28 Cct 2005 4-31974A/ USN USE OF Bl SPHOSPHONATES | N THE TREATMENT OF BONE
NVETASTASI S ASSCOCI ATED W TH PROSTATE CANCER This invention relates to

+ bi sphosphonates, in particular to new pharmaceuticals uses of £ 2005
bi sphosphonat es. Bi sphosphonates are w dely used to inhibit ostec?cq 5
activity in a variety of both benign and malignant diseases which involve
excessi ve 93197 Héﬁgﬂiprl ate bone resorption. These pyrophosphate anal ogs not
only reduce the occurrence of skeletal related events but they S al so

provi de patients with clinical benefit and inprove survival. Bi sphosphonates
are abl e to pre’vent bone resorptlon in vi Vo, the therapeutlc efflcacy of

osteopenl a, Paget's disease of bone tum)ur-l nduced hypercal cema (TIH)
and, nore recently, bPOARMAEH YR B qy‘qiggm (MV) (for
review see Fleisch H |sp osp onates clinrca B sSphosphonates 10 in
Bone Di sease. Fromthe Laboratory to the Patient. Eds The Part henon

bi sphosphorhit By EomEited B SRRl i Rardbll o b sRBERREIRIN Mncier st 00

and seem tiisphasphoastenr ding to the bi sphosphonat es studl ed. Bi sphosphonat es
have been shown to bind strongly to the hydroxyapatite crystals of bone, to
reduce bone turn-over and resorption, to decrease the |levels 15 of

hydr oxyprol i ne hQ’?ﬂ nd %qu I s I .1 t

inhibit the fc?r% ?’%@hﬁt%gg{éu n@a%&agtgtlva?l %Jri:éogn t? e clpi %9%&%1%? bofh
ost eocl astienighMridsmalighant disessed whiah inyobvecexcedsivieaort imapprepridty tohe resorption.
proliferation and the accumul ation of malignant plasnma cells within the

bone mar r cheserpyEophosphaty Ml%&nom%@q\a@ﬁbegcwmmf iskelotal nglated qvents butthey
associ at ed; eﬁrt}vfeebg@én%ﬁh T iREH Yefichtond i ﬁgqpvye&@ggvdal Tﬁﬁ?ﬁo hﬁ&ia&@ £id'td

froman = excessive bone resorption, freque ypercal cem a.

Bi sphosphqnéteas Hoat aedveption tmtvhoduhedhérapseunbecfﬁmng bﬁrbmphosphbmat has bbéd i n
conbi natlgﬁ wi t h convepti onal mot herapy. |t has, been shown reantIy t hat
bi sphos phdERLBYTAFE HR athe o ROAMSAEIE SHEoporst, osteopenia, Faget disease of bort,

tumour-induced hypercalcemia (TIH) and, more recently, bone metastases (BM) and multiple

myeloma (MM) (for review see Fleisch H 1997 Bisphosphonates clinical. In Bisphosphonates
10 in Bone Disease. From the Laboratory to the Patient. Eds: The Parthenon Publishing Group,
New York/London pp 68-163). The mechanisms by which bisphosphonates inhibit bone
resorption are still not completely understood and seem to vary according to the
bisphosphonates studied. Bisphosphonates have been shown to bind strongly to the
hydroxyapatite crystals of bone, to reduce bone turn-over and resorption, to decrease the levels
15 of hydroxyproline or alkaline phosphatase in the blood, and in addition to inhibit the

formation, recruitment, activation and the activity of osteoclasts.

MM is a plasma-cell malignancy characterized by the proliferation and the accumulation
of malignant plasma cells within the bone marrow. The main clinical consequences are lytic
20 bone lesions associated with pathologic fractures and bone pain. These lesions result from an
excessive bone resorption, frequently leading to hypercalcemia. Bisphosphonates have been
introduced for the long-term treatment of MM in combination with conventional

chemotherapy. It has been shown recently that bisphosphonates such as clodronate and
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28 Cct 2005 4-31974A/ USN pam dronate can reduce the occurrence of skel etal
related events such as lytic bone | esions and pathologic fractures and can
relieve associ ated bone pain and inprove the quality of life of patients
(Laktinen et al. Lancet 1992, 340, 1049-1052; M oskey et al. B.J.
Haematol ., 1998, 100, 317-325; and Berenson et al. N Eng. J. Med. 1996,
Vol . 334, No. 8, 488-493). Simlar 5 effects have been reported in breast
cancer patients treated with bi sphosphonates (Hortobagyi G N et al.

Ef ficacy of pamidronate in reducing skeletal conplications in patients with
breast cancer and |lytic bone netasases, Protocol 19 Aredi a Breast Cancer
Study Group, New England Journal of Medicine, 1996; 335:1785-91; Kanis J.
A. et al. Clodronate decreases the frequency of skeletal netastases in
wonen with breast cancer, Bone, 1996; 19: 663-7). 10 Thus bi sphosphonat es
are effective inhibitors of osteoclastic bone resorption and have
denonstrated therapeutic efficacy in the treatnents of hypercal cem a of

mal i gnancy, |ytic bone disease associated with nultiple nyelom, and m xed
| ytic and bl astic bone netastases associated with breast cancer. However,
ot her cancers, such as prostate cancer have associ ated 15 skel etal netasases
whi ch are predom nately osteoblastic (osteosclerotic) in nature and it is
not clear whether netastases of these latter cancers will respond simlarly
to bi sphophonate treatnent. Recently it has been reported that

bi sphosphonate (clodronate, etidronate, alendronate 20 and pam dronate)
adm ni stration has a favourable effect on bone pain in patients with

nmet astati c prostate cancer carcinoma (Silvio Adam , Cancer 1997; 80:
1674-79). Recently also it has been reported that bisphosphonates inhibit
breast and prostate carcinoma cell adhesion to bone in vitro (Boissier et
al ., Cancer Res; 57: 3890-3894, 1997) and further that pre- treatnent of
breast and carcinonma cells wth bisphosphonates inhibited tunour cel
invasion 25 via a direct action on the tunmour cells. Yet nore recently, it
has been reported that in vitro treatnent of prostate cancer cell lines
with zoledronic acid significantly reduced the growh of



the cell lines (Brown et al. Effects of Zol edronate on Prostate Cancer
Cells, ASBMR 2000; Lee et al., Bisphosphonate Treatnent Inhibits the Gowth
of Prostate Cancer Cells, Cancer Research, 2000/2001); whereas Qg £ 2005
significant decrease in tunour volume was detected for -2 28 Cct 08§

4- 31974 M- 3BNTAPSKE aneous prostate cancer cell line tunours treated with

zol edronic acid (Corey et al., Effects of Zoledronic Acid on Prostate
Cancer in Vitro and in Vivo, Amer. Assoc. Cancer Res. Submtted Cct 2000).

S Hi t her pamidhrunawar redubethe decureenbeerskeletal eiated svents sacly adlytipbo1ediaisendavi ng
shown cli pi cal efflc%\ﬂg in the treatnent of prostate cancer or_ the bone
met ast askaihelegis fag £#p reppvasarceatechbrie painggdiimpeova 8w arblietilife of doubl e

Rovacs i ChARERRL AR 8 hefafld e dbace Lo I Dok ARLELAR 1 3ol SR

Novartis monstrates a stafistically significan |cacy bénefit
over pl at®hq317-32%;»adBepaiksomeetal Af. Bngne Met. 499G 3&4. 334, Nb(&t488-@93)a8ﬁﬁllar

patients._10 Accordi ng g pr esent |nvent|on provi des a nethod for the
t r eat men¢fiests fave Feé‘trép‘t‘éﬁlc‘é reaFtrfaﬁceﬁQ?ti‘eé’FFttfanF ﬁ’é‘élhbléﬁh%ma'teﬁ EetRbATYIwhi ch

conpri se n o the
patient. éﬁ@hleEﬁ%g%??%%ﬂ urtﬁ% }egﬁ%‘?gg sétﬁlg%m(?? eaatMnEI-rEﬁEm os pﬂl%gat{e in the
pr epar at camoercind dyticrieaie ostasades f Rrotot biel %Amdmrmaast Ghnder Sﬂiﬁy.ﬂiomlﬁ Neer . The

met hod d use_ of vent y enpl oyed for the direct treatnent of
prostate Egﬂ@etoup{aingegr?mgs 29[6 5% b %IVU%&"‘{SH&P‘ ¢tiil @P@Pgﬁﬁéﬁ’ﬁ%%‘g% used
| vhe PEESRAL AP Rl A waRS e RE Lkl BEe, 19 '199(3/' 190664171 he growt h,

proliferatfon or via Ity of prostate cancer as irhibitors of
prostdfe cell growh or division or as prom)ters of prostate cell death

(.0, 2 popyos s BramLng, cgentel ovepLonL X, Aloe Lie anicpiion my be
et ast asggnolRhted 8REdpentid @fﬁ@fcy%t&&?e@ﬁ%t%yﬁ&@ﬁcéﬁta%? hRAfgRancy, lytic bone
disease associated with multiple myeloma, and mixed lytic and blastic bone metastases
associated with breast cancer. However, other cancers, such as prostate cancer have associated
15 skeletal metasases which are predominately osteoblastic (osteosclerotic) in nature and it is not
clear whether metastases of these latter cancers will respond similarly to bisphophonate

treatment.

Recently it has been reported that bisphosphonate (clodronate, etidronate, alendronate
20 and pamidronate) administration has a favourable effect on bone pain in patients with
metastatic prostate cancer carcinoma (Silvio Adami, Cancer 1997; 80: 1674-79). Recently also
it has been reported that bisphosphonates inhibit breast and prostate carcinoma cell adhesion
to bone in vitro (Boissier et al., Cancer Res; 57: 3890-3894, 1997) and further that pre-
treatment of breast and carcinoma cells with bisphosphonates inhibited tumour cell invasion
25 via a direct action on the tumour cells. Yet more recently; it has been reported that in vitro
treatment of prostate cancer cell lines with zoledronic acid significantly reduced the growth of
the cell lines (Brown et al. Effects of Zoledronate on Prostate Cancer Cells, ASBMR 2000;
Lee et al., Bisphosphonate Treatment Inhibits the Growth of Prostate Cancer Cells, Cancer

Research, 2000/2001); whereas no significant decrease in tumour volume was detected for
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25 As such It is further believed that the invention nmaybe enpl oyed nore
generally for the treatnent of osteoblastic (osteosclerotic) netastases, in
particul ar osteobl astic bone netastases, such as the osteoblast?% Oct 2005
net ast ases associated with prostate cancer and simlar nalignant di seases.
-3 28 Ccd-3A00PAAISNLO74ALUSN Thus the invention yet further provides use of
an N-bi sphosphonate to treat osteoblastic netastases associated with
mal i gnant di seases or conditions in manmals. In preferred enbodi ments the

i nvent i osutpuevesls prostdte canser cefl lias tlshduirs pepePwith adledioid dcRBICTBE étal. ases
associated wth prostate cancer; (ii) a nmethod for the treatnent of

net ast as E&fests eh&plgtwnichaid op PER?E%& @m@awee\htrp [Ang im¥ivog Amer | Asspedernedr Resch
treatnenE %ﬁt&ﬁ(&? (bses adm ni stering an effective amount of an N

bi sphosp ona e’patient, and (iii) use of an N- bisphosphonate in the
preparation of a nedlcanent for the treatnent of netastases associated with

prostate cancer. Efficacy of N-bisphophonate treatnent of osteaqgblastic

met ast dses oFItHEEY DAYV & MV RACH £ AGROES &€ awy bisphyphenatghaving epion nay be
denonstr t Wik ERC f I ts (SREs)
for pati Chpcal MAARPI-BE Ofmb Rt AL PR @ e RR i o L AN, ot 16
obt ai nedpwistate ¢ahoseWelitaee new slicwn ia aploablelbbindy mlagebofcontroliedtclinivel aedythatei n
after described in the Cligical Trial Description. Skeletal related events

( SRESs) a?@eﬁf@f”élaﬁ‘é’f@@M}é@?‘ eeyarts Ehgangy qemoegrateﬁq datispieal by sighifieant effigacy

t I t f
Dt L oAl BElot B by ADAIEN Hi, NSRRI e dhidgoc O 2
(ii) aonmethod for the reduction of SREs associated with metastatic prostate
cancer in a

Accordingly the present invention provides a method for the treatment of prostate cancer
in a patient in need of such treatment which comprises administering an effective amount of

an N-bisphosphonate to the patient.

