WD 2011/ 109262PCT/ US2011/ 026416 CANCER DI AGNOSI S AND | MAG NG BACKGROUND OF
THE | NVENTI ON [ 0001] Conventional cancer imaging is inaccurate and

i npreci sewoypiwadeky a pati ent has a marker, or other ciremiusadiioeapound,
injected into their circulatory system waits about 1 hour and is then

i mged using Positron Em ssion Tonography (PET). The 1 hour tine frame is
quite short and nmay not be representative of the general activity of the
entire number of cancer GEN(CER DIRGANOIIFEANPPBMAGING conventional cancer
imaging is inaccurate and 1rnprecise 1s because, 1n part, the netabolic

upt ake of an imagi ng marker has a cell cycl e-specific nmechani smof action.
Mor e Trkm gl ng marker is a function of which part
of thﬁm 1 Buring any given hour, which is the
typical wait tine between marker  adm nij stratl on, anﬁi m‘:}g,aaﬁ%t cancer

cel | s 080HConnsgtienaksgnoseimagingyy inacgyate snd imprecise. T¥RIEH SL?pt ake and
absorb the marker at different rates and anmounts. This vari ance

exi st smdkeneenthet thapficallvempaweds injected inta theis giypviatory sisteph s @boytd O(‘:‘éuse

m sl eadi ng results and i nproper diagnoses. [0003] The cell cycle is the
ser i esardfis Shennagabesinig PadiromEmissioh I Toegeiphy (PBT). tEnedi haus tiore fearde is quite
duplication. In eukaryotic cells, the cycle can be divided into two

peri 0d§no | AN Sh Be ?é]ﬂeééhtraﬁ% §F th@rgeiﬁb?altacﬁmpmhe £ies Quinber gRahcseeldd. t he
cell cyc e I'S novvn as proliferation. During interphase, the cell grows,
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Interphase in dlstlnct e o) and
Gap 2 R%hYf ep‘ﬂﬁté‘g ‘?Htg( @Bémgglpgg}aglﬁeéiai é\ﬁ%&&i 'épsegl)sﬁ @ﬁ%‘%s eot%lra (ra’l'@ﬁludes
the cell increasing in size, biosynthetic act.i Vlft ﬁfé of tE(i_t cel Lel}l ncy easi ng
and twmwnwgy,wt%ﬁﬁﬂ@gmmmk@rm plynctien ot which partiof t ent
step. S phase includes the beginning of DNA synthesis and replication of

al | of cdllere i r Dsparysgiv@PhounOviioh iy the gpébwait tisethety erenakerriaisiralion
until the cell enters mtosis and includes protein synthesis including the

pr oduciidoimagingTtier ahed ebigstolbRimapédab g be M dngstage ofitheudh syde pndmaysiptelier e
the cell's chronosomes are divided between the two daughter cells and a

cyt oki pesiRof M€ fhsk F&ﬁfe éﬁ?r;ﬁ s' &'d'&?douﬁ%l 'his vaYihAk daiBhdixiktdiggwear 41 o t wo

di stinct aughter ce e ce cycle also includes a resting phase,

ly ref
e AR GG ngmﬁ%aaﬁeﬁ cac%%% SAELARER TR AgRRR Y 1O

I heck . o
cyee f O%g] I%hcle Qell cycle is the series of events occurring in a cell leading to its division and

duplication. In eukaryotic cells, the cycle can be divided into two periods, interphase and
mitosis. Transit through these two periods of the cell cycle is known as proliferation. During
interphase, the cell grows, accumulates nutrients needed for mitosis and duplicates its DNA.
During mitosis, the cell splits itself into two distinct daughter cells. Interphase includes three
distinct phases, Gap 1 (Gi) phase, S phase and Gap 2 (G) phase while mitosis includes two
processes. G phase includes the cell increasing in size, biosynthetic activities of the cell
increasing and the synthesis of enzymes needed for DNA replication in the subsequent step. S
phase includes the beginning of DNA synthesis and replication of all of the chromosomes. G
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[ 0004] The progression of the cell cycle can be inhibited, so that a
particular cell stops the cycle at a point, a cellular checkpoint, before
pr oceedi ngyoto1tttogeénext phase. Cell cycl e checkpoi nts ar @Cirasatied2daes ween
the different phases of the cell cycle, with two of the checkpoints being
at the interface between the GL and the S phase (G/S) and the interface
between the & and M phase. A cell cycle inhibitor can stop the progression

f || i he r . ok cel
i nhi bi R Le%%ﬁhﬁ?@%'f@s%%st?ﬁ% Esimcdﬁ“ g@E%ee S RS bl e BERPlon.of
bi ¥ EYETRIEHECKIGIY. CEC L HER
par 1 CEIEPBRRE b TR R e BHeTH PGS eT? B RSP PBPAPe HE SRR 1 of

the cell cycle is variable. This variability is due to differing periods
spent batwesn b tgp dewghter celeandemejitokingsis praeess wharettheotigigalmellmeyéiplanphase to
the end of M phase is relatively constant. [0006] |Inaging using traditional
mar ker divide$ feminntvdhdistinut deghed celid. dRe w@fl cytie alvaikdudesaaestisg phhse, he

i ncreased netabolic activity of the cancer cells. This increased uptake is

most  NGhicaRPRIfGraTeGs (e THRMeEAdRRS béwdEiEtheRafib® phaPRafR cREmplRARSEd to the
other cell cycle stages. If the magjority of cancer cells to be i mged are

not i “b&dﬁﬂ?ﬁob% v tﬂé‘b‘é!&ﬂd S%@ﬁ%@ﬁ?l‘é}ﬁ%@&o(ﬁgﬁcgﬂw cl%] EI{IE%E@BRP bet ween

adm nistra I magi ng, mage result na representative of

t he ac | ncentratiop,and.l ocati on .0of. cancer, cells.

