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first aspect, the invention is directed to a radioactive tyrosine
derivatives of general fornmula (I) for imagi ng bone netastases. In a second
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discordant PET and CT findings at the integrated examination, PPV is markedly diminished.
A drawback is that the uptake of the main tracer used, namely, 18F-fluorodeoxyglucose
(18F-FDG), is dependent on the higher glycolytic rates of most tumors compared with normal

tissues. This reduces the sensitivity of PET in the detection of metastases of slowgrowing
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bone. In contrast to [F-18]-fluoride, the red cell concentrations of 99mTc-MDP was found to

be negligibly small. [F-18]-fluoride is distributed and taken up in the whole body bones as

well in bone metastases with a high metastase - bone ratio. The major limitation, however, is

the same as for technetium-labeled diphosphonates. There is a lack of specificity; which

does not allow the differentiation of many benign bone pathologies from a metastasis.

There a clear need for an accurate PET tracer for imaging bone metastases wherein uptake

is specific in bone metastatses.

It was surprisingly found that [F-18]-tyrosine derivatives PET tracers such as [F-18]-D-FMT

that are useful for imaging bone metastases.

Summary
In a first aspect, the invention is directed to a radioactive tyrosine derivatives of general

formula (l) for imaging bone metastases. In a second aspect, the invention is directed to the
use of compound of formula (1) for differentiating bone metastatic disease from bone non-
metastatic disease in mammal. In a third and fourth aspects, the invention is directed to a
composition or a kit comprising radioactive tyrosine derivatives of the general formula (1), (D-
1), or mixture thereof and pharmaceutically acceptable carrier or diluent wherein the

compounds of the general formula (1), (D-1) are imaging tracer for imaging bone metastases.

Drawings:
Figure 1: PET/CT images of [F-18]-D-FMT and [F-18]-fluoride from a mouse with 786-O bone

metastases. The scans were performed 2 weeks apart, first the [F-18]-fluoride scan and then



Rl is -CH2-F18, - CH2-CH2-F18 or -CH2-CH2-CH2-F18 and pharmaceutically
acceptabl e salts thereof. Invention enconpasses also the single isoners,
enant i OMewe,2061@EWOI SoOMers, stereoi sonmeric m xtures or IFCXIEPL@SI/ 091636
conpounds of general fornmula (I). Prefierably, the invention is directed to

conpounds 0 ener a nmul a for |magi ng bon tastases wherejn, WO
50157 0858 60RuT en0 RS BeshmbldesBlo kot il TRa-dto i aterated o

CH2- CHzedehBrating bphar BRg eoive ahdisatescdpottheenstastbsed her eof . I n ot her word,
the invention is directed to the use of conpounds of general fornula (1)

for the manufacture of an imaging tracer for imagi ng bone netastases
wher ei IFigde@®2: PET/CT images of [F-18]-D-FMT from a mouse with 786-O bone metastases (left

image CT, middle image PET, right image PET/CT fusion image). CT images were
calculated using surface rendering program. Images shows dorsal view. Grey arrows indicate

some of the metastases.

Figure 3: PET/CT images of [F-18]-D-FMT and [F-18]-fluoride from a mouse with 786-O bone
metastases and the corresponding histopathological lesions (H&E). Hematopoietic cell areas
are wholly replaced by tumor tissue in the medullary cavity. B shows an area with large
tumor cells and in C the tumor is composed of spindle cells. In D there is an area of
hematopoietic cells still present (*) beside the tumor mass (T). In E lysis of normal bone
occurred simultaneously with the formation of osteoid (E-1, H&E), which stained blue green
with MTG (E-2). The tumor cells were positive for pan-cytokeratin (E-3). In F the tumor cells
replace the haematopoietic cells with lysis of normal bone (F-1, H&E; F-2). The tumor cells

were positive for pan cytokeratin (F-3).

Figure 4: PET/CT images of [F-18]-D-FMT from mice with MDA-MB231SA bone metastases.
The scans were performed 25 days after the inoculation,. D-FMT accumulates into tumor
cells delineating sites of bone metastases formation. Grey arrows indicate some of the

metastases.

Description
In a first aspect, the invention is directed to compounds of general formula (l) for imaging

bone metastases wherein

HOOC

NH,
OR,

(1

Ry is —CH,-F'®, - CH,-CH,-F"® or -CH,-CH,-CH,-F'® and pharmaceutically acceptable salts
thereof.

