllj‘gg'silonn of the disease or condition, relieving a condition caused by the disease or

condition, or stopping the symptoms of the disease or condition either prophylactically

and/or therapeutically.

25 Routes of Administration

{0071] Suitable routes of administration include, but are not limited to, oral,

intravenous, rectal, acrosol, parenteral, ophthalmic, pulmonary, transmucosal,

transdermal, vaginal, otic, nasal, and topical administration. In addition, by way of

example only, parenteral delivery includes intramuscular, subcutaneous, intravenous,

30 intramedﬁllary injections, as well as intrathecal, direct intraventricular, intraperitoneal,

intralymphatic, and intranasal injections.



38 certain embodiments, capsules and cartridges of, such as, by way of example only, gelatins for use
in an inhaler or insufflator are formulated containing.a powder mix of the compound and a suitable
powder base such as lactose or starch. [0094] Intranasal formulations are known in the an and are
described in, for example, 5U.S. Pat. Nos. 4,476,116, 5,116,817 and 6,391,452, each of which is
specifically incorporated herein by reference. Formulations, which include a compound (i.e., a

cyclohexenpeeg zompeHR eeswibadhereinmphicn a5 penuedaceoiding imihese and other
techniques well-known in the art are prepared as solutions in saline, employing benzyl alcohol or other

suitable préSER/AHIES BfoTELEPHE MM P HthEP BBIUbHISTRE OB CH S SRR ML AESRMBWN in the art.

See, for example, AaseloHleCinal ddpd? BasaasaiisAbiiasrge ERENsreRtuRIc DeliRpyRystems, Sixth
Ed. (1995). Preferably these compositions and formulations are prepared with suitable nontoxic

pharmaceufERRRES AN AGreari sHansan GrhaiRitersied ool Itaiendé siemals
REMINGT Qi chHFeSGEIEMGRANRRRAGTIOR Q- RHARMAGYocR5! PHIiRAnb52095astandard

reference in tt};a field. The choice of suitable carriers is_highly dependent upon the exact nature of the
nasal dosa§j& 8#1%*%?&&%&1&? drie isdlelivried i edarEBHER HRHL Syt IRESIMRISaddforms
generally cOptRinhrgRemeunsebwaietinagditontaihe activedaarmdientMipesaneeuns of other
ingredients such as pH %J’l%sters, emulsifiers or dispersing a%ents, preservatives, surfactants, gelling

agents, 2047 BGH& A" TREP SRR B dhsonis iy abetie srabodiseests:ghssent. Preferably,

the nasal desagedaglshesddiee ingtanic pithinasal secretians: {0998 -FerRdatinistiatignipy inhalation,
the compOﬂgE descyibed herein, may bf in a form as an aerosol, a mist or a powder. Pharmaceutical

compditiofCdaETr et &k LR AR G 08 B d0R HErSEIdRis ARt BLo T dFraY presentation
from 25presstiniatd padksyer amekulisalindtisthbeusspbarsuialietpronsliants edhinistered
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other
suitable gag.’}?H:r%Jfé"case of a pressurized aerosol, the dosage unit may be determined by providing a
valve to deljyery melened-abodintichansylescand caibtid gompbusdcbraspitway-aiexgmple only,
gelatin for use inﬁ%g inhfler or 3(?jnsuff ator may be formulated cqntaining a powder mix of the
compound HESHBEE Lt BRI HCs SRABIE HomiaerSa L8 St bR AR S RAEERTEY §9096] In still
other embogifaesisulie CRMAeYREH(n G)slehexgrionexeamnRUMgsH 08sbed herein) are formulated
in rectal compositions.such as en r’Pas rectalgilﬁ, rectal foams, rectal aergsols, suppositories, jelly
suppositorigbp?%??‘%‘fgﬁﬁ%]iy&%?ﬁ% %Bﬂfafﬁ% O GHE CE R RULEIAFIAESS adinnadgetoa butter or
other glycetigdésicasdmvell asmsyeitissiipolymners sutbhasdpolyyimsualideng, PEG, and the like. In

suppository forms of the compaositions, a low-melting wax such as, but not limited to, a mixture of fatty
i olycor RESTISTBHEN - ES BT Bt W SR SULE et HE RG0S AN SR
embodimentsigharmaceutical compositions are fonnulated in any 10conventional manner using one
or moge physiologically.acceptable carriers comprising excipients and auxiliaries which facilitate
proce ingﬁf?ﬁﬁ%ﬁ#@%’iﬁ%’@ﬁa’g’ﬂﬂ BFé’b'glg'ﬁ%s which can be used pharmaceutically. Proper
formulation]#0d¢pansient ypon dhe diasterofiddruniptratidnhakagemeAtyrimaceutically acceptable
techniques, carriers, and q%:ipientsé%optionally used as suitable and as understood in the art.
15Pharmaceutical co?gpos' ' pri i@;g4 a compound (i.e., a cyclohexenone compound described
herein) may be manufac gntional manner, such as, by way of

Ry~

wherein each of X-and Y independently is oxygen, NRs or sulfur;
R is a hydrogen or C(=0)C -C,alkyl;
25 each of Ry, Ry and Rs independently is a hydrogen, methyl or (CHa)py—CHs;
R4 is NR3sRg, OR;5, OC(=0)R7, C(=0)OR;5, C(=0)R;5, C(=0)NRsRs, haﬂogen, 5
or 6-membered lactone, C -C alkyl, C,-C alkenyl, C,-C alkynyl, aryl, glucosyl,

wherein the 5 or 6-membered lactone, C,-C,alkyl, C -C alkenyl, C,-C alkynyl,

aryl, and glucosyl are optionally substituted with one or more substituents



example only, by means of conventional mixing, dissolving, granulating, drageemaking, levigating,
emulsifying, encapsulating, entrapping or compression processes. [0098] Pharmaceutical
compositions include at least one pharmaceutically acceptable 20carrier, diluent or excipient and at
least one compound (i.e., cyclohexenone compounds described herein) described herein as an active
ingredient. The active ingredient is in free-acid or free-base form, or in a pharmaceutically acceptable

salt form. In additioylethel meshods RN RanTRSeticat penyssltionscigactied fetsiy, ieclude the use

crystalline foiins (also known as polymorphs), as well as active metabolites of these 25 dompounds
having the same tpelstyadtivity. sttetalit6meisabfstivd copfpocymsatied cribd 6 hegdinlaatkidciuded within
the scope of the comgougréds piﬁ%ente herejn. Addijtiopally, the compounds described herein

daS Wl

encompass unsolVat SORLEREPAHY GtN PRSI SESutiediYicceptable solvents such as

water, ethanol, ang the,like.The sokspied fep s of the compounds presented herein are also

considered to be disclosed hérein.’ In 30addition, the pharmaceutical compositions optionally include

other ndedicinal orphralraceutieallatknisa patinrscaditbriscapablasapesentindistabilizing, wetting

or 40 emulsi %g rﬁg%ﬂs %olution promoters, salts for regulating the osmotic pressure, buffers, and/or
Ica

other theraBre va?ﬂ%%le substances. 100991 Methods for the preparation of compositions

comprising [H¥ 8binpourdsidesiinibead R isia iydiodenfalida iy {He(coNpoLNas WD AN 0r more
inert, 5phar@§geléti%la{{¥($&%e StablC excl iejgts or arri(?rs to folipas lid, semi-soli q;liquid. Solid
compositions include. but are Rot mited to, powders: 3%?3%?“&@5%% %r%ﬁ’%%lﬂée “Lapsules, cachets,
and suppositoyiesrdpglitutampositides vhdepelsotutiaps inlwbictiia emtabhrdids Hissalved, emulsions
comprising.a compound, ar lution. containing lipospmes, mjcelles, or nanoparticles comprising a
compggnd %%85?& osed't Z'rse%l? éarlﬁii?sncl)tﬁ%ryé%gr%np%jsi aR& e 5%%6,%{}}831?3 h%t%ﬁ’ REPYO, gels,
suspensionsugridrersgghes htkel famratihecpitedinacenfiRal camphsigianswddasdribegiherepyinclude liquid

solutions ot syspensigns,,solid forms suitable.for solugjon or suspension i jquid prior to use, or as
emulsions.gmgég eé%?% Sgél.?f" (ils 21 <0 %Bt?cr)r}}%a fi}%g%%atijgﬁpingf %Lﬁiﬁ%@#&ﬁ@@%%ﬁary
substanc%sﬂ)glthh @é?;wmtiﬁg=6})@Eg:%mmaggm?mﬁqﬁﬁg(a@gﬁgsc&ﬁ(dé&(tﬂf@ﬁb,. 1|Oi(])1001|n
some embodin rmac 19 n P at leas und (i.e., cyclohexenone
compoundgg@ﬁ?ﬁ%@ﬁﬁﬁs@éﬁy@iﬁ@’tk@%(ﬁ%@%lié&%ﬂ%ﬁ%@gﬁm agents are present in
solutidA, in@@fﬁ@l)@i@ﬁihr@@ﬂf@?ﬁmﬁ,mﬁ@ﬁﬁmﬂﬁi@ﬁim@@@mﬂmismrma solution or
suspension a first 20portipn of.t ti ti j n [ he agent is
present in Sénr%%%ﬁ%}eeg%rqn% insg ps%@;@%?f?)np{; ﬁ%ﬁn%%&ﬁﬁ@ﬁ%g ﬁ@%ﬁn&%ﬁ?@q&d
compositiof HhdNit&s; B e fdrmithtionti R otaéhEMib0diHe ySHIDR liquid composition is aqueous.

001011In e erphodientso Arnaceioal auesys syspensions nelude Zoofe o more

polymers as stispe mers inclide water-solu mers ce

polymers, exgierbycsypiapyibBetidostielose, andovatrytingRlwhle ROIMREIBIRUEIIRS Cross-linked

carboxyl-containing polymers. Certain pharmaceutical compositions described herein include a
mucoddhesiesioiphaitisere tedreonsuistiaiat sldcdatosymBRhilcEMRlo S EEmer (acrylic acid

polymen). PpabsielmSIRAE A RANACHENING:, RONCARQRYL. AEIGRATIO LY LacTyIate

cycloalkyl, and Cl"Cs haloalkyl. In certain embodiments, R4 is CH,COOH,

C,HsCOOH, CH,OH, C.HsOH, CHzPh, C:HsPh, CH,CH=C(CH:){CHO),
CH,CH=C(CH;)(C(=0)CHa,), 5 or 6-membered lactone, aryl, or glucosyl, wherein the

25 5 or 6-membered lactone, aryl, and glucosyl are optionally substituted with one or more
substituents selected from NRsRg, ORs, OC(=O)R7, C(=0)ORs, C(=0)Rs,
C(=O)NRsRg, C -C, alkyl, C,-C; alkenyl, C,-C, alkynyl, C,-C, cycloalkyl, and C-C,
haloalkyl.

[0076] In certain embodiments, the compound is selected from group consisting of



copolymer, sodium alginate and dextran. 41 [00102]Pharmaceutical compositions also, optionally
include solubilizing agents to aid in the solubility ofa compound (i.e., cyclohexenone compounds
described herein). The tem' "solubilizing agent" generally includes agents that result in formation of a
micellar solution or a true solution of the agent. Certain acceptable nonionic 5surfactants, for example
polysorbate 80, are useful as solubilizing agents, as can ophthalmically acceptable glycols,
polyglycols, e.g., polye{pylenecgucol 400+and glyzel ethers. [00103]Furthermore, pharmaceutical
compositions opig g- de.one-QrmarefpH.adjusting agents or buffering agents, including acids
(

such as acetic, bor, Dcitric, lactic, phosphoric and T drochloric acids; bases such as sodium
hydroxide, é—&gl 1 phospbate, sodium borate, sodium citrate, sodium acetate, sodium lactate and
tris-hydroxymethylamgnomethane; and buffers such as citrate/dextrose, sodium bicarbonate and
ammonium chloride. Skt acids, bases and buffers are included in an amount required to maintain pH
of the composmor&m an acggptable lqnge. 15[Q0104]Additionally, pharmaceutical compositions
optionally inciide bne or mre salts ih am amo nt required to bring osmolality of the composition into
an acceptable range [ thoSe h@Ming sodium, potassium or ammonium cations and
chlorlde citfgte; as B e, borate phosphate blcarbonate sulfate thlosulfate or bISU|fIte anlons

ammonium sulfate. “[0€:105]Other pharmaceutlcal composmons optionally mclude one or more
preservatives to inhibit microbial act|V|ty. Suitable preservatives include mercury-containing
substances such as ff i '
- compounds suchas cetyrimnethylammonium bromide and cetylpyridinium
chloride. [0Q4,86]S her pharmaceutlcal compositions include one or more surfactants to enhance
physical stabilityor fdr otf®¥t purposes. Suitable nonionic surfactants include polyoxyethylene fatty acid
glycerides and veget8@ble oils, e.g., polyoxyethylene (60) hydrogenated castor oil; and polyoxyethylene
alkylethers and alkyl h]@nyl etr@;,ds 30e gHgoctomeJ 10, octoxynol 40. 42 [00107]Still other
pharmaceutical ggmpositions ay clude one orimge antioxidants to enhance chemical stability
where required. S by weawi-0f example only, ascorbic acid and sodium
metabisulfit@s‘[@% 8T egitain embodiments pharmaceutical aqueous suspension 5 compositions
are packaged in sin\-dose non-reclosable containers. Alternatively, multiple-dose reclosable
containers are used, inGthich case it is typical to include a preservative in the composition. [001091In
alternative embodlm%nts otheé delivery systems for @/drophoblc Hy CH,

o
oM oc:w3
HaCxg
CHa CH,
o) = OH
HaCx. HaC
8 H 0 OH
O.

B H

CH3 CH3 CH3 CH3 O
o P 0 Pz O OH
HO OH
HsCu HaC-
@] OH O OH
O\
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CHy




pharmaceutical compounds are employed. Liposomes and emulsions are examples of 10delivery
vehicles or carriers herein. In certain embodiments,organic solvents such as N-methylpyrrolidone are
also employed. In additional embodiments, the compounds described herein are delivered using a
sustained-release system, such as semipermeable matrices of solid hydrophobic polymers containing
the therapeutic agent. Various sustained-release materials are useful herein. In some embodiments,
sustained-release 15capsules release the compounds for a few hours up to oyer 24 hours. Depending

ahilizing agents, include, but are not limited to:
(a) about 0.5% to abgut 2% wi/v glycerol, (b) about g.1% to about 1% w/v methionine, (c) about 0.1%
to about 2% w/v monothitglycerol, (d) about 1 mM to @dout 10 mM EDTA, (e) about 0.01% to about
2% wi/v ascorbic aci Fgo 0.00%’{? to abo&t_i0.0Z% v polysorbate 80, (g) 0.001% to about 0.05% w/v.
polysorbate 20, (h) 2 a?gini@, (ﬁ heparin,(j) de} rah '_s‘ulfate, (K) cyclodextrins, (1) pentosan
polysulfate and ot parioids; (mj divatentatigns such as magnesium and zinc; or (n)
combinationsth bination Treatments [00X11]In general, the compositions described herein
and, in embodiments 30_v%re combinational therapy is employed, other agents do not have to be
administered in the s?i\rnﬂéoharmaceutical composition, and in some embodiments, because of
different physical and chemical characteristics, are administered by different routes. In 43 some
agtording to established protocols, and then, based
effect - es offadministration and times of administration is
modified by the Skl linician. 100112117 sorfle eﬁlbodiments, therapeutically-effective dosages vary
when the 5élbgg,aresuseg i treatment combinations. Combination treatment further includes periodic
treatments that start gnd stop at various times to assist with the clinical management of the patient.
For combination therapi¢t described herein, dosages of the co-administered compounds vary
depending on the ty%q_lof co-drug emplq ﬁd, ont g specific drug employed, on the disease, disorder,
or condition beirbq trefated arg oreh. F0011/3 t s understood that in some embodiments, the
dosage regimento ioTate

accordance-yith a'vg
as well as the aé’e, w

ety of factors. These factors gnclude the disorder from which the subject suffers,
igh?,"’sex, diet, and medical condition of the

O-.
CHs ’
CH, CHs CH; CH, CHs |,
0 = A -NH2 ol N
HaC .
0 OH HeCrg OH
O. O-
5 CH3 , CH3 ,
CHy CH, CHj CH,
O = L = F

, and

[0077] In certain embodiments, the compound is selected from group consisting of



15subject. Thus, in other embodiments, the dosage regimen actually employed varies widely and
therefore deviates from the dosage regimens set f#tth herein. [00114]Combinations of compounds
(i.e., the cyclohexenone compound described herein) with other anti-cancer agents are intended to be
covered. In some embodiments, examples of anti-cancer agents include, but are not limited to, the
20following: msplatmégDDP) rbopla n procar(%?zme meehlorethamine, cyclophosphamide,
camptothecm ifgsfamide, meI Gl 3busulfan nitrosurea, dactlnomycm daunorubicin,

receptor bm@og agents;.taxol, gemcitabine, navelblne farnesyl- proteln transferase |nh|b|tors
transplatinum, 52 25] Iuof?)uracﬂ vincristin, vinblastin and methotrexate, other topoisomerase
inhibitors (e.g., |r|not§C@thopotecan camptothecin, etc.) or any derivative related agent of the
foregoing. [00115]The comblnatlons of the cyclohexendne compounds and other anti- cancer agents
described herein ghe < €z and treatment regimens 30with other agents in some
embodiment&-<Such. additio netapiesyanertreatment regimens can include another anti-cancer
odlments Alternatlvely, in oth%r embodlments addltlonal theraples and treatment

regimens indfaide
effect from such in the combination therapy. In further embodiments, adjuvants or enhancers are
administered with a ¢combination therapy described herein. 100116]Additional anti-cancer therapies
include chemotherapy, radiotherapy, 5|mmunotherapy gene therapy, surgery,or other therapies that
are capable of negatﬁ}@y affe ; :nt, such as_for.examplel by killing cancer cells,

i gt ¢r cells, reducfrigethe incidence or

) 0%
inhibiting the progressibn of cancer, or increasing the lifespan of a §J21'tk;ect with cancer. [00117]In some
embodiments providg,compositions for gigatlng a&*sease or condgllgn assog ted with bone metasta3|s
comprising a theyapelitically ef ettive afhount of 4 cyclohexenone compound | 4
R3CH3 OR 15Y,RZ wheérein“each of X and'Y indepeHgently iST ' 5 orsulfdr’R is a hydrogen
or C(----O)Oi C8alkyd; each of RI, R2 and R3 independehiig is a-kydragen, methyl or (CH2)117- 043
! =0)R7, C(=0)0R5, C(=0)R5, C(:O)NQSR, hatogen, 5

CHs CHa CHs CH, \/—Oﬁ\w
= O OH




200r 6-membered lactone, C1-C8alkyl, C2-C8alkenyl, C2-C8alkynyl, aryl, glucosyl, wherein the 5 or
6-membered lactone, C1-C8alkyl, C2-C8alkenyl, %% C8alkynyl, aryl, and glucosyl are optionally
substituted with one or more substituents selected from NR5R6,0R5, OC(=0)R7, C(=0)OR5, C(0)R5,
2=0)NR5R6, Cr C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C3-C8 cycloalkyl, and C1-C8 haloalkyl;
25each of R5 and R6 is independently a hydrogen or C1-C8alkyl; R7 is a CI-Csalkyl, OR50r NR5RE6;
m = 1-12; and n=1-12; or a pharmaceutically eceptable salt, metabolite, solvate or prodrug thereof;

[ Example 1. PreTaration of the exemplary

grams of mycelia, fruiting bodies or mixture of both
rata were placed into a flask. A proper amount of water and alcohol (70-100%

alcohol solution)Qvas
was filtered through @ﬁg and 0.45 pm membrane and the flltrate was collected as the extract
[00119]The filtrate of Antrédia camphorata was subjected to High Performance 10Liquid
chromatography (HPLG) anal Sits The SﬁparatlorCWas performed on a RP18 column, the mobile
phase consisted@®f methanol £ 3 cid-(B), with the gradient conditions of 0-10 mm in
95% - 20% (:10 2 in 20%40% B 20 35 min i 10%-10% B, 35-40 min in 10%-95% B, at the
flow rate of ImiminTheoalumn effluent was monitored with a UV-visible detector. 15[00120]The
fractions collected at@1.2 to 21.4 mm were collected and concentrated to yield compound 5, a product
of pale yellow liquid. Co%bound 5 was analyzed to be -
4-hydroxy-5-(11-hydreyy-3,7, 1éF;g|meth)5queca 2,6- dleny@% 3= CH

dimethoxy-6-meghylc cIo ex-2zengne with mglecular weight of 408 (Mo 1eﬁular formula: C24 H4005). 1
H-NMR (CDCI3) ’ A 203, 2707, 2.22, 2.25, 3.68, 4.05, 5.71

and 5.56. 13GC v )6(ppm) 12,31, 16.1, !ﬁ?s@ 673567, 26.44, 26.74, 27.00, 30.10
40.27, 43.34, 59. 22 O 59, 71.8, 120.97, o
“CHs i “CHs ,
CHs, CHj CHs CH,
Q = == = F
HCg OH
oN
CHs , and

[0678] In some embodiments provide pharmaceutical compositions comprising a

therapeutically effective amount of a cyclohexenone compound having the structure:

0 _z Ry
n

wherein each of X and Y independently is oxygen, NR; or sulfur;
10 R is a hydrogen or C(=0)C -C,alkyl;

each of Ry, R and Rsindependently is a hydrogen, methyl or (CH;)y—CH3;



123.84, 124.30, 131.32, 134.61, 135.92, 138.05, 160.45, and 197.11. H3C, OOH 0, CH3 5
25Compound 5: 4-hydroxy-5-(1l -hydroxy-3,7,11-t |T5n ethyldodeca-2,6-di en y1)-2,3-
dimethoxy-6-methyleyelohex-2-enone [00121]The fractions collected at 23.7 to 24.0 min were
collected and concentrated to yield compound 7, a product of pale yellow liquid. Compound 7 was
analyzed to be 4-hydroxy-2,3-dimethoxy-5-(11-methoxy-3,7,11-trimethyldodeca-2,6- 46

dieny1)-6-methy|cyclafer-Remae oir-Opecei@ivyeRNIGEHZR (CP5OIR 38). HANMRS(CDC13) .5
(ppm) = 1.21, 1.36, 1,71, 1,75, 1.94, 2.03, 2.07, 2.22, 2.25, 3.24, 3.68, 4.05, 5.12, 5.50, and 5.61.
13C-NMR(CDC 136 BB bescdacient, S5 lkvie7,-Sqalerd, fa-Oalinmyyopl. 2ugasvio 81, 40.27,
543.34, 49.00, 59 . 124 30, 135.92, 138.05,.160.45 and. 197.12.
CHECHACHS OCHBEIS e S Beieh e o 3Rt .20, 0000 C2E S0
4-hydroxy-2,3-dimgtf10xirdSe(ddospeihosytddall } dtibeethiddodacand. fr more substituents

e e Yeiehex or R R BB [ BB 3G LTS oo
C, alkyl, C -C,alkenyl, C -C_ alkynyl, C,-C; cycloalkyl, and C -C, haloalkyl;
each of Rs and R is independently a hydrogen or C,-C,alkyl;
Ryisa Cl—Csalkyl, OR; or NRsRg;

m = 1-12; and n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate

10 or prodrug thereof; and a pharmaceutically acceptable excipient.