2011/ 10938, e es3n 86T oo WhiantEl Gl Baerioulirprlk dopshe cvele
arrest the cell cycle for a clinically relevant fraction of cells at the
G /S c#3paistcy éelbi@@ks@imr;t, before mﬂceeageg tor the aexthyphase. | GrAgYRl Ghaslipoinds atgn be
enhanced. SUMVARY OF THE | NVENTI ON [ 0008] The present invention provides a
met hodlotated betwgem theali ffersptmsesrof tlnctlltdyole, with &worafithelchedkipoints beihgiatdhe t he
steps of: adm nistering a therapeutically effective anount of a cell cycle

i nhi bi inegrface berfrices tHeW®] 3hdsheB phas! (G143 ahd Mz iskrfecekatyedn the Gglahd Maphaecel |
cycl e checkpoi nt between the and S phase, stopping adm nistration of the

ﬁgum??xgﬁg c?ﬁg 8?‘%5919{1‘ hcéﬁ’ r@%%ﬂﬁljogﬁsﬁ&n bf %11 O pRésHLb thOnékt PREEfor t O T he
example a cell can be inhibited at the Gy/S cell cycle checkpoint, which forces the cell to remain
in the G; phase until the inhibitor is removed.
[0005] In any particular cancer cell population or tumor in an individual, the length of the cell
cycle is variable. This variability is due to differing periods spent in G of Gy while the length of
time from the beginning of S phase to the end of M phase is relatively constant.
[0006] Imaging using traditional markers relies on the increased uptake of the marker because of
the increased metabolic activity of the cancer cells. This increased uptake is most noticeable
once the cancer cells are in the S phase as opposed to the other cell cycle stages. If the majority
of cancer cells to be imaged are not in the S phase during the typically one hour time span

between administration and imaging, the image result may not be representative of the actual

concentration and location of cancer cells.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] Figure 1 is a schematic

representation of the cell cycle. The outer ring includes the interphase
with the duration of mtosi ®Crruse@latidon to the
ot her phases bei ng exaggerated. The inner ring includes the Gap 1 (Gl),

(1) and mvDaseigl092p st ages,

Gap

2 (&) and synthesis (S) phases. Gap 0 (Go) or resting phase is not shown.
[0010] Figure 2 is a graphical representation of the ability of several
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chem
agent
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Figure 4 is a graphical representation of data nmeasuring the inpact of

m bef

radi |
UM IBNsefradil on cell cycles. WO

[0008] The present invention provides a method for imaging a disease or condition in a mammal

which includes the steps of: administering a therapeutically effective amount of a cell cycle

inhibitor to effectively stop proliferation of eukaryotic cells at a cell cycle checkpoint between

the G; and S phase, stopping administration of the cell cycle inhibitor for a period of time,

administering a marker to the mammal and imaging the mammal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a schematic representation of the cell cycle. The outer ring includes the
interphaée (I) and mitosis (M) stages, with the duration of mitosis in relation to the other phases
being exaggerated. The inner ring includes the Gap 1 (G;), Gap 2 (G;) and synthesis (S) phases.
Gap 0 (Gyp) or resting phase is not shown.

[0010] Figure 2 is a graphical representation of the ability of several chemical agents to inhibit
calcium influx as compared to the same chemical agent’s ability to inhibit cell proliferation.
[0011] Figure 3 is a schematic representation of the cell cycle and the influence several calcium
channel blockers have on the progression of the cell cycle.

[0012] Figure 4 is a graphical reprgsentation of data measuring the impact of mibefradil on cell
cycles. |

[0013] Figure 5 is a graphical representation of data measuring the impact of mibefradil on cell

cycles.

0013] Figure 5 is a graphical representation of



[0014] Figure 6 is a graphical representation of data neasuring uptake of
an i mage marker after adm nistration of mbefradil. [0015] Figure 7 is a

gr aphi calwoepriegmeastat i on of data neasuring uptake of anPCwaeoITAeddes after
adm nistration of mbefradil. DEFIN TIONS [0016] In describing and claimng
the invention, the following termnology will be used in accordance with
the definitions set forth below [0017] As used herein, the term

"phar ti.cal | y acceptabl e carrier . i.pel of
the st ﬁ]cef‘j Iid ?’fct?gfepﬁee??r?t? fdgﬁicrﬁeaggmgé p&osp d‘fg ered agta i ne
sol ution, wat er errul signs such as an oil/water or wat er/0|I emul si on, and
vari o@@?@@@lwoﬁmﬂ)ﬁﬁ@@ -agents. The term al so enconpasses any of the
agents approved by a regul atory agency of the US Federal governnent or

| i st ed0015]tFigurdS iPheramhompespsestaiationsef datp measteng vpteke pilam lﬁﬁgﬁma 1 0018]
The term "therapeutically effective anount” neans an anount of a conpound
of tha.ldﬁﬁﬂi‘.gﬁﬁﬂioﬂ(m/[ﬁib%ﬁ'@(ﬂllthat aneliorates, attenuates, reduces or
elimnates a particul ar disease or condition or prevents or delays the
onset of a particular disease or condition. [0019] By "mammal " it is nmeant
to refgpriRrpidnganmal s, including, for exanple, prinmates such as humans
and noOnNKeys. exanpl es of ot her manmmal s i ncluded herein are rabbits, dogs,
cats, cattle, goats, sheep, mce, rats and horses. Preferably, the nanmal

is afg ]eInchesmﬁ% W&m&g%% ehién Qﬁ@fo@fé%ﬁﬁ‘terr@fn@t RERMbRWSed@Ndi tion”

r ef ers |gnant but is likely To becone so if not
treat ed r s co is al so known as "pre-nalignant
condi t3°6HF aﬂé}): ‘r’i@aﬁ‘f‘% }Oﬁﬁfir}?glﬁl B‘%’]O}Nh the art.