15 The invention further provides use of an N-bisphosphonate in the preparation of a

medicament for the treatment of prostate cancer.

The method and use of the invention may be employed for the direct treatment of
prostate cancer itself. Thus it is believed that the N-bisphophonates used in the present
20 invention may have a direct effect in vivo on the growth, proliferation or viability of prostate
cancer cells, e.g. as inhibitors of prostate cell growth or division or as promoters of prostate
cell death (e.g. as apoptosis promoting agents). Conveniently also the invention may be
employed for treatment of secondary effects of prostate cancer, including metastases, both soft
tissue metastases and bone metastases.
25
As such It is further believed that the invention may be employed more generally for the
treatment of osteoblastic (osteosclerotic) metastases, in particular osteoblastic bone
metastases, such as the osteoblastic metastases associated with prostate cancer and similar

malignant diseases.



prostate cancer patient which conprises admnistering an effective anmount of
an N- bi sphosphonate to the patient, and (iii) use of an N-bi sphosphonate in
the preparation of a nedicanment for the reduction of SREs assoc'bgt 8de o bhhs
metastatic prostate cancer. -4 28 Oct 2005 4-31974A/USN In the present
descri pt U197/ USN ns "treatment” or "treat" refer to both prophylactic or
preventative treatnment as well as curative or disease nodifying treatnent,
including treatnment of patients at risk of devel opi ng netastases or SRES or
suspected to have contracted the disease, e.g. prostate cancer, as well as

patients who, are. ill or hay een dj.agnosed sufferin froma dj sease or
medi cal condiRyoHe inyegtionye, EPrOXKERPSe qfaﬁfih'é&mp%%ge&&ea&%wg}aggem

descri pt iQhsBResNsQERRPS RN AARE RN distasESROHAH N Ih GharhAalsaddi tion to the
characteristic gem nal bisphoSphate noiety conprises a nitrogen containing

side chain, e.g. a compound of fornmula I Rx | wherein Xis hydrogen,
hydroxyl, amno, .al kanoyl., or an am no group substituted by Cl1-C4 al kyl, or
al kanoyl ; R rﬁgff&Fg@’é‘ﬁg‘ﬁjPe@f?1%541“5?11{5‘/’?’%591" ®Rx is a side chain which contains
an optional | Ei) ﬁ%hwbﬁﬁﬁﬁﬁdhﬁte%%&m&ést;ﬁei‘ﬁ_séé}%& with pr&tdtaLaHcBY
heterocycle (1ncluding aromatic nitrogen-containing heterocycles), and

phar maceut i céil)laymetbokbfor disl teeagadnt of mivtastasés associated With peistate ¢racerdh a patiens, f or

| e, i tabl bi sph f .i.n the i ti i nclude th
Fol I'owi hg_ ol abush tRaGHa RACBGOPRET - IRt PREPRI = B “any
hydrat e t her pgphosphodatedfitiakiemty sidoxypr opane- | , | - di phosphoni ¢ acid

(pam dronic acid), e. Ig\I pam dronate (APD);
(iii) use of an N-bisphosphonate in the preparation of a medicament for the treatment of

! metastases associated with prostate cancer.

Efficacy of N-bisphophonate treatment of osteoblastic metastases or prostate cancer
metastases according to the invention may be demonstrated by monitoring the occurrence of
skeletal related events (SREs) for patients receiving N-bisphosphonate treatment and
comparing the results obtained with those obtained for a placebo group; for instance as herein

after described in the Clinical Trial Description.
Skeletal related events (SREs) are hereinafter defined in the Clinical Trial Description.

In a particularly preferred embodiment the invention provides:

(i) use of an N-bisphosphonate to reduce SREs associated with metastatic prostate
cancer;

(i1) a method for the reduction of SREs associated with metastatic prostate cancer in a
prostate cancer patient which comprises administering an effective amount of an N-
bisphosphonate to the patient, and

(iii) use of an N-bisphosphonate in the preparation of a medicament for the reduction of

SREs associated with metastatic prostate cancer.



3- (N, N-di et hyl am no) - | - hydr oxypr opane- 1, 1- di phosphonic acid, e.g.

di net hyl - APD; 4- am no-I| - hydroxybut ane-1,1-di phosphonic acid (al endronic
acid), e.g. alendronate; 1-hydroxy-

3- (met hyl pent yl ami no) - propy!l i dene- bi sphosphoni ¢ aci d, i bandroni c 28cPgt 2085
i bandr ondt3d974A/USN no- 1- hydr oxyhexane- 1, 1- di phosphoni ¢ acid, e.g.

am no- hexyl -BP; 3-(N-nethyl-N-n -5 28 Gct 2005 4-31974A/ USN

pent yl am no) - 1- hydr oxypr opane-1, 1- di phosphoni ¢ acid, e.g. nethyl-pentyl-APD
(= BM 21. 098bhe pﬂesé]ﬂdé@iﬁﬁﬁcﬁﬂﬂlk targh8 Z@katinedt’ be iaiierefor 1o BotR pRSINIRBIECACT d,
e.g. zoledronic acid; 1- hydroxy-2-(3-pyridyl)ethane-1, 1-di phosphonic acid
(ri sedr oRreyenfetive)treanept ag welbay ghative or disgese wendilying-treatmpspt, ipglndine tieatmestal t s

t her eof . ri.dini i.odi de as 5 NE:- 10244 or NE-
1046, 5o R ARBHCo T Ebettl pibR st SRes 3P s PR R bl subic WS o
phosphonidisese] elg. plostiyelsmust; &Y as pakieats Bhd-ayd 10T Gpad teoeh diagdbseld @S BifRRing aci d,
e.g. EB 1053 (Leo); 1-(N-phenyl am nothi ocarbonyl ) net hane-1, 1-di phosphonic
aci d, e. fomardiseasuar medigal cendifign, e.g, prostate cancer.

5- benzoyl - 3, 4- di hydr o- 2H pyr azol e- 3, 3- di phosphoni ¢ acid tetraethyl ester,
e.g. U 81581 (Upjohn); and

1- hydr oxy- 2- Forthelpizrppsks 3f thf pyesertidascdipyibn eh Nasigphbsphotate hos piiapdundadiich in 10
e.g. YM529. In one enbodinment a particularly preferred N bisphosphonate for
use in tAdditiontethe eharactesistic eerigalpispbapatsdnEty cempLises amitrpgencontapligR) 2 Het

A X 1 si%?ﬁ : regézgcgﬁb%m_og%mléjpzol e, oxazol e, isoxazole, oxadiazole,

t hi azol e I adi &ol e, pyridine,
O

LI(OR)2

Rx X

ﬁ(OR)2

O

wherein
X is hydrogen, hydroxyl, amino, alkanoyl,or an amino group substituted by C,-C, alkyl, or
alkanoyl;
R is hydrogen or C;-C, alkyl and
Rx is a side chain which contains an optionally substituted amino group, or a nitrogen
5 containing heterocycle (including aromatic nitrogen-containing heterocycles),

"' and pharmaceutically acceptable salts thereof or any hydrate thereof.

Thus, for example, suitable N-bisphosphonates for use in the invention may include the
following compounds or a pharmaceutically acceptable salt thereof, or any hydrate thereof: 3-
10 amino-1-hydroxypropane-1,1-diphosphonic acid (pamidronic acid), e.g. pamidronate (APD);
3-(N,N-dimethylamino)-1-hydrox ypropane-1,1-diphosphonic acid, e.g. dimethyl-APD; 4-
amino-1-hydroxybutane-1,1-diphosphonic acid (alendronic acid), e.g. alendronate; 1-hydroxy-
3-(methylpentylamino)-propylidene-bisphosphonic acid, ibandronic acid, €.g. ibandronate; 6-

amino-1-hydroxyhexane-1,1-diphosphonic acid, e.g. amino-hexyl-BP; 3-(N-methyl-N-n-
-5-



1,2,3-triazole, 1,2,4-triazole or benzim dazole radical, which is optionally
substituted by al kyl, al koxy, hal ogen, hydroxyl, carboxyl, an am no group
optionally substituted by alkyl or al kanoyl radicals or a benzyl radical
optional Iy substituted by alkyl, nitro, 20 amino or anminoalkyl; Ad$d& 2005
strai ght-chai ned or branched, saturated or unsaturated hydrocar bon noi ety
cont ai ni HPWTEAUSNo 8 carbon atons; X is a hydrogen atom optionally
substituted by al kanoyl, or an am no group optionally substituted by al kyl
or al kanoyl radicals, and 25 Ris a hydrogen atomor an alkyl radical, -6 28

Cct 2005 péntglogitdd)/ 1pdraxygrdpase-p/ladipiasphanc add,leys. actgppaiy PARB (=BNMher eof . I n
a further di t a _partjcular referr | sphosphonate, for use in the
i nvent i oﬁl%gggkpﬂf@&oxa-2-@ﬁﬁaaﬂal-b¢éy P @Pﬁ?ﬁpgp@f-ac@ e.g zofedrgpippafyly O 11|
S wher ei fyligky ol @3- f}gﬁ;«!@éﬁa}wﬁqﬁﬂasﬂﬁaﬁu%ﬁ'(ﬁ%w%@f Qg][ﬁgéﬁ}déﬁte

five- nenbered rin ected fro the group consi sti azol yl ,
i m dazol imhiding Eanahyilgyhdlmnxdtsyheremﬂﬁz@kamglh N-mblhyh;zmdphlumtlbdldzsﬁuc]myd

tri azoISy lNE-?E)(%I %\ﬁé ){644%n9 ﬁvhﬂz-p eny 81' c}lelthy - -rn?ei:tﬁlylgr%{n%] y I—hr;'%rog(%]ropane-l 1-di-
phosphonic acid; 1-hydroxy-3-(pyrrolidin-1-yl)propane-1,1-diphosphonic acid, e.g. EB 1053
(Leo); 1-(N-phenylaminothiocarbonyl)methane-1,1-diphosphonic acid, e.g. FR 78844
(Fujisawa); 5-benzoyl-3,4-dihydro-2H-pyrazole-3,3-diphosphonic acid tetraethyl ester, e.g. U-
81581 (Upjohn); and 1-hydroxy-2-(imidazo[1,2-a]pyridin-3-yl)ethane-1,1-diphosphonic acid,
10 e.g. YM 529.

In one embodiment a particularly preferred N-bisphosphonate for use in the invention

comprises a compound of Formula II
0O

(OR),
II

P
Het A | X
P

II(OR)2

o

15 wherein
Het is an imidazole, oxazole, isoxazole, oxadiazole, thiazole, thiadiazole, pyridine,

! 1,2,3-triazole, 1,2, 4-triazole or benzimidazole radical, which is optionally substituted
by alkyl, alkoxy, halogen, hydroxyl, carboxyl, an amino group optionally substituted by
alkyl or alkanoyl radicals or a benzyl radical optionally substituted by alkyl, nitro,

20 amino or aminoalkyl;
A is a straight-chained or branched, saturated or unsaturated hydrocarbon moiety
containing from 1 to 8 carbon atoms;
X is a hydrogen atom, optionally substituted by alkanoyl, or an amino group
optionally substituted by alkyl or alkanoyl radicals, and

25 R is a hydrogen atom or an alkyl radical,
-6-



partly hydrogenated and wherein said substituents are selected fromat | east
one of the 10 group consisting of Cl1-C4 al kyl, Cl1-C4 al koxy, phenyl,

cycl ohexyl, cycl ohexyl methyl, hal ogen and ami no and wherein two adj acent

al kyl substl tuents of Het can together forma second ring; Yis %cﬂ%ézrp%sr
G -C4 al K31979A/YSN hydr ogen, hydroxyl, anmino, or an anmino group substituted
by CI-C4 alkyl, and is Ris hydrogen or Cl-C4 alkyl; as well as the

phar macol ogi cal | y acceptable salts and isoners thereof. In a yet further
enbodi msrahddlegmatﬁaz:u]ogfchyymcefﬁtelﬁléedtsbhemfosphonate for use in the invention
conprises a ¢o nd of Formula V.0 11 Het'" G H2 20 - 7R2P(CR)2
O 1V 28 Cct 2% earghofineRd BRFIH T prqfared blwowhowpé%rzl@m the snyention 3.