[0079] In some embodiments, the compounds described herein are formulated into
pharmaceutical composifions. In specific embodiments, pharmaceutical compositions
are formulated in a conventional manner using one or more physiologically acceptable
carriers comprising excipients and auxiliaries which facilitate processing of the active

15 compounds into preparations which can be used pharmaceutically. Proper formulation
is dependent upon the route of administration chosen. Any pharmaceutically acceptable
techniques, carriers, and excipients are used as suitable to formulate the pharmaceutical
compositions described herein: Remington: The Science and Practice of Pharmacy,
Nineteenth Ed (Easton, Pa.: Mack Publishing Company, 1993); Hoover, John E.,

20 Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pennsylvania
1975; Liberman, H.A. and Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel
Decker, New York, N.Y., 1980; and Pharmaceutical Dosage Forms and Drug Delivery
Systems, Seventh Ed. (Lippincott Willams & Wilkins1999).

[0080] Provided herein are pharmaceutical compositions comprising a compound (i.e.,

25  acyclohexenone compound described herein) and a pharmaceutically acceptable
diluent(s), excipient(s), or carrier(s). In certain embodiments, the compounds described
are administered as pharmaceutical compositions in which a compound (i.e., a
cyclohexenone compound described herein) is mixed with other active ingredients, as
in combination therapy. Encompassed herein are all combinations of actives set forth in

30  the combination therapies section below and throughout this disclosure. In specific



to yield 4-hydroxy-2,3-dimethoxy-6-methyl-5-(3,7,11-trimethyldodeca-2,6,10- trienyl)cyclohex-2-enone
(compound 1), a product of pale yellow brown liquid. The analysis of compound 1 showed the '
molecular folmula of C 24H 38 04, molecular weight of 390 with melting point of 48 to 52C. NMR
spectra showed that 1H-NMR 15 135.35, 135.92, 138.05, 160.45, and 197.12. CH3CH3CH3CH3

0.CH3 20C qupd.f: 4:h %fw-@eéf%'iﬂ@gta H-methyl-3-(3,. 7. 1 1-trimethyldodeca-2,6,10-
trienyl)cyclohex-2-enonie Oél%Sl%:omlpounO %?%n?gtha o!%geo’?{%eo%ﬁﬂ&%rﬁé; ?L%/lé\i/(glsno a%ﬁi’e% from urine
samples ofcatsletendte Compouddi¢sinitied herenal study. Compound 6 was determined to be

4-hydroxy- [ -6- [-5-(3- -2- i id)cyclohex-2-enone with molecular
weight o 208 T P e oY
3,4-dihydroxy2awedH{ogy-6 aydthdxen@17 coinprimedidsiodschherting 6ittosthenghyoyatehex-2-enone
(molecylar wei YA ), JAS: i e mpou was under the condition of
abovecﬁo C&égdrg gﬁj%%&:’ss@cﬁs: Ootl‘%?l A%I’téﬁgﬁt}\%)ﬁ%? Etﬁgeﬁ%rﬁg S%%rr)? c%m%%%sﬁ gsr?liean)%%lg S%ggasfed from 4-
hydroxy-2, Sitiikgethp Rgedim atidyivyaioipeseis2 16 -cigaorem bedin dike, Bimliaryacthigeatyclohexenone

compounds HaiRAMerIHEAE, Al RAlAIGH 5@%@&%&%@@&5@%&%9&5@ synthetically or

semi-synthetically from the suitable starting materials. In the art would readily

utilize apprephadénzeislitiomsitinsthshnesthedesié reatment or use provided herein,

therapeutically effective amounts of compounds (i.e., a cyclohexenone compound

10 described herein) are administered in a pharmaceutical composition to a mammal
having a disease or condition to be treated. In specific embodiments, the mammal is a
human. In certain embodiments, therapeutically effective amounts vary depending on
the severity of the disease, the age and relative health of the subject, the potency of the
compound used and other factors. The compounds described herein are used singly or

15 in combination with one or more therapeutic agents as components of mixtures.

~ [0082] In one embodiment, a compound (i.e., a cyclohexenone compound described

herein) is formulated in an agqueous solution. In specific embodiments, the aqueous
solution is selected from, by way of example only, a physiologically compatible buffer,
such as Hank’s solution, Ringer’s solution, or physiological saline buffer, In other

20  embodiments, a compound (i.e., a cyclohexenone compound described herein) is
formulated for transmucosal administration. In specific embodiments, transmucosal
formulations include penetrants that are appropriate to the barrier to be permeated. In
still other embodiments wherein the compounds described herein are formulated for
other parenteral injections, appropriate formulations include aqueous or nonaqueous

25 solutions. In specific embodiments, such solutions include physiologically compatible
buffers and/or excipients.
{0083] In another embodiment, compounds described herein are formulated for oral
admimnistration. Compounds described herein, including a compound (i.e., a
cyclohexenone compound described herein), are formulated by combining the active

30  compounds with, e.g., pharmaceutically acceptable carriers or excipients. In various

embodiments, the compounds described herein are formulated in oral dosage forms that



Example 2. The effects of Compound 1 in a breast cancer bone metastasis model [00125]Patients
with breast cancer typically develop metastases tg %one Almost all breast cancer patients with
end-stage disease have bone metastases. Bone Métastases caused by breast cancer are osteolytic,
causing severe bone loss that leads to highly 15increased risk of fractures. Although the primary tumor
could be successfully removed, the disease may have already spread to bone. In this case, the

disease candruelen Wilher visasinl and hanensiasianesitisnlu. Lisianagigient oure for

prevention or treatment of bone m_etastases.v[od 26]The objective of this study was to test the efficacy
of three diff&fent Zorosesits fharase miplaeysisthped e 1ifom Example 1 on breast cancer bone

metastasegdgdemaleANAICHIUGIR MC IR dcafRA B IHEYIRRIRY BNGISRRIBE: Jdigfeliowing 5

experimental groups were included in the study: 1. Control group receiving vehicle (po twice a day)

2. Referend¥ gbuperaee Rifro U ATCIEA it o8 ante Pl fhe verprigs dieabgdsday) 3.
Test QEOUpH@&%&YQ&%&W@%@I&%%%%&HQHQ%(Q&Mi&;?dagﬁ%)/ssﬂ%%Jﬁ%@f@%@ receiving 30 mg/kg

of test compound (po twice a day) est group receiving 45 mg/kg of test compound (po twice a day)

[00127]Thetahikie i addinaiFunnty ifdtsddderredide ahitiaradhicaid Hiosge Esthe beginning
of the study; Riasra-eahaRody, Weidhts e anisralsweresaraRIomIzac 0 fivesgreissOn day 0, the

animals were given intracardiac inoculation of human breast cancer cells. Body weights were

determinedHIBEY - We SR DXL LEIHes aREBRIRENE CUEB I BH I Hr A FmRIR: BoHF fitndh Bdierin were

quantified Ry,xsray:and HLRreSERce BRGNSk FesRRGY Y adiherdeal qeaprid and vehicle were
. administered by oral gavage twice a day. Blood Samples for analysing TRACP 5b were collected at

10day$ 0, PrigiRarssatting erliarsirecapnmeeistiaisebulose.aafigmif they became moribund.
Tissue samplgs watercalieataddorhistalegy.andsepireddet, nBaRiin Bom et drdrightibia and

femur for possible future histomorphometric analyses. Gross necropsy was perfolmed to all animals at

the end of fdcEiuphasRhas- HapelsrRbRHR shstelishbsasdings saat ERIZNSIAD EQUIPMENT
Test Comp%ﬁﬂgd[(?@i%ﬁﬁ&g@ﬂ%@%ﬂﬁcl@@,%y 02 Membivas pridineshinsliquid foiit. Three 50x

stock solutions were prepared in corn oil (75 mg/ml, 150 mg/ml and 225 mg/ml) and stored them in
dark at +4CSTTRaEGERRS SOMHBhEVFTIBYBOTRHEWS Agginsmplsic acid or a salt thereof such

15  assodium alginate.

[0085] In one embodiment, dosage forms, such as dragee cores and tablets, are
provided with one or more suitable coating. In specific embodiments, concentrated
sugar solutions are used for coating the dosage form. The sﬁgar solutions, optionally
contain additional components, such as by way of example only, gum arabic, talc,

20 polyvinylpyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide,
lacquer solutions, and suitable organic solvents or solvent mixtures. Dyestuffs and/or
pigments are also optionally added to the coatings for identification purposes.
Additionally, the dyestuffs and/or pigments are optionally utilized to characterize
different combinations of active compound doses.

25  [0086] In certain embodiments, therapeutically effective amounts of at least one of the
compounds described herein are formulated into other oral dosage forms. Oral dosage
forms include push-fit capsules made of gelatin, as well as soft, sealed capsules made
of gelatin and a plasticizer, such as glycerol or sorbitol. In specific embodiments,
push-fit capsules contain the active ingredients in admixture with one or more filler.

30  Fillers inchude, by way of example only, lactose, binders such as starches, and/or
lubricants such as talc or magnesium stearate and, optionally, stabilizers. In other

embodiments, soft capsules, contain one or more active compound that is dissolved or



20prepared from the stock solutions by diluting the stock solutions in corn oil 1:50. The dosing
solutions were prepared once a week and stored in_dark at 4C. The dosing volume was 10 ml/kg. The
test compound was administered by oral gavage tiice a day with dosing intervals of 10+14 hours. The
dosings were perfoimed at the same time every day. 25 Reference compound [00129]Zoledronic acid
was used as a reference compound. 1041 of Zometa(r) (Novartis Pharma GmbH, Nurnberg, Germany)

4 mg / 5m1nfusianicancantaie ddié;&%i@ﬁq%m' IALRIELS SRS £ Natih) o aPgain the

administration concentration of 0.02 mg/ml. This solution was prepared once during the study and
30stored atmere fatyeotloHrigdprisienn ek B g ietbylarg ghyted doeddifionl aailigelsaeference
compound g\fﬁﬁ)ﬁlgimim_ed SC twice in the study: at days 1 and 14. Vehicle [00130]The vehicle was
corn oil (Si%&a-Aldrich). 49 Primary materials, animals and primary equipment 100131]Female

athymic nutRf8Titéyriber arbpdiaenisdhngnpeisabiafist TommpraraniaberstoriesiBiv. (Horst, The
Netheriandg) MRANMBzé3 e 1RO U MAR DRSS HCRLCH! '&‘Bﬁ%g&ﬁ%‘%ﬁﬁ?ﬁ%ﬁ@&”y from Prof
e

Theresa Guise (Indiana 5University, Indianapolis, IN, USA) and transfected with pTurboGFP-N vector

(Evrogen JEGTMBEcas SRk dpr DESERPTIbReot sppmisEgios insioEr bySED §60132] This
experimentgyifilizad &nﬁ@m@{megahgégt&lgréﬁ'xﬁ%ﬁmm@é RBSAHBHEHRICS ALhigast cancer

metastatic disease or condition in humans. This model 10can be effectively used for testing the effects
of cancer dfGeFERFARIAESS ¥R fRenntaditsisuenrl asicstineeincliding fionutlstienissmisbl, human

breast canqgf 66l AR ABFUAIRH NG ihadaltcardirGYaREclal P arkspldRmals Athymic nude

mice. This mouse strain is immunodeficient, allowing rapid spreading of the human cancer cells.

Withir fwo Sk BAE RFSGASEIRNBH, dnaghimald devalopstelshfy Bomattisiestases 15 that can be
visualized kyXataysasiearanhivednaddiiom et dissye meiasiases s ARRsiyad i @pproximately

40% of the animals, especially in adrenal glands. At 3 weeks, the bone metastases are clearly visible
in X-ray radiBGFapmRosHEHS dhfmbismesasiiel spROSHETIFeX 4 spraneseddightisubstantially. The

animals are-saefificad hricaloahd dbuasks Rifemnacuiation.aadheirhindlggs ats;collected for

further 20histomorphometric analysis. [00133]The bone metastasis animal model provided herein can
be conveniBATRFGEE 1T @R tySETIE SRR HRTSh A S PE RBWIF PRp i8I RN ar y.ateeNss to affect one

or more of thafabewingnd}areyehieh RsEIEeIS LIRS AL ARG AalSy 3 nigratign of cancer

cells; 4) angiogenesis; 5) function or differentiation of osteoclasts. 25 The model can also be used for
finding newAntheRMsHRLcRRISHRENIYS dipFHEaRestalmaretificaebrdiaais a way of finding new

iFr;g B%“EBE %éegiw@wmmaﬁbﬁ%@gﬁ@%ﬁﬁ%ﬁﬁ%a% I SANEGHBLINIRAIRNS £
the active compounds in water-soluble form. In additional embodiments, suspensions

of the active compounds are prepared as appropriate oily injection suspensions.

20 Suitable lipophilic solvents or vehicles for use in the pharmaceutical compositions
described herein include, by way of example only, fatty oils such as sesame oil, or
synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. In certain
specific embodiments, aqueous injection suspensions contain substances which
increase the viscosity of the suspension, such as sodium carboxymethyl cellulose,

25  sorbitol, or dextran. Optionally, the suspension contains suitable stabilizers or agents
which increase the solubility of the compounds to allow for the preparation of highly
concentrated solutions. Alternatively, in other embodiments, the active ingredient is in
powder form for constitution with a suitable vehicle, e.g., sterile pyrogen-free water,
before use.

30 [0088] In one aspect, compounds (i.e., cyclohexenone compounds described herein) are
prepared as solutions for parenteral injection as described herein or known in the art

and administered with an automatic injector. Automatic injectors, such as those



Animal handling and cell culture 30[00134]Female Athymic nude mice (Hsd: Athymic nude-nu,
obtained from Harlan, The Netherlands) were used®or this study. The age of the animals was 5
weeks, and their body weights were approximately 16-22g at the beginning of the study. The 50 mice
were specific pathogen free (SPF) and isolator-reared animals. Correct age and good clinical health

were qualifications for ud e ine limatjzation peri r ice was one
week. AIIoc‘%ﬁ%%St%dgl?o@pgsﬁ\%\%%}%ég%r%ﬁﬁ%%ggan onﬂ%%a f(;gi%pg‘r%aégoguge% ég’g)ég ogrtﬁ?g] eight. The
animals wersdVEkEGOHItH ezt Sraiks! Fhechice iverpbatstddanis tantainen(, forsies per cage. For

intracardiac,ingculations and imaging, the mice were, anesthetized with ip injections of Xylazin (4-5
mg/ml) and%%eéig%lrﬁ aﬁ& Wr%;)?rﬁ : Erzilgléﬂsﬁgt?ﬁjaglrceﬁl ?%ﬁﬁecgnﬁ%ﬂ?@geﬁg}med?ﬁﬁﬁﬁl ter) was
used for théehlztshblddgssaabthpostutl{i. §0@13s]viRAMBe 231 ipavnd P& hivadh drspasiodsncer cells (105

cells in.0.1 ml 10af PBS) were inoculated into the cardiac ventricle of the mice at day 0, leading to
develo%melrﬁ]?)(%'%%n%1 Metas a%ué[g )?‘éll%élf %Ctt%lg ¢ é@fég& %%?Hgfrnﬁ%ﬁ?%%ﬁbg ﬁ%fg%]% animals were
weighed twids chweieklanticdosesniereadjithted ectiofdindtlivEon ghbdast g daysbfdhe study, the

animals were weighed.and observ daily to monitor. the progression of,disease. Appearance of any
clinical sign%ev(%%%seigop eaélltgﬁl %ﬁ?&?ﬁ@%&ﬁ%ﬁ hnea §8csﬁlec’ wag%%v%%l?ong é%?ﬁk{glzﬁf’o‘?%f%nfast 5 days of
the experimedtd§lioesTy theahisaaisonbeepiviend Headddatyddjtatoes putlvaddzéddue3tebreathing
difficulties (see. Tabl . At necro unctured.esophagus and oil in thoracic cayvijty 20was found.
One anima(ﬁi/(ié/lglasI ég’t anize %ﬁléskg%(gg‘ﬁ?g%%eﬁéﬁéﬁ é%ng%f%lg[e&ﬁ%%ﬂ 31% %rcﬁf;/nés%d to be
euthahizedthétivegro Jaysi2poand @4.0f thelekpreiment(sge Tab b4 Tdtlyoredne peeighdd and
radiographed 1A BoRe smAIeS wele piseaied 0IIBIve animals MR famoyed rom the final
analysis due to excessive growth of cancer cells'in lungs a d"Horgeic cavity, |n8|cuélung an
unsuccessfitiB9inocsiditisheofeodncemestls (seecfigivtent}. (i00138]0hex emimatdmeontidd group was

rom aroupe S e 5L O oL SV G SHIVRS (Be Table 1). There
were no anfhreisiatedenthe cariedff diftiticdlpaps:Brandite o084 EIaHech ¥ kelugsults of animal
monit% ing s'u'giar%:%lsy)zygj%t%ggsgte se} r;])%% eg,e rlrlase'dicated sticks, balms, creams or ointments. Such
pharmaceutical compositions optionally contain solubilizers, stabilizers, tonicity
enhancing agents, buffers and preservatives.
[0090] In yet other embodiments, the compounds (i.e., cyclohexenone compounds
described herein) are formulated for transdermal administration. In specific
20 embodiments, transdermal formulations employ transdermal delivery devices and
transdermal delivery patches and can be lipophilic emulsions or buffered, aqueous
solutions, dissolved and/or dispersed in a polymer or an adhesive. In various
embodiments, such patches are constructed for continuous, pulsatile, or on demand
delivery of pharmaceutical agents. In additional embodiments, the transdermal delivery
25  of a compound (i.e., a cyclohexenone compound described herein) is accomplished by
means of iontophoretic patches and the like. In certain embodiments, transdermal
patches provide controlled delivery of a compound (i.e., a cyclohexenone compound
described herein). In specific embodiments, the rate of absorption is slowed by using
rate-controlling membranes or by trapping the compound within a polymer matrix or
30 gel. In alternative embodiments, absorption enhancers are used to increase absorption.

Absorption enhancers or carriers include absorbable pharmaceutically acceptable

solvents that assist passage through the skin. For example, in one embodiment,



Group Animal Treatment Final N DeadTime ofNotes 51 numbers animals (id) death (study day) -15
Control 15 9 25 No observable bone lesions. 15 Zﬂedronic acid9158912251525251519

transdermal devices are in the form of a bandage comprising a backing member, a
reservoir containing the compound optionally with carriers, optionally a rate controiling
barrier to deliver the compound fo the skin of the host at a controlied and
predetermined rate over a prolonged period of time, and means to secure the device to

5  the skin.
[0091)] Transdermal formulations described herein may be administered using a variety
of devices which have been described in the art. For example, such devices include, but
are not limited to, U.S. Pat. Nos. 3,598,122, 3,598,123, 3,710,795, 3,731,683,
3,742,951, 3,814,097, 3,921,636, 3,972,995, 3,993,072, 3,993,073, 3,996,934,

10 4,031,894, 4,060,084, 4,069,307, 4,077,407, 4,201,211, 4,230,105, 4,292,299,
4,292,303, 5,336,168, 5,665,378, 5,837,280, 5,869,090, 6,923,983, 6,929,801 and
6,946,144,

[0092] The transdermal dosage forms described herein may incorporate certain
pharmaceutically acceptable excipients which are conventional in the art. In one

15  embodiment, the transdermal formulations described herein include at least three
components: (1} a formulation of a compound (i.¢., a cyclohexenone compound
described herein); (2) a penetration enhancer; and (3) an aqueous adjuvant. In addition,
transdermal formulations can include additional components such as, but not limited to,
gelling agents, creams and ointment bases, and the like. In some embodiments, the

20 transdermal formulations further include a woven or non-woven backing material to
enhance absorption and prevent the removal of the transdermal formulation from the
skin. In other embodiments, the transdermal formulations described herein maintain a
saturated or supersaturated state to promote diffusion into the skin.

