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FIG. 1

(57) Abrégée/Abstract:
The present invention relates to a method of detecting p-amyloid peptide aggregates in the brain of an individual and kits thereto.
"he method includes administering to an individual an effective amount of an Ap-binding radiopharmaceutical, waiting a period of

R N

OO RO . N

M n\'{\‘ . L~

SRR ] 7 7
R

C an a d a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC L avsmsm o
OPIC - CIPO 191 oo




CA 2716524 A1 2009/09/03

en 2 116 B24
13) A1

(57) Abrege(suite)/Abstract(continued):
time, measuring a gamma radiation count over an external area of the head corresponding to the cortex of the individual using a
radiation detection device, and comparing the gamma radiation count with a control gamma radiation count.
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(57) Abstract: The present invention relates to a method of detecting -amyloid peptide aggregates in the brain of an individual
and kits thereto. The method includes administering to an individual an effective amount of an AB-binding radiopharmaceutical,
waiting a period of time, measuring a gamma radiation count over an external area of the head corresponding to the cortex of the
individual using a radiation detection device, and comparing the gamma radiation count with a control gamma radiation count.
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GAMMA PROBE DETECTION OF AMYLOID PLAQUE USING
RADIGLABELED A-BETA BINDING COMPOUNDS

CROSS-REFERENCE TO RELATED APPLICATIONS
[T Thas application ¢laims poonty under 33 ULS.C. §11%e) to US. Provisional
Pateni Apphication Senal No. 61/031,809, filed February 27, 2{}{}& the disclosure of which s
sicorporated by relerence 1 18 entlirety.
TECHNICAL FIELD
(0002] The mvention relates generally to montoring physiological achivity i §

human bramn and more s pe:(:.i 3 cal,’iy to delecting the presence of amviod piﬂque 11 3 human

that bind& 10 B«am}? ford pi’l AQUE,
BACKGROUND OF THE INVENTION

[0003]  Alrhenmer’s disease {AD) 15 a progressive neurodegeneralive disorder
characterized by cognitive decline, irreversible memory loss, disortentation, and language
imparrment. I s the most common cause of dementia in the Untted States. AD can sinke
nersons as young as 40-31 vears of age. bul because the presence of the disease s dithcull to
detect without histopathological exammation of brayp tissue, the time of onset 1 hiving
subjects 18 unknown, The prevalence of AD increases with age, with estimates of the
attected population as hugh as 4% by ages §5-90.

{0004]  In practice, AD 15 definstively diagnosed through examunation of bram tissue,
asually at auwtopsy. Postmortemn exanunation of AD bram sections reveals abundant senile
plagues {SPs) composad of amylaid- (AP} peptide aggregates and neurolibriliary tangles
(NFTs} formed by filaments of highly phosphorviated tau proteins.

[0005] Given the nexus between AR aggregates and AD, radiclabeled compounds

have been developed lor imaging Ap aggregates (ve., amviold plaque). For mstance. several

Sie
ragioisotopicatlv-iabeled AP-aguregate specific ligands gre avalable for the ymaging of
amvlond plague 1 a hiving subject using postiron enussion tomography (PET) or single
photon enussion tomography {(SPECT).

[(0006] Despite the potential benehits of 7n wive imapmg of amviond plague,
gconomuc challenges may be associated with the use of PET or SPECT imaging technigues as
screeming tools. For example, these unaging techniques reguire specialized imaging
cquipment and hughly tramned medical persomned (o perfonm such simaging. resuiting in high

costs. Girven that as many as 15 nuthion subjects in the U S, and more than 80 nulhion



At

243

L

CA 02716524 2010-08-23
WO 2009/108606 PCT/US2009/034886

L

subjects worldwide mav be at risk for AD by the middle of the 21" century, there is a nead
for fow cost methods for screening subjects {0 derdify those at an elevated nisk for having
amviowd plaques.
SUMMARY OF THE INVENTION

{0007]  In embodimenis of the present imvention. a method of detecting f-amviowd
ageregates i a bramn of an mdividual 1s provided that mcludes adnunsstering (o an mdividual
an effective amount of an AB-binding radiopharmaceutical, watting a period of time,
measurng a gamma radiation count over an external area of the head corresponding 10 the
cortex ol the imndividual using a radiation detection device, and companng the ganuna
radiation count with a control gamma radiation count

[0008] In some embodiments, the effective amount comprises from about (4.1 o
about 20 mCy of Ap-binding radiepharmaceatical. In other embodiments, the elfective
amount of AP-binding radiopharmaceutical comprises lrom about 0.1 10 about 10 m{y, Invet
other embodiments, the effective amount comprises from about 8.1 to about 2 mCi.