[0017] As used herein, the term “pharmaceutically acceptable carrier, vehicle or diluent”

o]

includes any of the standard pharmaceutical carriers, such as a phosphate buffered saline
solution, water, emulsions such as an oil/water or water/oil emulsion, and various types of
wetting agents. The term also encompasses any of the agents approved by a regulatory agency
of the US Federal government or listed in the US Pharmacopeia for use in animals, including
humans.

[0018] The term “therapeutically effective amount” means an amount of a compound of the
present invention that ameliorates, attenuates, reduces or eliminates a particular disease or
condition or prevents or delays the onset of a particular disease or condition.

[0019] By “mammal” it is meant to refer to all mammals, including, for example, primates such
as humans and monkeys. Examples of other mammals included herein are rabbits, dogs, cats,
cattle, goats, sheep, mice, rats and horses. Preferably, the mammal is a female or male human.
[0020] The expression “pre-cancerous condition” refers to a growth that is not malignant but is
likely to become so if not treated. A “pre-cancerous condition” is also known as “pre-malignant

condition” by one of ordinary skill in the art.



WO 2011/ 109262PCT/ US2011/ 026416 100211 It is understood to one skilled in
the art that "T type cal cium channel bl ockers" are also known as "T type
cal ci um cwearenel10p2shi bi t or s”. DETAI LED DESCRI PTI ON OF THECITNSENTI0ZM1¢ 0022]
The met hod for inmaging a disease or condition in a mammal includes several
steps. The nethod can be conducted for many reasons including diagnosis of
a suspected di sease or condition, screening for the inpact of various

treatnents and the nitorin f the, pr ss of. tr S t he

i maged 08k dt wrwdensiogmhte pae ﬂg@gfmgﬁ%aqr@pﬂ%%pg Cﬁ%&’ﬂ ﬁ%gge%%c m%ni%g?@a or can
nore easily determne a diagnosis, an inpact of a treatnent and the

pr ogr daowaras §Taype eateivmrahanned ihibifos¥23] The met hod can be used to i mage
vari ous di seases or conditions, including unstable angina, hypertension,

epi | epsy, neuropathic pain, petit mal seizure, absence seizure, age related
macul DETAGERES BESCORIPTA FadE dNY- ous conditions. In other

enbodi nents, the nethod can be used to i nage tunors and pre-cancerous
tunors.

[0022] The method for imaging a disease or condition in a mammal includes several steps. The

method can be conducted for many reasons including diagnosis of a suspected disease or
condition, screening for the impact of various treatments and the monitoring of the progress of
treatment. Based on the images generated from the described method, a health care
administrator can more easily determine a diagnosis, an impact of a treatment and the progress of
a current treatment.

[0023] The method can be used to image various diseases or conditions, including unstable
angina, hypertension, epilepsy, neuropathic pain, petit mal seizure, absence seizure, age related
macular degeneration, cancer and pre-cancerous conditions. In other embodiments, the method
can be used to image tumors and pre-cancerous tumors.

[0024] In the method for imaging a disease or condition, a cell cycle inhibitor is first
administered in a therapeutically effective amount to stop proliferation of eukaryotic cells at the
cell cycle checkpoint between the Gy and S phase (G1/S). Varying lengths of the cell cycle are
determined predominately by the time spent in the G; phase. The lengths ofthe S, G; and M
phases are relatively invariant. Because of this, any particular cell in a population will reside in
G for a period of time before the cell enters the S phase of the cell cycle. To stop the cell cycle
from continuing past a cell cycle checkpoint, a cell cycle inhibitor can be administered.

[0025] The administration of a cell cycle inhibitor causes asynchronously proliferating cancer

cells in a population to accumulate at Gy/S as they proceed through the cell cycle because their
5



[0024] In the nmethod for inmaging a disease or condition, a cell cycle
inhibitor is first admnistered in a therapeutically effective anbunt to
stop prolwbepatiosas2of eukaryotic cells at the cell cycl eCthisekipordte bet ween
the Gl and S phase (G/S). Varying lengths of the cell cycle are determ ned
predom nately by the tinme spent in the GL phase. The lengths of the S, &
and M phases are relatively invariant. Because of this, any particular cell

inap tlon de.in for.a ri be I

ent er sa%ﬁﬁx; %pfﬂ?SégetO&Pe gﬁ’ agedp fr bé'th‘?Sag Wﬁ’ém% NFO cay%eﬁ fé‘%’?ﬁjﬁ%
continuing past a cell cycle checkpoint, a cell cycle.i t or

adni ni Gt pliaseto § @b%]ﬂ’fpﬁéh therwelcele shecknoit the cellirpquitps thpq"rP%l eﬁﬁﬁ??ﬁ;lu%éu ses
asynchronously proliferating cancer cells in a population to accunul ate at
G /S amlditmeyo piggse bivchémisalgiastaes thel dre ogesssarp s shesprogigesion. Rgmoval of

2011/ 109262PCT/ US2011/ 026416 ability to proceed to the S phase is arrested
by t hecat@hh feote i dxfatdlill@imednan blocketdll dyeleteansit foreatiGielpHBB®B, ¢ach Selphase

t hrough the cell cycle checkpoint, the cell requires influx of

extr a&f‘éréléikﬁ{ G¢ h&éelm&%oafsﬁﬂ WERE iR PRAEHGA! cRASERIRS cAlbiahn, Bifhaieessary

for t progr es I on val of calci um fromthe extracell Ul ar nedi um
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phase € presence o race CI um but
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proliferation and transit through the cell cycle. This is further descrlbed
i n Exafupther desprabeshin Exgops] 1 lewadni ni stration of the cell cycle inhibitor

i ncreases the percentage of cells at G/S. To take advantage of the

i ncr eaf026ff Thehdsinitratid & thadeli oydé inhititoninofeases|the pgre¢nsagerdiichils ¢rGy'd The
mammal persists for a period of tinme before inmaging. This period of tine