[0093] In other embodiments, the compounds (i.¢., cyclohexenone compounds

25  described herein) are formulated for administration by inhalation. Various forms
suitable for administration by inhalation include, but are not limited to, aerosols, mists
or powders. Pharmaceutical compositions of a compound (i.e., a cyclohexenone
compound described herein) are conveniently delivered in the form of an aerosol spray
presentation from pressurized packs or a nebuliser, with the use of a suitable propellant

30 {e.g., dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane,
carbon dioxide or other suitable gas). In specific embodiments, the dosage unit of a

pressurized aerosol is determined by providing a valve to deliver a metered amount. In



No observable bone lesions. Esophageal pundture. Lung metastasis. Lung metastasis. Esophageal
pundture. Esophageal pundture. 5 Compound 1 359 mg/kg/d 14 6 19 Esophageal pundture. 1-15
Compound 1 60 mg/kg/d 12 39 11 2521 9 No ob érvable bone lesions. Paraplegic, euthan zed
before d22. Esophageal pundture. Esophageal pundture. Esophageal pundture. Esophageal pundture.
Esophageal pundture. Esophageal pundture. 1-15 Compound 1 90 mg/kg/d

certain embodiments, capsules and cartridges of, such as, by way of example only,
gelatins for use in an inhaler or insufflator are formulated containing a powder mix of
the compound and a suitable powder base such as lactose or starch.

[6094] Intranasal formulations are known in the art and are described in, for example,

5 U.S. Pat. Nos. 4,476,116, 5,116,817 and 6,391,452, each of which is specifically
incorporated herein by reference. Formulations, which include a compound (i.e., a
cyclohexenone compound described herein), which are prepared according to these and
other techniques well-known in the art are prepared as solutions in saline, employing
benzyl alcohol or other suitable preservatives, fluorocarbons, and/or other solubilizing

10 or dispersing agents known in the art. See, for example, Ansel, H. C. et al.,
Pharmaceutical Dosage Forms and Drug Delivery Systems, Sixth Ed. (1995).
Preferably these compositions and formulations are prepared with suitable nontoxic
pharmaceutically acceptable ingredients. These ingredients are found in sources such as
REMINGTON: THE SCIENCE AND PRACTICE OF PHARMACY, 21st edition,

15 2005, a standard reference in the field. The choice of suitable carriers is highly
dependent upon the exact nature of the nasal dosage form desired, ¢.g., solutions,
suspensions, ointments, or gels. Nasal dosage forms generally contain large amounts of
water in addition to the active ingredient. Minor amounts of other ingredients such as
pH adjuéters, cmulsifiers or dispersing agents, preservatives, surfactants, gelling agents,

20 or buffering and other stabilizing and solubilizing agents may also be present.
Preferably, the nasal dosage form should be isotonic with nasal secretions.

[0095] For administration by inhalation, the compounds described herein, may be in a
form as an aerosol, a mist or a powder. Pharmaceutical compositions described herein
are conveniently delivered in the form of an aerosol spray presentation from

25  pressurized packs or a nebuliser, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol, the dosage unit may
be determined by providing a valve to deliver a metered amount. Capsules and
cartridges of, such as, by way of example only, gelatin for use in an inhaler or

30 insufflator may be formulated containing a powder mix of the compound described

herein and a suitable powder base such as lactose or starch.



10Cr) Nentnooc-4 13 14 13 13 15 Blood sampling and bone marker analyses [00141]Blood
samples for analyzing tartrate-resistant acid phos fatase isofonn 5b (TRACP 5b) were collected from
saphenous vein before the inoculation of cancer 5cells and at days 14 and 24. The serum samples
were collected to 100 IA serum gel tubes, prepared within one hour from sampling, divided to two

aliquots an éé%ﬁeﬂ dn ?)Qn%r §1%B%'E§ Jdg'){?scgl ke %‘vl\{ogg I%Q??;l/%/]fg[% %I@lr% M%u%eTRAP(;I'm dk,it (IDS Ltd,

cnone compounas .
Boldon, UK). Fldorescent imaging and X-ray radiograp R}fetastasesgvere monitored by
imaging thd¢hgoheddagrem banittiodninyl ahed M Dyt BoRB1IS@BF P& elsusing. thethlgelG FP-imaging

system LTrMéQ&%%X%&%‘f%&o@d hg%ﬁﬁog%%%%rwfgﬁ%%%%&gA .;Iélge sed excitation wavelength

u
entf1on enéntas .
was 470/40 nm and emission wavelén S weré |maged IN prone and supine

positions apentheiGEFofluerssoetumesi(ary dassagecbfatheo &2 twtigricturs) wlysadighalmined from the
images wit i lysi t . rific ut: n le;collection [00143]At
the et of 1 SOy g e AR cenvica
dislocationuptesitmmedthesial Necropepsias sa lied-od fimglvanimeabsadviagrostbhpitdihdings were
recorded op, the f -up for - WIVO {iS I -hind. i ft and. right tibiae and
femur) were coIIeé;!tlgt\?‘/ift(%#o %éc}ss e g%ﬁ%?%ﬁ%ﬁ%@i%ﬁ%@?ﬁ%V}ﬁlt%?eg.%%eglﬁgﬁéssgarﬁ%ples were fixed
in 10% neutreltdsuffered foonalin for 2-3 days, then decalcified in 10% EDTA for two weeks, and

Lofinally priggsgas] wiihsoaysaiRalasRiin deshiiaHs s isloledicakanalusss sSlaystical analysis

10 conventional manner using one or more physiologically acceptable carriers comprising
excipients and auxiliaries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Proper formulation is dependent
upon the route of administration chosen. Any pharmaceutically acceptable techniques,
carriers, and excipients is optionally used as suitable and as understood in the art.

15 Pharmaceutical compositions comprising a compound (i.e., a cyclohexenone compound
described herein) may be manufactured in a conventional manner, such as, by way of
example only, by means of conventional mixing, dissolving, granulating, dragee-
making, levigating, emulsifying, encapsulating, entrapping or compression processes.
[0098] Pharmaceutical compositions include at least one pharmaceutically acceptable

20 carrier, diluent or excipient and at least one compound (i.e., cyclohexenone compounds
described herein) described herein as an active ingredient. The active ingredient is in
free-acid or free-base form, orin a pharmaceutically acceptable salt form. In addition,
the methods and pharmaceutical compositions described herein include the use
crystalline forms (also known as polymorphs), as well as active metabolites of these

25 compounds having the same type of activity. All tautomers of the compounds described
herein are included within the scope of the compounds presented herein. Additionally,

 the compounds described herein encompass unsolvated as well as solvated forms with
pharmaceutically acceptable solvents such as water, ethanol, and the like. The solvated
forms of the compounds presented herein are also considered to be disclosed herein. In

30 addition, the pharmaceutical compositions optionally include other medicinal or

pharmaceutical agents, carriers, adjuvants, such as preserving, stabilizing, wetting or



[00144]Statistical analysis was performed with SPSS (version 15.0). The mean and standard deviation
of each parameter were deteimined. One animal i, control group with no observable bone lesions
(cut-off limit 0 5 mm2) was removed from the 15analysis. Proportionally, one animal from groups 2 and
4 with no observable bone lesions was removed from analysis. There were no animals under the
cut-off limit in groups 3 and 5. All statistical analyses were performed as two-sided tests. Noimal

distribution ghresigials ankhemegenatmefoarianseovesguehackeacd befpsa fyriheinalyses. In case of

violating these assumptions, either log transformation or other 20appropriate transfolination (e.g.

square roottEEraRdRiRes ShreacHitl nyaliia sHRSBBRS fulfilled as such or after transformation,
one-way AN§v¢} washdasdioistysyibiheualpesaiiainad bewsengrans Ao siatistically different

(with p<0.05). If differences were found, Dunnett:s t-test was used for comparison against the control

group. If thdSSERRTABAL WsEdsoRmHatnevEn PRl SHGRRSRIRETad e bed 25 above,

rank-transfeifaatiafewas1ppRicshaBE: e NearRImelHs K askal\Walls fefowskayt Nana-Whitney
U-test was used. FisherEs Exact test was used for frequency data. DEVIATIONS FROM THE
ORIGINAL ZRIBPIPREFBTALY 28 FFRIbIWiG Benidns fiethaispeiillisrotocol were

performed 30dhiag dhessteidvalfekielReviplinndkicAt theuiateasdin hecuiatiansthe paimals were
anesthetized with Xylazin (4-5 mg/ml) and Ketamine (75-92 mg/ml) ip instead of 53 isofiurane due to

malfunction"Hthié RURBPHAE FLHo R SrdTH Ay LS RS A RRP tHE e ASO0FHRR study.
[00147]Deviatiinai Aiiotals dl ri kol G QR bpeaived enasiosaos campanadsléiaimelka) at study

day 8 due to human error _ghe results of these agimals were 5compared to the rest of group 2, and

since tHey QTABt LS THESOBRAFHLR S H5e BRERIA G BRIt G retlh. RESHHOPS Bdy weight
[00148]Figuredasowsselody e epangeA%)Heabeshipueigbh dusgithe piudy HMmranpR) of Groups

1-5. In addition, body weight at sacrifice, maximum b?dywei ht and weight loss from maximum body
weight weré SERGCHIRPERRISI28S SRR MESE Rl QRIS R HU2IHEL shown),
respectivelyrbagorise, isrmeanoidy veight ebegaliolaros poasHan 2byisdiadagsdhanasia of moribund
animals at day 24. Group 1 received vehi?glg (corn %i? 20 ml/kg/d po; gr?u 2 received vehicle 1520
mi/kg/d po 3G Y8R BA AL BTN SUAR TRy S LAt MA U BSR4 W Bt AseEnRi Compound
Idoses 30,60 afad Q0mankosd peo feapectively. In figure 2, Group 1 received vehicle (corn oil) 20

ml/kg/d po; group.2 received vehicle 20 nil/kg/d po and zoledronic acid 0.1 mg/kg sc at days 1 and 14;
groups 3,4 @r?&l@}eceive%’ éfgﬁ?p%ﬂ% I‘é‘b@ég gb%&%‘@% ﬁ?&ﬂ?@?&t'ﬁ&%ﬁgéﬁ\%ﬁ?@m

compound (i.e., cyclohexenone compounds described herein) illustratively takes the
form of a liquid where the agents are present in solution, in suspension or both.
Typically when the composition is administered as a solution or suspension a first

20 portion of the agent is present in solution and a second portion of the agent is present in
particulate form, in suspension in a liquid matrix. In some embodiments, a liquid
composition includes a gel formulation. In other embodiments, the liquid composition
is aqueous.
[00101] In certain embodiments, pharmaceutical aqueous suspensions include

25 one or more polymers as suspending agents. Polymers include water-soluble polymers
such as cellulosic polymers, e.g., hydroxypropyl methylcellulose, and water-insoluble
polymers such as cross-linked carboxyl-containing polymers. Certain pharmaceutical
compositions described herein include a mucoadhesive polymer, selected from, for
example, carboxymethyleellulose, carbomer (acrylic acid polymer),

30 poly(methylmethacrylate), polyacrylamide, polycarbophil, acrylic acid/butyl acrylate

copolymer, sodium alginate and dextran.



20 Paraplegia and cachexia [00149]Animals with loss of function in any limb were considered
paraplegic. Animals were considered cachectic when 2 out of 3 conditions were met: curved spine, 25
dehydration and/or a 20% or more reduction from the maximum weight. Statistical analysis was
performed using Fischer Exact test. Statistically significant differences wer not observed.
[00150]Groups: Group 1 received vehicle (corn oil) 20 ml/lcg/d po; group 2 received vehicle 20 ml/kg/d
po and zolgdeani] acid OPhingéghsiall daysdsaivhd 4is30grtupsl 3, hand SseaekiNed Compound Idoses

100151 542 CBNFoNS SAURAUR Skt CORRBBEN 2 SOLRETRETE CorbeaHacE BB THARY/d Compound 1
90 mg/kg/dheadhiedte 244 SbliRlAnkaZed0 generally includes agents that result in formation

of a micellar solution or a true solution of the agent. Certain acceptable nonionic

5  surfactants, for example polysorbate 80, are useful as solubilizing agents, as can

ophthalmically acceptable glycols, polyglycols, e.g., polyethylene glycol 400, and

glycol ethers.

[00103] Furthermore, pharmaceutical compositions optionally include one or

more pH adjusting agents or buffering agents, including acids such as acetic, boric,

10 cifric, lactic, phosphoric and hydrochloric acids; bases such as sodium hydroxide,
sodium phosphate, sodium borate, sodium citrate, sodium acetate, sodium lactate and
tris-hydroxymethylaminomethane; and buffers such as citrate/dextrose, sodium
bicarbonate and ammonium chloride. Such acids, bases and buffers are included in an
amount required to maintain pH of the composition in an acceptable range.

15 [60104] Additionally, pharmaceutical compositions optionally include one or
more salts in an amount required to bring osmolality of the composition into an
acceptable range. Such salts include those having sodium, potassium or ammonium
cations and chloride, citrate, ascorbate, borate, phosphate, bicarbonate, sulfate,
thiosulfate or bisulfite anions; suitable salts include sodium chloride, potassium

20 chloride, sodium thiosulfate, sodium bisulfite and ammonium sulfate.

[00105] Other pharmaceutical compositions optionally include one or more
preservatives to inhibit microbial activity. Suitable preservatives include mercury-
containing substances such as merfen and thiomersal; stabilized chlorine dioxide; and
quaternary ammonium compounds such as benzalkonium chloride,

25  cetyltrimethylammonium bromide and cetylpyridinium chloride.

[060106] Still other pharmaceutical compositions include one or more surfactants

to enhance physical stability or for other purposes. Suitable nonionic surfactants

include polyoxyethylene fatty acid glycerides and vegetable oils, e.g., polyoxyethylene

(60) hydrogenated castor oil; and polyoxyethylene alkylethers and alkylphenyl ethers,
30  eg., octoxynol 10, octoxynol 40.



p-value 1.000 1.000 1.000 1.000 Significance NS NS NS NS Paraplegic % 28.6 22.2 57.1 8.3 20.0
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[00107] Still other pharmaceutical compositions may include one or more
antioxidants to enhance chemical stability where required. Suitable antioxidants
include, by way of example only, ascorbic acid and sodium metabisulfite.

[060108] In certain embodiments, pharmaceutical aqueous suspension
compositions are packaged in single-dose non-reclosable containers. Alternatively,
multiple-dose reclosable containers are used, in which case it is typical to include a
preservative in the composition.

[00109] In alternative embodiments, other delivery systems for hydrophobic
pharmaceutical compounds are employed. Liposomes and emulsions are examples of
delivery vehicles or carriers herein. In certain embodiments, organic solvents such as
N-methylpyrrolidone are also employed. In additional embodiments, the compounds
described herein are delivered using a sustained-release system, such as semipermeable
matrices of solid hydrophobic polymers containing the therapeutic agent. Various
sustained-release materials are useful herein. In some efnbodiments, sustained-release
capsules release the compounds for a few hours up to over 24 hours. Depending on the
chemical nature and the biological stability of the therapeutic reagent, additional
strategies for protein stabilization may be employed.

[06110] In certain embodiments, the formulations described herein include one
or more antioxidants, metal chelating agents, thiol containing compounds and/or other
general stabilizing agents. Examples of such stabilizing agents, include, but are not
limited to: (a) about 0.5% to about 2% w/v glycerol, (b) about 0.1% to about 1% w/v
methionine, (¢} about 0.1% to about 2% w/v monothioglycerol, (d) about 1 mM to
about 10 mM EDTA, (e} about 0.01% to about 2% w/v ascorbic acid, (f) 0.003% to
about 0.02% w/v polysorbate 80, (g) 0.001% to about 0.05% w/v. polysorbate 20, (h)
arginine, (i) heparin, (j) dextran sulfate, (k) cyclodextrins, (I) pentosan polysulfate and
other heparinoids, (m) divalent cations such as magnesium and zinc; or (n)
combinations thereof.

Combination Treatments

[00111] In general, the compositions described herein and, in embodiments
where combinational therapy is employed, other agents do not have to be administered
in the same pharmaceutical composition, and in some embodiments, because of

different physical and chemical characteristics, are administered by different routes. In



NS NS NS Radiographic analysis [001521Figure 3a shows total osteolytic lesion area (mm2) at
sacrifice (mean+SD) of Groups 1-5. Osteolysis w&s inhibited in groups 2, 4 and 5. Figure 3b 5shows
mean osteolytic lesion area (mm2) at sacrifice (mean+SD). Osteolytic lesions were also smaller in
groups 2,4 and 5. Figure 3c shows number of osteolytic lesions at sacrifice (mean+SD). There were
less osteol¥grcnlesiogls i?ngrr&)u 5, but.more in.group 3. Gr | recei hicle (corn oil) 20

s 2an u vV
ml/kg/d po; Group 2 Péicelveﬁ’&%f@f&%@%}%&ﬁtﬁ%ﬁd 4 ?e%%%%‘ggcfa Wﬁﬁgﬂ?g scat days 1 and 14;
groups 3,4 @othbolreckived tnadpqundidetesr3td 6ffand 9@ dglgg/thpdeyespectively. Fluorescence

analysis [00153]Figure 4 shows whole body rymor. burd m2) at sacrifice .%mean+SD) of Groups
1-5. The re%glg %Jlésr%aé CB\FREETRE %Per%ri]nel% ﬁ’grgslggﬁef%’r Xﬁ%‘lﬁﬁ%‘%@&l ﬂ)%ne and supine
positions) dbéat2} animalnGsaupeinbedeivedsy dhicdpefatral il 26 1% rdkgles pai gidum Zneeceived

vehicle. 20 ml/kg/d po and zoledronjc acid 0.1 mg/kg scat days 1 and 14; groups 3, 4 and 5 received
Comp((a)sund ‘&‘c%geaé% ,egdnéﬁ%a%eﬁgﬁgg dr%fo Séﬁegé?ivgﬁ}%éﬁ‘fﬁ?%ﬁﬁ%g{gﬁ%ﬁf& Tartrate-resistant
acid phosppateséc(FEitR)sihansenzyniethahis 20expressetd usdiighvantigntSdiyabone resorbing

osteoclasts, inflammatory.macro es and dendritic cells. Two forms of TRACP circulate in human
ood. T A O R R e TRACEE Hdfoed from

osteoclasts:dRetent satedravepdends vatratiegdidintibty thé TRHAGCR:Sldag ampdoked ofrpgteoclast number
and bone res&r%{izo&uand serum 1('}5 %Piga as ame krer Pf inf mmgtoré {:ontdiﬁgion . 1001551Figure 5
shows relafVé ¢ angég f%])p inserdm ar%raet"és’-%5|s?an? alld” %% 10186h§t1§ erg?)e( 5b) activity
durind@he $tutty (meanSD) of Groups 1-5. Results of statistical analyzes are presented in figures 6a

A U e T e Sy
and 90 mgfcevenposresyeéotiate|th el X563 Figureh6h stibvissrelatiire shanddibdin day -4 to day 17 in
serum TRAa%cPordance with a variety of factors. These factors include the disorder from which the
subject suffers, as well as the age, weight, sex, diet, and medical condition of the
15 subject. Thus, in other embodiments, the dosage regimen actually employed varies
widely and therefore deviates from the dosage regimens set forth herein.
100114] Combinations of compounds (i.e., the cyclohexenone compound
described herein) with other anti-cancer agents are intended to be covered. In some
embodiments, examples of anti-cancer agents include, but are not limited to, the
20  following: cisplatin (CDDP), carboplatin, procarbazine, mechlorethamine,
cyclophosphamide, camptothecin, ifosfamide, melphalan, chlorambucil, busulfan,
nitrosurea, dactinomycin, daunorubicin, doxorubicin, bleomycin, plicomycin,
mitomycin, etoposide (VP16), tamoxifen, raloxifene, estrogen receptor binding agents,
taxol, gemcitabine, navelbine, farnesyl-protein transferase inhibitors, transplatinum, 5-
25  fluorouracil, vincristin, vinblastin and methotrexate, other topoisomerase inhibitors
(e.g., irinotecan, topotecan, camptothecin, ete.) or any derivative related agent of the
foregoing.
160115] The combinations of the cyclohexenone compounds and other anti-
cancer agents described herein encompass additional therapies and treatment regimens
30  with other agents in some embodiments. Such additional therapies and treatment
regimens can include another anti-cancer therapy in some embodiments. Alternatively,

in other embodiments, additional therapies and treatment regimens include other agents



5b activity (mean+SD). TRACP 5b activity was decreased in group 2. Figure 6b shows relative change
from day -4 to day 24 in serum TRACP 5b activityé{&neamSD). TRACP 5b activity was decreased in
group 2. Compared to Group 1 (Control), Groups 4 and 5 showed decreased TRACP 5b activity at day
24, although not as significant as 15Group 2. Group 1 received vehicle (corn oil) 20 ml/kg/d po; group
2 received vehicle 20 ml/kg/d po and zoledronic acid 0.1 mg/kg scat days 1 and 14; groups 3,4 and 5
received Comyadneldaanmh 30RRiBBHRMIKHLRS 1RSPRLIYEIYa SREUFRING AP/ 1Serum

procollagen | N-terminal propeptide (P1NP) is a sensitive bone 20 formation marker in humans. Serum
PINP has eP$Epg&YthS corabiasiomibaearios hSFravRPdH I et BB YO FEISETREE to monitor

bone foimatigniQdRalkigy EecdrbRWSHtelRlive Fhangm @ drgerum PINP values during the study
(meanSD) of Groups 1-5. Results of statistical analyzes are presented in figures 8a and 8b. Figure 8a

illustrates réffth€khangeigitians)antigaasy thamghirspiepiesiniivserymedintsmIPRINP activity
was degreageflin dreuy. UaromiedAt day d Do dasteRbifustrates elaliveiciange.tiomday -4 to day

24 in serum PINP values (mearrESD). Compared to Group 1 (control), Groups 2 and 5 showed a
lower PINPAEFIRE SEREEF I12 B Pueitanion Temmte(By i bmeamseRoplss dréupi®received vehicle

20 mi/kg/d paopRskalediapic agid Rdunglkaseatdaymd andaldadoupsaat ARdR 30received
Compound ldoses 30, 60 and 90 mg/kg/d po, respectively. 56 Histomorphometry 1001591Figure 9

shows cortiti BEsis ﬁ?é‘ﬁlﬂh?ﬁfomégéﬁtalsgﬁieé@@‘%%@??@?ﬁgmbi@f%ﬁ?@ﬁIﬂ?gﬂ’é@irve results of
intraosseusraded (B IETRA QhpRACL WA JFRRREHIRE Bame RelHEgR)-JTRASIRAUSAIRE Was

increased in groups 2 and 3. In 5addition, figure 11 illustrates trabecular bone area (relative to the

intrao$8eo FEEEE FAMETHERIISOL 2 INTRHaRES eiHBE SFdBIRIRE & foPIRE FITISS2EEIS Er @), Trabecular

bone area wasdnEHRARE i iB:EAWT £ ABFLIUMEr @rRawas increased in group 3. Figure 13 shows
number of osteoclasts at tumor-bone interface (relative to the tumor-bone interface length, #mm).