1H 1, 2, 4-ofbridshalofmdiudd dfB%phyia mt et razol yl, oxazolyl, isoxazolyl,

oxadi azoIC§I r1t hlaa§§1p ‘Ilﬁor tﬁljﬂ di azol yl radi cal which is unsubstituted or G
mono-or di - subst it ut ed by | ower al kyl, byOl ower al koxy, bx phenyl which may
in turn
(OR),

I

Het' C\) X"
H

O—ap—T0"

(OR),

O=

5 wherein
Het’ is a substituted or unsubstituted heteroaromatic five-membered ring selected from

the group consisting of imidazolyl, imidazolinyl, isoxazolyl, oxazolyl, oxazolinyl,
thiazolyl, thiazolinyl, triazolyl, oxadiazolyl and thiadiazolyl wherein said ring can be
partly hydrogenated and wherein said substituents are selected from at least one of the

10 group consisting of C,-C, alkyl, C,-C, alkoxy, phenyl, cyclohexyl, cyclohexylmethyl,
halogen and amino and wherein two adjacent alkyl substituents of Het can together
form a second ring;
Y 1s hydrogen or C;-C, alkyl;
X" is hydrogen, hydroxyl, amino, or an amino group substituted by C;-C, alkyl, and

15 R is hydrogen or C;-C, alkyl;

as well as the pharmacologically acceptable salts and isomers thereof.

In a yet further embodiment a particularly preferred bisphosphonate for use in the

invention comprises a compound of Formula IV

Het"l

IO

20



5 be mmon- or disubstituted by | ower alkyl, |ower al koxy and/or hal ogen, by
hydr oxy, by di-lower al kylam no, by |ower al kylthio and/or by hal ogen and
is NNsubstituted at a substitutable N-atom by | ower al kyl or by

phenyl -1 ower al kyl which may in tambe nono- or di-substituted igg {& 2005
phenyl rml et | ower al kyl, |ower al koxy and/or halogen, and 10 R2 is
hydrogen ‘%&&ﬁ am no, |ower alkylthio or hal ogen, |ower radicals having
up to and |ncI uding 7 C-atons, or a pharmacol ogically acceptable salt

t hereof . Exanpl es of particul arly preferred N-bi sphophonates for use in the
i nventi owharei 15

2-(1-Methyli z 2- pAi.c ac

2- (1-Benzyl i %gzglan "X(}%Olfl %hg; g%gl?ﬂ g ﬁ?f%Hgl ﬂ?%%ﬁ%’ltgﬁ%%&yg oxazolyl,
2- (1- Met hyl i nisdazolyl zbvmhl)azohylhwz@pyyeﬁ thidezdlylradicalwEiRh eiuuBtinded orle-
Am no- 2- (1- et hyl i m dazol - ) et hane- 1, 1- di phosphonic acid; 1-

Ami no- 2- (1- beﬁlﬂyﬁoﬁﬁ’(ﬂ@i’é‘llm@dW)l@t’%éH@’ byjlo‘clﬁrpwggcprh@hphenabwhwh g in tum
2- (1- Mat hyl
2L | g8k & A SIEAS) ook RSPy BRAE nofeh, by byarony, b

2- (1 mdazol - ldi)llo))vef alkyldininey 6y Wb@a&yﬁhldlaﬁdﬂ@ﬁpﬁmbg‘en&ﬁdﬁfs N-substituted at a
2- (1 m dazol - b&éet hane- 1, 1- di phosphoni ¢ aci d;

2-(4H1, 2, 4 tF‘% @tablﬁlwa}mribhiﬁmeéﬁ kwdw@hznﬂ -lgf g rdleyh HBYighemay: infurn bes
2-(Thi azol o?-;? (i}%@ugsyiluiéﬂ dﬁhﬁ%@ﬂﬁgl o i c]ower alkyl, lower alkoxy and/or

2- (1 m dazol - hane nic

2-(2-Met hyli nh;dag@[ af 5) -yl ) et hane 1, 1- di phosphoni ¢ aci d;

2- (2- Phenyl i m dazol - 4(5) - yI)et hane- 1, 1- di phosphoni ¢ aci d;

2- (4, 39D met hRishydsessn. hydyexy, imW?d]PWS/@i‘H&H‘éORhaiogﬁnphosphom c acid, and -8
28

Qet 2005 4Io%ae?¥a%a}§$ﬂ§vmg up to and including 7 C-atoms,

or a pharmacologically acceptable salt thereof.

Examples of particularly preferred N-bisphophonates for use in the invention are:

15 2-(1-Methylimidazol-2-yl)-1-hydroxyethane-1,1-diphosphonic acid;
2-(1-Benzylimidazol-2-yl)-1-hydroxyethane-1,1-diphosphonic acid;
2-(1-Methylimidazol-4-yl)-1-hydroxyethane- 1,1-diphosphonic acid;

1- Amino-2-(1-methylimidazol-4-yl)ethane-1,1-diphosphonic acid;
1- Amino-2-(1-benzylimidazol-4-yl)ethane-1,1-diphosphonic acid;

20 2-(1-Methylimidazol-2-yl)ethane-1,1-diphosphonic acid;
2-(1-Benzylimidazol-2-yl)ethane-1,1-diphosphonic acid;
2-(Imidazol-1-yl)-1-hydroxyethane-1,1-diphosphonic acid;
2-(Imidazol-1-yl)ethane-1,1-diphosphonic acid;
2-(4H-1,2,4-triazol-4-yl)-1-hydroxyethane-1,1-diphosphonic acid;

25 2-(Thiazol-2-yl)ethane-1,1-diphosphonic acid;
2-(Imidazol-2-yl)ethane-1,1-diphosphonic acid;
2-(2-Methylimidazol-4(5)-yl)ethane-1,1-diphosphonic acid;
2-(2-Phenylimidazol-4(5)-yl)ethane-1,1-diphosphonic acid;
2-(4,5-Dimethylimidazol-1-yl)-1-hydroxyethane-1,1-diphosphonic acid, and

-8-



2-(2-Met hyl i m dazol - 4(5)-yl)-1-hydroxyet hane-1, 1-di phosphonic acid, and
phar macol ogi cal ly acceptable salts thereof. The nost preferred
- N bi sphosphonate for use in the invention is 2-(imdazol-lyl)-15

hydr oxyet hane-1, | -di phosphonic acid (zol edronic acid) or a pharne&%ﬂQﬁﬁc%39§
accept abd-819MA/USNer eof Pharmacol ogi cally acceptable salts are preferably
salts with bases, conveniently nmetal salts derived fromgroups la, Ib, Ila

and Il b of the Periodic Table of the Elenents, including 10 al kali netal
salts, e.g. poI-disthylimiandl-2cNSDLBhydtosRe{aHEn JadipFospiini@hdi@l | ne earth net al
salts, preferably calciumor magnesiumsalts, and also ammoniumsalts with
anmoni a WWMOXO@C&HW@@I)ME@@ $ terepf.pr ef erred pharnmaceutical |y acceptabl e
salts are those where one, two, three or 15 four, in particular one or two,
of the acidic hydrogens of the bisphosphonic acid are replaced by a

phar maceut i cTihd iyost peefiairaliNaigphbsphonate forse in thel inventimds Dimipaiohd gHum or
ammonium in first instance sodium A very preferred group of

phar maé eidrexyethanerd d sdiphasphonig pqid (Foledzsomig aader ja pharmsgolegicaliaccomalipgaliaci di ¢
hydrogeqh%%gﬂone pharmaceutically acceptable cation, especially sodium in
each of the phosphonic acid groups. Al the N bisphosphonic acid
derivatives nentioned above are well known fromthe Iliterature. This

i ncludes their manufacture (see e.g EP—A—513760,g€B¥@13-48), For exanple, 3

25 anmi no- | - hrBsalescally @cteptably sakis ats mss{erablysalis W hapeynatiyastal i ped

e.g. in - St 3 t i i Is atents
4 639 33 ﬁg gc@jﬁﬁe@?fioﬁ glgug,gs gahga, ?[_ﬁﬁﬁé@hb ofthe ft%ﬁogl'csﬂgfe%mlﬁe%lgm@ﬁs, 1ﬁ'chlrb%n£
dr oxy1@- glkati ohatabbalis; ¢/g.)petdssinm-ahd Espiciatip sepdiomiseltsaor alkalmepasiparead sas, descri bed
e.g. \in US teqt 4,939, 130. See al US patents 4,777,163, and 4, 687, 767.

C0728 bty saleiyor magaR eI m@ﬁfﬂa%wewamégltwyh BRMOSEALT HEPHe f or m of

an i somef,@ks of a mxture of isoners

Especially preferred pharmaceutically acceptable salts are those where one, two, three or
15 four, in particular one or two, of the acidic hydrogens of the bisphosphonic acid are replaced
by a pharmaceutically acceptable cation, in particular sodium, potassium or ammonium, in

first instance sodium.

A very preferred group of pharmaceutically acceptable salts is characterized by having
20 one acidic hydrogen and one pharmaceutically acceptable cation, especially sodium, in each of

the phosphonic acid groups.

All the N-bisphosphonic acid derivatives mentioned above are well known from the
literature. This includes their manufacture (see e.g. EP-A-513760, pp. 13-48). For example, 3-
25 amino-1-hydroxypropane-1,1-diphosphonic acid is prepared as described e.g. in US patent
3,962,432 as well as the disodium salt as in US patents 4,639,338 and 4,711,880, and 1-hy-
droxy-2-(imidazol-1-yl)ethane-1,1-diphosphonic acid is prepared as described e.g. in US
patent 4,939,130. See also US patents 4,777,163 and 4,687,767.



where appropriate, typically as optical isomers such as enantionmers or

di‘ast ereoi soners or geonetric isoners, typically cis-trans isoners. The
optical isomers are obtained in the formof the pure anti podes a$g/§r 35005
racemates. 5 The N-bi sphosphonates can al so be used in the formof~t 2% r

hydr at es 4 'ﬁfﬁﬂﬁ? other solvents used for their crystallisation. The
N-bisphog%%g%a es are preferably used in the form of pharmaceutica

conpositions 10 that contain a therapeutically effective anount of active
i ngredi ent optignall ogether with or .in adnm.xture w th inorganjic or

or gani c. | sol 1B Sromeaash ey e btk e A L AP B e A S PEE LBt ar o
sui t abl ewhere apph ﬂhts,t@?;emwlas opfigalRsEHerRaRH k 6Rtinti6MERQE didsRiisTerddt, for
exanpl e, conpositions'for entéral, such as 15 oral, rectal, aerosol

i nhal at i gepmrtrieisemiersatipicaily cis-dtane IsomersnPhsonticalnsomners argaabtmnestialthe oo lof as
intravenﬁés or §ub&uta ous adnunistration, or conpositions for transdermal
admi ni st @Pﬁﬁmlpgfa?n@§§§§V%mB?e%ontophoretic). Preferably, the

phar mageuti cal conpositions are adapted to oral or parenteral (especially
20 intravenous, intra-arterial or transdermal) adm nistration. |Intravenous
and oral, fiThkaNansphosphenaes canralsocheaisediin thewinrfshaizhydpates or indnédd athered t o be
of particylar i rt.ance. Preferably the N bi sphosphonate active ingredient
isin a f)og‘f%ﬁ%Sggﬁorftg?lﬁfryﬁ%@?atbof’eferabl y an intravenous form 25 The
particul ar node of adm nistration and the dosage nay be sel ected by the
attending physician taking into account the Particulars of the patient,
especi al | y a§ke Nviusphlasphonatesars pydferablyased inithe/torme wé pharmadeuticelecopwositionse as

oD D BRSO R BB bbbt o o
N- bi s phogddediauge With inésganidorldiganid) ¥6IRt draRuiR phaAfRCARIcAIly ¥REHABIS carriers

which are suitable for administration.

The pharmaceutical compositions may be, for example, compositions for enteral, such as
15 oral, rectal, aerosol inhalation or nasal administration, compositions for parenteral, such as
intravenous or subcutaneous administration, or compositions for transdermal administration

(e.g. passive or iontophoretic).