can beaRehaahgs R e indresiR)fa8lth AAIE, adirdaysion of cdllsjcleinkibitbntoathet her
enbodi ment, this period of time can be between about 5 days and about 7

days, ji %gx@ ¥ %%@Qﬁ?@mhﬁ@b&eﬁ‘%@ag g‘ i nbti ?ﬁm‘%@aﬂ% BBHetn @b&ut 10

days and eln can m ni stered for |onger
per! ods 40f aid r%uélﬁgagqffa ivBly, (Reho e odglg'exﬁ‘\}ﬁm%rpeﬁgg%%gﬁle%aﬁggﬁgmereﬁ‘t' on

about 5 days and about 7 days, inclusively. Although the upper limits of these embodiments are

o

10 days and 7 days, the cell cycle inhibitor can be administered for longer periods of time. The
dosage of cell cycle inhibitor creates a concentration in a mammal’s plasma of about 1 uM to
about 10 pM.

[0027] The cell cycle inhibitor can be administered through several routes including parenteral,
intravenous, intramuscular, intraperitoneal, intrathecal, suppository, transdermal, topical, or oral.
Oral administration of the cell cycle inhibitor is most preferred. An oral administration can be
administered as a dosage unit, typically a pill or capsule along with a pharmaceutically

acceptable carrier.



[0027] The cell cycle inhibitor can be adm nistered through several routes
i ncludi ng parenteral, intravenous, intranuscular, intraperitoneal,

i ntrat hecwD,206UmEPB3i t ory, transdermal, topical, or oral PCOUsR011/026416

adm nistration of the cell cycle inhibitor is nost preferred. An oral

adm ni stration can be adm ni stered as a dosage unit, typically a pill or
capsul e along with a pharmaceutically acceptable carrier. WO

2011/ 1 2PCT/ US2011/ 026416 [,0028] The cell cycl.e inhibit e or
many. dOB0. hapelberete whtrer phasmesr danear sl grEercly il ¥R cRfinf
ef oni di pi ne, et hosuxam de, TTL-1177 &a proprietary co%\%d, : dgscri bed in
r ef er enibefradit, pfonidipme, ethefuxamigey 8EL-1277 (apRBrigtary Xogpo saibedin pom
Shattock, M, MlLatchie, L., Harper, J., Brooks, G, Heady, T., and

Mac Donafetience: Gray, 2094 Per€eRey&q EciGmm@3s, J.dgHavastjckaRdMniShrigsck, M5029] These
cell cycle inhibitors inhibit the influx of extracellular calciuminto the
cel | whicchchie, Cf, HatgedJ.,[Broolas, GuHxedy ., aid MbacDalald) Tak. (00 eSadisGalciine36,

cal cium necessary for these processes cones fromthe extracellular mlieu
via i r}féggg{@.;)gﬁgﬂ ecal cium channel s. Cal ci um channel s are grouped into
several fam'|1es based upon sequence anal ysis, biophysical characteristics

and p | ogi cal sensi.tivity.. i . i nel
Fam |y OO ChE 5P T e BRUIoL i BBk oF el B el B R o
pressure, cardiac._r hyD?]h_m aqg1 cel | ul ar i oliferation, §I u&iﬁes al so Ssuggest
that Teritipgbios amumber el esllarposssses. dhe PHABMIRTESSH| I8 RS RCPE at ed
macul ar degeneration. At |east one pharmacol ogi cal agent, mbefiadjl, has
been peomvesrfran theeexgiacellubainmijice Viageflun traygh salsams chanagls p Calcgum ghannelsizginel
function. Inhibitors of calciumentry are useful for treating hypertension,
car di agoapedintdwevarapfishilits trisedpon sdqhenive nnabysss, baiphysical charattefigicaandn.
[0030] T type calciumchannels are present in cells, cell lines and
speci [}?n h&'olsgea%@nsq&xh{y. | ARBSe thoneis ild T §fpetalclune claanal. fAmilyo These @lcidmt ype
cal ci channef's has beén shown to be aberrantly expressed in breast cancer
tissue.a t ! | 1.S | n, as
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]
di scuss rn-reference As ; kuchi, K., Itano,
0-. | kgr((j)ﬁferc:t[cidn. ag}gdig ;[1123 Isung%’est %at ([%8,89 )cal'girl}}nl Snké srm|§$ %1a§16an if%%b&gnt role in

age related macular degeneration. At least one pharmacological agent, mibefradil, has been

proven to be clinically effective because of inhibition of T channel function. Inhibitors of
calcium entry are useful for treating hypertension, cardiac arrhythmia and clinically deleterious
cellular proliferation.

[0030] T type calcium channels are present in cells, cell lines and specifically cancer cell lines.
Specifically, the Cav3.2 isoform of T type calcium channels has been shown to be aberrantly
expressed in breast cancer tissue as compared to normal adjacent breast tissue in Japanese
women, as discussed in reference Asaga, S., Ueda, M., Jinno, H., Kikuchi, K., Itano, O., Tkeda,

T., and Kitajima, M. (2006) Anticancer Res 26, 35-42.



WO 2011/ 109262PCT/ US2011/ 026416 [ 00311 Cell cycle inhibitors effectively
stop proliferation of eukaryotic cells at cell cycle checkpoints, including
Gl/ S, whiwb 20sl/foeasther expl ai ned i n Exanpl es 2-4 bel ow. PL00B2)1182dasequent
to the adm nistration of the cell cycle inhibitor, an imaging marker is
adm nistered that is targeted to be uptaken in the S phase of the cell
cycle. The period between the first admnistration of the cell cycle

i nhi bi t. and, the | i ng ker allows. the accunul ati f at G/S
of thelt"gélrll ngcie. inpihors RASSEYELY HOp aRdEe 1%“@%&8‘@’8&&6%&6’? c?lﬁgg’éé‘gl I's whi ch
are in the S phase, thereby increasing the uptake of i ing marker into

t hose @erkpoints,dodadingthse Fideh is ferthen sxpipiaed mExsmplgs Qt'ﬁgg]g?-ﬂ | cycle
inhibitor, there is a period during which no cell cycle inhibitor is added.
Thi s peos2idSulseaqreatipehé adminidation 8Dtheicellityde inbitdonun imaging maskerthi s peri od
allows the cells which have accunulated at G/S to enter the S phase of the
cel | CadphifistePPMbt i8 %rg&ecﬁﬂp&ll ?@5{’&1@1& tHeed plasvbf the bell eydie cTimspeaioddettecs / S.