0009]  The AB-binding radiopharmaceutical of certain embodiments includes a

compound having a binding affinity of < 100 nM lor AP-aggregates. In some embodiments,

the Af-binding radiopharmaceutical includes a compound having a binding alfinity of about
HInM or less.

(0016] In some embodiments of the present mvenbion. the penod of wailing fimeas
from about 5 minudes 1o a thime corresponding to approxsymately twice the radicactive halt-life
of the radioactive isoiope of the AR-binding radiopharmaceunical. In other entbodiments, the
period of wailting time s from about 18 minuies to a time corresponding 1o the radicaciive
hat{~iife of the radioactive 1sotope of the AB-binding radiopharmacentical. The penod of
warting ttme m certain embodiments s about 1 to about 60 minutes.

(0011] The conirol ganuna radiation count of embodiments of the present mvention

1s a gamma radiation count of a control region i the bramn of the mdividual. In some

embodiments, the control gamma radiation count s a gamma radiation count obtained over

population. In certamn embodiments, the control gamma radiation count 13 an average or
madian gamma radiation count determuined by repeating the gamma radiation count
measurement for a population of healthy individuals and calcalating the average or median
counts for the controel population.

(0012] The comparing step of embodiments of the method of detecting H-amvloid

ageregates i a brain of an mdividual includes caleulating a ratio of the cortical gamma
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radiation courd for an imdividual o the control gamma radiation count. In some
embodiments, a calculated ratio of above gbout 1.4 15 consistent with the presence of B~
amvloid peptide aggreeates in the bramn of the mdividual.

[0013] According to one ambodimeant of the present invention the etfective amount
of Af-bindmg radiopharmaceutical wcludes from aboul 8.1 to about 20 m{1, the Afi-binding

< 100 nM for AR-

radiopharmaceutical compnses a compound having § binding attimiiy of
aguregates, the pentod of warting time is from about 0.1 hours to 3 fume corresponding {o
about the radicactive half-life of the radioisotiope altached to said Af-binding
radiopharmaceutical, and the controt gamma radiation count 15 obtaned by measunng the
gamma radiation over the extemal area of the head corresponding 10 the cerebellum region of
sard mdividual vamg said radiation detection device.

{0014] In another embodiment of the present savention, a kit {or detecting amyviond
plagques m the brain of an individual 1s provided that icludes an AP-binding
radiopharmaceuatical and mstructions for using the Aj-binding radiopharmaceutical. The
sstructions mclude a direction 1o adminster to an mdividual an etlective amount of an AP-
binding radiopbarmaceutical, a direchion to wail & pertod of time, and a direction to measure a
camma radiation count over an extemal grea of the head corrvesponding 1o the cortex of sad
individual using a radiation detection device. The Alf-bidhing radiopharmaceutical of certain
emboduments 15 m dosage form for miraveneous mjection. In some embodiments. the kit
further includes a radigtion detection device and mstruchons lor using such radiation
detection device. In other embodimenis, the kit turther includes instructions for using a
radiation detection device at a disclosed location.

BRIEF DESCRIPTION OF THE FIGURES
[0015]  FIG. 1 schematically lustrates gamwma probe detection of amvioid plagues

v

following ijection of radiolabeled AP~binding compounds according to one embodimernt of

the present mvention.