Preferably, the pharmaceutical compositions are adapted to oral or parenteral (especially
20 intravenous, intra-arterial or transdermal) administration. Intravenous and oral, first and
foremost intravenous, administration is considered to be of particular importance. Preferably
the N-bisphosphonate active ingredient is in a parenteral form, most preferably an intravenous

form.

25 The particular mode of administration and the dosage may be selected by the attending
physician taking into account the particulars of the patient, especially age, weight, life style,
activity level, and disease state as appropriate. Most preferably, however, the N-

bisphosphonate is administered intravenously.

~10 -



factors, such as effectiveness and duration of action of the active

i ngredi ent, node of adm nistration, warm bl ooded species, and/or sex, age,
wei ght and individual condition of the 5 warm bl ooded animal. Ngorimally the
dosage is such that a single dose of the bisphosphonate active ir?gar&ﬁ%r?toos
from 0. 083197€0/UBNy/ kg, especially 0.01 - 10.0 ng/kg, is admnistered to a
war m bl ooded ani mal wei ghi ng approxi mately 75kg. If desired, this dose nmay
al so be taken in several, optionally equal, partial doses. "ng/kg" nmeans ny
drug per kg body weight of the mammal - including man - to be treated. 15
The dose nentioned above - either adnmnistered as a single dose (which is
pref erred) ofhe flopageoidthe N-bisphosphonats fersuse iy iyentiespaay depenlon vauedspl e once
daily, o . > t. . ~eOF | ess
frequent o) st BB Sl ouRER Br o B BESE MERBIE I 00 L

adm ni st edhidtatiosgvamrtslosded gpévies] rmaoraex)tape)adight dad indivibedl apydition of the
intermttent cyclical therapy. 20 Preferably, the N bisphosphonates are

adni ni St 8ER-blgpdgdawimabhi ch are in the same order of magnitude as those
used in the treatnment of the malignant diseases classically treated with

bi sphosphoni ¢ aci d derivatives, such as tunour-induced hypercal cem a or bone
met ast ases oNormMlyathe Bosagesis saetnhata sihgle dbdeaif thobidphosph@faey addivy irighelient

N- bi sphosphonic acid derivatives are 25 adm njstered in doses which would

| i kew selBE Q9% ap@(medks. espesiafly 00 vel G himefke, s pdminiiered 49 2 Wagphlgededduced
hyper cal \ : . i ef erably

t hey ar eglgg{ﬁx‘ll ﬂ’f@{’g’?&ﬁsﬁ"ﬁ,ﬂﬁ%?@%ﬂﬁ eswdt?ﬂs P{;S‘Ezlgmatysae e# ?té]((:%dl l\r/lgf:‘gleg)%lhhi bit bone
r esor ADi opticuatly eqed, gaitat dsses.nvasi on and grom h. - 11 28 Cct 2005

4-31974A USN Fornul ations in single dose unit formcontain preferably from
about 1% to about 90%

"mg/kg" means mg drug per kg body weight of the mammal - including man - to be

treated.

15 The dose mentioned above - either administered as a single dose (which is preferred) or
in several partial doses - may be repeated, for example once daily, once weekly, once every
month, once every three months, or less frequently. In other words, the pharmaceutical
compositions may be administered in regimens ranging from continuous daily therapy to
intermittent cyclical therapy.

20

Preferably, the N-bisphosphonates are administered in doses which are in the same order
of magnitude as those used in the treatment of the malignant diseases classically treated with
bisphosphonic acid derivatives, such as tumour-induced hypercalcemia or bone metastases of
MM or breast cancer. In other words, preferably the N-bisphosphonic acid derivatives are

25 administered in doses which would likewise be therapeutically effective in the treatment of
tumour-induced hypercalcaemia or bone metastases of MM or breast cancer, i.e. preferably
they are administered in doses which would likewise effectively inhibit bone resorption and

metastases invasion and growth.

-11 -



and formul ations not in single dose unit formcontain preferably from about
0.1%to about 20% of the active ingredient. Single dose unit fornms for
oral adm nistration such as capsules, tablets or drages contain e.g. from
about 1ng to about 500ng of the active ingredient. 5 Pharnmaceuti G oct 2005
preparations for enteral and parenteral adm nistration are, for exanple,
those i n4dd8ZWYUMN t forns, such as dragees, tablets or capsules and al so
anpoul es. They are prepared in a nanner known per se, for exanple by neans
of conventional m xing, granulating, confectioning, dissolving or

| yophi | i si ngFanmtamasn sitghe deseanilfem gindinpredertblg dlom ahoapa%abiabmﬂ 90%; or al
adm ni stra n can be obtained by.conbining t ctive in vmth
solid cala?(; g’r"é‘UIaRﬂé“‘r’E’t H‘p%'?%‘f)&?sﬁt“@“ PIEHEAR HEFQ%WP ¥diom phey x)‘ti?r outand

processi Beyt hemEhtive u?géémemgslﬁ P laadeunit émﬂseﬁ;r e a%lmﬁa%aﬁeﬁaﬁa@ Lghleghe

addi tion of " suitable juncts,”into tablets or dragee cores. ‘abl e
carri er stablets @shagteaddnyair e.g| feors abesutdimgas abargSH08mgfod ltheaacam:)hgrddmt.ose,
saccharose, mannitol or sorbitol, cellul ose preparations and/or cal cium
phosphét es, for exanple tricalcium phosphate or cal ci um hydrogen phosphate,
and al so b| nders, such as starch pastes, using, for exanple, corn, wheat,
rice or potato starch, gelatin, tragacanth, nethylcellul ose and/or 20

pol yvi nyl perhﬂﬁndcnnécdtp(hpaialiomaﬁ)'r ergeial ajichiammqalatduﬁsi,stra;tim)rare,sfomdmmple

above- ne ned starches, car, box arc crossl | n

pol yvi nyF chfjs%?ﬁ‘é‘“r} aéfifﬁgﬁ"rs tﬁged’f&ﬁp%‘ 3Pt alspappatles- Klg’ﬁléﬁreas

sodi um a &b&%&ﬁlaﬁwﬁﬁ&wﬁ é‘rs%sﬂaﬁeisﬁaﬁﬂlé/bfhﬁ%sr&!l%@én'nﬁﬂal%%ﬂfgs and
| ubricants, for exanple silicic acid, talc, stearic acid or sSalts thereof,

such 4§ gmgmlemng; wonfectpaing; dumdvlegmalwgphlhangipmeqscﬁ Fet ¢naphe pharpmotutict agee

Gastri ¢ peppatonin e’ Paniigdbage” BhpbAE by on bRt At RagiPNouhlL | ons

t hat opgd)lmhhefs Gamai Pr@ﬁﬂﬂeﬁg&ﬁﬂla@mg%%sﬁlhr@%&ﬁir@)ﬁhﬁﬁ&%w@tﬂ@ mixture or
pol yet hyl ene gly 3 or titanium dioxide, or Iacquer solutions in

sui t abl egBnyatei tf dss;ted@nnsce@ﬁarmﬁev thetaddition of ewitable adjunctss titieitabletscalrdgdgs t hat
are resi s(ggnt to gastric juices, solutions of suitable cellul ose

pr epar at 'SR, such as acetyl cel I ul ose pht hal at e or

hydr oxygpr opyI met hyl cel | ul ose phthal ate. Col ouring substances or

Suitable carriers are especially fillers, such as sugars, for example lactose, saccharose,
mannitol or sorbitol, cellulose preparations and/or calcium phosphates, for example tricalcium
phosphate or calcium hydrogen phosphate, and also binders, such as starch pastes, using, for
example, corn, wheat, rice or potato starch, gelatin, tragacanth, methylcellulose and/or

20 polyvinylpyrrolidone and, if desired, disintegrators, such as the above-mentioned starches, also
carboxymethyl starch, crosslinked polyvinylpyrrolidone, agar or alginic acid or a salt thereof,
such as sodium alginate. Adjuncts are especially flow-regulating agents and lubricants, for
example silicic acid, talc, stearic acid or salts thereof, such as magnesium or calcium stearate,
and/or polyethylene glycol. Dragee cores are provided with suitable coatings that may be

25 resistant to gastric juices, there being used, inter alia, concentrated sugar solutions that
optionally contain gum arabic, talc, polyvinylpyrrolidone, polyethylene glycol and/or titanium
dioxide, or lacquer solutions in suitable organic solvents or solvent mixtures or, to produce
coatings that are resistant to gastric juices, solutions of suitable cellulose preparations, such as

acetylcellulose phthalate or hydroxypropylmethylcellulose phthalate. Colouring substances or

-12 -



-12 28 Oct 2005 4-31974A/ USN pignents nmay be added to the tablets or dragee
coatings, for exanple for the purpose of identification or to indicate

di fferent doses of active ingredient. Other orally admnistrable

phar maceutical preparations are dry-filled capsul es made of 5 geé8aQat 290%
al so sof 4,.319¢pAAd¢apsul es nade of gelatin and a plasticiser, such as

gl ycerol or sorbitol. The dry-filled capsules nay contain the active
ingredient in the formof a granulate, for exanple in adm xture with

fillers, psicdhidSa) BEIRRE to the KRS or BHER B8t Aof Bsnple A MY purillsk dant s, such
as talc or magnesium stearate, and, ere appropriate, stabilisers. In soft

capsul es iddntifigaticne t¢ imgreatti differentsdosesedfactns ipgeidiesnl ved or suspended in
suitable liquids, such as 10 fatty oils, paraffin oil or liquid polyethylene
glycols, it being possible also for stabilisers to be added. Parenteral

formul ati ons Q& oRARREhAibabldpiReHARLECA phipERtibiddre BFEHRIRI @pI&GnidR ofar i ous

15 manners, such as intravenously, intra-arterially, “intranuscularly,
i nt r aper igelohmainidyalsoispftysealad adpsyles made phgkdatimednid\a plastibiser sutb@siglyggropoef er abl y

i ntravenously. ~Such ids are preferafly isotoni.c  .agueous sol utionps or
suspene SEih Bk anapd S Bisapl it P heb B b Bgens AT R bR B 1 sea
prepar at ifesxaMPieGh a@@bingre With@1e2E; lshotlasi |G IbiRddrs, 3hONS Qbrch@geidier with a
pharmaceutically acceptable carrier. The pharmaceutical preparations may be

st eri | i sgtidantslsueh Boale onmagnesiu) stearats, andpwherg approprige.ctabilisarsi Insoft

tabili tt t d/ | sjfi l,ubi I S,..salts f
egul at | REPLIES DIt BUAL RAeiRhbPUTssElyed & Sisomped B UGPELABIE ST =5 or e
are infy 14 Spariid DR 1:581dYol @it engBicBIs 3R b¥ing pHssflOflsd fo? RlaBilRets tolbd™D UP
to about 20 ng of active substance per unit dose; for instance in an

i nfusi onaddaduti on vol ume of fromabout 5 up to about 200 m, e.g. for

i nfusion over a period of fromabout | mnute up to about 1 hour or 25 nore.
Such preferred parenteral forns are typically adm nistered at intervals of
from about once per week up to about once per 3 nonths. -13

Parenteral formulations are especially injectable fluids that are effective in various

15 manners, such as intravenously, intra-arterially, intramuscularly, intraperitoneally, intranasally,
intradermally, subcutaneously, preferably intravenously. Such fluids are preferably isotonic
aqueous solutions or suspensions which can be prepared before use, for example from
lyophilised preparations which contain the active ingredient alone or together with a
pharmaceutically acceptable carrier. The pharmaceutical preparations may be sterilised and/or

20 contain adjuncts, for example preservatives, stabilisers, wetting agents and/or emulsifiers,
solubilisers, salts for regulating the osmotic pressure and/or buffers. Preferred parenteral forms
are intravenous infusion solutions, preferably containg from about 1 mg up to about 20 mg of
active substance per unit dose; for instance in an infusion solution volume of from about 5 up
to about 200 ml, e.g. for infusion over a period of from about 1 minute up to about 1 hour or