Statisticallyl8fJifitant difremesiatimets PserducastaeT tiors densrtr arinerte s oil) 20 mi/kg/d

po; group ZopeRinervelicie 2 alikeld ReranskralsdioninacidiRrh matkaiscatrdays 1 and 14; groups
3, 4 and 5 received Compound | doses 30, 60 and_90 mg/kg/d po, respectively. Summary of the

results [0078BTFADMY 3 BrIORFSSQAA AR I S PEBEHESHEVS B fore. An upwards 15arrow (1)

indicates increase and a drywnwardgggrow (1) a decrease. One asterisk (*) indicates a statistically

wherein each of X and Y independently is oxygen, NR; or sulfur;
R is a hydrogen or C(=0)C,-C,alkyl;

each of Ry, Ry and Riindependently is a hydrogen, methyl or (CHy)p~CHa;
R4 18 NRsRg, OR;5, OC{(=0)R7, C(=0)OR;, C(=0)R;5, C(=0O)NR;sRg, halogen, 5
20 or 6-membered lactone, C,-C alkyl, C,-C alkenyl, C,-C,alkynyl, aryl, glucosyl,

wherein the 5 or 6-membered lactone, C,-Cialkyl, C,-Calkenyl, C,-Cqalkynyl,

aryl, and glucosyl are optionally substituted with one or more substituents

selected from NRsRs, ORs, OC(=0O)R,, C(=0)ORs, C(=0)Rs, C(=0)NRsRg, C-

C, alkyl, C-C, alkenyl, C,-C alkynyl, C,-C cycloalkyl, and C,-C, haloalkyl;
25 cach of Rs and Ry 1s independently a hydrogen or C,-C alkyl;

R,isa Ci-CSalkyl, OR;s0r NRsRe;

m = 1-12; and n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate

or prodrug thereof; and one or more anti-cancer agents.



57 Table 3. METHOD / PARAMETER Zoledronic acid Compound 1 30 ing/kg/d Compound 1 60
mg/kg/d Compound 1 90 mg/kg/d BODY WEIGHT , Relative change of body weight at sacrifice Relative
maximum weight Study day of maximum weight Relative loss of body weight from maximum weight
NS NS NS NS NS NS NS NS NS NS NS NS
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Examples

Example 1, Preparation of the exemplary cvelohexenone compounds

[00118] One hundred grams of mycelia, fruiting bodies or mixture of both from
Antrodia camphorata were placed into a flask. A proper amount of water and alcohol
(70-100% alcohol solution) was added into the flask and were stirred at 20-25° C for at
least 1 hour. The solution was filtered through a filter and 0.45 ym membrane and the
filtrate was collected as the extract.

[60119] The filtrate of Antrodia camphorata was subjected to High Performance
Liquid chromatography (HPLC) analysis. The separation was performed on a RP18
column, the mobile phase consisted of methanol (A) and 0.3% acetic acid (B), with the
gradient conditions of 0-10 min in 95% - 20% B, 10-20 min in 20%-10% B, 20-35 min
in 10%-10% B, 35-40 min in 10%-95% B, at the flow rate of 1 mV/min. The column
effluent was monitored with a UV-visible detector.

160120] The fractions collected at 21.2 to 21.4 min were collected and
concentrated to yield compound 5, a product of pale vellow liquid. Compound 5 was
analyzed to be 4-hydroxy-5-(11-hydroxy-3,7,11-trimethyldodeca-2,6-dienyl}-2,3-
dimethoxy-6-methylcyclohex-2-enone with molecular weight of 408 (Molecular
formula: Cos HagOs). ' H-NMR (CDCl3) 8 (ppm)=1.21, 1.36, 1.67,1.71, 1.75,
1.94, 2.03, 2.07, 2.22, 2.25, 3.68, 4.05, 5.71 and 5.56. *C-
NMR(CDCl:)o(ppm): 12.31, 16.1, 16.12, 17.67, 25.67, 26.44, 26.74,
27.00, 30.10, 40.27, 43.34, 59.22, 60.59, 71.8, 120.97, 123.84, 124.30,
131.32, 134.61, 135.92, 138.05, 160.45, and 197.11.

Compound 5: 4-hydroxy-5-(11-hydroxy-3,7,11-trimethyldodeca-2,6-dienyl)-2,3-
dimethoxy-6-methyleyclohex-2-enone

[00121] The fractions collected at 23.7 to 24.0 min were collected and
concentrated to yield compound 7, a product of pale yellow liquid. Compound 7 was

analyzed to be 4-hydroxy-2,3-dimethoxy-5-(11-methoxy-3,7,11-trimethyldodeca-2,6-
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dienyl)-6-methylcyclohex-2-enone with molecular weight of 422 (C 25 H 42 O5). 'H-
NMR (CDCl3) 8 (ppm) = 1.21, 1.36, 1.71, 1.75, 1.94, 2.03, 2.07, 2.22, 2.25,
3.24, 3.68, 4.05, 5.12, 5.50, and 5.61. >*C-NMR(CDCl:)8(ppm): 12.31,
16.1,16.12, 17.67, 24.44, 26.44, 26.74, 27.00, 37.81, 39.81, 40.27,
43.34, 49.00, 59.22, 60.59, 120.97, 123.84, 124.30, 135.92, 138.05,
160.45 and 197.12.

CHs CHj CHs CH,
0 _ = OCH;
CHs
HsC OH
O-
CHs 7

Compound 7: 4-hydroxy-2,3-dimethoxy-5-(11-methoxy-3,7,1 1 -trimethyldodeca-2,6-
dienyl)-6-methylcyclohex-2-enone

[{)0122} The fractions collected at 25 to 30 min were collected and concentrated
to yield 4-hydroxy-2,3-dimethoxy-6-methyl-5-(3,7,11-trimethyldodeca-2.,6,10-

trienyl)eyclohex-2-enone (compound 1), a product of pale yellow brown liquid. The

analysis of compound 1 showed the molecular formula of C 24 H 33 Oy4, molecular
weight of 390 with melting point of 48 to 52 °C. NMR spectra showed that ' H-NMR
(CDCL) 8 (ppm)=1.51, 1.67, 1.71, 1.75, 1.94, 2.03, 2.07, 2.22, 2.25, 3.68, 4.05, 5.07,
and 5.14; PC-NMR (CDCls) & (ppm)=12.31, 16.1, 16.12, 17.67, 25.67, 26.44, 26.74,
27.00,39.71, 39.81, 40.27, 43.34, 59.22, 60.59, 120.97, 123.84, 124.30, 131.32,
135.35, 135.92, 138.05, 160.45, and 197.12.

CHy CHy CH, CH;

Compound 1: 4-hydroxy-2,3-dimethoxy-6-methyl-5-(3,7,11-trimethyldodeca-2,6,10-
trienyl)cyclohex-2-enone

[00123] Compound 6, a metabolite of compound 1, was obtained from urine
samples of rats fed with Compound 1 in the animal study. Compound 6 was
determined to be 4-hydroxy-2,3-dimethoxy-6-methyl-5-(3-methyl-2-hexenoic
acid)cyclohex-2-enone with molecular weight of 312 (Ci6 Haq Og). Compound 4 which
was determined as 3,4-dihydroxy-2-methoxy-6-methyl-5-(3,7,11-trimethyldodeca-



BONE MARKERS 58 TRACP 5b change at day 17 TRACP 5b change at day 24 PINP change at
day 17 PINP change at day 24 ,1*** J,< 1. NS NS4 S NS NS NS NS NS NS NS NS NS NS
HISTOMORPHOMETRY Intraosseous area T* t** NS NS Cortical bone area NS NS

2,6,10-trienyl)cyclohex-2-enone {molecular weight of 376, Ca3H360,), was obtained
when compound T was under the condition of above 40 °C for 6 hours,

CH CH

3 3 CHs CHs CH; CH3
© & CO,H OWCHs
AsCg OH HaCw
0] OH
O“CH3 6 OH 4
5 [00124] Alternatively, the exemplary compounds may be prepared from 4-

hydroxy-2,3-dimethoxy-6-methylcyclohexa-2,5-dienone, or the like.
Similarly, other cyclohexenone compounds having the structure

0 = R4
n

Ry are isolated from Antrodia camphorata or prepared
synthetically or semi-synthetically from the suitable starting materials. An ordinary
10 skilled in the art would readily utilize appropriate conditions for such synthesis,

Example 2. The effects of Compound 1 in a breast cancer bone metastasis model

[06125] Patients with breast cancer typically develop metastases to bone. Almost
all breast cancer patients with end-stage disease have bone metastases. Bone metastases
caused by breast cancer are osteolytic, causing severe bone loss that leads to highly
15 increased risk of fractures. Although the primary tumor could be successfully removed,
the disease may have already spread to bone. In this case, the disease can develop
further visceral and bone metastases. Currently, there is no efficient cure for prevention
or treatment of bone metastases.
[6GO126] The objective of this study was to test the efficacy of three different
20 doses of the exemplary compound 1 from Example 1 on breast cancer bone metastases
in female athymic nude mice in a 25-day study in preventive setting. The following 5
experimental groups were included in the study:
1. Control group receiving vehicle (po twice a day)
2. Reference group receiving zoledronic acid (sc at days 1 and 14) + vehicle (po twice a
25 day)
3. Test group receiving 15 mg/kg of test compound (po twice a day)



NS NS Trabecular bone area T* NS NS NS Tumor area NS T* NS NS Osteoclast number at tumor-
bone interface NS NS NS NS 1001611In conclusﬂfan, zoledronic acid prevented the fonnation of
osteolytic lesions and decreased TRACP 5b. PINP was decreased at day 17. Trabecular bone area
was increased. Zoledronic acid exhibited no effect on body weight, whole body tumor Sburden or

intraosseogigqtqégpg{oql ?ec@ﬁﬂ%jﬁ%gﬂ(g%mwm&%e(%m%@@a reased the maximum weight
a

obtained during the study and the body weight at sacrifice. Compound 1 decreased the total osteolytic
area and niedRsbSroulyticctdsion Lize sk e oséesberame ool iy kyige Fideiumber of osteolytic lesions

was decredfeéfﬂzﬂ Compﬂ@@eﬁi@@%ﬁa@%ﬂ%&ﬂ’%%@%ﬂ?/&%‘&ﬁ&? iEaRtefeeon Mguhole body 10

tumor bur were not found. Compound 1 dose 3 kg/d increased and higher doses had no effect
on intraossEces aiierbagsenicnmpbe AadydResrst pratie bay eifetelon berticardp thabecular bone area

as anajyseg by lisIOMOrRomsHG EXAmRIs, %d Ne.AHECH Y Sampannd bl 3BLasials cancer bone

metastasis model [00162]Patients with prostate cancer typically develop metastases to bone.

15AImost &lf prastatereh cangsatetss Rty evr stagectiseiaaninsret e ieeksiAt sarBiste

the osteolytic lesions and whole body tumor burden were quantified by x-ray and
fluorescence imaging, respectively. The test compound and vehicle were administered
by oral gavage twice a day. Blood samples for analysing TRACP 5b were collected at

10 days 0, 17 and 24. The animals were sacrificed at day 25, or earlier if they became
moribund. Tissue samples were collected for histology and embedded in paraffin from
‘leﬁ and right tibia and femur for possible future histomorphometric analyses. Gross
necropsy was performed to all animals at the end of the study, and all macroscopic
signs were recorded.

15  MATERIALS AND EQUIPMENT
Test compound
[00128] ~  Test compound 1 (99%, 1005 mg/ml) was obtained in liquid form. Three

50x stock solutions were prepared in corn oil (75 mg/ml, 150 mg/ml and 225 mg/ml)
and stored them in dark at +4°C. The dosing solutions of 1.5, 3.0 and 4.5 mg/ml were

20 prepared from the stock solutions by diluting the stock solutions in corn oil 1:50. The
dosing solutions were prepared once a week and stored in dark at +4°C. The dosing
volume was 10 ml/kg. The test compound was administered by oral gavage twice a day
with dosing intervals of 10+14 hours. The dosings were performed at the same time
every day.

25  Reference compound
100129 Zoledronic acid was used as a reference compound. 100ul of Zometa®
{(Novartis Pharma GmbH, Niirnberg, Germany} 4 mg / 5ml infusion concentrate was
dituted in 3.9 ml of sterile saline (0.9% NaCl) to obtain the administration
concentration of 0.02 mg/ml. This solution was prepared once during the study and

30 stored at +4°C. The dosing volume was 5 ml/kg, resulting in the dose of 0.1mg/kg. The
reference compound was administered SC twice in the study: at days 1 and 14.
Vehicle
[060136] The vehicle was corn oil (Sigma-Aldrich).



59 metastases caused by prostate cancer are mainly osteoblastic, causing severe bone pain and also
increasing the risk of fractures. Although the primaﬂ tumor could be su/ccessfidly removed, the
disease may have already spread to bone. In this case, the disease can develop further visceral and
bone metastases. Currently, there is no 5efficient cure for prevention or treatment of bone metastases.
[00163]The objective of this study was to test the efficacy of three different doses of the test compound

1 on prostae-GaREE MRARAINRS ARSI PRAIRY Y ipRdaMice in a 5-week study in preventive
setting. Thg¢gliawing 5 exRBHPaMANKE RS WIS (Astudad M IPg by 10t GonirRlgIeHP receiving

vehicle (po twice a day) 2. Reference group receiving zoledronic acid (sc at days 1 and 14) + vehicle
(po twice a A&y -APOEHEFEEPrec AR5 Y G Bt MHsbOAB-853 ket GiByman Test group
receiving 3@aatkasidestiROMPOHALI(RA BMER AIYaYIrk Tl EHBEQHBIRESIVAR AP Ma/kg of test

compound (po, twice a day) [00164 Th(—:‘T vehicle was corn oil, Alilvgroups included 15 mice that were 7
weeks df agePRiFEHLBHHABCLF AN SHRAY) Bxkkasiretid Bety misgnEHRSaHiars were randomized

to five groupsviap.Aag O, esamiMRIsyygre given an intratibial inoculation of human prostate cancer
cells. Body W%?hts were determined twice a week. The 20development of osteoblastic and osteolytic

lesions werl Gﬁ%@?ﬁr@f rfﬁ@t@&%ﬁﬁ@@%ﬁ@@&wicle were administered by oral gavage

twice a day[oghisgnimals ey e:srexHicad AliaY 3PankissUs SRTRIRSINELE, sollertags farhistology and
embedded in paraffin from left and right tibia and femur for possible future histomorphometric

analyses. GHSaGREBEt REEHSAOTFERRIASHPSHISEIRS A1 RS I heRany Thisdmersbmacroscopic
signs were §eeokede AT RAILISANENE @ IBMENTT Tari-cmiund: lRALGH] Hest compound

1(99.85%, specific density: 1.005) was obtained in liquid form. Three 50x stock solutions were

prepared inCOAS T 7% PRGFhFARER fiiia Btsn dnobis mgrisl Pumarsheras saersindiriat +4C. The
dosing soluiirsiefcd. s @ 4-paerehwele prenases brirdharsiaeksplutirnsxdiying the stock

solutions in corn oil 1;50. The dosjng solutions were prepared once a week and stored in dark at 60
mouse strain 1s immunodeficient, allowing rapid spreading of the human cancer cells.

Within two weeks after the inoculation, the animals develop osteolytic bone metastases
15  that can be visualized by X-ray radiography. In addition, soft tissue metastases are
observed in approximately 40% of the animals, especially in adrenal glands. At 3
weeks, the bone metastases are clearly visible in X-ray radiographs and the animals
have developed cachexia and lost weight substantially. The animals are sacrificed
typically at 3-4 weeks after inoculation, and their hindlegs are collected for further
20 histomorphometric analysis.
[00133] The bone metastasis animal model provided herein can be conveniently
used to test drug candidates that have been shown in preliminary studies to affect one
or more of the following: 1) growth of cancer cells; 2) invasion of cancer cells; 3)
migration of cancer cells; 4) angiogenesis; 5) function or differentiation of osteoclasts.
25  The model can also be used for finding new indications to existing drugs, allowing the
pharmaceutical companies a way of finding new indications to patented drugs that have
already proved efficient in some other indications.
PROCEDURES |
Animal handling and cell culture
30 [00134] Female Athymic nude mice (Hsd: Athymic nude-nu, obtained from
Harlan, The Netherlands) were used for this study. The age of the animals was 5 weeks

b

and their body weights were approximately 16-22g at the beginning of the study. The



+4C. The dosing volume was 10 ml/kg. The test compound was administered by oral gavage twice a
day with dosing intervals of 10+14 hours. The dos#igs were started at day 1 and performed at the
same time every day. Reference compound 5[00166]Zoledronic acid was used as a reference
compound. 1001 of Zometa(r) (Novartis Phamia GmbH, Nurnberg, Germany) 4 mg / 5m1 infusion
concentrate was diluted in 3.9 ml of sterile saline (0.9% NaC1) to obtain the administration

concentratBCEFTFESRGHH PRTSEEIdiRSH AL prépskiesredlimg ahe SRIsFLfRr éRffed at +4C. The
dosing volumpedwisiBaikgti essbing:imihe siaseohe.4my/kund hed@eieranre compound was

administered SC twice in the study: at days 1 and 14. Vehicle [00167]The vehicle was corn oil
(Sigma-AlHEHTEBHTRALRY RFEIRTILE BRI AR PRTIERS SdlRprHERT 0D PBRIMAR S hude mice
(Hsd: Athymyc-auiienizacioltpioesifienabtariantddy Mg MetiredangalianeReradhetmantnsgstate cancer

cells (ATCC) wergrused, for this study. [00169]In this model, human prostate cancer cells are

inoculated TS the EHBFREIHER BBTSTOrB S ARERTIY:m ARV HERURY M H mouse strain is

immunodefigiriataalipying rapidrpraacing: ef dhReahumaiAanaan Gelis; cEheheTigsiang £8are mixed,
being mainly ostﬁf%lﬁ/éic but also containing an osteoblastic component, Within four weeks after the

inoculation'B&IPOF RS SIS Ave afead denaisseid SumrBRBMSSIHE K80 be visualized by
X-ray radiogfaRhia Ahiéryeeksistderhione metgtases are ¢leprly visible. The animals are sacrificed at

7-8 weeks gfter inoculation, and their bones are collected for further histomorphometric analysis.
25[00170] e met%&%%é&%ﬁﬁ%ée}ﬁ%E&?ﬁ%@%ﬁ@%ﬁérﬁ{@sﬁlﬁ 18 tebitrug
candigatesdhpBBave-hepo ahesdiindiadiefmaandsivdiesiolabectoneconnmareonidhafgliowing: 1)
growth of cancer cells; 2). angiogenesis; 3) function or differentiation of osteoclasts. The model can
also be usgﬁ"fs‘?roﬁﬁlﬁﬂ*gor%g\?fgﬁﬁ?ggﬁgﬁgstg@)ﬁ%ﬁﬁ?gt d5§28ftowing the pharniaceutical companies a
way of findinginelvmeiiteaiions to patented drugs that have already proved efficient in some other

indications EDURES 61 Animal handljng and cell culture [Q0171]Male athymic nude mice
(Hsd: Athyﬁﬁr%ie-nu, m%ﬁeﬁaWEﬁb%mW&ﬁ&mdﬁ@ngu‘gw fsbRiEStudy. The age of

the animalawasihwgeks: andheirdagey iveighte ywelie appraximately18r2baabtherbeginning of the
study. The gﬁife Swere sgegific athogen ?Fﬁ'e SPF) and isolator-reared animals. Correct age and
good HinicAFHE AR R RRBHSHS 1ot thE ERFay PP AR LA G St NEShW % cclimatization

period for thexsnded wasldays Aiecatisnliegoupsaias pedrRechbyfrandommizatipRsocedure
based on body Weight. The animals were marked with tail and ear marks. The mice were housed in
Scantainerf%? BRIEESY cage. In case of fighting,

[00137] 10 animals were found dead or had to be euthanized due to breathing
difficulties (see Table 1). At necropsy, punctured esophagus and oil in thoracic cavity

20 was found. One animal was euthanized due to paraplegia before day 22 (see Table 1)
15 animals had to be euthanized between days 22 and 24 of the experiment (see Table
1). They were weighed and radiographed, and bone samples were prepared.
[060138] Two animals were removed from the final analysis due to excessive
growth of cancer cells in lungs and thoracic cavity, indicating an unsuccessful

25  inoculation of cancer cells (see Table 1).
[00139] One animal in control group was removed because it had no observable
bone lesions (cut-off limit 0.5 mm?). Proportionally, one animal from groups 2 and 4
with no observable bone lesions was removed from analysis {see Table 1). There were
no animals under the cut-off limit in groups 3 and 5.