The increase in nunber of cells in the S phase nakes a subsequent

adm ni E%E‘SGEQflglggﬁégon%@tﬂer@ﬁi Qlet b8 28R 1R iBlbRGihMReBOMIRe @ | arge

percentage o wi ' upt ake e 1 magi ng marker in each dose. [0034]

Subsequent th ri e cel lweycl e jahlbi i Lhagi ng
mar kerieelylafion P€ e s HahERALRER dridiefiol Hiksisihe paoBiALr @OGIERY
The specific jmaging marker will pe dictated..by clinical. experience of one
ski | | ewhich afgia th@ﬁpgmeﬂ@reawmé?aémg tg?g a% 15%@“3% ﬂl&ﬁ"ﬁ 0% Cleﬁ%r ent

i magi ng markers. The sanme dose of an ima?i.n _marker is uptaken nore readily
and nol0833pSdistqusal tojadministyatien efdhe eelbgyc e{iﬁgﬁbﬁgﬁ therais e ReRef dUEByWAIBH®. The
increase in imagi ng marker being uptaken is further described in Exanple 5
bel ow. cd0Q3k inkibiteeis adédd. sTHiaperhd dancatgedroni abvun 30 rnites/forelpobict/hdyys.

adm ni stering a substance that binds to T type cal ciumchannels or T type

cal ci up;g ?@HQ&&HM@ S wWRIER hevd W cuhliRtddas &, iSap ewiet fe's piise bothy cefl t he
drug can then be determned by tagging it with substances that are WO

2011/ 19}%%6? 2R 992 L0065 B cells will have acoumulated at Gi/S. The increase in number

of cells in the S phase makes a subsequent administered dose of an imaging marker more

effective because a large percentage of cells will uptake the imaging marker in each dose.

[0034] Subsequent to the period where no cell cycle inhibitor is added, an imaging marker is
administered to be uptaken or absorbed by cells in the S phase. The specific imaging marker will
be dictated by clinical experience of one skilled in the art, where different diseases are imaged
with different imaging markers. The same dose of an imaging marker is uptaken more readily
and more specifically as compared to an imaging marker when used alone. The increase in
imaging marker being uptaken is further described in Example 5 below.

[0035] Cancer cells can be located within the living body by administering a substance that
binds to T type calcium channels or T type calcium channel accessory proteins. The location

within the body of the drug can then be determined by tagging it with substances that are



detectabl e fromoutside the body. For exanple, radioactive atons can be

| ocalized within the body by nmeasurenents taken outside of it and exanpl es
of such avomsiumedeal for this purpose include 99nTc, 12BCT/UB3M1/02¢48¢, 11C,
13N, 150, 3H, 68Ga, 67Ga and 16F, anong others. Some of the exanples of the
many possi bl e imagi ng markers include 11C Met hi oni ne, 2-deoxy- 2-

(18F)fl uoro-D-glucose (FDG, tritiated FDG (3HFDG and fluoro

deoxyt el S a3 -f ro-.3. -deoxy-| - i di e

add 11 SR RS e bPEY ol craRe Barbe R S Wb SR yihin e
Nucl ear neti c Resonance (N .and, vari ous .dyes, fl uor ent as well as
non- f Mﬁ@c@?ﬁwe&e&tﬁt A %ﬁsl?ﬁai AP Of SABoHE B A FRA Ry, one
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differently as conpared
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regi nen fwo8twvwesszng, it can be determ ned which typesPofi/usanooe4espond
nore efficiently to the regimen and what types of tunmors do not respond as
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I ndi vidual prior to undergoing a treatnent reginen and can be used to plan
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more sensitive because the diseased cells will have a higher uptake of the imaging markers as

compared to uptake of imaging markers of cells that have not had an administration of a cell
cycle inhibitor.

[0038] The above described method can be repeated as desired for each instance the mammal is
to be imaged. For example, after the mammal received the administrations of cell cycle
inhibitor, stopped administration of the cell cycle inhibitor, was administered an imaging marker
and was imaged, the mammal can then again begin the process by receiving another
administration of a cell cycle inhibitor. This method can be repeated as many times as desired,
according to the requirements and advice of a qualified health care administrator.

[0039] The above described method is not only useful for imaging diseases and conditions such
as cancer during treatment or diagnosis, the above described method could be used to aid in
screening for which types of tumors are more and less affected by T-type calcium channel
blockers and which types of tumors are more and less affected by a treatment. For instance, T-
type calcium channel Blockers are variably efficient at halting the cell cycle based on the type of

tumor being targeted. For instance a pancreatic cancer tumor may react differently as compared
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Exanple 2 [0041] Cell cycle analysis was perfornmed using flow cytonetry
and BUJR staining. In FIG 3, "Con" represents untreated, control cells.
Al'l ot herwoebil/wmeézures were treated with nocodazol e, wrCThUSR2oT1@R6426 €S W t h
m cr ot ubul e pol yneri zation and bl ocks the cell cycle during M phase.
Treatment of A10 cells with nocodazol e al one bl ocked cell cycle transit

t hrough M phase as determ ned by flow cytonetry. Because AlO cells reside
primarily in the cell. cycle chegkpoin et ween Go, and econ' in FIG
By eviaanPiaEs i BB RO £ gk B pishe SROradnanEy Bhe SV BIR S Ao ¢
out of that phase is not as st,rai,ghtforward_aa et erm ni bl ockade at

ot her @beve despabed ragiiagp I sergening dt ean dedetegmined wigh fypes OFSTESPOBYH for 24
hours with T channel cal cium channel bl ockers m befradil f(m b), nickel (N)
or TTLmokEffi¢iantty tophe etgimyn ahybatiypeswh sundsy de het tespoing ae etfirigntly to the