25 more. Such preferred parenteral forms are typically administered at intervals of from about

once per week up to about once per 3 months.
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28 Cct 2005 4-31974A/ USN The N-bi sphosphonates for use in the invention may
be adm nistered in conbination wth other active substances or treatnents
used for the treatnent of prostate cancer and associated netastases. 5 Thus
the invention includes nethods for the treatnment of prostate cancgg gati£ps
conprising conbined treatnent with an N-bi sphosphonate and a different

anti - progt¥9244A4i8Mr agent or an anti-prostate cancer therapy. The

i nvention further includes a conbined conposition for the sinultaneous,
separate or 10 conbi ned treatnment of prostate cancer conprising an

ef fective anwheN-ifptaspHenhteafid uadinahé Bethtion nadyHetidniiis@rediih tembinktion
anti-prostate cancer agent. Suitable anti-prostate cancer agents include

cyt ot oxi MVidiheseplkyesybilences ghEsataentaused forfhs Beatmert of presigio saiseicand et c. |

G spl ati g &t H@sPlses NOr nonal agent, e.g. LHRH and anal ogues 15 thereof,
steroi ds “&nd %IO ogli cal response nodifier agents, Suitable anti-prostate
cancer therapy includes radiation therapy to treat extra-skeletal and/or
skeletal tunmpr sites. 20 Other therapeutic agents which nay be used in

combi nat i on WhesthrunyeaoBpNdesanetogsfor the fsttient fprestate cHEELRAicAls
Com. net ! ; Lee AP ey _
o ot el Al SR SRS PR A copor

acti ve i agsnedt amintisproktateaandeetherapglvant ageous carriers include absorbabl e

phar macol ogi cal |y 25 acceptabl e solvents to assi st passage through the skin
of the host. Characteristically, transdermal devices are in the formof a

bandage Comﬁiangnt?Qnm&r@Hclm%Fmbﬂqeﬂgérﬁf)é(sﬂaci[’nrfgfﬁ@tﬁgﬁ@iaﬂgo&h?etpgﬁ%und

optionally with carriers, optionally a rate co arriet liver
t he aci0 vembingd relitment affprastete sdnicer cinpriking lan sffeaive amoomt of@hNed and

redeterpnj ned yate over r ol onged jod of. tine, and means to secure the
8 evi ge t 1spﬁxfgpé(maltﬁ andpn eé@ct%'ﬁa tof ap (ﬁgflerent anti-prostate cancer agent.

Suitable anti-prostate cancer agents include cytotoxic chemotherapeutic agents, e.g.
doxorubicin, danorubicin etc., Cisplatin etc., Taxol, hormonal agent, e.g. LHRH and analogues

15 thereof, steroids and biological response modifier agents.

Suitable anti-prostate cancer therapy includes radiation therapy to treat extra-skeletal

and/or skeletal tumor sites.

20 Other therapeutic agents which may be used in combination with N-bisphosphonates in

prostate cancer therapy are hereinafter described in the Clinical Trial Description.

Suitable formulations for transdermal application include an effective amount of the
active ingredient with carrier. Advantageous carriers include absorbable pharmacologically
25 acceptable solvents to assist passage through the skin of the host. Characteristically,
transdermal devices are in the form of a bandage comprising a backing member, a reservoir
containing the compound optionally with carriers, optionally a rate controlling barrier to
deliver the active ingredient of the skin of the host at a controlled and predetermined rate over

a prolonged period of time, and means to secure the device to the skin.
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4-31974A USN The foll owi ng Exanples illustrate the invention described

herei nbefore. In the foll ow ng Exanples the term"active ingredient" is to
be understood as being any one of the N-bisphosphonic acid derivatives
menti oned above as being useful according to the 5 present invent?diPc®8l
2005 4- YHAAHUIANEXAVMPLES Exanpl e 1: Capsul es contai ni ng coated pellets of
active ingredient, for exanple, disodium S pam dronate pentahydrate, as
active ingredient: Core pellet: active ingredient (ground) 197.3 ny

M crocrystalline cellulose 52.7 ng 10 (Avicel (r) PH 105) 250.0 ng + I|nner
coating: Cellul ose HP-M 603 10.0 ng Polyethylene glycol 2.0 ng 15 Talc 8.0
mg 270. 0 ng PheGaBéwing Eixarnples ilmstrae grtinventien desodbddigreidbefenedr agi t (r) L 30 D

solid) 90.0 Triethyl citrate 21,0 Anti foam AF 2.0 Water Talc
(7_ 0 rrg) Jn the foﬁgwing Examples the term "active 1ngrercrl?ent" 1s to be understood as bgglg any one of

the N-bisphosphonic acid derivatives mentioned above as being useful according to the

S present invention.
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390.0 ng A mixture of active ingredient, e.g. disodiumpamdronate, wth
Avicel (r) PH 105 is noistened wth water and kneaded, extruded and forned
into spheres. The dried pellets are then -16 28 Oct 2005 4-31974A/ USN
successively coated in the fluidized bed with an inner coating, é8n8c&t 2R95
of cell uyaze74U¥N 603, pol yet hyl ene glycol (PEG 8000 and talc, and the
aqueous gastric juice-resistant coat, consisting of Eudragit(r) L 30 D,
triethyl citrate and Antifoanm(r) AF. The coated pellets are powlered with
talc and filled into capsules (capsule size 0) by neans of a conmerci al
capsule 5 filling machine, for exanple Hofliger and Karg. Exanple 2:

Monol it h adhesi ve transdermal syst #XAMBPIES ni ng as active ingredient, for
exanpl e, 1-hydroxy-2-(im dazol-1-yl)-ethane-1, 1-di phosphonic acid: 10
Conposi tion: polyisobutylene (PIB) 3005.0 g (Oppanol B 1, BASF) 3.0 g P1B
35000 15p{4RARAOCaRuikS coltfininl c3atld Eelﬁks%f%g@@qg%?ﬁ@f?mxaﬁ EOfisodtfint) 43-0 g
hydr ogenat € ydrocarbon resin (Escorez 5320, xon) 20.0 8 20

1- dodeéypamisicometeqieeiahyirat, asraetive ingredient:

Core pellet:
active ingredient (ground) 197.3 mg

Microcrystalline cellulose  52.7 mg

10 (Avicel® PH 105)
250.0 mg
+ Inner coating:
Cellulose HP-M 603 10.0 mg
Polyethylene glycol 2.0 mg
15 Talc 8.0 mg
270.0 mg
+ Gastric juice-resistant outer coating:
20 Eudragit® L 30 D (solid)  90.0 mg
Triethyl citrate 21.0 mg
Antifoam® AF 2.0 mg
Water
Talc 7.0 mg
25
390.0 mg

A mixture of active ingredient, e.g. disodium pamidronate, with Avicel® PH 105 is moistened

with water and kneaded, extruded and formed into spheres. The dried pellets are then
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(Azone, Nelson Res., Irvine/CA) 20.0 g active ingredient Total 100.0 g 25
Preparation: The above conponents are together dissolved in 150 g of speci al
boiling point petroleum fraction 100-125 by rolling on a roller gear bed.
The solution is applied to a polyester film (Hostaphan, Kalle) fehs? Y15
a spreadi-sgomvusy usi ng a 300mm doctor blade, giving a -17 28 Cct 2005
4-31974A USN coating of about 75 g/n2_ After drying (15 mnutes at 60C), a
silicone-treated polyester film (thickness 75 mnm Laufenberg) is applied as

the peel su@f:éssfcvle ?Qﬁbatzg'ﬁl th 'Pl'uﬁi‘feq bed St ifhd coBHﬁcgﬁﬁlsﬁ%of QudlogéfpiM the

want ed formof fromb 30cn? using a punchingt conpl ete systens
are seal @3, pnkjcthykduag]lygol|(P|E@}i&®ﬂ§)ta=nddﬂc,adndrthmacmedummilc juite-fesmtupt eva§: Vi al
containing 1.0 |y i 1- hydroxy ol -1-yl)ethane-1, 1-

di phosph%’?ﬁlét%ggﬁl(ﬁ&@& g@ﬁ tﬁéet%ér%ﬁlrf?a fq‘]tFe F9atrdipshietspren 1 m of
wat er, folp o) ig .10
Conposi ﬁa M%gc\?%gqfngr egahéﬁttto utiaeg r(ge{pgk%ss%gg?]F%%gﬁsggﬁ??%%%ad%é}n| t ol

46.0 g ﬁl‘l‘ngszmdhmmforexaatpéeﬂoﬂlgbﬂﬁddéargs 0 ng 15 water 1 m water for
infjection 1 M. In 1l mM of water, the active ingredient is titrated with
trisodiumcitrate x 2 H2Oto pH 6.0. 20 Then, the mannitol is added and the

sol uti ongynbt¥ 9PMohb B AdREE elthifisdey ARy btk St shtdihink &S adtiVe Snedient, for
example, 1-hydroxy-2-(imidazol-1-yl)-ethane-1,1-diphosphonic acid:

10 Composition:

polyisobutylene (PIB) 300 50g
(Oppanol B1, BASF)
PIB 35000 3.0g
15 (Oppanol B10, BASF)
PIB 1200000 90¢g
(Oppanol B100, BASF)
hydrogenated hydrocarbon resin 43.0¢g
(Escorez 5320, Exxon)
20 1-dodecylazacycloheptan-2-one 200g
(Azone, Nelson Res., Irvine/CA)
active ingredient 200¢g
Total 100.0 g

25 Preparation:

The above components are together dissolved in 150 g of special boiling point petroleum
fraction 100-125 by rolling on a roller gear bed. The solution is applied to a polyester film

(Hostaphan, Kalle) by means of a spreading device using a 300mm doctor blade, giving a
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vial. Exanple 4: Ampoul e containing active ingredient, for instance disodium
pam dronate pentahydrate dissolved in water. The solution (concentration 3
ng/m) is for i.v. infusion after 25 dilution. Corrp05| tion: actdé/eOct 2005
ingredient 19.73 ng -18 28 Cct 2005 4-31974A/USN ( 5 ng of anhydr ous
active ingrefjepigy mannitol water for injection 250 ng 5 m. Cinical Tria
Description 1. Study objectives 5 The primary objective of this study is to
assess the efficacy of zoledronic acid treatnents (4 or 8 ng) in addition
to anting : t 0
prevent SRerBeLiood IERARY AR TRAREH SRRt L PE) 38hIcont REERYERETG, o,
of net as(thickmesb@ﬂmm dianémberg)sapplisdeasdbypdebpiidilini dhbdimshed systengraessi on of
di sease [i.e., an increasing serum PSA level] ,while on first-1ine hornonal

t her apy Pw}ch%tn&g@atzp%mdh%wa@ed f%fétoarm%ﬁﬁoﬂrbdls’@%mc%g togkEdy are

defi ned conpressi on events,

surgery Gﬁn E%Eghaggﬁﬁgggg%&? é%gg u§¥£ éOfflnc egﬁﬁggthe use of

rad|0|§otopes) and a change of antlneoplastlc therapy to treat bone pain.
hi s study Th ef ficacy

Thus, S h d-
engzoinFEiggéiéhxﬁﬁEébgg%%bﬁgﬁﬂeggﬂ;gﬁhge&é¢WW@x$@(PE5§ dnﬁ*ﬁﬁ@eémh t he
time %h&s?h ﬁ%ld%éléa%eaﬁﬁ{w@me%b' X&&r @lfioh Vi SERFST Whter, §fsbRGbn Of

zoledronl herapy on pal n scores
(concentration 1 mg/ml) for i.v. infusion is obtained.

10 Composition:

active ingredient (free diphosphonic acid) 1.0 mg
mannitol 46.0 mg
Trnsodium citrate x 2 H,O ca. 3.0mg

15 water 1 ml
water for injection Iml.

In 1 ml of water, the active ingredient is titrated with trisodium citrate x 2 H,O to pH 6.0.
20 Then, the mannitol is added and the solution is lyophilized and the lyophilisate filled into a

vial.

Example 4: Ampoule containing active ingredient, for instance disodium pamidronate
pentahydrate dissolved in water. The solution (concentration 3 mg/ml) is for i.v. infusion after

25 dilution.