30 [00140] Table 1: The results of animal monitoring - Final N with breast cancer

cells.

| Group | Animal | Treatment | Final N | Dead | Time of | Notes




10some of the animals had to be isolated. For intratibial inoculations the mice were anesthetized with
I.p. injections of Xylazin (5-6 mg/kg) and Ketamine, S92-109 mg/kg). For x-ray imaging the mice were
anesthetized with inhalation of isofiurane. Analgesia (buprenorphine: either 0.1 mg/kg, s.c. twice a day
or 3 mg/kg po in drinking water) was used for 2 days after the intratibial inoculation (first dose s.c.,
then in drinking water) 15and for the last 5 days of the study (in drinking water). [00172]PC-3 human

prostate cancer Cellg, {HIB.FENS 1N 20 pl of PBS) Were fred igedhe Teft proximal tibia of the mice
at day 0, leading ta develoment of bone metastases. };ﬁe right pd%qg;mgg&s)f the needle will be
verified byl X-ray before inoculating the celis. In caseiof misplacement, the Cells were inoculated to the
right 20praximal tibia instead. /Animal monitoring [00173]The animals were weighed twice a week and
doses wereladjusted décordingfyorret the [as8 5 days &f the studyZthe animals Mepbsesighie dansd
observed daily to_ monitor the progression of disease, Appearance of any clinidgbsighs was 75recorded
on follow-up fonns| Arldigesic wWadaghgairtg &Il animalstfor the las25 days of théNex@hsramerit j00¢74]6
animals were found dead or hp#Ft8 be euthanized duedto breathjrig difficultieteims. Table 4). At
necropsy, punctured esophagus and oil in thoracic caity was fquifd. One aninzbwkagetltharnized.due
to hemorrhage in the tumor at!day 30 (see|30Table 4)%1t was weighed and bolemsampgtesasisre
prepared. [00175]Table 4: The results of animal monitbling - Final N with prostate caretestaglis. 62
Group 1 Animal numbers Treatment Final N Dead anif#als (id) Tih¥e of death|(Erathadzeg) Mrowdisre.
Esophageal pundture.
3 1-15 Compound | 14 6 19 Esophageal pundture.
130
mg/ke/d
4 1-15 Compound | 12 3 25 No observable bone
160 9 21 lesions.
mg/kg/d 11 9 Paraplegic, euthanized
before d22.
_ Esophageal pundture.
5 1-15 | Compound | 10 2 13 Esophageal pundture.
190 3 14 Esophageal pundture.
mg/ke/d 5 13 Esophageal pundture.
8 13 Esophageal pundture.
13 15 Esophageal pundture.

10

Blood sampling and bone marker analyses

[00141]

Blood samples for analyzing tartrate-resistant acid phosphatase isoform

5b (TRACP 5b) were collected from saphenous vein before the inoculation of cancer

cells and at days 14 and 24. The serum samples were collected to 100 ul serum gel

tubes, prepared within one hour from sampling, divided to two aliguots and stored at -

70°C. Serum TRACP 5b was analyzed using Mouse TRAP™ kit (IDS Ltd, Boldon,

UK).

Fluorescent imaging and X-ray radiography

{00142]

Metastases were monitored by imaging the fluorescence emitted by the
MDA-MB-231SA-GFP6 cells using the LT 9 GFP-imaging system LT-
MACIMSYSPLUSC (Lightools Research, Encinitas, USA). The used excitation

wavelength was 470/40 nm and emission wavelength 515 nm. The animals were

imaged in prone and supine positions and the GFP fluorescent area (an average of the



1-15 Control 15 2 1-15 Zoledronic acid 15 3 1-15 Compound 1 30 mg/kg/d 14 15 23 Esophageal
puncture. 4 1-15 Compound 14 10 59

10

15

20

25

30

two pictures) was determined from the images with MetaMorph image analysis
software,

Sacrifice, autopsy and sample collection

[00143] At the end of the study (at days 22-25), the animals were weighed and
sacrificed with cervical dislocation under anesthesia. Necropsy was carried out in all
animals. Macroscopic findings were recorded on the follow-up forms. Ex vivo tissue
samples from hind limbs (left and right tibiae and femur) were collected for possible
histomorphometric analysis in future. The bone samples were fixed in 10% neutral-
buffered formalin for 2-3 days, then decalcified in 10% EDTA for two weeks, and
finally processed with conventional paraffin technique for histological analyses.
Statistical analysis

[00144] Statistical analysis was performed with SPSS (version 15.0). The mean
and standard deviation of cach parameter were determined. One animal in control
group with no observable bone lesions (cut-off limit 0.5 mm?) was removed from the
analysis. Proportionally, one animal from groups 2 and 4 with no observable bone
lesions was removed from analysis. There were no animals under the cut-off limit in
groups 3 and 5. All statistical analyses were performed as two-sided tests. Normal
distribution of residuals and homogeneity of variance were checked before further
analyses. In case of violating these assumptions, either log transformation or other
appropriate transformation (e.g. square root, reciprocal) was applied. If the assumptions
were fulfilled as such or after transformation, one-way ANOVA was used to study if
the values obtained between groups are statistically different (with p<0.05). If
differences were foﬁnd, Dunnetts t-test was used for comparison against the control
group. If the assumptions were not fulfilled even after the transformations described
above, rank-transformation was applied and the non-parametric Kruskal-Wallis
followed by Mann-Whitney U-test was used. Fisher(ls Exact test was used for
frequency data.

DEVIATIONS FROM THE ORIGINAL STUDY PROTOCOL

100145] The following deviations from the original protocol were performed
during the study:

[00146] Deviation 1: At the intracardial inoculation the animals were

anesthetized with Xylazin (4-5 mg/ml) and Ketamine (75-92 mg/m]) ip instead of



30 Hemorrhage 160 mg/kg/d 15 23 in the tumor Esophageal puncture. 5 1-15 Compound 11 7 25

Esophageal 190 9 12 puncture. mg/kg/d

10

15

20

25

30

53

isoflurane due to malfunction of the isoflurane vaporizer. This change does not affect
the results of this study.

[00147] Deviation 2: Animals 11-15 in group 2 received one dose of Compound
1(15 mg/kg) at study day & due to human error. The results of these animals were
compared to the rest of group 2, and since they did not differ, these animals were not
excluded from the group.

RESULTS

Body weight

[00148] Figure 1a shows relative change (%) in body weight during the study
(mean+SD) of Groups 1-5. In addition, body weight at sacrifice, maximum
bodyweight and weight loss from maximum body weight were statistically analyzed
and the results are shown in figures 1b, 2 and 2b (not shown), respectively. The rise in
mean body weight of control group at day 25 is due to euthanasia of moribund animals
at day 24. Group 1 received vehicle (corn oil) 20 ml/kg/d po; group 2 received vehicle
20 ml/kg/d po and zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5
received Compound 1doses 30, 60 and 90 mg/kg/d po, respectively. In figure 2, Group
1 received vehicle (corn oil) 20 ml/kg/d po; group 2 received vehicle 20 ml/kg/d po and
zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5 recetved Compound
1doses 30, 60 and 90 mg/kg/d po, respectively.

Paraplegia and cachexia

100149} Animals with loss of function in any limb were considered paraplegic.
Animals were considered cachectic when 2 out of 3 conditions were met: curved spine,
dehydration and/or a 20% or more reduction from the maximum weight. Statistical
analysis was performed using Fischer Exact test. Statistically significant differences
wer not observed.

1001501 Groups: Group 1 received vehicle (com oil) 20 ml/kg/d po; group 2
received vehicle 20 ml/kg/d po and zoledronic acid 0.1 rﬁg/kg sc at days 1 and 14;
groups 3, 4 and 5 received Compound 1doses 30, 60 and 90 mg/kg/d po, respectively.
Table 2: Proportion of paraplegic and cachectic animals,

[00151]



12 23 Found dead. 15 23 Esophageal puncture. Esophageal puncture. Esophageal
puncture. X-ray radiography [00176]The developrg}fnt of osteoblastic and oste,olytic lesions was

monitored

Control | Zoledronic | Compound | Compound | Compound
acid 130mg/kg/d | 160 mgke/d | 190 mg/kg/d

Cachectic 21.4 I1.1 214 16.7 20
%
p-value 1.000 1.000 1.600 1.000
Significance NS NS NS NS
Paraplegic | 28.6 22.2 571 8.3 20.0
%o
p-value 1.000 0.252 0.330 1.000
Significance NS NS NS NS
Radiographic analysis
{00152] Figure 3a shows total osteolytic lesion area (mmz) at sacrifice

(mean+SD) of Groups 1-5. Osteolysis was inhibited in groups 2, 4 and 5. Figure 3b
5  shows mean osteolytic lesion area (mm?) at sacrifice (mean+SD). Osteolytic lesions
were also smaller in groups 2, 4 and 5. Figure 3¢ shows number of osteolytic lesions at
sacrifice (mean+SD). There were less osteolytic lesions in groups 2 and 5, but more in
group 3. Group 1 received vehicle (corn oil) 20 ml/kg/d po; group 2 received vehicle
20 ml/kg/d po and zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5
10 received Compound 1doses 30, 60 and 90 mg/kg/d po, respectively.
Fluerescence analysis
100153] Figure 4 shows whole body tumor burden (mm?) at sacrifice (mean+SD)
of Groups 1-5. The results are shown as the average of fluorescent area in two pictures
{(prone and supine positions) of each animal. Group 1 received vehicle (corn oil) 20

15 ml/kg/d po; group 2 received vehicle 20 ml/kg/d po and zoledronic acid 0.1 mg/kg sc at
days 1 and 14; groups 3, 4 and 5 received Compound ldoses 30, 60 and 90 mg/kg/d po,

respectively.
Serum TRACP 5b
[00154] Tartrate-resistant acid phosphatase (TRACP) is an enzyme that is

20  expressed in high amounts by bone resorbing osteoclasts, inflammatory macrophages

and dendritic cells. Two forms of TRACP circulate in human blood, TRACP 5a derived



by x-ray radiography at 4 weeks and prior to the sacrifice of the animals. The animals 5were
anesthetized and x-rayed in an anteroposterior poaition with the Faxitron Specimen Radiographic
System MX-20 D12 (Faxitron Corp. lllinois, USA) using Faxitron Dicom 3.0 -software. At least one
radiograph of both hind limbs per animal was taken on each x-ray occasion (31 kV, 10 seconds,

magnificatign 2x). The Jesion number.and area i ﬁti as determined from the images with
MetaMorph f&?r#éaé’éo #%1 egi%nsog]vi\l/%\lrieg.c g%f‘fﬁ:ne% glu ogslpygg)n\él 1éfg‘rar(l‘ic?i% Iélo(ﬁsetgﬁg?ﬁﬁo 79Tft the end of
the study (atthalya8b )] dineeninal shyerdivyeid Add\aiT Bacridi cedhwitb foeneindb o slmaationandnder
anesthesia, Terminal Plood S ng Irenvizﬁgr@\glg for possible future an (I;?ses. Ialggr0£sy was carried out

. : lion esorption as amaiker of 10 ma; con ne. ..
in all animals. Macroscopic 15findings were recorded on the tollow-up forms. EX Vivo tissue samples

from hind lifaB5F¢ft and Figot¢iBigeanddaur kivere (Hidoted-tor Passibledsistamarphometric analysis
63 in fyture..The,bone fixed.in 10% neutral-puffered alin.for 2-3 days, then
S T e A B Sl 3

decalcitied in WO weeks, an processe vention affin technique for
possible hifotofjical sintilysebaBiatistieat preabysis 5001 78ISiatistiosh abhialypid veasipatformed with
SPSS (version 19.0). Th an and.standard deviation,of each parameter were, determined. All
tetistical a e N D B L e s R T e o S e
homogeneityidfivhragike weralehetiad béfgredpsthet ambbysasivad@senpdwinldiogethBse

assumptions, either log transformation. or,other appropriate transformation (e.g. square root,
10reciprocal \?V%@sgp%%é&og}ﬁ ﬁ?érgss%%%}%ﬁghs were fulfilled as such or after transfolination, one-way
ANOVA wa$ek¥g to studygfitheasioes oiitainedhbepw demgtay pb tardagtatisticatynd RGP (with
p<0.05). If differenge werg%ci?f\n # t's t-test was used for comparison.against the control group.
e sssunbEo L Qs S b (S e T e 2 b SHBS
rank-transfoitatitionhaageBeap plisd A tddine 2Hom- param ER LK ibkadtn gl isrfaltoviéd). by Mann-Whitney

ORIGINAL B U EABT BCBE BOLISHINS Foline AERSLa © Rt UL b were

performed dundd tHe srdiye20§0ai BBADH fdtiarilifie dwwdAwddvetiMatess at gafi@btinstead of day

56 for-lS Group 2. Group 1 received vehicle (corn oil) 20 ml/kg/d po; group 2 received vehicle

20 ml/kg/d po and zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5

recetved Compound 1doses 30, 60 and 90 mg/kg/d po, respectively.

Serum PINP

[00157] Serum procollagen I N-terminal propeptide (PINP) is a sensitive bone

20  formation marker in humans. Serum PINP has emerged as a reliable marker of bone
turnover in humans and is routinely used to monitor bone formation.
[00158] Figure 7 shows relative change (%) in serum PINP values during the
study (mean+SD) of Groups 1-5. Results of statistical analyzes are presented in figures
8a and 8b. Figure 8a illustrates relative change from day -4 to day 17 .in serum PINP

25  values (mean+SD). PINP activity was decreased in group 2 (recorded at day 17). Figure
8b illustrates relative change from day -4 to day 24 in serum PINP values (mean+SD).
Compared to Group 1 (control), Groups 2 and 5 showed a lower PINP activity at day
24. Group 1 received vehicle (corn oil) 20 ml/kg/d po; group 2 received vehicle 20
ml/kg/d po and zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5

30 received Compound 1doses 30, 60 and 90 mg/kg/d po, respectively.



ethical reasons (large tumors and massive osteolysis with severe fractures). This change does not
affect the results of the study because the desired ;-éﬂd point was reached. RESULTS Body weight
25[00181]Figure 14a shows relative change (%) in body weight of Groups 1-5 during the study
(meanSD). Body weight at sacrifice, maximum bodyweight and weight loss from maximum body
weight were statistically analyzed and the results are shown in figures 14b, 15a and 15b, respectively.
Group 4 ob@ipesndgiReiRiaRt during the study and Groups 4 and 5 lost more weight. Group 1
received vehicle écorn oil) 20 30ml/kg/d po; group 2 received,vehicle 20 ml/kg/d po and zoledronic acid
0.1 mg/kg seatdals 1 a lﬁ%eg%éhﬁ‘g%ﬁoﬁt%@?@@éﬁ?é&l@on%%ﬁsi)hBgé‘%{ﬁ’,sé05and 90 mg/kg/d

po, respectiviglye 64 Radioanaphicanalusis 4PR181JR08- 62 pravidas datartirasiyres and

osteoblastic lesions Eit day 28. The x-ray images were evaluated qualitatively (yes or no) for
Y

osteoblastid FRSBHE (PSBF S LFEEAasEO I 8L 0T B S ras Bl dBtRr PeRic A dhe Ardmost likely callus

formation Siddesporsate franlusas sialisticahapalysisowasinaviorned wsingRiseherbxa test. One
asterisk (*) | dicaﬁ%ﬁx statistical significance with p-value <0.05 and three asterisks (***) a statistical

significance WitiT pARBEB DB N eAdFE Lot BB tonscarmd Fehrorl qeBromee0 mi/kg/d

PO; group 2weseiveshsihielerdeh A/t pnoracsalad ianicaasirif denp/karssalkdeyshdwnd 14; groups
3,4 and 5 receiyed OComqound 1 doses 30, 60 and 90 mg/lcg/d po, respectively. Six animals died
before the SHEBFLRE CHRRY ASI AL ERASPIBR ST I 8LV R AR hF 8E MK BREdBIHEERE lesions at day

28. Day 28 fegttok Aatedsnin@eidyGommuand d80-anadoid€ omnumuad S Groafke/d &amgpound 190
mg/kg{% Oste bllas ic Iesi?

vehicle (corn o1 )n.%(} ml/kg/d po; group 2 received vehicle 20 mi/kg/d po and zoledronic
acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5 received Compound 1doses 30,
60 and 90 mg/kg/d po, respectively. |
Summary of the results
[00166] Table 3 provides summary of the results shown before. An upwards

15 arrow (7) indicates increase and a downwards arrow () a decrease. One asterisk (*)
indicates a statistically significant difference with a p-value < 0.05, two asterisks (**)
with a p-value < 0.01, and three asterisks (***) with a p-value < 0.001. NS = Non-
significant.



0.00.00.0 0.0 9.1 p-value 1.000 1.000 1.000 0.423 Significance
0.0 0.0 36.4 p-value 0.042 0.042

NS NS NS NS Fractures 33.3 0.0

57
Table 3.
METHOD / Zoledronic | Compound | Compound | Compound
PARAMETER acid 130 160 190

mg/kg/d mg/kg/d mg/kg/d

BODY WEIGHT
Relative change of NS NS NS T
body weight at sacrifice
Relative maximum weight | NS NS NS T*
Study day of maximum NS NS NS NS
weight
Relative loss of body weight | NS NS NS NS
from maximum weight
PARAPLEGIA AND
CACHEXIA
Paraplegia NS NS NS NS
Cachexia NS NS NS NS
RADIOGRAPHIC
ANALYSIS
Total osteolytic lesion area | [*** NS L* JFE
Mean osteolytic lesion area | |[*** NS ok 1*
Total osteolytic lesion count | |*#* 1 NS ¥
FLUORESCENCE
ANALYSIS
Whole body tumor buden NS NS NS NS
BONE MARKERS




0.042 1.000 Significance NS 100184]Table 5b: Fractures and osteoblastic lesions at sacrifice.
Sacrifice Control Zoledronic acid Compound 130 mg/kg/d Compound 160 mg/kg/d Compound 190
mg/kg/d Osteoblastic lesions 66.7 0.0 35.7 21.4 45.5 p-value

TRACP 5b change at day 17 | [*** NS NS NS
TRACP 5b change at day 24 | |* NS NS NS
PINP change at day 17 ¥ NS NS NS
PINP change at day 24 NS NS NS NS
HISTOMORPHOMETRY

Intraosseous area | 1* 1E* NS NS
Cortical bone area NS NS NS NS
Trabecular bone area 1% NS NS NS
Tumor area NS T* NS NS
Osteoclast number at fumor- NS NS | NS NS
bone

interface

[60161] In conclusion, zoledronic acid prevented the formation of osteolytic

lesions and decreased TRACP 5b. PINP was decreased at day 17. Trabecular bone area
was Increased. Zoledronic acid exhibited no effect on body weight, whole body tumor
5  burden or intraosseous tumor area, as expected. Compound 1 dose 90 mg/kg/d

mcreased the maximum weight obtained during the study and the body weight at
sacrifice. Compound 1 decreased the total osteolytic area and mean osteolytic lesion
size at doses 60 and 90 mg/kg/d. The number of osteolytic lesions was decreased at
Compound 1 dose 90 mg/kg/d. Statistically significant effects on the whole body

10 tumor burden were not found. Compound I dose 30 mg/kg/d increased and higher
doses had no effect on intraosseous tumor area. Compound 1 did not have any effect
on cortical or trabecular bone area as analysed by histomorphomeiry.