Invention encompasses also the single isomers, enantiomers, sterecisomers, sterecisomeric
mixtures or mixtures of compounds of general formula (1).

Preferably, the invention is directed to compounds of general formula (1) for imaging bone

metastases wherein



OR, (I) Rl is -CH2-F18, - CH2-CH2-F18, or -CH2-CH2-CH2-F18 and

phar maceutical ly acceptable salts thereof. The invention is directed to
conpound wbd 2gemes’h fornula (1) for use in the inmagi ng porEpo®tiasicases. WO
2011/ 095580PCT/ EP2011/ 051636 6 named s

(R -2- %n(}]gﬁg 3-(4[ F- 18] fl uor onet hoxy- phenyl ) - propi onic acid = HOOC 18 The

i nventi i f o conpound of general formula (D-1) or

R) - 2- am no- or onet hoxy- phenyl ) -propionic acid for use in the

i magi ng boneNhigt aXagesw\._The inaging tracer is suitable for Positron

Eni ssi on Tonogr aphy ( PETPRor M croPET. The inagi ng conprises the step of
PET i maging an® is optionally preceded or followed by a Conputed Tonography
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In other word, the invention is directed to the use of compounds of general formula () for the

manufacture of an imaging tracer for imaging bone metastases wherein

HOOC

NH,
OR,

(0
Ry is —CH»-F'®, - CH,-CH,-F", or -CH,-CH,-CH,-F'® and pharmaceutically acceptable salts
thereof.
The invention is directed to compound of general formula (1) for use in the imaging bone

metastases.

Preferably, the compound of formula (1) is a D- tyrosine derivative of formula (D-I)
HOOC

NH
’ OR,
(D-1)

wherein Ry is —=CH,-F'®, - CH,-CH,-F'®, or -CH,-CH,-CH,-F'® .

More preferably, the compound of formula (1) is a D- tyrosine derivative of formula (D-I)

HOOC
NH
? OR,
(D-1)
wherein R; is —CH,-F'®, or - CH,-CH-F'® .
Even more preferably, the compound is
HOOC
NH
? OR,

(D-1)

wherein Ry is —CH,-F'®and



The invention is also directed to a nmethod for inmaging or diagnosis bone
net ast ases conprising the steps: Admnistering to a mammal an effective
anount ofwoeopaussks of general formula (1) or (D-1) or weortEee@iiokese of ,
bt ai ni ng i mages of the mammal and Assessing the inages. Preferably, the
invention c erns, co u of fornmul HO?C 18 and pharnmaceutical ly
accept aTﬂ'Be‘ggﬁc)féaTWQF%@Tp[%f@ﬂm{Oﬁ%m HW&ﬁWF?r%'O%ﬁa?'Bfﬁgi ng tracer for

i mgi ng bone netastases. In a second aspect, the invention is directed to
t he use of conpoundéﬁ&%éornula (I') for differentiating bone netastatic

di sease from bone non- S ' fsease in manmmal . Preferred enbodi nents
di scl osed above in respect jonpound of forrmula (1) are included herein.
The invention is al so dirbbied qeited _for differentiating bone
metastatic di sease from bone non-netaStati'cedi sease i n manal by assessing
i mge(s) obtained after admnistering to the manmal of an effective anount
of conpounds of general forrmula (1) or (D-1) or mxture there of. WO
2011/ 09%=80RPeAt dPR0dild ded 63 6ompBane ofigenprdl dsinadlac (D) seaR32-amieoi3e@i§n bone

{ aune. S GRsRED T e e SRR ot arfe R nd R6RsESE Sease or

ost eopor osi s.

The imaging tracer is suitable for Positron Emission Tomography (PET) or MicroPET.
The imaging comprises the step of PET imaging and is optionally preceded or followed by a
Computed Tomography (CT) imaging or Magnetic Resonance Tomography (MRT) imaging.

The imaging occurs in mammals.

The invention is also directed to a method for imaging or diagnosis bone metastases
comprising the steps:
- Administering to a mammal an effective amount of compounds of general formula (1)
or (D-I) or mixture there of,
- Obtaining images of the mammal and

- Assessing the images.