Composition:

active ingredient 19.73 mg
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anal gesi c use, performance status, Quality of Life scores, tine to
termnation of active study participation, and to assess the safety and
tolerability of zol edronate. Changes in bone resorption and forrmation
mar kers are al so eval uated. Bone m neral density neasurenents ar o8¢k 48Paq
in pati en3sg9pfASSNected clinical centers. In addition, time to progression
of disease in 20 bone and tine to overall progression of disease are
eval uated. Tertiary objectives are to neasure health care utilization and
roducti vi oss data, 28 Oct.2005 4-31974A/ USN 2. |nvestigational plan
2. 1. O/eré%?ls'ts)trgﬁglfda&%gﬁha‘ﬁs alcl%‘:'%mg%dgeftl S an international, ngI ticent erp,
randonized,.??uble-blind, placebo-contrgéied, paral l el study. The patient
popul at i %this study consists of pr e cancer patients with a 5
history QhteP®Riragjeaidnc bone di sease who haygja rising serum PSA concentration
(see Section 2.3.2.) despite treatment with first-1line hornmonal therapy for
netastatic di sease. The rising serum PSA | evel is docunented by three

consecutively rising serum PSA_peas enp ts (i.e., the third PSA level is
to be > the second PSA | evel wﬁ&iﬁztiﬂgih§g§¥¢§t PSA level which is > the

nadi r serum PSA concentration achieved during first-1ine hornonal therapy
for nmetagtatjc )10 Erqstate cancer), each separated fromthe other by at
| east two we w?yoPig?T%ing serum PSA level represents an "early" event in

t he deyelrRppRMbrycdbjdRtio8 bEGRSY Ry TB tasdk ek tife dTiERFSE zoledohitQiditrédtAgkte fSdrV €
| esi ons may have appeared on bone radi ographic studies (bone scan and/or

bone sur¥eyy) in eddtion 4¢ fastipeapdpstic pherpphtcompareddy atingeastict therapztalanst ® who
have devel ope e Ln.since their best r.esponse to.first-Line.hornonal
v SRR TR B BCubSfle PR BIRIARe Pl & kS

t her apy For e prio Si UE of

random zaiséa98 vatitdhavei ddvalopsd Bibehéthidal progRbdiBbY dissise [R%Glaudinerehdingbiria
study. In addition, an alteration of the first-1line hornonal regimen prior
to VisitPPA(eved] whitecmiinsling heymonalj terapystor metastatic dispass. Skeletaf-rdated exentsr wi se,

(i el OB aGsT SRR ATl dgRED FR oSt s e B RARARCIO v syt v
to bone, radiation therapy to bone (including the use of radioisotopes) and a change of
antineoplastic therapy to treat bone pain. Thus, SREs are the primary end-points in this study.

The key efficacy endpoints are the proportion of patients having at least one SRE and the time
to first SRE.

15 Secondary objectives are to assess the effect of zoledronic acid therapy on pain scores,
analgesic use, performance status, Quality of Life scores, time to termination of active study
participation, and to assess the safety and tolerability of zoledronate. Changes in bone

j resorption and formation markers are also evaluated. Bone mineral density measurements are
evaluated in patients at selected clinical centers. In addition, time to progression of disease in

20 bone and time to overall progression of disease are evaluated.

Tertiary objectives are to measure health care utilization and productivity loss data.
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20.treating physician except for the admnistration of cytotoxic

chenot herapy prior to and including Visit 2 (subsequent use of cytotoxic

- chenot herapy during the study is permtted). Oher exclusion crizl;éar'cq: 2005
include (see section 2.3.2.) a serumtestosterone |level at Visit apbove

t he cast raBBMMAMSEN(>_ 50 ng/m ), the use of radiation therapy to bone
within three nonths of Visit 2 (includes the use of radioisotopes), and
prior or current (up to and including Visit 2) 25 use of cytotoxic

chenot herapy Invé&tighenaPplagyt ot oxi ¢ chenotherapy is permitted during the
study following Visit 2 at the discretion of the treating physician).
Patients are random zed in a double-blind fashion to receive either

zol edrondet 4 Myerplhstudydedig’ |y, or zol edronate 8 ng intravenously, or a

pl acebo intravenous infusion every -20 28 Oct 2005 4-31974A/ USN t hree weeks
i n addit i'3ns tstudyhigian mternatiwopl, asulticentenerandomizefe douhletblind eplacebegpnireiled,

assi gnneng tio is to.be 1:1-1. |p.addifion,. all. patients are to receive
500 g o eeeleEh. oFog e ppeiatim, ol S PPoinf ol PR PR M8 85 1 o
of Vit agrihistbly sfanttistitly buhg hidehasd WEo Bhwdy risihp @eREr PEACHmEefatiok ¢leetSRttidiel at ed
events (SRE's) is collected throughout the trial for each S patient in

order to 2déEdrdesnite traaenent ot Bisblinohorpenpletherape fpremeiapiatin disaase] ckistrisiige SRE,
the tine o P§Aflle\5e?tisf %?Emeﬁt%‘ by iﬁﬁeegk&'g&ﬁ@gg%%ﬁf dsg}u\{n 0 gﬁ%ﬁ%ﬁ% der 4

. S
Time to progression o I Sease on sessed cen centr

radi ol ogithé ihitdyP3 L YevEMs @ bé SlthébecBRNBSA aclicPIhalt & thé Bett PSA levélMhidpisover al |
progression of disease is determned by the patient's treating physician: by

eval uat i e nadir gesum PIA concerdratiomachigved during firskdine hoghana) thefapyder metagiative

radi ogyaphi ¢ st udi €s; 10 .evaluating the central assessnents (cen I

o o G oot PR enoP Vet L Pt B P ufRt b pBERE ST i SRR PSR
tunor sitiegl reprefn®s et ealdy’ event Ut the GeSelbpraentSEF progrsséive evetagaticaditeddy.

eval uat i % serial patient weight neasurenents. Quality of Life, performance
stat us, HE#ough pregressiyeilpsionst man havedanpearad oni baneyragiogemphist gudignhtbopaisean and

anal gesi r e r i sertalsly . IS
i nf or mat ?&gﬁ%?sgoa%sg&\é%p I%@foéug 4}%6?&?%135 gg%egik %e%rééy \%ﬁgﬁ?@’dkg@%ﬁ% %e hg\tc}t ive
t her apy wetvéloped?¥oneopim sintd eheirt best e3pensefio fiasidimel ioainbadl therbpy fdremeathaatic.

15 disease prior to study entry (visit 2 - date of randomization and initial study drug treatment)

are excluded from the study.

In addition, an alteration of the first-line hormonal regimen prior to Visit 1 (the screening
visit) is also an exclusion criterion. Otherwise, a patient’s antineoplastic therapy regimen may
be changed during the study (including Visit 1 through Visit 34) at the discretion of the
20 treating physician except for the administration of cytotoxic chemotherapy prior to and
including Visit 2 (subsequent use of cytotoxic chemotherapy during the study is permitted).
Other exclusion criteria include (see section 2.3.2.) a serum testosterone level at Visit 1 above
the castrate range (= 50 ng/ml), the use of radiation therapy to bone within three months of
Visit 2 (includes the use of radioisotopes), and prior or current (up to and including Visit 2)
25 use of cytotoxic chemotherapy (the use of cytotoxic chemotherapy is permitted during the

study following Visit 2 at the discretion of the treating physician).

Patients are randomized in a double-blind fashion to receive either zoledronate 4 mg

intravenously, or zoledronate 8 mg intravenously, or a placebo intravenous infusion every
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I nformati on about adverse events which occur during the patient's clinical
course is collected throughout the study. Study procedures begin with a
pre-random zation screening visit (Visit 1) which may last for wup to 14
days in order to perform baseline eval uations. Random zati on occuf% QFE \AQ03
2 prior Z%iog4gpbely drug administration after the eligibility criteria have
been net and all screening evaluations have been conpleted. The study is
made up of two phases, phase 1, the Efficacy and Safety Phase, and phase 2,

t he Extengi gi%q-ﬁ T i i a IS d S f t

conpl eti gfr%\lje(g?' ep asng,};QI&dg{hﬁ?%ﬁ:{%% iaastfri\%ﬁ%éa?gt ;ﬂl E’ha}sdg:ﬁn%%ﬁ%ﬁ%é%ﬁg?s S egf 60
weeks ( 2Qatiny il teshe bi:1stinchdditiorpblinpatientheste récedenSOGing ¢ff calviuradgillyl mdad 36
weeks (12 cl es) f study therapy. The primary purpose of phase 2 is to
obt ai n Idﬁég‘t’%q“?ﬁli‘%z?f"é&%‘ﬁé&%g f‘é%’é@%ﬁﬁt Of‘étémé?@éﬁ’z{b’ Ughoul theisedy. however
efficacy data will continue to be collected. At |east five hundred and
fifty patlherfcsurzgnse of sktlttaldrelatedoerats (SRIBHY igicellered Puongheustheitrial featcaent s

per treatpent ar neet, the pr.otocol..entry criteria. No i i

bal yses Pa in BidRhig WRHTRE and SBp B3R 35 PuiB D diPesiiuciofia Bt g sHED e e

di scont i neled firstBRE, AAd Sels@¥leaDholbidibeaaSe: REtide). dGaYLEs fRgRsAén of diatet al
rel ated event or progression of disease during the study because the study

i s desi gieboneds agsgssed sgnirally fceptselgpdinlogistrbygeviswof seridl beneradgraphic sbdiasr over
th ti ' . it .the ..
{1 neopr g2t e SYRED Aol Beatc o dRRRIEY oy LS PRGN Bk Mricins b e

ant i neopl as out

t er m nat egaltiiting thé €erfiall dgessimehts €dnsralidiclo G ap bf defidPbéreahdipyrapkioBiudiedbyst udy
for collection of skeletal-related events, disease progress)on,

ant i nebblexaipating Her egpiral pesasssatsr centili raliolamsh of rapIoPE Al cteriol radiomanhics
Qual ity I.f e,  Dai gesl [ I Vi LS. £old ected
For. eath Sdles ahinoB ke ihe? MO iirks R o Aing ol b A Rkl G0 05
i nt er val gvalhitbig $enel paienenieighs nibasranténtnucghalityool Life shfoehiansst stdtus) hestent hs
after last patient first 10 visit for the study. The follow ng _tables
summar i Z@aqe%ﬂ@@%yand&p%_ﬂﬂW loss data, and pain, and analgesic use scores are determined
serially throughout the study. This information is also collected for those patients who
15 discontinue active therapy within 24 months from the date of randomization into the study.

Information about adverse events which occur during the patient’s clinical course is collected

throughout the study.

Study procedures begin with a pre-randomization screening visit (Visit 1) which may last for

up to 14 days in order to perform baseline evaluations. Randomization occurs at Visit 2 prior

20 to study drug administration after the eligibility criteria have been met and all screening
evaluations have been completed. The study is made up of two phases, phase 1, the Efficacy
and Safety Phase, and phase 2, the Extension Phase. The primary efficacy analysis is
performed at the completion of phase 1, the Efficacy and Safety Phase, which consists of 60
weeks (20 cycles) of study treatment. Phase 2 consists of an additional 36 weeks (12 cycles)

25 of study therapy. The primary purpose of phase 2 is to obtain long-term zoledronate treatment
safety and survival data, however efficacy data will continue to be collected. At least five
hundred and fifty patients are enrolled in order to obtain 519 patients (173 patients per

treatment arm) who meet the protocol entry criteria. No interim analyses are planned.
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Schematic Design Diagram - Phase 1 (Safety and Efficacy)

Peri odScr eeni ngRandom zed Treat nent and Eval uati onFi nal Eval uati on Phase 1
-and First Random zed Treatnent Phase 2 Visitl2 3 456 7 8 9 10 ]%%]%%:1%0}2
15 16 1722 18 19 20 21 Week- 2 weeksO 3 6 9 12 15 18 21 24 27 30

4560 4853-3394'54A/0SpRt nent noneZol edronate 4 ng q 3 weeksZol edronate 4 ng q 3
Zol edronate 8 ng q 3 weeksweeks Pl acebo g 3 weeksZol edronate 8 ng g 3 weeks
Pl acebo g 3 weeks -22 28 COct 2005 4-31974A/ USN Schemati c Design Di agram -

Phase 2 phdngseGibt dRRbhRHBATHMELHudY S3ITREau30 8 BeAbdaitRB ol Ualdn
Visit23 24 25 26 27 28 29 30 31 32 3334 Week63666972/5/8818487909396

Zol edr onzelated) evept cpr progreksion Ff disease ntuziog abie ctudy deGause) the Sudye ak designed tPl acebo
gt 3 d;\eggqu'i}?altt%&)\gﬁ&glrry%?%egpg ﬁh«f?étéidexer\l/tis ’ﬁliaE gcc%rr gvetr %ebe%ﬁpgi gu?at?orlll (;[f%_'\e sq“gdgyl &Q ated
months). In addition, the antineoplastic therapy may be changed without causing the patients
5 to be terminated from the study. Patients who discontinue therapy remain on study for
collection of skeletal-related events, disease progression, antineoplastic therapy, healthcare

utilization and productivity losses, Quality of Life, pain, and analgesic score data.