Example 3: The effects of Compound 1 in a prostate cancer bone metastasis model

[60162] Patients with prostate cancer typically develop metastases io bone.

15 Almost all prostate cancer patients with end-stage discase have bone metastases. Bone



0.000 0.143 0.025 0.423 Significance *** NS NS 65 Fractures 66.7 0.0 21.4 21.4 36.4 p-value
0.000
39

metastases caused by prostate cancer are mainly osteoblastic, causing severe bone pain
and also increasing the risk of fractures. Although the primary tumor could be
successfully removed, the disease may have already spread to bone. In this case, the
disease can develop further visceral and bone metastases. Currently, there is no
5  efficient cure for prevention or treatment of bone metastases.

[00163] The objective of this study was to test the efficacy of three different
doses of the test compound 1 on prostate cancer bone metastases in male athymic nude
mice in a 5-week study in preventive setting. The following 5 experimental groups
were included in the study:

10 1. Control group receiving vehicle (po twice a day)
2. Reference group receiving zoledronic acid (sc at days 1 and 14) + vehicle (po twice a
day)
3. Test group receiving 15 mg/kg of test compound (po twice a day)
4. Test group receiving 30 mg/kg of test compound (po twice a day)

15 5. Test group receiving 45 mg/kg of test compound (po twice a day)
[00164] The vehicle was com oil. All groups included 15 mice that were 7 weeks
of age at the beginning of the study. Based on the body weights the animals were
randomized to five groups. On day 0, the animals were given an intratibial inoculation
of human prostate cancer cells. Body weights were determined twice a week. The

20 development of osteoblastic and osteolytic lesions were followed by x-ray. The test
compound and vehicle were administered by oral gavage twice a day. The animals were
sacrificed at day 35. Tissue samples were collected for histology and embedded in
paraffin from left and right tibia and femur for possible future histomorphometric
analyses. Gross necropsy was performed to all animals at the end of the study, and all

25  macroscopic signs were recorded.
MATERIALS AND EQUIPMENT
Test compound
[00165] Test compound 1 {99.85%, specific density; 1.005) was obtained in
liquid form. Three 50x stock solutions were prepared in corn oil (75 mg/mi, 150 mg/ml

30 and 225 mg/ml) and stored them in dark at +4°C. The dosing solutions of 1.5, 3.0 and
4.5 mg/ml were prepared from the stock solutions by diluting the stock solutions in

corn oil 1:50. The dosing solutions were prepared once a week and stored in dark at



0.025 0.025 0.233 Significance *** NS [00185]Figure 16a shows illustrative results of total
osteoly-tic lesion area (mm2) at day 28 (mean+SQy), The results are shown as the sum of areas of
bone lesions in right and left tibia and femur / animal. Total osteolytic lesion area at day 28 was
decreased 5in groups 2 and 4. Group 5 also showed a similar trend. Figure 16b shows illustrative
results of total osteolytic lesion area (mm2) at sacrifice (mean+SD). The results are shown as the sum
of areas of béftie [Esiahsipnghimeadtaft thid/adiemes tamiprahJ otal aktelyiicdebiporarea at

sacrifice was decreased in gro 2 and 4. Grou lved vehicle (corn oil) 20 ml/kg/d po; group 2
received vehicie 2 Fﬁﬁﬁg&ﬁgpwo@n%oiﬁéb%ﬁy %Cg %]55(? g%’%k %%gf’%'é{% Y%ﬁ&tﬁ? %Bups 3,4and 5
received Cdmpbuandl ikidosesd30 thdsand: Sthmepkay/dpo, respectively. [001861Figure 17a provides
illustrative E‘i%#é}se ﬁ)gerggan gsrtl olytic lesion area (rnm2) at day 28 (mean+SD). The results are shown
as the mean areas of iNAridual bone lesions in right and left tibia and femur / animal. Osteolytic

lesionsswerg@@hééller 15iX gkairpsi? antl watday 282 Gfotpdealaashmdetbadiotiastiend Figure 17b

provides illystrative results steolytic lesion ar an& 2) at sacrifice (mean+SD). The results
are shown Lg%t% %ﬁ}ﬁ@ﬁ%%%{?%mﬁl %gﬁy%geg%ﬁﬁn%? :?g;%{l}afﬁléﬁlse}ﬁrﬁ%?g%ﬁg FEHH®/ animal.
Osteolytic |é8ians wére sinafleeiiegrdiips(2. AridvhEl)sacrifise Bsadmineteatuad vehicle (corn oil) 20

ml/kg/d po; group, 2 recei ehicl ml/kg/d po and 20zoledronic, acid 0.1 még’ scat days 1 and
14, groups% cg%taaé?%gé@g)g Eggﬁ%g%g iogl(l)%(gns%?)g, %%%‘ﬁ%ﬁ cr’ﬁé%?é?&%?f ?tég g&fg/ely.
[OOlS?]Figlﬂt&ré;Badt s‘ﬁlﬁb(/}/sﬂhalrd&méngﬁzohm?wns Ié?ﬂﬁg’aﬁdiy]{@iwfﬂ heg&gulfdare shown as
the count of ipdividual bone lesions.in right a t tibia a r / animal. There were more
ostootic IEEHes S 3 R A e e L o ERER b g with emch other
Figure 18b ®hbizk: number of osteolytic lesions at sacrifice (mean+SD). The results are shown as the

countof  159167; The vehicle was corn oil (Sigma-Aldrich).
Primary materials, animals and primary equipment
[00168] = Male athymic nude mice (Hsd: Athymic nude-nu, obtained from Harlan,
15 The Netherlands) and PC-3 human prostate cancer cells (ATCC) were used for this
| study.
160169] In this model, human prostate cancer cells are inoculated into the left

proximal tibia of 5-7 week old male athymic nude mice. This mouse strain is
immunodeficient, allowing rapid spreading of the human cancer cells. The bone lesions

20 are mixed, being mainly osteolytic but also containing an osteoblastic component.
Within four weeks after the inoculation part of the animals have already developed
some bone lesions, that can be visualized by X-ray radiography. At 7 weeks, the bone
metastases are clearly visible. The animals are sacrificed at 7-8 weeks after inoculation,
and their bones are collected for further histomorphometric analysis.

25 [60170] The bone metastasis model provided herein can be conveniently used to
test drug candidates that have been shown in preliminary studies to affect one or more
of the following: 1) growth of cancer cells; 2) angiogenesis; 3) function or
differentiation of osteoclasts. The model can also be used for finding new indications to
existing drugs, allowing the pharmaceutical companies a way of finding new

30 indications to patented drugs that have already proved efficient in some other
indications.

PROCEDURES



66 individual bone lesions in right and left tibia and femur / animal. There were more osteolytic lesions
in group 2 because individual lesions were preverftéd from fusing with each other. Group 1 received
vehicle (corn oil) 20 mifkg/d po; group 2 received vehicle 20 ml/kg/d po and zoledronic acid 0.1 mg/kg
sc at days 1 and 14; groups 3, 4 5and 5 received Compound 1 doses 30, 60 and 90 mg/kg/d po,
respectively, Hisaqu%% omelth'[o 18i3t]uFigure 19 shows illustrative results of cortical bone area (mmz2,
mean +SD cﬁlﬁroups "DBABMIES 58HE Srea was increased in group 2. Group 1 received vehicle
(corn oil) 2008/KJ/d po; drelypetreceivedevehiclEHR20: Midkgid paudadzodecriortt 1Oadithfah, mg/kg sc at
days 1 and.14;.grqups 3,4 and 5 received C d 1 doses 30, 6Q and 90 m %kg/d 0, respectively.
[00189]Figt}ﬁééi%e%h%%gdaﬂa%% ?ﬁﬁ(goosrseﬁ%sg%rgg‘o(t%en%g%%ﬁr%\?vagﬁ% With rgﬁg ﬁlg?(gone included)
of Groups 1hbirSiatisticaiytsigniticaptdiffeserigdS:\Rére nohobsgitvedy Gf dupstidgcaivechicehicle (corn
oil) 20 mi/kg/d po; greup. 2.received icle 1520.ml/kg/d po and zoledronic acid 0,1 mg/kg scat days 1
and 14§;ngro%gsg§?%§lﬁ:op §2t }rlgggflvgaeé%?n%g&ﬁ%Sfia%)sré%aég(?éﬁl% 90 MGTkGRY %d fESPectively.
[00190]FigutmRal diealtls Wirstnatilié catsortsfof thabaodyail be neidrean(relativeite thelintraosseous area)

of Groups 1-0%1.Tr%?ea%uolgr Qgg% areg was incgg %d 'gﬂf trg?tm?ont roups. Gro%g 1 received vehicle
(corn oil) 285nf g i po; group feceved 20Vericle™? mf)ﬁ:g?%npo Nd2olet8Rc A8 s Y mg/kg scat
days 1 andraddgrougi® B prend 5 abesidac Godypocigttl hesasB6ls 60:and SR ahg/ky/ahipandespectively.
[00191]Figure 22:;}(§ WS intra grserl](li&ssé mog area. yg@tlge to the mtrao?seous afr%%al)‘gnd Figure 22b

. Ccal MarKs. € Mmice MICC DEr cage, Casg O 1
provides data Ot total TUMOT area. INtTaosseous TUMOT area was decressed grou ¥1d 4 and total

tumortéreasaas détreasenialn rdup 1% Griatgpl 1F26 irdceibed irelidei(osrthoit)i2® wefkg/d po; group 2
oo AR B AR 0 AN ST g . rd
illustrative dataxehGroapmgBbeemanbes of ctheoetastath indtatativordiondlinterdasa {tetative to the
docroased ot o Lo Aok el 20 HRRR b, TIBLA S AR B vehicle 20
mi/kg/d po eswd 67 Zdhedraitéc teithGatibig/ ke sehtiday$ibtahdd de gtbepmrtking & aespived
Compgund,f ARSRAES AIE PRI RRalERRARS IRl Summary of the results
[00172] PC-3 human prostate cancer cells (106 cells in 20 ul of PBS) were
inoculated into the left proximal tibia of the mice at day 0, leading to developmeﬁt of
bone metastases. The right placement of the needle will be verified by X-ray before
inoculating the cells. In case of misplacement, the cells were inoculated to the right
20  proximal tibia instead.
Animal monitoring
[00173] The animals were weighed twice a week and doses were adjusted
accordingly. For the last 5 days of the study, the animals were weighed and observed
daily to monitor the progression of disease. Appearance of any clinical signs was
25 recorded on follow-up forms. Analgesic was given to all animals for the last 5 days of
the experiment.
[60174] 6 animals were found dead or had to be cuthanized due to breathing
difficulties (see Table 4). At necropsy, punctured esophagus and oil in thoracic cavity
was found. One animal was euthanized due to hemorrhage in the tumor at day 30 (see
30 Table 4). It was weighed and bone samples were prepared.
[00175] Table 4: The results of animal monitoring - Final N with prostate cancer

cells,



[00193]Table 6 shows summary of the results. An upwards arrow (1) indicates 5increase and a
downwards arrow (1) a decrease. One asterisk (*) 'pdicates a statistically significant difference with a
p-value < 0.05, two asterisks (**) with a p-value <0.01, and three asterisks (***) with a p-value <0.001.
NS = Non-significant. [00194]Table 6. Summary of the results METHOD / PARAMETER Zoledronic
acid Compound 1 30 mg/kg/d Compound 1 60 mg/kg/d Compound 1 90 mg/kg/d BODY WEIGHT

Relative ¢

10

15

&GP " HOMWRIONTaF Sag IR NSFIRNS NDRaatve Mgl WRIgIENS NI
numbers animals death
(id) (study
day)

1 1-15 Control I5 -

2 1-15 Zoledronic | 15 -
acid

3 1-15 Compound | 14 15 23 Esophageal
130 puncture,
mg/kg/d

4 1-15 Compound | 14 10 30 Hemorrhage
160 15 23 in the tumor
mg/kg/d Esophageal

puncture.

5 1-15 Compound | 11 7 25 Esophageal
190 9 12 puncture.
mg/kg/d 12 23 Found dead.

15 23 Esophageal
puncture.
Esophageal
puncture.
Esophageal
puncture.

X-ray radiegraphy
[60176] The development of osteoblastic and osteolytic lesions was monitored
by x-ray radiography at 4 weeks and prior to the sacrifice of the animals. The animals
were anesthetized and x-rayed in an anteroposterior position with the Faxitron
Specimen Radiographic System MX-20 D12 (Faxitron Corp. Hlinois, USA) using
Faxitron Dicom 3.0 —software. At least one radiograph of both hind limbs per animal
was taken on each x-ray occasion (31 kV, 10 seconds, magnification 2x). The lesion
nmumber and area in hind limbs was determined from the images with MetaMorph
tmage analysis software.

Sacrifice, autopsy and sample collection

[060177] At the end of the study (at day 35), the animals were weighed and
sacrificed with cervical dislocation under anesthesia. Terminal blood sample was drawn
for possible future analyses. Necropsy was carried out in all animals. Macroscopic

findings were recorded on the follow-up forms. Ex vivo tissue samples from hind limbs

(left and right tibiae and femur) were collected for possible histomorphometric analysis

NS



Study day of maximum weight NS NS NS NS Relative loss of body weig'ht from maximum weight NS
NS RADIOGRAPHIC ANALYSIS Osteoblaséijp lesions, d28 NS NS NS NS Osteoblastic lesions,
sacr. 1.x**

in future. The bone samples were fixed in 10% neutral-buffered formalin for 2-3 days,
then decalcified in 10% EDTA for two weeks, and finally processed with conventional
paraffin technique for possible histological analyses.
Statistical analysis

5 [60178] Statistical analysis was performed with SPSS (version 19.0). The mean
and standard deviation of each parameter were determined. All statistical analyses were
performed as two-sided tests. Normal distribution of residuals and homogeneity of
variance were checked before further analyses. In case of violating these assumptions,
either log transformation or other appropriate transformation (e.g. square root,

10 reciprocal) was applied. If the assumptions were fulfilled as such or after
transformation, one-way ANOVA was used to study if the values obtained between
groups are statistically different (with p<0.03). If differences were found, Dunnett’s t-
test was used for comparison against the control group. If the assumptions were not
fulfilled even after the transformations described above, rank-transformation was

15 applied and the non-parametric Kruskal-Wallis followed by Mann-Whitney U-test was
used. Fischer Exact test was used for frequency data.

DEVIATIONS FROM THE ORIGINAL STUDY PROTOCOL

[00179] The following deviations from the original protocol were performed
during the study:
20 [001806) Deviation 1: The study was terminated at day 33 instead of day 56 for

ethical reasons (large tumors and massive osteolysis with severe fractures). This change
does not affect the results of the study because the desired end point was reached.
RESULTS
Body weight
25 (00181} Figure 14a shows relative change (%) in body weight of Groups 1-5
during the study (mean=SD). Body weight at sacrifice, maximum bodyweight and
weight loss from maximum body weight were statistically analyzed and the results are
shown in figures 14b, 15a and 15b, respectively. Group 4 obtained more weight during
the study and Groups 4 and 5 lost more weight. Group 1 received vehicle (corn oil) 20
30 ml/kg/d po; group 2 received vehicle 20 ml/kg/d po and zoledronic acid 0.1 mg/kg sc at
days 1 and 14; groups 3, 4 and 5 received Compound 1 doses 30, 60 and 90 mg/kg/d

po, respectively.



NS NS Fractures, d28 NS Fractures, sacr. r** NS Total osteolytic lesion area, d28 1,"* NS NS 68

Total osteolytic lesion area, sacr. Mean osteolytic ég¢sion area, d28 j*** NS NS NS

10

Radiographic analysis

[00182]

Table 5a provides data of fractures and osteoblastic lesions at day 28.

The x-ray images were evaluated qualitatively (yes or no) for osteoblastic lesions (OB)

and fractures (FR). Most of the osteoblastic reactions are most likely callus formation

m response to fractures. Statistical analysis was performed using Fischer Exact test.

One asterisk (*) indicates a statistical significance with p-value <0.05 and three

asterisks (***) a statistical significance with p-value <0.001. NS=non-significant.

Group 1 received vehicle (com oil) 20 mikg/d po; group 2 received vehicle 20 ml/kg/d

po and zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5 received

Compound 1 doses 30, 60 and 90 mg/kg/d po, respectively. Six animals died before the

end of the study (empty cells).

[60183] Table 5a: Fractures and osteoblastic lesions at day 28.
Day 28 Control | Zoledronic | Compound | Compound | Compound
acid 130 160 196
mg/ke/d mg/kg/d mg/kg/d
Osteoblastic | 0.0 0.0 0.0 0.0 0.1
lesions
p-value 1.000 1.000 1.000 0.423
Significance NS NS NS NS
Fractures 333 0.0 0.0 0.0 364
p-value 0.042 0.042 0.042 1.000
Significance * * * NS
[00184] Table 5b: Fractures and osteoblastic lesions at sacrifice.
Sacrifice Control | Zoledronic | Compound |, Compound | Compound
acid 130 160 190
mg/kg/d mg/kg/d mg/kg/d
Osteoblastic | 66.7 0.0 35.7 21.4 45.5
iesions
p-value 0.000 0.143 0.025 0.423
Significance HAE NS * NS




NS Mean osteolytic lesion area, sacr. I*** NS NS Total osteolytic lesion count, d28 NS NS NS Total
osteolytic lesion count, sacr. t** NS NS NS HISTOéIgIORPHOMETRY Intraosseous area NS NS NS
NS Cortical bone area

Fractures 66.7 0.0 214 214 36.4

p-value 0.000 0.025 0.025 0.233
Significance ko * * NS

[00185] Figure 16a shows illustrative results of total osteolytic lesion area (mm?)

at day 28 (mean+SD). The results are shown as the sum of areas of bone lesions in right
and left tibia and femur / animal. Total osteolytic lesion area at day 28 was decreased
5 in groups 2 and 4. Group 5 also showed a similar trend. Figure 16b shows illustrative
results of total osteolytic lesion area (mm?) at sacrifice (mean+SD). The results are
shown as the sum of areas of bone lesidns in right and left tibia and femur / animal.
Total osteolytic lesion area at sacrifice was decreased in groups 2 and 4. Group 1
received vehicle (corn oil) 20 ml/kg/d po; group 2 received vehicle 20 ml/kg/d po and
10 zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5 received Compound 1
doses 30, 60 and 90 mg/kg/d po, respectively.
[0G186] Figure 17a provides illustrative results of mean osteolytic lesion area
(mm?) at day 28 (mean+SD). The results arc shown as the mean areas of individual
bone lesions in right and left tibia and femur / animal. Osteolytic lesions were smaller
15  in groups 2 and 5 at day 28. Group 4 also showed a similar trend. Figure 17b provides
illustrative results of mean osteolytic lesion area (mm”) at sacrifice (mean+SD). The
results are shown as the mean areas of individual bone lesions in right and left tibia and
femur / animal. Osteolytic lesions were smaller in groups 2 and 4 at sacrifice. Group 1
received vehicle (com oil) 20 ml/kg/d po; group 2 received vehicle 20 ml/kg/d po and
20 zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5 received Compound 1
doses 30, 60 and 90 mg/kg/d po, respectively.
(00187} Figure 18a shows number of osteolytic lesions at day 28 (mean+SD).
The results are shown as the count of individual bone lesions in right and left tibia and
femur / animal. There were more osteolytic lesions in group 2 bécause individual
25 lesions were prevented from fusing with each other. Figure 18b shows number of

osteolytic lesions at sacrifice (mean+SD). The results are shown as the count of



[*** NS NS NS Trabecular bone area I*** I*** |ntraosseous tumor area i** NS NS Total tumor area
NS NS NS Osteoclast number at rumor-bone intePice i NS NS NS CONCLUSIONS

individual bone lesions in right and left tibia and femur / animal. There were more
osteolytic lesions in group 2 because individual lesions were prevented from fusing
with each other. Group 1 received vehicle (corn o011} 20 ml/kg/d po; group 2 received
vehicle 20 ml/kg/d po and zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4
5 and 5 received Compound 1 doses 30, 60 and 90 mg/kg/d po, respectively.