Preferably, the invention concerns, compound of formula
HOOC

NH2 P

0] Fis

and pharmaceutically acceptable salts thereof for the manufacture of an imaging tracer for

imaging bone metastases.

In a second aspect, the invention is directed to the use of compound of formula (l) for
differentiating bone metastatic disease from bone non-metastatic disease in mammal.
Preferred embodiments disclosed above in respect of compound of formula (1) are included

herein.

The invention is also directed to a method for differentiating bone metastatic disease from
bone non-metastatic disease in mammal by assessing image(s) obtained after administering
to the mammal of an effective amount of compounds of general formula (1) or (D-1) or mixture

there of.



In a third aspect, the invention is directed to a conposition conprising
conpounds of the general formula (1), (D-1), or mxture thereof and

phar macewvoeallgysssecept abl e carrier or diluent wherein phe/mponposds of the
general formula (1), (D-1) are imaging tracer for imagi ng bone netastases.
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exci pients, diluents, solvents, carriers or adjuvants which are suitable

for t heohesioherktastatin@iceities @dd bémigmbbrat paNSlogips eprap@icdditen e geUersi ti ons
on accgﬁnt of |s/her exp ﬁbt knowl edge. The admini stration of th

conpour®dsk PRRSy ﬂ%?ééﬁ?rigéél' 5o ??W‘%HQCQ{F”HB%%ﬂq%ﬁ?”ﬁ&%ﬁdﬂﬁ&%@the
I nvent indRe dBepsd biassi@sbordsiany of the generally accepted nodes of

adm nistration available in the art. Intravenous deliveries are preferred.
General ly, the conpositions according to the invention is adm nistered such
that the dose of the active conpound for imaging is in the range of 37 MBq
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acid, citric acid, fumaric acid, nmaleic acid and benzoic acid. Suitable
salts of the conpounds according to the invention also include salts of
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yor ne el TR Bt BRamohed heVTf dealehamicar Forn i (P or 1D ) na
suitable salts of inorganic or organic acids thereof, hydrates, complexes, esters, amides, and
solvates thereof for imaging bone metastases.
Optionally the kit comprises a pharmaceutically acceptable carrier, diluent, excipient or

adjuvant.

Definitions
The terms used in the present invention are defined below but are not limiting the invention

scope.

Suitable salts of the compounds according to the invention include salts of mineral acids,
carboxylic acids and sulphonic acids, for example salts of hydrochloric acid, hydrobromic
acid, sulphuric acid, phosphoric acid, methanesulphonic acid, ethanesulphonic acid,

toluenesulphonic acid, benzenesulphonic acid, naphthalene disulphonic acid, acetic acid,



Unl ess otherw se specified, when referring to the conpounds of fornula the
present invention per se as well as to any pharmaceutical conposition

t hereof twe zpn(asssgt) i nvention includes all of the hydrates;eps@hiosicz@nd
conpl exes. used hereln the term"garrier” refers to mcrocrystalline

cel | ul Iac ose, manni ein, the term"sol vepts" refers to
T qut o DUy S RPYRbP SUi0c BRI, WK 1% Malp P BnUBEdCH: Pregioy cer of
I sopr op@iip malgid ;ﬁtﬁ(ﬂ ahd Behzoicd®d.c acid, peanut oil, purified water, water for
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Bequer eodlumqsalts and potassium salts), alkaline earth metal salts (for example calcium salts and
magnesium salts) and ammonium salts, derived from ammonia or organic amines having 1

to 16 carbon atoms, such as, by way of example and by way of preference, ethylamine,
diethylamine, triethylamine, ethyldiisopropylamine, monoethanolamine, diethanolamine,
triethanolamine, dicyclohexylamine, dimethylaminoethanol, procaine, dibenzylamine, N-
methylmorpholine, arginine, lysine, ethylenediamine and N-methylpiperidine.

Unless otherwise specified, when referring to the compounds of formula the present
invention per se as well as to any pharmaceutical composition thereof the present invention
includes all of the hydrates, salts, and complexes.

As used herein, the term “carrier” refers to microcrystalline cellulose, lactose, mannitol.

As used herein, the term “solvents” refers to liquid polyethylene glycols, ethanol, corn oil,
cottonseed oil, glycerol, isopropanol, mineral oil, oleic acid, peanut oil, purified water, water

for injection, sterile water for injection and sterile water for irrigation.