Survival data is collected for each patient randomized into the study and collected at 6 month
intervals after the patient is discontinued from the study until 24 months after last patient first

\| 10 visit for the study.
The following tables summarize the study design:

Schematic Design Diagram™ - Phase 1 (Safety and Efficacy)

Period Screening | Randomized Treatment and Evaluation | Final Evaluation Phase
1 and First
Randomized
Treatment Phase 2
Visit 1 2345 6 78 91011121314151617 22
18192021
Week -2weeks |0369121518212427303336394245 60
?‘ 48 51 54 57
Treatment none Zoledronate 4 mg q 3 weeks Zoledronate 4 mg q 3
Zoledronate 8 mg q 3 weeks weeks
Placebo q 3 weeks Zoledronate 8 mg q 3
weeks
Placebo q 3 weeks
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nore than - 3 to + 7 days. 5 Duration of study Tine perrn'tted for patient
enrollnment: 12 nonths Duration of individual patient's partici patl on:

nont hs (60 weeks) Phase | 9 nonths (36 weeks) Phase 2 10 Tot al aé‘lzor&é)gs
treatnment: 24 nonths (96 weeks) Total duration of study: 36 m)nt 5
Study pomBilQ74AMSN 2. 1. I nclusion and exclusion criteria Inclusion Criteria
15 Signed infornmed consent. Patients 18 years of age or greater. -23 28
Oct 2005 4-31974A/USN A histologically confirmed diagnosis of carcinoma of
the prostate. Patients nust have or have had objective evidence of

netastati c di sease to bone. bjective evidence of netastatic bone di sease
is defined as multip foci i ncreased activity on bone scan. |If

there ar §°]!F“33t¥°(R?S‘%!TDlalgé?‘éai)@as"a%ﬁ"\’?'tswﬁn bone scan, additional

radi ogr DropSy STUOdT eSS € TEqUITEY. 10 ConfiTTT thE_presency of
ost eobl st PE"Bﬁ’ ost eol yt iRandemizegdnkrcatmei and dyalipdionp,t i ent sEXplyatien d
achi eve¢—a—conptete—+esponse—toiirst—iinre—hermpnal—therapy—and—thehr

cur rent |bon¥isgcan 2332141(35ﬁél2738é9§0|3lll32e3l3| gible to enroll in|thi$4 study as
| ong as | hone et ast ases have heen docunented pr eviousl \. dur ngt he p tient's
clinical colege. 163 6086917217598BUSY SASIM®3St r at e bi ochem cal pr ogl9655| n of

di seasejdespite therapy with first- line hornmonal treatnentbk (nedical} or
sur gi call Te@eheRt | P2bledBindeAen} §3lwetksease progression none
Zoledronate 8 mg q 3 weeks
Placebo q 3 weeks

*Following Visit 2, study visits are to be made on the designated study day with an error of not
more than - 3 to + 7 days.
5 Duration of study
Time permitted for patient enrollment: 12 months
Duration of individual patient’s participation:
15 months (60 weeks) Phase 1
9 months (36 weeks) Phase 2
10 Total duration of treatment: 24 months (96 weeks)

Total duration of study: 36 months
2.2. Study population
2.2.1. Inclusion and exclusion criteria

Inclusion Criteria
15 e Signed informed consent.

e Patients 18 years of age or greater.
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is defined as follows: Three consecutively rising serum PSA neasurenents,
each separated fromthe other by at |least two weeks. The third serum PSA

. measurenent nmust be > 0.4 ng/m . 15 First-line hornonal therapy f

nmetastatic disease is defined as follows: The initial hornonal réﬁgﬁﬁF 2005
utili zed4qt;aotiygAalsSNret astati ¢ prostate cancer. Hornonal therapy given in the
neoadj uvant or adjuvant setting at a tine when there is no clinical

evi dence of netastatic disease will not be considered as first-1line hornonal

therapy {Oj p; fogﬁgﬂ% ﬂn@@ﬁ%@xésﬁoﬁc%uﬂﬂﬁ%ﬁﬁggta&h'S study. 20 The

pati ent nust pertormance status o , or 2 Excl usi on

Criteria 0 tast.at,ic bone di sdeve d since
Che. best®r BaBGERLT ACo BB RAEBHRUVE iR SiaR T WilealOB LORY CORBEHE |

Previ ous Oévﬁbﬂclé%lﬁne(d@fah@ boﬁ@d@daee isrdefibiell 3GmMiiple foct > BY eﬁheieﬁuedwtvhry on
cyt ot oxi c chenot hera (subsequent use of cytotoxic chenotherapy during

t he study bengssan tlfttgdy are 24 fog ofancreebactivey 9nbanesin, Additenat fadivgtaphiche

first-line h rm)na her a Seco or non re r.to
Vet 3 (oandiamuoimdint BhYeuied S aabi, e preenfio o nafouatEr 4B, o
Visit 1 or maliBhed ek tieditiR. PaHéhts 'vﬁlonﬁéveaibhﬁ%ﬁéithst&ﬂ?lefel te8pdrRe t@rﬁrét mfeot ocol
vi ol ation). erum testosterone level (at Visit 1 evat ed above the

castrate rhomrongbthespyragd rﬂlf)lr curkent Rank sdah g% noesl aipﬂysttlb eb&lhb tommlhm thig
r adi oi sot ope W, t hin nont ri,or Prev s tr nt, with a
bi sphosphonaik Ak = SorFeRrRane s bien AtbbTsd pRronany e B8 oagas o

nitrate w t;m,ealzomgks prior to the date of random zation (\/ isit 2).
of other investigational drugs (drugs not marketed for any indication)

Wi thine3Q Paiehts mdstPidn¥nsirite WG noRlcE] Blfogfr;@g]gﬁ)%k%]?s%cjns%nde@ﬂ’f'tesihtem%gf ‘with first-

line hormonal treatments (medical or surgical castration). Biochemical disease progression

is defined as follows:

Three consecutively rising serum PSA measurements, each separated from the other by

at least two weeks. The third serum PSA measurement must be > 0.4 ng/ml.
15  First-line hormonal therapy for metastatic disease is defined as follows:

The initial hormonal regimen utilized to treat metastatic prostate cancer. Hormonal
therapy given in the neoadjuvant or adjuvant setting at a time when there is no clinical
evidence of metastatic disease will not be considered as first-line hormonal therapy for

metastatic disease for the purposes of this study.

20 e The patient must have an ECOG performance status of 0, 1, or 2.

Exclusion Criteria

* Bone pain due to metastatic bone disease that has developed since the best response to

first-line hormonal therapy for metastatic disease.

e Previous or current (prior to and including Visit 2) treatment with cytotoxic chemotherapy

25 (subsequent use of cytotoxic chemotherapy during the study is permitted).
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H story of nonconpliance to nedical reginens and patients who are consi dered
potentially unreliable or incapable of giving inforned consent as judged by
the investigator. Serumcreatinine concentration > 3.0 ng/dL (265 rnol/L).
Corrected (adjusted for serum al bunin) serum cal ci um concentrati &B € @005
ng/ dL  13.418790y9wl /L) or> 11.6 ng/dL (2.90 mol/L). H story of any other
neoplasmw thin the past five years except for nonnel anomat ous skin cancer.
Patients with evidence in the six nonths prior to random zation of severe

car di ovage Ul pladll SRS Skl iefloRR HOGANIT Pl GHaGARYERALLE HSAEL il kure)
hypertension refractory to reatnent’, or “synptomatic corohary-artery

di sease. 2.\Bisit Tt qaibsequest 2ltSafion |ofvehet paizhi’o tmdial gthengy r dirgeVett 1 har apy
Patients receive zqgl edronate or placebo as a 5-mnute intravenous infusion
every 3 wedRmughput thestydyis pef an epelusign eptenompna protorolvialaioN- Pat i ent's wi | |
receive 500 ng of calciumby nouth with food daily in the evening during the
study. The Ssalitestosierdne [be] QUM Bdldtet Abovetiie sist@at ravge (2iS0agasl).an

open-| abel drug. Each package will have a | abel affixed to it wth

Wi arse. P R BB bl Pl B e i 7 201 S

during the study supplied by the investigative site as an open-| abel drug.
Each pacRad@evippy tfeaEW’é“athlaatb@hoa?}PP%éégQ% it with the instructions to "take
one dose daily in the norning with food". Study drug supplies (zol edronate)

wi Il be shimpgthehowith@aRitahifpadithtan@icirs; ag Npallitih @litratMdthinv2| Weekb@rippek gged i n
an open-| abel ed fashion. Medication |abels will conply with the | egal 10
requi r ementdategif randomizagign(Yisitahd be printed in the local |anguage. They will

supplyy no
' ¢ Use of other investigational drugs (drugs not marketed for any indication) within 30 days

10 prior to the date of randomization (Visit 2).

¢ History of noncompliance to medical regimens and patients who are considered potentially

unreliable or incapable of giving informed consent as judged by the investigator.
e Serum creatinine concentration > 3.0 mg/dL (265 pmol/L).

¢ Corrected (adjusted for serum albumin) serum calcium concentration < 8.0 mg/dL

15 (2.00 mmol/L) or > 11.6 mg/dL (2.90 mmol/L).

¢ History of any other neoplasm within the past five years except for nonmelanomatous skin

cancer.

e Patients with evidence in the six months prior to randomization of severe cardiovascular
disease (defined as uncontrolled congestive heart failure), hypertension refractory to

20 treatment, or symptomatic coronary artery disease.
2.3. Treatments

2.3.1. Investigational drug and reference therapy

Patients receive zoledronate or placebo as a 5-minute intravenous infusion every 3 weeks for

24 months.
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treatment group to which they are assigned. The treatnent groups are: -26 28

Cct  20056tddy3diAg 4hppUeiN zotddeshats) &t bé siifpédito Pt pHarmsvistat eseBlckiter. iDdug aENOUS
i nfusion every 3 weeks plus cal cium 500 taken by nouth with food (daily)

and one henackaged dngmoneatakaledfashion, tMedigatiop labelsgyill gomphit witisthedegah 50 n
SR . e e 00 ‘
by ot e fiepl SrRUED A Bk Ao B e RN B e BT bS8

pl acebo informbtistoiboat the phiiehe. Thetstary@ouditions o3 smdy drgrwillbeestibedbhithecal ci um

500 ny taken by nputh with food (daily) and one multivitamin tablet by
nmout h darpgcygatlon abel.

The name and dose of drug will be provided on each vial.
Zoledronate will be supplied in 4 mg lyophilized vials (4000 ug).

15 The study drug will be stored in a locked area at each center until it is returned to Novartis at
the end of the study. The pharmacist will be responsible for the preparation of study drug.
Documentation of study drug administration and amount received at each visit will be

maintained for every patient.

If reconstituted zoledronate solutions cannot be used immediately solutions must be

.20 refrigerated at temperatures between 36-46°F (2-8°C) and can be used for up to eight hours.

As zoledronate may bind to glass, the study-drug solutions should be prepared in plastic
syringes, bags, and tubes. The zoledronate is to be given intravenously to each patient as a 5-
minute infusion. Each 4 mg vial of zoledronate is to be reconstituted with 5 ml of sterile
water for injection. The appropriate volume of reconstituted zoledronate is to be mixed with

25 an appropriate volume of physiologic (0.9%) normal saline so that the total volume infused is
50 ml. Each patient will receive the same study drug and dose throughout the study (Visits 2-
33) depending on the treatment group to which they are assigned.