Histomorphometry
[00188] Figure 19 shows illustrative results of cortical bone area (mm?, mean
+SD} of Groups 1-5. Cortical bone area was increased in group 2. Group 1 received
vehicle (corn oil) 20 mi/kg/d po; group 2 receivéd vehicle 20 ml/kg/d po and zoledronic

10 acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5 received Compound 1 doses 30,
60 and 90 mg/kg/d po, respectively.
{00189] Figure 20 shows data of intraosseus area (bone marrow space with
trabecular bone included) of Groups 1-5. Statistically significant differences were not
observed. Group 1 received vehicle (corn o0il) 20 ml/kg/d po; group 2 received vehicle

15 20 ml/kg/d po and zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5
received Compound 1 doses 30, 60 and 90 mg/kg/d po, respectively.
[60190] Figure 21 shows illustrative results of trabecular bone area (relative to
the intraosseous area) of Groups 1-5. Trabecular bone area was increased in all
freatment groups. Group 1 received vehicle (corn oil) 20 mi/kg/d po; group 2 received

20 vehicle 20 ml/kg/d po and zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4
and 5 received Compound 1 doses 30, 60 and 90 mg/kg/d po, respectively.
{06191] Figure 22a shows intraosseous tumor area (relative to the intraosseous
area) and Figure 22b provides data of total tumor area. Intraosseous tumor area was
decreased in groups 2 and 4 and total tumor area was decreased in group 2. Group 1

25 received vehicle (com oil) 20 ml/kg/d po; group 2 received vehicle 20 ml/kg/d po and
zoledronic acid 0.1 mg/kg sc at days 1 and 14; groups 3, 4 and 5 received Compound 1
doses 30, 60 and 90 mg/kg/d po, respectively.
[00192] Figure 23 shows illustrative data of Groups 1-5 re number of osteoclasts
at tumor-bone interface (relative to the tumor-bone interface length, #mm). . The

30  number of osteoclasts at tumor-bone interface was decreased in group 2. Group 1

received vehicle {corn oil) 20 ml/kg/d po; group 2 received vehicle 20 ml/kg/d po and



[00195]Zoledronic acid inhibited the formation of osteolytic and osteoblastic lesions and fractures. The
increase in osteolytic lesion count is a result of indjyjdual lesions prevented from fusing together.
Zoledronic acid increased both cortical and 5 trabecular bone area as quantified by histomorphometry
and decreased the number of osteoclasts at the tumor-bone interface. Zoledronic acid had no effect on
body weight. Zoledronic acid decreased both intraosseous and total tumor area. Compound 1

increased makiguRcheMy Oveighikehiainad,at tha doset0.patka/d, I %Wcﬁf@&ﬁ}soéﬁdweig ht was

also increased compared to the control group in groups receiving 60 and 90 mg/kg/d of Compound 1.
However, tt‘?é’%%%ﬁ%é&%%&(&%@%@%%%%ﬁ is not pathological. Compound 1 dose 60
mg/kg/d desreasesk-ther ertaiigslesion area. Compound 1 doses 30 and 60 mg/kg/d inhibited
fractures at ggx 28 and at sacrifice. 5The dose 60 mg/kg/d inhibited also osteoblastic reactions at

sacrifice. ANESHIpound I AISSSHRYE B ¢ B BoNe HPes il dd3dneiraiRs/kg/d was the
most effectiv@ré&aompaungbi-hag-ao-efiect oneriaesiasbiumienat tumaibareiigiagsnGompound 1

ised the intraosseous tumor area, but had no effect on the total tumor area. In

dose 60 mg/kg/d decr ? J >
g‘ FRF BRI BBMNE prfedve tomskein nidhagraalissfiddel for prostate

conclusion,* B
cancer bonendéinsiasisrand (it elsaiee paseddReiDlRasSLONS LML A6 at the dose level on 60
mg/kg/d. E@ﬁ;@l{ 4: Safelgy nd Efficacy of Compound 1 in Patients With Breast Cancer With

Metastatic lesions 110 85 14HRE GBjRL VR ISFHHS study is to assess the clinical benefit of two

15different npsingEEIedules of Comppuptkdrisniatieimydhmceeialic brne TFeighs Trra breast
cancer. Prirpam AMIEPWR Measures: 1QQ4P71Annua Qyerall Skelgtal MorbidityRate (SMR) [time
Frame. 12 months] [Designated as safety issue: Naj #2104 981 ThesAMR is c rﬂgy@gjﬂby summing all
Skeletal Related Event(s) (SREs)which occurre during the observation period and dividing it by the
ratio "days i iod! 25, for each participant. SRE is defined as: pathologig bone
fracture, spﬁgﬂ%grwgéﬁﬁgssion, surgery to bone both curative and prophylactic, radiation therapy to
bone, or hypercalcemia of malignancy} 25 Secondary Outcome Measures: [00199]Percentage of
ParticipantRexpicdeneing Skeltal Relatesl Event(s) (gREs) [Timenrgame: 12 mergh] [Desighated as
safety issueydigit at sacrifice '

Relative maximum weight | NS NS 1= | NS

Study day of maximum NS NS NS NS

weight

Relative loss of body weight | NS NS ps e

from maximum weight

RADIOGRAPHIC

ANALYSIS

Osteoblastic lesions, d28 NS NS NS NS

Osteoblastic lesions, sacr. JHEH NS L* NS

Fractures, d28 L* L* 1* NS

Fractures, sacr. JEEF L* 1* NS

Total osteolytic lesion area, | [*** NS 1* NS

d28




[00200]Skeletal Related Events (SRESs) are defined as a: pathologic bone fracture such as
non-vertebral and vertebral 30compression fracturggs spinal cord compression identified by positive
diagnosis documented by X-ray evidence 70 surgery to bone both curative and prophylactic radiation
therapy to bone including palliative, therapeutic or prophylactic
malignancy, defined as a corrected serum calcium > 512 mg/d1 (3 00 mmo1/1) or a lower level of

hypercalcemia of

hypercalcemiranvbich istryraptanaic ang-which requigs active treasment othey tggn rehydrdtion.
[00201]Annuat Incidence of Any Skeletal Related Events (SRES)|[Time Frame; 12 months]
[Designated as safety issue: No] 10[00202]Skeletal/Related Events (SRES) are defined as a:
pathologi ne fractyre such as non-vertebral and vertebral spinal cord compression identjfied by
X-rays evi GNP BERAE3th curative and|pYSphylactic radiation therapy to bone
including iative, therapeutic or 15prophylactic hypercalcemia of malignancy, defined as
a corrected serum calcium > 12 mg/d1 (3 00 mmo1/f1) or a lower level of hypercalcemia which is
symptomatiefagdostaisitie tsias aciive treetment othegthan * rehydration. Annual incidence
for each SREcwas computed in the 20same way asiannual overall SMR. [00203]Median Time to First
Skeletal Related Event(s) (SRE) [Time Frame: 12 month] [Designated as safety issue: No]
[00204]Meqﬁlan Time ﬁo first skeletal related event (SRE) is defingd as the time|from randomization to
the date of firs bREEPIEHELSPEny SRE Which includetht least 2500 of the follWing: radiation
therapy to ﬁSHgf’ ologic bone fracture, spinal cqrd

Total osteolytic lesion TEE NS NS NS

count, sacr.

HISTOMORPHOMETRY

Intraosseous area NS NS NS NS

Cortical bone area Pk NS NS NS

Trabecular bone area A T# 1k T#

Intraosseous tumor area ks NS ¥ NS

Total tumor area 1H* NS NS NS

Osteoclast number at tumor- | [ *¥** NS NS NS

bone

interface

CONCLUSIONS

[06195] Zoledronic acid inhibited the formation of osteolytic and osteoblastic

lesions and fractures. The increase in osteolytic lesion count is a result of individual

lesions prevented from fusing together. Zoledronic acid increased both cortical and

trabecular bone area as quantified by histomorphometry and decreased the number of

osteoclasts at the tumor-bone interface. Zoledronic acid had no effect on body weight.

Zoledronic acid decreased both intraosseous and total tumor area. Compound 1

increased maximum body weight obtained at the dose 60 mg/kg/d. The loss of body



compression, surgery to bone, and hypercalcemia of malignancy (HCM). Due to the few numbers of
SRE, Kaplan-Meier estimate never reaches a faiIL%ir& probability >=25%; so median time, 25th and 75th
percentiles are not determined. For this reason only the estimated percentage of patient SRE free are
reported at each time point. 30[00205]Percentage of Participants Skeletal Related Event (SRE) Free
[Time Frame: 12 months] [Designated as safety issue: No] 71 [00206]Percentage of participants SRE

free is defingg @s tha Kaplardsiar stivarie efRadisiRanisdgaPtrmpSkelstal Retalgd dovents(SRE)
at each time point. [00207]Skeletal Related Events (SRES) are: Batholo ic bone fracture;

non-vertebfAEAE A\ tePRoshih A1 OB FY Co P FREEHH F9R R b B¢ e g ¥osbne both
curative ang.pieRBwarticomagirtientheiany io-nane (ealiaierihsiareuticienpropbylactic)

hypercalcemia of malignancy, defined as a caorrected serum calcium > 12 mg/c11 (3.00 mmo1/1) or a
lower level WHTEIPHE ianshof rordest dabiRitadistetRepiHan 4 By i8R fB208]Composite
Bone Rain $gomiempisingta theBriaf Paindrusniary BRE.Quastienmaire Alimefpamer AAt Baseline,
Month 3, Month 6, Month 9 and Month 12] [Designated as safety issue: No] [00209]Bone pain is
assessed HPHeHHEGre famiabsraishhbonrarering the eferlomedis/hvenibs 181 questionnaire.

The BPI cagrRepece iR nain $6Ares WarsbPaile A RRMROSHE: RAINSERRnaNEkaRal interference
score. The composite pain score, which is the average of questions 3, 4, 5 and 6 of the questionnaire

is used in thi€ERHPIBIRSE $A ¢ B8 4 LSRRG B BamTIeUEcUparrLe v Brdysuctittimagine).
The outconag is Qiven amtheraedianscateiior padisinants atbaseline, apged:Hicd@nrd 12 months of
20treatment., 1002101 Evaluation of Pain According to Verbal Rating Scale (VRS) Based on Median
score' YalugHashirhiaseice Bus BIete! (Ao RIG SR ICEFE P RRSRF G 4a%s méﬂhaisa [Designated as
safety issugelyedstdARd ikPaidptensiahrasianed haeversamosdaleddy the patient by means
250f a validated 6-point Verbal Rating Scale (VRS) and refers to the pain occurred during the last
week before sdoSgtebpand Eificacya haHE s BN -SEDY

very mild=Ivigildad: Besleratess severe=5 and very severe=6) at each time point. [00212]Use Of
Analgesic Medications According to the Analgesic Score Scale 30[Time Frame; At Baseline, Month 3,

Month 6, MOS8 and MR RIS HaSY Lafle grtest thaghpical benetit of two

15 different dosing schedules of Compound 1 in patients with metastatic bone lesions from

A

breast cancer.
Primary Outcome Measures:
[00197] Annual Overall Skeletal Morbidity Rate (SMR) [Time Frame: 12
months] [Designated as safety issue: Noj
20 100198] The SMR is computed by summing all Skeletal Related Event(s)
(SREs)which occurre during the observation period and dividing it by the ratio "days of
observation period / 365.25", for each participant. SRE is defined as: pathologic bone
fracture, spinal cord compression, surgery to bone both curative and prophyviactic,
radiation therapy to bone, or hypercalcemia of malignancy.
25 Secondary Outcome Measures:
[60199] Percentage of Participants Experiencing Skeletal Related Event(s)
(SREs) [Time Frame: 12 month] [Designated as safety issue: No]
[00200] Skeletal Related Events (SREs) are defined as a:
¢ pathologic bone fracture such as non-vertebral and vertebral
30 compression fractures
 spinal cord compression identified by positive diagnosis documented

by X-ray evidence



72 100213iThe analgesic score used for this study is modified from the Radiation Therapy Oncology
Group (RTOG) analgesic score scale. The scale rgpresents type of medication administered from O to
4 where: 10021410 = None; 1 = Minor analgesics (aspirin, NSAID, acetaminophen, 5propoxyphene,
etc.); 2 = Tranquilisers, antidepressants, muscle relaxants, and steroids; 3 = Mild narcotics
(oxycodone, meperidine, codeine, etc.); 4 = Strong narcotics (morphine, hydromorphone, etc.) The
outcome is given a medierusgare tfobtine patiticipaints aitBaseinéaatid 3, 6, 9 and 12 months of
treatment. 002151Assessment of the Eastern Cooperative Opcology,Group (ECOG) 10 Performance
Score [Time Frame: At B'arsagﬁ?‘utéc,’rl\}f ?ﬁﬂ’%f%/%’ﬁ%%‘ ¢ HW@%%%VI%&R%%%‘%B%Qnated as safety
issue: No] [00216]ECOG Pesfbitaartice Score has 4 grades. 0 = Fully active, able to carry out all
pre-disease activities; 1 = Restricted in sétr[en ous activi% buf ambulatory and able ]to_ carry out work of

light or sedentary nature? 2P KRR AN SRPABledSPARA 8L R IFUEFE BLETHRLTR ' Barry out work

activities. Active about 50%@ahwakipgbeutsil3)siCapakicl of dinitegrelhtaieiconfited to bed/chair
more than 50% of waking hours; 4 = Completely disabled; cannot carr (ﬁg §§H‘-care. Totally confined
efl

to bed/chair. Outcome is GIVER SLATEARA WEHE T PitihaSE R B ey &3, 6, 9 and 12 months
of treatment. 20[00217] AmisyAssigned Interventions Experimental: Every 3 months Drug: Compound

infusion evEA0Tbe inrAVERELL P TR T S0 G ARG S o BFER R wil be the
study drug wilihedhg Sarigrdsdinistefad sameNdministered before the study entry, that is 50 mg or a
:gggi(\:}%)dads@%ﬁﬁ&riftz _ ﬁg%%%r%%% é Fggﬁ?p(eslﬂgsgr a?er&ngéjlgee a(éi%s::e. Randomized patients will
e pathologic bone fracture such as non-vertebral and vertebral
» spinal cord compression identified by X-rays evidence
» surgery to bone both curative and prophylactic
¢ radiation therapy to bone including palliative, therapeutic or
15 prophylactic
¢ hypercalcemia of malignancy, defined as a corrected serum calcium >
12 mg/dl (3.00 mmol/I) or a lower level of hypercalcemia which is
symptomatic and which requires active treatment other than
rehydration. Annual incidence for each SRE was computed in the
20 same way as annual overall SMR.
[00203] Median Time to First Skeletal Related Event(s) (SRE) [Time Frame: 12
month] [Designated as safety issue: No]
[00204] Median Time to first skeletal related event (SRE) is defined as the time
from randomization to the date of first occurrence of any SRE which includes at least
25 one of the following: radiation therapy to bone, pathologic bone fracture, spinal cord
compression, surgery to bone, and hypercalcemia of malignancy (HCM). Due to the
few numbers of SRE, Kaplan-Meier estimate never reaches a failure probability
>=25%: so median time, 25th and 75th percentiles are not determined. For this reason
only the estimated percentage of patient SRE free are reported at each time point.
30 {00265] Percentage of Participants Skeletal Related Event (SRE) Free [Time

Frame: 12 months] [Designated as safety issue: No]



Experimental: Every 4 weeks Drug: Compound 1 Compound 1 as a 15-minute (at least) Compound 1
as a 15-minute (at least) intravenous (i.v.) infusior; gvery 4 weeks. intravenous (i.v.) infusion. The dose
of 73 The dose of study drug will be the same administered before the study entry, that is 50 mg
or a reduced dose. Patients randomized to this group will receive up to 12 infusions. study drug will be
the same administered before the study entry, that is 50 mg or a reduced dose. Eligibility
[002181AgEHEHIg]ible forPSiuehtxb@ YiepasiaipcatdeR 0024 8] Gefvdel asHligiKleplon-SMady: Female
5[00220]Accepts Healthy. Volunteers: No Criteri 02211Inclusi iteria: Female patients? 18 years
of age: WiHRT AL R G ROy ATt e AL 1 B P R with at leaet
one bone nigtadrsis radidldgicolylemadfifvsitd (SRBERAEastern Cooperative Oncology Group (ECOG)
performance status <2 . [00 Life expectancy? 1 year. [00224 chu%io criteria: Treatments with
other cyclohexenone compBd fﬁgﬁ%ogﬁ?ﬁ%'gﬁdﬁ Y AR &SRS S %aidy entry. 1002251Serum

creatingne > 3 mg/dL (26& {gien):-ericaisaiaddCideke it skbSamliformula) creatinine clearance

(CLCr) < 30 mL/min CrC1 = ({[140-age (){)ears)] x weight(kg)1/ [72 x serum creatinine (mg/dL)])x 0.85
e surgery to bone both ¢urative and prophylactic

e radiation therapy to bone (palliative, therapeutic or prophylactic)
e hypercalcemia of malignancy, defined as a corrected serum calcium >
12 mg/dl (3.00 mmol/1) or a lower level which is symptomatic and
10 requires treatment other than rehydration.
[00208} Composite Bone Pain Score According to the Brief Pain Inventory (BPI)
Questionnaire [Time Frame: At Baseline, Month 3, Month 6, Month 9 and Month 12]
[Designated as safety issue: No] |
100209] Bone pain is assessed by means of a pain score obtained using the Brief
15  Pain Inventory (BPI) questionnaire. The BPI can produce three pain scores: worst pain,
a composite pain score, and a pain interference score. The composite pain score, which
is the average of questions 3, 4, 5 and 6 of the questionnaire is used in this study. Pain
is rated on a scale of 0 {no pain) to 10 (pain as bad as you can imagine). The outcome is
given as the median score for participants at baseline, and 3, 6, 9 and 12 months of
20 treatment.
[00210] Evaluation of Pain According to Verbal Rating Scale (VRS) Based on
Median Score Value [Time Frame: At Baseline, Month 3, Month 6, Month 9 and
Month 12] {Designated as safety issue: No]j
[00211] Pain intensity at rest and on movement is rated by the patient by means
25 of avalidated 6-point Verbal Rating Scale (VRS) and refers to the pain occurred during
the last week before the assessment. Median score value is the median of all the
observed scores (none=0, very mild=1, mild=2, moderate=3, severe=5 and very
severe=0) at each time point.
[00212] Use Of Analgesic Medications According to the Analgesic Score Scale
30 [Time Frame: At Baseline, Month 3, Month 6, Month 9 and Month 12] [Designated as

safety issue: No]



[00226]Corrected (adjusted for serum albumin) serum calcium < 8 mg/di (2 mmol/L) or > 12 mg/dL (
3.0 mmol/L). [00227]Current active dental proble Tcluding infection of the teeth or 20 jawbone
(maxilla or mandibular); dental or fixture trauma, or a recurrent or prior diagnosis of osteonecrosis of
the jaw (ONJ), of exposed bone in the mouth, or of slow healing after dental procedures.
[00228]Recent (within 6 weeks) or planned dental or jaw surgery (e.g. extraction, implants).

25[00229]Premmes)t patients: (HithbasROSIHHERIAIVARGY I8R5PIGHLG:SHAY-GAL RLIAGERINY patients.
Women of childbearing potential not using effective methods of birth 74 control (e.g. abstinence, oral

contraceptiveS BRI IEHREYSBO Rl ar hprr sFcseesorgls. dhessalsemirescimscide).

[00230]Histgrydafnen-samplieaee tamedisal wegipens or potential unreliable behavior.
5[00231]Known sensitivity to study drug(s) or class of study dru (s)l. [00232]Patients with severe

medical colffddls) that fiithetsel oMreTrd sesits (piRmiN DAHipesiamimephestudy [00233]Use
of any sthepioyesiigidionatagent inthglasi3d savkraample s RareateralEormuations10[00234]To

prepare a parenteral pharmaceutical composition suitable for administration by injection, 90 mg of a

compound or it¥EGiP St LA HEPERFs HRINERLITTWITO ARY therS FIREDNAMIEY mL of 0.9% sterile
saline. The mikipkenis eRsRAARsha @) dosagadsllor Bhveiitabledan administration by injection.

Example 6: Oral Foimulation 15[00235]To prepare a pharmaceutical composition for oral delivery, 90

mg of an eRAHSIRAME ShTFSEHRE EUhS Mixethdvith BOMRY of E8FHMEThe mixture was incorporated into
an oral dospg2 Us§t in a capsie:ihighiis sdiiRblecfosRiatirdriisiatan:d ome instances,

90 mg of a compound described herein is mixed with 20750 mg of starch. The mixture is incorporated
into an‘oral O EIGRNR S sUomad wmsr S Satriee dorhdntdonthditdortict dMertinistration.
Example 7:13ybhagigab{tdardshazengarfqenulation [00237]To prepare a pharmaceutical composition

for buccal d[%lii)\éelr , sueh %%38(} Performance Score has 4 grades. 0 = Fully active, able to carry
out all pre-disease activities; 1 = Restricted in strenuous activity but ambulatory and
able to carry out work of light or sedentary nature; 2 = Ambulatory and capable of all
15 self-care but unable to carry out work activities. Active about 50% of waking hours; 3
= Capable of limited self-care, confined to bed/chair more than 50% of waking hours; 4
= Completely disabled; cannot carry on self-care. Totally confined to bed/chair.
Outcome is given as median score for participants at Baseline and 3,6, 9 and 12

months of treatment.

20 [00217]

Arms

Assigned Interventions

Experimental: Every 3 months

Compound 1 as a 15-minute (at least)
intravenous (i.v.) infusion every three
months. The dose of study drag will be the
same administered before the study entry,
that 1s 50 mg or a reduced dose.
Randomized patients will receive a

maximum of 4 infusions in this group.

Drug: Compound 1

Compound 1 as a 15-minute (at least)
intravenous (i.v.) infusion. The dose of
study drug will be the same administered
before the study entry, thatis 50 mgor a

reduced dose.

Experimental: Every 4 weeks
Compound 1 as a 15-minute (at least)

mtravenous (i.v.) infusion every 4 weeks.