Ther apeutics), before addi ng nocodazol e. Absent an effect on the T channel
VO 20 Ibgibhe CRRGHIdH2RI0A A2 b ddetlinakior sachdadiviRivaloptiot thendepgdirgla fitatinieat cel |
cycl e checkpoint between & and M by nocodazol e as happened with cells

t r eat edgithdnhrldicaRb@RSed fopiiPRE trehthRAt B Men'thihe b effidi%R@ng 8 dntipesitanne!

bl ockers arrested cells at the cell cycle checkpoint between Go and Gl and
preve %ﬂ accunul ation at the cell cycle checkpoint between & and Mt hat
woul d otfierwi se have resulted from nocodazole. This shows that T type

cal cium channel bl ockers arrest cycling cells at G/S. Exanple 3 [0042] To
measure the efficacy of the cell cycle inhibitor m befradil at stopping
progression through the cell cycle, human | ung cancer cells of cell line
A549 and human prostate cancer cells of cell Iine were incubated with 10 M
m befradil for 48 hours (Mi8H). As can be seen in FIG 4, the m befradil

i ncreased the proportion of cells in the Gl phase of the cell cycle by not
all owi ng progression to the S phase, for both cell lines. Further data was
col l ected by incubating the same cell lines with 10 Mof mbefradil for 18
hours followed by a 12 hour washout followed by another 8 hour incubation
with mbefradil (ML8-12-18h). These results al so show a greater proportion
of cells in the GL phase as conpared to control cells not incubated with

m befradil .
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Exanple 4 [0043] To neasure the effect of mbefradil on the cell cycle of
human prostate cancer cells of cell line PC3, PC3 cells were incubated with
varyi ng cwocentmwatezons of m befradil for varying tinmes. PChasRG3/oeatlé s wer e
i ncubated with either a 5 Mconcentration or a 10 M concentration for
either 24 hours or 48 hours. As can be seen in FIG 5, an increase in

concentration and contact tinme of the m befradil increases the proportion
of cells in the GL phase. WD 2011/ x092 2PCT/ US2011/ 026416 Exanple 5
[0044] The efficacy of the uptake ng markers after treatnent with a

cell cycl nhi bi tor was det ed. Human col on ncer cell Iine
20, W40 JF § PGSR SR ERPONGFncs BeisGR SAGIOmINENE IUHOR g @Ofﬁﬂwtm the

m befradi|l at concentrations of 5 M (5uM FDG HT29) and 10

( 10uM gbidity iaf sejeral shemicabagentsip inhiit caleiumanilonwas p tt@dw@msb&feraédlty of thee HT29
cells were renoved fromm befradil contact. After 60 m nutes of being

r enov ednferagentito itibia grdliferativg @ cart beeseembgFidy ZrmtdverThese agents were

2- deoxy- 2- (18F) fl uoro- D-gl ucose (hereinafter, "FDG') was adm nistered.

[ 0045] prOgrigady dAemS&E Bntitiks Ey]%es@gedtapmkﬁwérsﬁmvmangx rastkqliartdG i nto the
HT29 cells increased in the cells incubated with mbefradil as corrpared to

the ce t %ﬁﬁR

m bef réoi?% E&%?kllléﬁé%@ré;%é%él n upt ake \(y)%pﬁ%f@ %gﬁsg tﬁ?éqogg}ﬁ\féagﬁg% ér ed to
upt ake of . cell s bat W t 046] The upt.ake o

Pegr rsrition otugS bgaat BabEF ptisethy Bt i Caﬁ% e poigHhys SFofueR”) i ne
A549. A549 cells were incubated with 5 LM and

concerltecaisesalsivm infhx lé@wesww@rrpﬁrfpbprpbferqlﬁ%wcadhqt biq«;kmz@aw SDIryf ¢ or
24 hours of incubation with the mbefradil, the A549 cells were renoved

f r om mividedarrespdndingly block paflifenati®o Mreglmkmdhleb&iﬂngslppenmry@iedrrlanﬁamitb@f r adi |
contact, the imaging marker tritiated FDG (hereinafter "3H FDG') was

adm ni gseattially abof davabiatiseinthe vamablldsGs actountpd &lcthyofaribtion BHhEDBeryaseaning Mal
at 5 M with an increase in uptake being observed at all concentrations of
m bef rgdi thex‘e%ﬁ@ﬁétid?lrbf tl%s%la éiﬂ@orpﬁltoh?é?é’c% oth&?%ﬁihhﬁﬂi&ﬂc of HH¥Ri BAppt at e
cancer cells of l'ine wth m befradil for 72 hour's

i ncreased upt ake of the subsequentl duced i mgi ng mar ker 3H FDG by
about 60% __rr';ﬁ_

[0041] Cell cycle analysis was performed using flow cytometry and BUdR staining. In FIG. 3,