{0016] Ty invention 1 not himited {o the particular composttions or methodologtes
described, as these mav varv. All publications and reterences mentioned heremn inchuding all
patents, palent apphications, and publications, are mcorporated by reference. Nothing heremn
55 10 be construed as an admission that the mvention 1s not entitied to antedate such disclosure

by virtue of prior mveniion.
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[0017]  Inaddibon. the teromnology used in the description desceribes parbicular
versions or emtbodinments onlv, and 18 not iidended 1o linut the scope of the present invention.
Unless defined otherwise. all technical and scientific terms vsed herein have the same
meanings as commaonly undersiood by one of ordmary skill in the an.

{0018]  As used berein, the singular torms “a™, “an™ and “the™ inctade plural
reference unless the context clearly dictates otherwise.

10019]  As used herein, the terms “AB-binding radiopharmaceutical™, “Af-aguregate
bindimg radiopharmaceutical™, and “A-Bela binding radiopharmaceutical ™ refer to a
compound, or pharmaceutically acceptabie salt thereot thal binds to amvloid-[} peptide
aggregates or amviowd plagues and that s radiolabeled with an 1sotope, which decayvs with an
aussion of a gamma-ray or allematively emits a posttron that upon anmlation resalts s {wo
opposing 511 keV gamma ravs.

{0020]  As used heremn, the term “about™ means plus or minus 10% of the numencat
vatue of the number with which it is being used. Therefore, about 30% means in the range of
FOV-60%0.

[0021] “Admimgstenng™ when used 1 conjunction with a therapeutic means 10
admmister a therapeutic directly mio or onto a target tissue or {o adminisier a thergpeutic to a
patient wherelw the therapeuiic impacis the tissue 10 which 11 18 largeted, “Admmistenng™ a
composition may be accomplished, for example, by myjechion, miusion, of by erther method i
combination with other known techmiques. Such combimation techingques include heating,
radiation and ultrasound.

{0221 As used heren, the terms “B-amviloid ageregates”, "P-amvloud peptide
ageregates”, Tamvlord plaques™ and AP aggregates” mclude, but are nol mied to, msoluble
polvmers or aggregates of AR40 or AR43 peptides.

[(0023] The term “binding affinutv”, as used herem, refers (0 Ky {or K; versus g well-

charactesized competibive AP-binding hgand} for a radiopharmaceutical bimding to p-amvioid

{0024]  In some embodiments, the term “control ganuma radiation count” refers o a

ganuna radiation cowy obtamed with a radiation detection device tollowing myection of an

Al-bimding radiopharmaceutical in measurements over a bran of a healthy mdividual or an

average or median gamma radiation count obtained for a population of such mdividuals. In

other embodiments, the term “control gamma radiation count” refers 1o a gamma radtation
count obtained with a radiation detection device following injection of an Af-binding

radiopharmaceutical 1 measurements over a bram region of an mndividuat that does not

wife
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normaily conlain Ap-aggregaltes, such as the cerebellum (e g., over the back and base of the
head), or an average or median obtamed for a population of such individuals,

[0025]  As used herein, the term “detecior component™ refers 10 an element or
elements for caplunng gamma ravs and converiing such captuwrad ganmuma ravs mio an
alectnical detector outpul. Suilable detector components include, but are not hinuted (o, a
scintitlation crysial that captures gamma rays and converts them mito a light signal and g
component that converts the hight signal into an electrical detector output.

0026]  As used herain, the term “detector oudput amphilication component”™ refars to
an element or elements for boosting inihial detector outpud, such as, bul not limited to, one or
more photomultiplier tubes or a photodiode array for boosting light signal, or combinations
thergol,

{0027 The term “diseased hissue™, as used herewn, refers (0 bssue or cells associated
with a diseased state or exhubiting symptoms of a disease mcluding, but not limited to, sohd
tumor cancers of anyv tvpe, such as, but not limited o bone, lung, vascular, nearonal, colon,
ovanan, breast and prosiate cancer. The term “diseased tissue™ may also ancompass tissue of
arthrific joinls, such as, for example, mflamed synovial tissue.

[0028] As used herein, the term “elderly mdividual™ refers to a human of about 30
vears of age or preater

[0029]  As used heren, the term vamma radiation count”™ mchudes, bul s not hnuted
to, a radiation count rate {counts/ime) or a total radiation count acquired over a short penod
of time. such as. but not himited to, 1-2 nunuies or less.