Drug: Compound 1
Compound 1 as a 15-minute (at least)

intravenous (1.v.) infusion. The dose of




hard lozenge, mix 90 mg of a compound described herein, with 420 mg of powdered 25sugar mixed,
with 1.6 mL of light corn syrup, 2.4 mL distilled watgr, and 042 mL mint extract. The mixture is gently
blended and poured into a mold to form a lozenge suitable for buccal administration. Example 8:
Inhalation Composition [00238]To prepare a pharmaceutical composition for inhalation delivery, 20
mg 30 of a compound described herein is mixed with 50 mg of anhydrous citric acid and 100 mL of

0.9% sodiumheliesds selliand halpixikéedmncorperatediinio i hhalalion delivaryswhdd such as a
nebulizer, which is s%a% for inhalation administration. 75 Example 9: Rectal Gel Formulation

[00239]T0Vé RE LR L6 SO for PEH Heiivrerly, Sundhat B S8risotitd described

herein is mieahwith2:510 el Mekypeabdase (1500 mRackaQisrg, of methylparapen, 5 g of dlycerin and
100 mL of purified, water. The resulting gel Smixture|is then incorporated into rectal delivery units, such

P
as syringe S RN AL QRSO Yaleacstinifdtation. Example 10: Topical Gel Composition
[00240]Tq prepdneiangharmaceutical topical gel composition, 90 mg of a compound described herein is
mixed with-1-#5-g-ef-hydroxypropyl-cellulose,-10-mL-of 10propylene glycol,.10 mL of isopropyl
myristate and 100 mL of purified alcohol USP. The resulting gel mixture is then incorporated into
containers, Bligibagyubes, which are suitable for topical administration. 1002411While preferred
embodimen@s fréhe present invené)iéon hayve been shown and described herein, it will be obvious to
those skille ﬂ“?} & art thégtgﬁﬁﬂlﬁ friBbAiShts are prociamyPlsy of example only. Numerous

variations, ¢heniges, and GulERUBDRD WitbRGWOECUREthese skilled in the art without departing from
the inventiﬁgpg%%hould be understood that various alternatives to the embodiments of the invention

described hay be B, E A S CteRiEFtFe Ivention. It is intended that the following claims
define the caip@-@f the invention and that methods and 20structures within the scope of these claims

and their e Hbv%l nts be covered thereby. 76 ) ] _
(i] Z le] Inclusion critenia® Female patients > 18 years of age; Written informed

consent given; Histologically confirmed Stage IV breast cancer with at least one bone

metastasis radiologically confirms.

10 [006222] Eastern Cooperative Oncology Group (ECOG) performance status <2 .
[00223] Life expectancy > 1 year.
[00224] Exclysion criteria: Treatments with other cyclohexenone compounds

than Compound 1 at any time prior to study entry.
[00225] Serum creatinine > 3 mg/dL (265 umol/L) or calculated (Cockeroft-

15 Gault formula) creatinine clearance (CLCr) < 30 mL/min CrCl = ({[140-age (years)] x
weight(kg)}/ [72 x serum creatinine (mg/dL)])x 0.85
[60226] Corrected (adjusted for serum albumin) serum calcium < 8 mg/di (2
mmol/L) or > 12 mg/dL ( 3.0 mmol/L).
[00227] Current active dental problem including infection of the teeth or

20 jawbone (maxilla or mandibular); dental or fixture trauma, or a recurrent or prior
diagnosis of osteonecrosis of the jaw (ONJ), of exposed bone in the mouth, or of slow
healing after dental procedures. .
[00228] Recent (within 6 weeks) or planned dental or jaw surgery (e.g.
extraction, implants).

25 [00229] Pregnant patients (with a positive pregnancy test prior to study entry) or

lactating patients. Women of childbearing potential not using effective methods of birth



CLAIMS 1.A pharmaceutical composition for use in the treatment of a disease or condition associated
with bone metastasis comprising administering to g subject in need thereof a therapeutically effective
amount of a compound having the structure: R3CH§ 0 OR 5R2 wherein each of X and Y
independently is oxygen, NR5 or sulfur; R is a hydrogen or C(=0)C1-C8alkyl; each of RIl, R2 and R3
independently is a hydrogen, methyl or (CH2)11CH-3; R4 is NR3R6, OR5, OC(=-0)R7, C(=0)0R3,
q=0)R3, C(mRINRIRE abalpers, Brh0asBrnesmbeted 1&&;%@3,%553%%1 G oy,
C2-C8alkynyl, aryl, glucosyl, wherein 5 or 6-membered lactone, C1-C8alkyl, C2-C8alkenyl,
C2-C8alkyrO%E5 cAsayloBodhaieBptflly substituted with one or more substituents selected from
NR5R6, ORBy£36{=0)R 7HEGR) AR Bu MR G MNBER e S GR Bl krRaCR-alkaRN, C2-C8
alkynyl, C3-C8 cycloalkyl, and C1-C8 haloalkyl; 15each of R5 and R6 is independently a hydrogen or
Cl—CsaIkyIbehﬂ%Oé-Cl-C8aIkyI, OR5 or NR5R6; m = 1-12; and n=1-12; or a pharmaceutically _
acceptable gat3TIetaboliten SOIVAESAIRPEr e a2 02 ARNaraags wlisalgomposition for use in

the inhibition of hypercalcemia of malignancy in a subject comprising administering to the subject in
need theredf rapeuticHifRETRERS Siscbrtisteepeionaia bt hnpistmatihsing the structure:

R3CH3 OR4R606F Frdhibits pahigpainfacmelki@nd Y independently is oxygen, NRS or sulfur; 25R
is a hydrogen or C(:O)Cl-CBaIEyI; . o )
[00233] Use of any other investigational agent in the last 30 days.

Example 5: Parenteral Formulation

10 [00234] To prepare a parenteral pharmaceutical composition suitable for -
administration by injection, 90 mg of a compound or its salt described herein is
dissolved in DMSO and then mixed with 10 mL of 0.9% sterile saline. The mixture is
incorporated into a dosage unit form suitable for administration by injection.

Example 6: Oral Formulation

15 [00235] To prepare a pharmaceutical composition for oral delivery, 90 mg of an
exemplary Compound 1 was mixed with 90 mg of corn oil. The mixture was
incorporated into an oral dosage unit in a capsule, which is suitable for oral
administration.

[00236] In some instances, 90 mg of a compound described herein is mixed with

20 750 mg of starch. The mixture is incorporated into an oral dosage unit for, such as a
hard gelatin capéule, which is suitable for oral administration.

Example 7: Sublingual (Hard Lozenge) Formulation

100237] To prepare a pharmaceutical composition for buccal delivery, such as a
hard lozenge, mix 90 mg of a compound described herein, with 420 mg of powdered

25  sugar mixed, with 1.6 mL of light corn syrup, 2.4 mL distilled water, and 0.42 mL mint
extract. The mixture is gently blended and poured into a mold to form a lozenge
suitable for buccal administration.

Example 8: inhalation Composition

[00238] To prepare a pharmaceutical composition for inhalation delivery, 20 mg
30 of a compound described herein is mixed with 50 mg of anhydrous citric acid and 100
mL of 0.9% sodium chloride solution. The mixture is incorporated into an inhalation

delivery unit, such as a nebulizer, which is suitable for inhalation administration.



77 each of RI, R2 and R3 independently is a hydrogen, methyl or (CH2)m-CH3; R4 is NR5R6, OR5,
OC(=0)R7, C(=0)0OR5, C(=0)R5, C(=0)NR5R6, halagen, 5 or 6-membered lactone, C1-C8alkyl,
C2-C8alkenyl, C2-C8alkynyl, aryl, glucosyl, wherein 5 or 6-membered lactone, C1-C8alkyl,
C2-C8alkenyl, C2-C8alkynyl, 5aryl, and glucosyl are optionally substituted with one or more
substituents selected from NR5R6,0R5, OC(=0)R7, C(=0)0OR5, Ce=0)R5, C(=0)NR5R6, Cr C8 alkyl,

C2-C8 alkepyhnip?-©8radianheCRsSutMedaalkyl, and Ci-C8 haloalkyl; each of RS and R6 is
independentléﬁa h%drogen or C1-C8alkyl; R7 is a C1-C8alkyl, OR5 or NR5R6; 10m = 1-12; and

n=1-12; or ¥'Bhithaceuth iR B ass i tireh sommes on &6 Gritdetignetesimoaa

pharmaceugisabeaniesitignionssm iR thidahikitionso beredS1esarpiion asehiecbeqmprising
administerin%to the subject in need thereof a therapeutical!)éeffective amount of a cyclohexenone

compound AEARG R ERER0r& FRBERFEN 3O RYMm] iuraiied M B Khsiasvimddséndently is

oxygers, NRbigiufdfutieR iscapytieaanter&taQak-Ralkd; 209a80:0fiR: R3¢k R independently is
a hydrogen, methyl or (CH2)111-CE13; R4 is NR5R6, OR5, OC(=0)R7, C(0)OR5, g=0)R5,
C(=0)NR5RE! AN HE A8 U AT HEIYY lactone, C1-C8alkyl, C2-C8alkenyl, C2-C8alkynyl, aryl,

glucosyl, Wﬂgﬁeﬁ@]é o5: e opeinbere ¢ lastReride 1-C8alkyl, C2-C8alkenyl, C2-C8alkynyl, aryl, and
glucosyl ar Eti nally substituted with one or more substituents 25selected from NR5R6, OR3,
OC(:O)R7,?&(§— bR5, C(ROfRBE LRI ee] lapiealigs] eompasitifeml 9B alkynyl, C3-C8
cycloalkyl, angl ot ¥ brlaniliaae s of REIamEhR67is indapeneentiv s hydeees, 90 &i-Galkyl;

10 propylene glycol, 10 mlL of isopropyl myristate and 100 mL of purified alcohol USP.
The resulting gel mixture is then incorporated into containers, such as tubes, which are
suitable for topical administration.

[00241] While preferred embodiments of the present invention have been shown
and described herein, it will be obvious to those skilled in the art that such

15  embodiments are provided by way of example only. Numerous variations, changes,
and substitutions will now occur to those skilled in the art without departing from the
invention. It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is intended
that the following claims define the scope of the invention and that methods and

20 structures within the scope of these claims and their equivalents be covered thereby.



78 R7 is a C1-C8alkyl, OR5 or NR5R6; m = 1-12; and n=1-12; or a pharmaceutically acceptable salt,
metabolite, solvate or prodrug thereof 5 4.A phaimgceutical composition for use in the treatment of
osteolytic lesions in a subject comprising administering to the subject in need thereof a therapeutically
effective amount of a cyclohexenone compound having the structure: R3CH3 R1. XOR Y, R2
10wherein each of X and Y independently is oxygen, NR5 or sulfur; R is a hydrogen or
C(=0)C1-C8alkyl; each of Ri, R2 and R3 independémly is a hydrogen, methyl or (CH21,--CH3; R4 is
NR3R6, OR3, OC O)R O ORS5, C(rje)R3, C&] g R3R6, h Io en 5 or 6:-membered lactone,
C1-C8alkyl, C2-C alken %%ﬁﬂ%éi 3?9?051 & gj)} U5 egtg}egtr‘ﬁ% & fctone,
Cl-C8alkyIc@ﬁi&ﬁaﬂsmhtmaaihyeyhewhm&)gipﬁ@ﬁgé adﬁlﬁmt@ﬂa@wsulaﬁﬂju&eduwﬁédone or more
substituent sel from NR5R g 8‘§ C(= O%%ng (=,O)Rg 2=0)NR5R6, Cr C8 alkyl,
C2-C8 alke BB EEHyE rw%*gﬁa CRRHRDEKYE BECH B HE and R6 is
mdependently a hyagogen or@L],, O5alkyl; 20R7 is a C1-C8alkyl, OR50r NR5R6; m = 1-12; and n=1-12;
or a pharmacegticat { Alt, metabolite, solvate or prodrug thereof. 255.The composition of
any of claims 4, @ in the subjéct has breast cancer or prostate cancer. 6.The composition of any
one of clain%‘]x ergir R is a hydrogen, C(=0)C3H8, C(=0)C2H5, or C(=0)CH3. 79 7. The
composition of any gne of claims 1-6, wherein each of RI, 122 and R3 independently is a hydrogen,
methyl? ethyl, propyl, B@Jtyl pentyl, hexyl, heptyl, or octyl.

wherein each of X and Y independently is oxygen, NR;s or sulfur;

R is ahydrogen or C(=0)C,-C alkyl;

\

each of Rj, R and Rz independently is a hydrogen, methyl or (CH,)y—CHs;
R4 is NRsRg, ORs, OC(=0)R7, C(=0)OR;, C(=0)Rs, C(=0)NRsRg, halogen, 5
10 or 6-membered lactone, C,-Cialkyl, C,-C alkenyl, C,-C alkynyl, aryl, glucosyl,
wherein 5 or 6-membered lactone, C -Cialkyl, C,-Cialkenyl, C,-C alkynyl,
aryl, and glucosyl are optionally substituted with one or more substituents
selected from NR;sRg, ORs, OC(=O)R7, C(=O)ORs, C(=O)Rs, C(=0)NRsRs, C -
C, alkyl, C,-C, alkenyl, C-C, alkynyl, C,-C; cycloalkyl, and C,-C, haloalkyl;
15 cach of Rs and Re is independently a hydrogen or C,-C alkyl;
Rsisa Cl—Csalkyl, ORs or NRsRg;
m=1-12; and
n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or prodrug
thereof.
20 2. A pharmaceutical composition for use in the inhibition of hypercalcemia
of malignancy in a subject comprising administering to the subject in need theresfa’

therapeutically effective amount of a cyclohexenone compound having the structure:

wherein each of X and Y independently is oxygen, NRs or sulfur;
25 R is a hydrogen or C(=O)C -C.alkyl;



8. The composition of any one of claims 7, wherein R1 is a hydrogen or Smethyl. 9. The
composition of any one of claims 1-8, wherein 122&5 a hydrogen or methyl. 10. The composition
of any one of claims 1-9, wherein R.4 is halogen, NH2, NHCH3, N(CH3)2, OCH3, 0C2H5, C(-0)CH3,
C(-0)C2H5, C(-0)0CH3, C(-0)0C2H5, 10 C(=0)NHCH3, C(=0)NHC2H5, C(=0)NH2, OC(=0)CH3,
OC(=0)C2H5, OCe=0)0CH3, OCE=0)0C2H5, OC(=0)NHCH3, OC(=0)NHC2H5, or OC(=0)NI-12.

11. The compositieniohaRy, Fne:af RipiRskRieuieieinTRdis 62 HRSHTHRI20H), C2HEG(CH3)20CHS,
CH2COOH, C2H5COQH, CH2QH, C2H50H, CH2Ph, C2H5Ph CH2CH=C(CH3)$CHO),

CH2CH=C(CH3)&Z0JE18Y: 8B+ 845 NEmISdrad AR to =i sor GTRRDRRw SRS or
6-membered lactasie-anthianeighicosy] @recoptionallycubatiiyied Withieneor nareliausstituents
selected from NR5R6, OR5, OC(=0)12.7, C(=0)0R5, Cf:O)RS, C(-O)RIR5R6, C1-C8 alkyl, C2-C8
alkenyl, C2- C8 alkii#incBoc8-ayaiduticd lagitneECCE aliphlkytC alkap L 1he Gakposition of claim 11,
whereip R4 is C ccalkyl aptionally 20 substityted with one or more substituents selected from NR5R6,
ORS, OC(-0y117 - BIOR SRt G ST B LI SRR 8 BARGF 68 SMRSHJICED.-C8 alkyny!,
C3-C8 cycloalkyl, sihetted fEohaRAKYOR s, OL3-0hie;cOMrMsitan@f-claRky, L2-herRiR:R4 is
CH2CH-=C(CH3)2. 14. The composition of any one of claims 1-5, wherein said compound is
H3C,00H 0, 25CH alkyl, C,-C; alkenyl, C,-C, alkynyl, C,-C, cycloalkyl, and C,-C, haloalkyl;

each of Rs and R is independently a hydrogen or C -Calkyl;

Rsisa C]-Cgalkyl, OR; or NRsRg;

10 m=1-12; and
n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or prodrug

thereof.

3. A pharmaceutical composition for use in the inhibition of bone
15  resorption in a subject comprising administering to the subject in need thereof a

therapeutically effective amount of a cyclohexenone compound having the structure:

] = Rs
n

wherein each of X and Y independently is oxygen, NR; or sulfur;
R is a hydrogen or C(=0)C,-Cialkyl; |

20 each of R, Ry and Rjindependently is a hydrogen, methyl or (CH;),—CHa;
R4 1s NRsRg4, ORs, OC(=0)R4, C(=0)YORs, C(=0)Rs, C(%O)NR5R6, halogen, 5
or 6-membered lactone, C,-C.alkyl, C,-C alkenyl, C?_—Cgalkynyl, aryl, glucosyl,
wherein 5 or 6-membered lactone, C,-C.alkyl, C,-C alkenyl, C,-Calkynyl,

aryl, and glucosyl are optionally substituted with one or more substituents

25 selected from NRsRg, ORs, OC(=0)R;, C(=0)ORs, C(=O)Rs, C(=O)NRsRe, C -
C, alkyl, C,-C, alkenyl, C,-C; alkynyl, C,-C, cycloalkyl, and C,-C, haloalkyl;

each of Rs and R is independently a hydrogen or C -Calkyl;
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R-sisa C1~Cgalky1, ORs or NRsRg;
m=1-12; and
n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or prodrug

thereof,

4. A pharmaceutical composition for use in the treatment of osteolytic
lesions in a subject comprising administering to the subject in need thereof a
therapeutically effective amount of a cyclohexenone compound having the structure:

R CH,

0 ¥ Re
n

Ra
wherein each of X and Y independently is oxygen, NR;s or sulfur;
R is a hydrogen or C(=0)C,-C,alkyl;
each of Ry, Ry and R; independently is a hydrogen, methyl or (CH,)—CHa;
R4 1s NRsRs, ORs, OC(=0)R7, C{(=0)0OR;, C(=0)Rs, C(=0)NRsR4, halogen, 5
or 6-membered lactone, C -Calkyl, C,-C alkenyl, C,-C,alkynyl, aryl, glucosyl,
wherein 5 or 6-membered lactone, C -C,alkyl, C,-C alkenyl, C,-C,alkynyl,
aryl, and glucosyl are optionally substituted with one or more substituents
selected from NRsR4, ORs, OC(=0)R;, C(=O)ORs, C(=O)Rs, C(=0O)NRsRg, Cl—
C, alkyl, C,-C; alkenyl, C,-C, alkynyl, C,-C, cycloalkyl, and C -C, haloalkyl;
each of Rs and R is independently a hydrogen or C -Cialkyl;
Rsisa C1~C3a1ky1, ORsor NRsRg;
m = 1-12; and
n=1-12; or a pharmaceutically acceptable salt, metabolite, solvate or prodrug

thereof.

5. The composition of any of claims 1-4, wherein the subject has breast
cancer or prostate cancer.
6. The composition of any one of claims 1-5, wherein R is a hydrogen,

C(*O)CgHg, C(EO)Csz, or C(EO)CH}
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7. The composition of any one of claims 1-6, wherein each of R, R, and

Rjindependently is a hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, or

octyl.

8. .The composition of any one of claims 7, wherein R is a hydrogen or
methyl.

9. The composition of any one of claims 1-8, wherein R; is a hydrogen or
methyl.

10. The composition of any one of claims 1-9, wherein R, is halogen, NH.,

NHCHj3, N(CH3)z, OCH3, OCoHs, C(=0)CH;3, C(=0)C,H;, C(=0)OCH;, C(=0)0C,Hs,
C(=O)NHCH;, C(=0)NHC,Hs, C(=0)NH,, OC(=0)CH;, OC{(=0)C-Hs,
OC(=0)OCH;, OC(=0)OC,Hs, OC(=0)NHCH3, OC(=0)NHC,Hs, or OC(=0Q)NH,.

11.  The composition of any one of ¢claims 1-9, wherein Ry is
CH5C(CH;)20H, C,H5C(CH;3),OCH;3, CH,COOH, C,HsCOOCH, CH,OH, C,HsOH,
CHoPh, CoHsPh, CHCH=C(CH;3)(CHO), CH:CH=C(CH3)(C(=0)CHa3), 5 or 6-
membered lactone, aryl, or glucosyl, wherein 5 or 6-membered lactone, aryl, and
glucosyl are optionally substituted with one or more substituents selected from NRsR,,
OR;5, OC(=0O)R7, C(=0)YORs, C(=0)Rs, C(=O)NR;sR,, C,-C, alkyl, C,-C; alkenyl, C,-
C, alkynyl, C.-C, cycloalkyl, and C,-C, haloalkyl.

12, The composition of claim 11, wherein R, is C,-C,alkyl optionally
substituted with one or more substituents selected from NRsRg, ORs, OC(=0)R,
C(=0)ORs, C(=0)Rs, C(=0)NRsR¢, C,-C, alkyl, C,-Cy alkenyl, C,-C, alkynyl, C,-C,
cycloalkyl, and C -C, haloalkyl.

13, The composition of claim 12, wherein Ry is CH,CH=C(CHa),.

14. The composition of any one of claims 1-5, wherein said compound is
CHs CH, GHs CHy
O = = = CHs
AL OH
O‘CH3