“Con” represents untreated, control cells. All other cell cultures were treated with nocodazole,
which interferes with microtubule polymerization and blocks the cell cycle during M phase.
Treatment of A10 cells with nocodazole alone blocked cell cycle transit through M phase as
determined by flow cytometry. Because A10 cells reside primarily in the cell cycle checkpoint
between Gy and G; (See “Con” in FIG. 3), evaluating the possibility that a pharmacologic agent
inhibits transit out of that phase is not as straightforward as determining blockade at other cell
cycle checkpoints. Therefore, cell cultures were treated for 24 hours with T channel calcium
channel blockers mibefradil (mib), nickel (Ni) or TTL-1177 (a proprietary compound owned by

the assignee Tau Therapeutics), before adding nocodazole. Absent an effect on the T channel
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WO 2011/ 109262PCT/ US2011/ 026416 Exanple 6 [0047] As a descriptive exanple,
the nmethod for imaging a disease or condition in a manmal wi |l be descri bed
as it wouwo 2bet/wpbert aken in a clinical setting. InitialPCy/ts2ommonaiie in
this enbodiment the mammal is a human, is chosen to be inmaged. This choice
can be made based on various factors including past treatnent for a

di sease, in this enbodi nent prostate cancer, or as a possible confirmation

of a dgja gss 8l \;vrg'lﬁdli') kel B 1{[15 %1’ ?}g/&iee@fe'cl\é;?)l SRl 'a?ﬁrl@tbk%'ac r%@lg%g”

ccleln I:torI herae f dvearmun |ntf|secI
fo o dewBeasonty ﬁeéf; n%éé?%‘g\%ﬁ Rog bfend esorns patfe T hegtlengp hartf P11 "

adm ni stered t he adm nistration of mbefradil is ceased. After ceasing
adni nibeekers arestedinslleai the gelheydleehegkpointrhstwsen Shoeand kg aﬁﬁﬁ@ﬁ"ﬁ@teér ocedure is
undertaken. In this exanple, 6 hours pass between ceasing adm nistration of
t he nideefimakitibn atifie adihicydls bh@kpmmt ttwean Gnagl Mdhaterdubd othetwisshhave resulted
exanple is FDG After 6 hours have passed, FDGis injected into the human

at a sfdbrhinebedHzolk0 ThGEshoWd Ehdd UTFRPe ¢aicitii@RandehgRAkets tfest cyffihgoeBnat G, dat a
produced fromthe PET scan is nore precise and nore accurate than data

avai l abl e from PET scans wherein t 18Nt did not receive a cell cycle
i nhibitor. WD 2011/109262PCT/ USZO%IG CLAI V5

[0042] To measure the efficacy of the cell cycle inhibitor mibefradil at stopping progression
through the cell cycle, human lung cancer cells of cell line A549 and human prostate cancer cells
of cell line were incubated with 10 pM mibefradil for 48 hours (M48H). As can be seen in FIG.
4, the mibefradil increased the proportion of cells in the G1 phase of the cell cycle by not
allowing progression to the S phase, for both cell lines. Further data was collected by incubating
the same cell lines with 10 uM of mibefradil for 18 hours followed by a 12 hour washout
followed by another 8 hour incubation with mibefradil (M18-12-18h). These results also show a
greater proportion of cells in the G1 phase as compared to control cells not incubated with
mibefradil.

Example 4
[0043] To measure the effect of mibefradil on the cell cycle of human prostate cancer cells of
cell line PC3, PC3 cells were incubated with varying concentrations of mibefradil for varying
times. The PC3 cells were incubated with either a 5 pM concentration or a 10 uM concentration
for either 24 hours or 48 hours. As can be seen in FIG. 5, an increase in concentration and

contact time of the mibefradil increases the proportion of cells in the G1 phase.
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What is clainmed is: A nethod for inmaging a disease or condition in a mamal
whi ch conprises the steps of: (a) admnistering a therapeutically effective
anount ofwea2eal109gcl e inhibitor to effectively stop pr@Cirfuse@tiossef
eukaryotic cells at a cell cycle checkpoint between the G and S phase; (b)
stopping adm nistration of the cell cycle inhibitor for a period of tineg;
(c) admnistering an inmaging marker to the mammal ; and (d) inmagi ng the
manmal with an imger. 2. The neth of cgai m 1, wherein the di sease or
condition is selected fromthe gr o%—% sting of unstabl e angina,

AT TSI T T S e KT 8

cond t\:v;)sndetermined. Human colon cancer cells, cell line HT29, were first incubated for 24 hours
with the cell cycle inhibitor mibefradil at concentrations of 5 pM (5uM-FDG-HT29) and 10 pM
(10uM-FDG-HT29). After 24 hours of incubation with the mibefradil, the HT29 cells were
removed from mibefradil contact. After 60 minutes of being removed from mibefradil contact,
the imaging marker 2-deoxy—2-(18F)ﬂuoro-D-g1ucose (hereinafter, “FDG”) was administered.
[0045] As can be seen in FIG. 6, uptake of the imaging marker FDG into the HT29 cells
increased in the cells incubated with mibefradil as compared to the cells that were not incubated.
With a concentration of 10 pM of mibefradil, the inérease in uptake of FDG was about 100% as
compared to uptake of cells not incubated with mibefradil.
[0046] The uptake of an imaging marker was also determined in human lung cancer cells of cell
line A549. A549 cells were incubated with 5 pM, 10 uM and 15 pM concentrations of the cell
cycle inhibitor mibefradil for 24 hours. After 24 hours of incubation with the mibefradil, the
A549 cells were removed from mibefradil contact. After 30 minutes of being removed from
mibefradil contact, the imaging marker tritiated FDG (hereinafter “3H-FDG”’) was administered.
As can be seen from FIG. 7, uptake of the 3H-FDG was maximal at 5 pM, with an increase in
uptake being observed at all concentrations of mibefradil incubation. Although not shown,

incubation of human prostate cancer cells of the PC3 cell line with 10 pM mibefradil for 72

hours increased uptake of the subsequently introduced imaging marker 3H-FDG by about 60%.
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3. The method of claim2, wherein the disease or condition is a tunor. 4.
The nmethod of claim 3, wherein the tunor is a cancerous or pre-cancerous
tunmor. 5.wOhelwmdised of claim 1, wherein the mammal is &Charseot1/08641dhe

met hod of claim11, wherein the cell cycle inhibitor conprises mbefradil,
ef oni di pi ne, ethosuxam de, TTL-1177, nickel and conbinations thereof. 7.
The nmethod of claim 1, wherein the i maging marker conprises 11C Met hi oni ne,