{030]  As used herain, the term “impacts™ convevs that the presemnt inveniion
changes the appearance, form, charactenstics and/or physical attributes of the tissue 10 which
it 18 being provided, apphed or adnunisterad.

(0031} The term “mdividual”, as used herein, refers to a living creature

[0032] As used berein, the term “mnstractions”™ refers to any directions for asing kits,
ncluding, but not nuted to, wntten direchions such as g label, pamphiet or product msert,
electronic directions provided on electronic media, website or reference to a websiie or
customer service hine.

[033] An “sotopcally labeled™, “radiolabeled”™, Mlabeled”, “detectable™ ox
“deteciable amviowd bindimg™ compound. “radiohgand™ or “radiolabeled pharmaceutical™, as
used herewn, refers to a compound of the present invention where ome or more atons are
replaced or substituted by an atom having an atonyc mass or mass number different from the

alomic mass or mass number typicatly found i nature (e, naturally occurring). Suttable
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radionuclides {1.e.. "deteclable isotopes™) that mav be incorporated in the compounds of the
present invention mclude, but are not hnuted to, 1 'EC.,, N, RO, ""’%R "B ¥, R I s I, ‘“““Bn
Bire L L YL and YL Anisotopically fabeled compound need only be enriched with a
detectable 1sotope {0 a degree that pernuts detection with a technigue switable for the
particalar apphication.

{0034  As used heren, the term “healthy mdnadagt™, “normal mdividugl™ or
“normal healthy individual™ refers 1o an individual who 13 not suspected to suffer from anv
cogmiive disorder such as, but not himited 1o, dementia or Alzbeimer’'s disease) and/or an
smdividual who 18 nol suspected o bave Pamviowd peptide aggregales in the cortex of the
brain such as, but not imuted to. someone who 15 1ess than 50 vears of gge.

[0035] “Optional”™ or “optionally™, as used heremn, mayv be taken {o mean that a
subseguently described structure, event or circumsiance may or may not ocour and that the
descnption of the mvention mchudes mstances where the event occurs and mstances where it
does not.

{0036]  As used herem, the term “radigtion shield with collimating aperlure™ 18 &
camma ray absorbing materral such as. bul not himited to, lead or tungsien that absorbs
camma radiation emanating from oblique angles from the head in relation 10 the gamma
radiation detector device surface and that contains an opening with a diameter of, but not
bmuted to, about €1 to about 2 cm, whuch may allow gamma ravs travelmy along the hine {or
cyhinder/cone) of sight of the detector component Lo pass through and be detected by the
radiation detection device.

{37]  The term “tareet”, as used herem, refers lo the matenat {or which
deactivation, rupture, disrupbon or destruction s desired. For example, diseased tissue,
pathogens, or infectious material mav be a larget.

[0038]  As used herein, the term “therapeutic”™ refers to an agent ultilized o treat,
combal, amebiorate, impact or prevent a condifion o disease m a patient,

[0039] A “therapeatically effective amount™ or “elfective amount™ of a composition,

embaodiments of the present invention, the terms “therapeutically effective amount™ or
“ettective amount” refer fo the amownt of Ap-binding radiopharmaceutical(s) that resulls m a
sufficient gamma radiation count {o distinguish the gamma radiation coud of an imdyvidual

with AP aggregates m the cortex of the hrain from the control gamma radiation count {(such as

the ganuna radiation count i the cergbelium or mn the cortex of a healthy individual).

e
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[040]  The ternm “Gssue”, as used heremn. refers o any aggregation o ssmilariy
speciglized cells unuted v the performance of a particular function.

[0041] Embodiments of the mvention are directed 1o a low ¢ost method of screening
tor the presence of amviod plague 1 a hurnan bramin using a radiation detechion device
together with a gaymma-enuiting radsopharmaceutical that binds to P~amviowd plague.