Experimental part
Abbreviations

DMF N, N-dimethylformamide

DMSO Dimethylsulfoxide

HPLC high performance liquid chromatography
GBq Giga Bequerel

MBq Mega Bequerel
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CMV_luc2 vector. Cells were cultlvated in high-glucose DMEM (Biochrom AG) containing
10% heat-inactivated FCS (Biochrom AG), 2% glutamine (PAA Laboratories GmbH), 1%

nonessential amino acids (PAA Laboratories) and 250 uyg/mL hygromycin B (Invitrogen Ltd.).

Animals and tumor cell growth

786-O/luc cells and the MDA-MB231SA/luc cells were harvested from subconfluent cell
culture flasks and resuspended in PBS (Biochrom AG) to a final concentration of 5 x 10° cells
/ 100 pl. For intracardiac inoculations, 5-week-old female athymic nude mice (Harlan-
Winkelmann GmbH, Borchen, Germany) were anesthetized with an intraperitoneal injection
of 5% Rompun (Bayer HealthCare AG, Leverkusen, Germany) / 10% Ketavet (Pfizer,
Karlsruhe, Germany) in 0.9% NaCl at a dose of 0.1 ml / 10 g body weight. Using an insulin
syringe (BD Micro-Fine+Demi U-100, Becton Dickinson GmbH, Heidelberg, Germany), 5 x
10° 786-O/luc cells in 100 ul PBS were inoculated into the left cardiac ventricle (i.c.) of
anesthetized mice. Experiments were approved by the governmental review committee on

animal care.
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at pH 2; flow 5 ml/min). The product peak was collected, diluted with water (pH 2) and
passed through a C18 Plus Environmental SPE. The SPE was washed with water pH2 (5ml).
The product was eluted with a 1:1 mixture of EtOH and water pH2 (3ml). Starting from 34.2
GBq [F-18]-fluoride, 3.2 GBq (15 % d.c.) with a specific activity of 49 GBg/umol [F-18]-DFMT

were obtained in a synthesis time of 71 minutes.

PET/CT imaging and data reconstruction
10 to 12 MBq [F-18]-fluoride or [F-18]-D-FMT were injected i.v. into the tail vein. 60 min after
injection anesthesia was induced by isoflurane/O2 and twenty-minute micro-PET/computed

tomography (CT) scans were obtained using an Inveon micro PET/CT scanner (Siemens).

Histological examination
After the PET/CT measurement, the mice were sacrificed by an overdose of isoflurane/O2.
With the information from the PET images the bones which showed [F-18]-D-FMT were
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the tumors was that lysis of normal bone occurred simultaneously with the formation of new
osteoid, which stained blue green with MTG (Figure 3). The tumor cells were positive for

pan-cytokeratin, which confirmed that they are of epithelial origin.

In the experiments, it is clearly shown that [F-18]-D-FMT is able to detect bone metastases in
a nude mouse model.

The areas of the bone, which showed accumulation of [F-18]-D-FMT were removed and
histologically examined. Tumor cells were detected which had invaded the bones and which
are most likely responsible for the [F-18]-D-FMT accumulation. In addition, Tsukada et al
(Tsukada H, Sato K, Fukumoto D, Nishiyama S, Harada N, Kakiuchi T. Evaluation of D-
isomers of O-11C-methyl tyrosine and O-18F-fluoromethyl tyrosine as tumor-imaging agents
in tumor-bearing mice: comparison with L- and D-11C-methionine. J Nucl Med. Apr
2006;47(4):679-688.) it was demonstrated in a Turpentine-induced inflammation model, that
[F-18]-D-FMT shows no uptake in inflammatory muscle tissue whereas FDG was taken up in
inflammatory muscle tissue.

[F-18]-fluoride reflects an unspecific uptake into regenerating and remineralizing bone, also
the larger bones (spine, legs) as well as the joints showed [F-18]-fluoride uptake. In contrast
to [F-18]-fluoride, osteoblastic activity is not detected by [F-18]-D-FMT.

Comparison of the PET/CT scans of [F-18]-fluoride and the [F-18]-D-FMT scan showed that
[F-18]-D-FMT accumulated in all bone metastases imaged by [F-18]-fluoride but not in bone
wherein osteoblastic activity was showed with [F-18]-fluoride.