2- deoxy-2-(18F)fluoro-D-glucose, tgitigted FDG
2- deoxy- 2- (18F) f | uor o- Dgl ucose ﬁfﬁ%"—ﬁgoxyt hym di nes, deuterium and

conbl t her eof , thod claim 7, wherein the fluoro
deoxyt b?‘rﬁd & egcrfpltgllg]exgmp { Ingptl@d ‘r%ggg@gulg %élﬁ?ad? AEcondition in a mammal

will be described as it would be undertaken in a clinical setting. Initially a mammal, in this
embodiment the mammal is a human, is chosen to be imaged. This choice can be made based on
various factors including past treatment for a disease, in this embodiment prostate cancer, or as a
possible confirmation of a diagnosis. The human initially receives an administration of a cell
cycle inhibitor in a therapeutically effective amount, in this embodiment an oral pill delivering a
dosage of mibefradil twice daily for 6 days prior to a scheduled imaging session. After the 6
days of dosages are administered, the administration of mibefradil is ceased. After ceasing
administration, there is a period of time before the imaging procedure is undertaken. In this
example, 6 hours pass between ceasing administration of the mibefradil and administration of an
imaging marker, which in this example is FDG. After 6 hours have passed, FDG is injected into
the human at a sufficient dosage. The human is then imaged with a PET scan. The data
produced from the PET scan is more precise and more accurate than data available from PET

scans wherein the patient did not receive a cell cycle inhibitor.
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9. The nethod of claim11, further conprising a nethod for extended
treatnent by repeating steps (a) -(d) one or nore tinmes. 10. The net hod of
claim9, wbenrai/nishe di sease or condition is a tunor. 1PCTNse01®Ld0e Of
claim 10, wherein the tunor is a cancerous or pre-cancerous tunor. 12. The
met hod of claim11, wherein the cell cycle inhibitor is adm nistered between
about 1 and about 10 days, inclusively, prior to stopping adm nistration of
t he ce@%e inhibitor. 13. The nethod of claim 12, wherein the cell
cycle i or is adm ni stered between about 5 and about 7 days,
inclusjyely, prior to stopping adm nistration of the cell cycle inhibitor.
14. Th%ﬁb‘tgﬁbgdmﬁ&sél aim1, wherein the administration of the cell cycle

i nhi bitor is stopped for about 30 minutes to about 72 hours prjor to

admi ni st dat Asnethdd fonémagiag p dipepagrog épndition in a mammal which comprises the steps of:

(a) administering a therapeutically effective amount of a cell cycle inhibitor to
effectively stop proliferation of eukaryotic cells at a cell cycle checkpoint
between the G; and S phase;

(b) stopping administration of the cell cycle inhibitor for a period of time;

(c) administering an imaging marker to the mammal; and

(d) imaging the mammal with an imager.

2. The method of claim 1, wherein the disease or condition is selected from the group

consisting of unstable angina, hypertension, epilepsy, neuropathic pain, petit mal seizure,

absence seizure, age related macular degeneration, cancer, and pre-cancerous condition.

3. The method of claim 2, wherein the disease or condition is a tumor.

4. The method of claim 3, wherein the tumor is a cancerous or pre-cancerous tumor.

5. The method of claim 1, wherein the mammal is a human.

6. The method of claim 1, wherein the cell cycle inhibitor comprises mibefradil,

efonidipine, ethosuxamide, TTL-1177, nickel and combinations thereof.
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15. The nmethod of claim1l, wherein the imager is selected fromthe group
consisting of a magnetic resonance inmager, a positron em ssion tonograph
and a compoteri/wemsegr apher. 16. The nethod of claiml, woenscaibbaicel |
cycle inhibitor is admnistered to a concentration in a manmmal 's pl asma of
about 1 Mto about 10 uM 17. The nethod of claim11, wherein the nethod for
I magi ng di agnoses a di sease or condition in a manmal. 18. The net hod of
claim1l1, wherein the nethod for imaging screens for the efficacy of a
treatnment in treating the di sease or condition.

7. The method of claim 1, wherein the imaging marker comprises 11C Methionine, 2-
deoxy—2-(]8F)ﬂuoro-D-g1ucose, tritiated FDG 2-deoxy-2-(18F)ﬂuoro-D-g1ucose, fluoro

deoxythymidines, deuterium, and combinations thereof.

8. The method of claim 7, wherein the fluoro deoxythymidine is [18F]-3'-fluoro-3'-deoxy-L-

thymidine.

9. The method of claim 1, further comprising a method for extended treatment by repeating

steps (a) —(d) one or more times.

10. The method of claim 9, wherein the disease or condition is a tumor.

11. The method of claim 10, wherein the tumor is a cancerous or pre-cancerous tumor.

12. The method of claim 1, wherein the cell cycle inhibitor is administered between about 1

and about 10 days, inclusively, prior to stopping administration of the cell cycle inhibitor.

13. The method of claim 12, wherein the cell cycle inhibitor is administered between about 5

and about 7 days, inclusively, prior to stopping administration of the cell cycle inhibitor.

14. The method of claim 1, wherein the administration of the cell cycle inhibitor is stopped

for about 30 minutes to about 72 hours prior to administration of the imaging marker.
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15. The method of claim 1, wherein the imager is selected from the group consisting of a

magnetic resonance imager, a positron emission tomograph and a computer tomographer.
16. The method of claim 1, wherein the cell cycle inhibitor is administered to a concentration
in a mammal’s plasma of about 1 uM to about 10 uM.
17. The method of claim 1, wherein the method for imaging diagnoses a disease or condition

in a mammal.

18. The method of claim 1, wherein the method for imaging screens for the efficacy of a

treatment in treating the disease or condition.
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