The treatment groups are:
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28 . Cct 2005 4-31974Al USN 3- Conpartnent, doubl e-blind study

Medi cationVisitTotal # Vial sReconstituteNornal Total dSali neVol unme

Vol uneVol unel nfused Added Zol edronate 4 ng2-331 vial of 4.05.0 m24§ 671@0%43
in NS I.V.nmg/vial every 3 weeksreconstitute with sterile water for in‘fec oh
5 m/vialg.Z@dnost e 8 ng2-332 vials of 4.010 M40 M50 m in NS 1.V. every
3ng/ vi al weeksreconstitute with sterile water for injection 5 m/vial
Placebo in NS 1.V.2-33NANA50 M50 mM g3wks Initially a 5-mnute 50 m

i nfusi on \wa : L SinSm : = M ' [ o]

i ncrease re%%?ﬁggﬁt%%&él& furf er g?acl)%]gcl:'g{ajvgnr@h%ﬁ?&?gﬂgeﬁ%khglg%gmo t he
zol edr oni ¢ &0 tig8akey by neuth with foadydaiBahind oesmualkiviadin taldechywinmgth&laity had
their dose reduced at subsequent visits and patients newy random zed to
the 8 ny «gr galpdromdty 8 meCidi 50861 Aorfil saline intravenous infusion every 3 weeks plus calcium

500 mg taken by mouth with food (daily) and one multivitamin tablet by mouth daily.

5 + placebo 50 ml normal saline intravenous infusion every 3 weeks plus calcium 500 mg

taken by mouth with food (daily) and one multivitamin tablet by mouth daily.
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Corticosteroid therapy

faWaVWal

na--L
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LAVIRA AN B Y | MH’

laro
JLULI VOITTT

|
rJ LA HIbeIILfCIL:ML v rlluuuuu Ty LY | Ilu.
sMediationher apy| Vit §pletal # Yialsl [cBequmstititen Normghdr Tetbgni zed
ons. 15 3. REJULTS At | east ong skel tal-reufaed EK&n&loccurred in
nd 38.5% of patlients|in the zolledronfc acild A" (IN23 and 8/4 ny
groups conpared with 44.2%in the yvahaeebd gorisme ( NEf@iSed 1=0. 021 and
5. pl acebo). t hol ogi c fracturgs occurred{in 13. 1% and 14. 9% of
5 in the zoledrjonic acid 4 ng and 8/ 4 ng griodsllednd in 22. 1% of 20
Sl graoyup (FL:O Q15 iand p=0.054_vs pl srphn) dian ti ne
Zolstironsted ieg al - ca3Bat ediadvLAD wgs n6i0 meacheddmlt e g®nedrjoni c aci d
bup, and was 363 and| 320 6 days ijn the 8/4 ny and pljacebo grjoups,
LVp=o0. 011 and 0| B8/idls. " pl dcebo).  Zolledroniclacid 4 1y given as
?Xlgweggg S we }ecBﬁQtfﬁft ted. Zol edronifc acid 4 ng 15-m nute

NS every weekis sigpifircantly rjeduce skel ¢t al -

with sterile

water for

injection 5

ml/vial
Zoledronate 8 mg 2-33 | 2 vials of 4.0 10 ml 40 ml 50 ml
inNS LV. every 3 mg/vial
weeks reconstitute

with sterile

water for

injection 5

ml/vial
Placebo in NS LV. 2-33 | N/A N/A 50 ml 50 ml
q 3 wks

Initially a S-minute 50 ml infusion was used; this was changed to a 15-minute 100 ml

infusion to increase renal safety. A further protocol amendment reduced the dose of the

zoledronic acid 8 mg group to 4 mg. Patients already receiving 8 mg had their dose reduced at

subsequent visits and patients newly randomized to the 8 mg group only received 4 mg.
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25 rel ated events in patients with nmetastatic prostate cancer refractory to
hornonal therapy. -29 2 8 OCT 2005 CLAI M5 Use of an N-bi sphosphonate in the
preparation of a nmedicanent for the treatnment of osteoblastic me&gs(t)aﬁefoos
associated with prostate cancer. 2. Use according to claim1 wherein The
N- bi sphogpionp gy to be administered in addition to antineoplastic
therapy. 3. Use according to claiml or 2 in which the N bisphosphonate is a
conmpound. of formula | 0 11 NOR)z Rx X1 P(OR)2 11 Owherein X is

hydr ogen, jnydr AN kanoyl , or an am no group substituted by C -C4
al kyl, %?4' al kgﬁﬁéﬂ@%i{ﬁgﬂﬁ%rogen or CG-C4 alkyl and Rx is a side chain

whi ch cont ai an optionally,.substituted am no group, or a nitrogen
e KRR R P UGV

cont ai ni I'hg aromati c nitrogen-containing
het er ocycl es),, O har maceut.i cal.l y. acceptabl.e salts theregof or any hydrate
thereot . < Sthidath BEFAPRg R eCimissyinEhGE TRHE CHOIE ROBTLBHBRONETE o one
of the fol IhBghl agents, steroids and biologic response modifier agents.

5 « Standard radiation therapy to treat extra-skeletal and/or skeletal tumor sites.

+ Standard marketed cytokine/colony stimulating factor agents.

* Marketed drugs/therapies except those that would be expected to affect osteoclast activity

(e.g. calcitonin, mithramycin, gallium nitrate, any other bisphosphonate). Thus, if a

) treating physician determines that a study patient’s medical condition (e.g., an osteoporosis
10 or tumor-induced hypercalcemia) requires the use of an inhibitor of osteoclastic bone
resorption, then the patient is to be discontinued from active study participation and is to

be followed for skeletal-related event data (see Section 2.3.3.).
+ Corticosteroid therapy utilized to prevent/treat chemotherapy-induced nausea/vomiting.
+ Corticosteroid therapy for spinal cord compression or other recognized indications.

15 3. RESULTS

At least one skeletal-related event occurred in 33.2% and 38.5% of patients in the
zoledronic acid 4 mg (N=214) and 8/4 mg (N=221) groups compared with 44.2% in the
placebo group (N=208, p=0.021 and 0.222 vs. placebo). Pathologic fractures occurred in

! 13.1% and 14.9% of patients in the zoledronic acid 4 mg and 8/4 mg groups and in 22.1% of
20 patients in the placebo group (p=0.015 and p=0.054 vs. placebo). Median time to the first
skeletal-related event was not reached in the zoledronic acid 4 mg group, and was 363 and 320
days in the 8/4 mg and placebo groups, respectively (p=0.011 and 0.491 vs. placebo).

Zoledronic acid 4 mg given as a 15-minute infusion was well-tolerated.

Zoledronic acid 4 mg 15-minute infusions every 3 weeks significantly reduce skeletal-

25 related events in patients with metastatic prostate cancer refractory to hormonal therapy.
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conpounds or a pharmaceutically acceptable salt thereof, or any hydrate

t hereof: 3- ainino-I-hydroxypropane-1,|-di phosphonic acid (pam drqni % &ﬁl d),
e.g. pamidronate (APD); 180C11

3- (N, N-di et hyl am no) - 1- hydr oxypr opane- 1., 1- di phosphoni e acid, e.g.

di ret hyl - APD;, 4-am no-I-hydroxybutane-],!|.-di phosphonie acid (alerdronic

acid), e.g. alendronate;
1- hydroxy- 3- ( net hyl pent yl ar ni no) - pro%%%e-bi sphosphoni ¢ acid, ibandronic
acid, e.g. ibandronate; 6-am no-I-hydroxyhexane-],I-di phosphonic acid, e.gqg,
am no- hexyl - BP; 3-(N-net hyl - N-n-pentyl am no) - | - hydr oxypr opane-1, | -di -
. pbosphohi ¢ Hed df areNehisphesplydnaenttlyd prapmaiien gha 2edgemsint for the treatment of

] - hydroxy-2- (i m.dazol -1-- y.l|)ethane-l, 6 1-dj phosphonic acid, e.g. zol edroiuc
acid: |- hyd?sgs%%%ﬁ(?é@%?fﬁsagF%SB?IHQae‘“ébP@M~ | , 1- di phosphoni ¢ -aci d
(risedronic acid), e.g. risedronate, including N=nethyl pyridinium salts
thereof, for exanple N-nethyl pyridiniutn iodides such as NE-10244 or
NE- 10448;  Use according to claim 1 wherein the N-bisphesphonate is to be administered in
3-[ N- (2- phenyl.t.hi oet hyl ) - N- et hyl am no] - 1- hydr oxypr opane- |, | - di phosphoni ¢
acid; 1- hyag‘%ﬂ?@i@’f %’Bllaﬁﬁlﬁig‘%gp% ) propane- |, 1- di phospho ie acid, e.g. EB
D53 (Leo); 1-(N- phenyl am not hi ocar bonyl ) met hane-1, 3. - di phosphoni ¢ aci d,
e.g. FR 78844 (Fujisawa); '5- o
benzoyl 33, 4de hyebrding ko tlapyrland ia-véhigh thephdiphosphonateiisla tetpastdafiiomstier
e.g. U-81581 (Upjohn); and ' -
1- hydr oxy- 21(i m dazo[ |, 2-a] pyri di n-3-yl)ethzne-1, 1-di phosphonic acid, e.g.
YM 529. 5. Use according to claiml or in which the N bi sphosphonate for
use in, the invention is 2-(imdazol-I Y ) - 1- hydr oxyet hane- 1, 1- di phosphoni c
acid (zol edronic acid) or .a phannacol ogimjzy acceptable salt thereof. 31

X

ﬂ(OR)z

e

wherein

X is hydrogen, hydroxy), amino, alkanoyl,or an amino group substitutzd by C;-Cy alkyl,
or alkanoyl;

R is hydrogen or C)-C; alkyl and

Rx is a side chain which contains an optionally substituted amino grovp, or a nitrogen
containing heterocycle (including aromatic nitrogen-containing heterocycles),

or pharmaceutically accaptéble salts thereof or any hydrate -t}_lereof.

4.  Use according to claim 1 or 2 in which the N-Bisphohonate is one of the following
compounds or a phanmaceutically acceptable salt thereof, or any hydrate thereof: 3-
amino-1-hydroxypropane-1,1-diphosphonic acid (pamidronic acid), e.;z. pamidronate
(APD); 3-(N,N-dimethylamino)-1 -hydroxjpropane-].,l—diphosphonic acid, c.g.
dimethyl-APD; 4-amino-1-hydroxybutane-1,1-diphosphonic acid (aler.dronic acid), e.g.
alendronate; 1-hydroxy-3-(methylpentylamnino)-propylidene-bisphosphonic acid,
ibandronic acid, ¢.g. ibandronate; 6-amino-1-hydroxyhexane-1,1-diphosphonic acid,
e.g. amino-hexyl-BP; 3-(N-methyl-N-n-pentylamino)-1-hydroxypropane-1,1-di-
phosphonic acid, e.g. met’hy]—pentyl—APD (= BM 21.0955); 1-hydroxy-2-(3midazol-1--
yDethane-1,1-diphosphonic acid, e.g. zoledronic acid; 1-hydroxy-2-(3-pyridyl)ethane-

30
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1,1-diphosphonic acid (risedronic acid), e.g. nisedronate, including N-methyl pyridinjum
salts thereof, for example N-methy! pyridiniwm iodides such as NE-10244 or NE-10446;
3-[N-(2-phenylthioethyl)-N-methylamino]-1-hydroxypropane-1,1-diphosphonic acid; 1-
hydroxy-3-(pyrrolidin-1-y))propane-1,1-diphosphonic acid, e.g. EB 1953 (Leo); 1-(N-
phenylaminothiocarbonyl)methane-1,1-diphosphonic acid, e.g. FR 78844 (Fujisawa); S-
benzoyl-3.4-dihydro-2H-pyrazole-3,3-diphosphonic acid tetracthy] ester, e.g. U-81581
(Upjohn); and 1-hydroxy-2-(imidazo[1,2-2]pyridin-3-yl)ethane-1,1-diphosphonic acid,
e.g YM 529.

Use according to claim 1 or 2 in which the N-bisphosphonate for use in the invention s
2-(imidazol-1y1)-1-hydroxyethane-1,1-diphosphonic acid (zoledronic acid) or a
pharmacologically acceptable salt thereof.