25 days after the inoculation of the MDA-MB231SA/luc cells into the mice, PET/CT imaging
was performed with [F-18]-D-FMT as a second bone metastases model using a breast
carcinoma cell line MDA-MB231SA/luc which is an established model for the formation of
bone metastases (Mbalaviele G, Dunstan CR, Sasaki A, Williams PJ, Mundy GR, Yoneda T.
E-cadherin expression in human breast cancer cells suppresses the development of
osteolytic bone metastases in an experimental metastasis model. Cancer Res
1996;56:4063-70.). [F-18]-D-FMT also showed uptake into the bone metastases (Figure 4).

To conclude, [F-18]-D-FMT is useful for the detection of bone metastases.



1. A conpound of general formula (1) for inmagi ng bone netastases wherein
conpound of general fornmula (I) is HOOC ORi (1) Rl is -CH2-F18, -

CH2- CH2- Ri:8 2011/09§3d8- CH2- CH2- F18 ; and singl e i soners, epamEres®@osts3s

stereoi soners, stereoisonmeric mxtures or mxtures thereof and
pharmaceutically acceptable salts thereof. 2. A conpound according to claim
1 wherejn conpound of general fornula (1) is HOOC 18. 3. A conpound
accord&lﬂ@ﬂlf'o claims 1 and 2 wherein the bone proliferative disease is
characterised by the presence of bone netastases. 4. Use of conpound of

f or mul ) for differentiatin one netastatic disease from bon

non- et Sy RTROUR SLIEE T ORI e e R et B e R PPPReegGe | s a
beni gn geasel fpahbrl(0gy conprised fromthe group of back pains, focal changes
in bones, traunmm, rg_gqocgistructive surgery, bone grafts, metabolic bone

di sease or osteopor

NH,
OR,

(0
R1is —CH,-F', - CH-CH,-F"® or -CH,-CH,-CH,-F'® ; and
single isomers, enantiomers, stereoisomers, sterecisomeric mixtures or mixtures thereof

and pharmaceutically acceptable salts thereof.

2. A compound according to claim 1 wherein compound of general formula (1) is

NH
2 O/\F18

3. A compound according to claims 1 and 2 wherein the bone proliferative disease is

characterised by the presence of bone metastases.

4. Use of compound of formula () for differentiating bone metastatic disease from bone non-
metastatic disease in mammal wherein bone non-metastatic disease is a benign bone
pathology comprised from the group of back pains, focal changes in bones, trauma,

reconstructive surgery, bone grafts, metabolic bone disease or osteoporosis and

HOOC

NH,
OR,

(M
R1 is —=CH,-F', - CH,-CH,-F'®or -CH,-CH,-CH,-F'® and and
single isomers, enantiomers, stereoisomers, sterecisomeric mixtures or mixtures thereof and

pharmaceutically acceptable salts thereof.



OR (I) RL is -CH2-F18, - CH2-CH2-F18or -CH2-CH2-CH2-F18 and and single

I soners, enantioners, stereoisoners, stereoisoneric mXxtures or m Xtures
t her eof ang 2phawsxmgeutically acceptable salts thereof. pAPEP2011/051636
2011/ 095580PCT/ EP2011/ 051636 14 5. Agconposition conprising conpounds of
the general forpula accordi ng?é?(t;) clainms 1 and 2 and ﬁhar maceu ically

accept 2nEoEOpiligh C pé‘?'”%%?ﬂ‘p%’i‘ Hetgrac @b ifraHiRdy ageord St%éﬁé’?% af‘%rrml a

(1) s 2adhd pr@hacedtitAReiccéstbble BBEich8r BiRRAt WRSraRLAS 86mpolhdsAf e gghergir i si ng
a seal ?d vial containin redet er mi ned quantl ty of a conpound having

gener al orgHiil Hig @ pmpging a(’?ﬁor FagiNgi 10geF13836%s 1 and 2 and suitable salts
of inorganic or organic acids thereof, hydrates, conplexes, esters, am des,
and sol vates thereof wherein the conpounds of t he eneral for havﬁml) is an

[ gl nd- rCemPr B0 PR S B A SRR gagrmined uartiy of & compound

general chemical Formula (1) according to claims 1 and 2 and suitable salts of inorganic or
organic acids thereof, hydrates, complexes, esters, amides, and solvates thereof wherein the

compounds of the general formula (1) is an imaging tracer for imaging bone metastases.