{0042  In particular, embodiments of the present mvention provide a megsurement

esulting in a number that can be related to an mdividual s risk of having AP plagues m the
bramn. Furthermore, the measurement does nol mandate use of PET or SPECT mmaging
mstrumentation. The screening methods of aspects of the present mvention can be used 1o
provide an estimate of an imdividuai s nisk of developing Alzheimer’s disease (AD) or other
neurodegeneralive disorder associated with the presence of AP plagques, evaluate the
progression of AD or other neuredegenerabive disorder, diagnose AD or other
neurodegenerative disorder, and momtor the progression of AD or other neurodegenerative
disorder.

{0043  Specthically, embodiments of the mvention presented heremn are directad to
use of a handheld or stationary radiation probe detector for non~-invasive (1.e., non~surgical )
screening of mdividuals having or at sisk for acquinng AD or other neurodegenerative
disorders, The sereening 18 performed through the utilization of a radiation count rate or togal
radiation count measuremant on the surtace of the cramum over a short period of time
following the adnunistraion of a radiopharmaceatical that specifically binds to AR
apgregates it the brai.

{0044] Embodiments of the mvention include a method of detecting $-amvloid
peptide aggregates m the brain of an mdividual incladimg the steps of: (&) adnumstenng to an
mdividual an effective amount ol a gamma-emitiing AP-aggregate bindimg
radiopharmaceutical; (b waiting a period of time {1.e.. the “walting time™); {¢) measunng a
camma radiabion count over an external area of the head corresponding to the cortex {e.g..
orbital rontal regron) of the individual using a radiation detechion device; and {d} comparing
the parmma radiatton count detected 1o step {¢) with a control gamma radiation count.,

{0045 Step (a) of the method embodied above mveolves the admunisiration of an
effective amount of a gamma-emitimyg radiopharmaceutical that binds to A} agerevates m the
brain. The radiopharmaceutical adnunistered m vanous aspects of the mnvention may be any
radiopharmaceutical known 1 the art having an aftuuty for AP} aggregates, and in certain

embodiments, two or more radiopharnmaceuticals may be adminustered. In some
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embodiments, the AP-aggregate binding radropharmaceutical further mcludes a
pharmgceutically geceptable carnter

[0046] Siep (b) of embodiments of the present invention ivolves watling for a
period of ime following the admunustration of the gamma-emitiing AP-aggregate binding
radiopharmaceutical, The wathing tirme may be any amount of time that allows the AP~
bindimg radiopharmaceutical {o sulliciently clear from the blood steam of an mdividual being
examined, localize in the bramn of such individual, and bind to amvloid plaques in the bramn, if
present. The wanling time may vary among embodiments as a result of, for example, manner,
focation, and amount of A-binding radiepharmaceutical admuystered, attimty ol the
radropharmaceutical for Af~aggregates, and the health of the individual. The watting time
tvpically precades any measurament of gamma radiation count. However, 1 some
embodiments, & measuremertt of the gamma radiation count, as provided 1o step (¢). begins
inumediately alter adnunistration of the Ap-binding radiopharmaceutical. In this case. the
watting time 18 the instance between administraiion and the fime when mitial measurements
are taken. These mittal measuramants mav optionally be used to calculate the final gamma
radiation count,

[0047]  In some embodiments, the watting time 18 from about 53 minufes {0 a time
corresponding t0 approximately twice the radwoactive half-iite of the radioactive 1sotope of
the Ap-binding radiopharmaceutical. In other embodiments, the waiting time 15 from about
10 minutes to abowl a time corresponding o the radhoactive hali-lde of the radioactive
isotope of the Af-binding radiopharmaceutical. For example, in various aspects of the
mveniion, the watling time 18 from about 8.1 hour 1o aboul 24 hours, from about 0.1 howt ©
about 12 hours, {from about .1 hour {0 gbout 6 houwrs, from abowt 0.1 how to about 2 hows,
or from about 0.1 hour 1o about 60 minutes. In certain embodiments, the watling fime s
about ! minute to about 64 minutes. Considerations such as patient convenience may make it
nreferable 1 some embodiments {o perform measurements withun oneg hour from the ume of
admunisirabion.

{0048]  Step (©) of the method embodied above includes measuring a ganung
raciation count over an external areg of the head corresponding to the cortex of the imdividual
gsing a radiation detechion device. The gamma radiation countd rale of vanous embodiments
may be a radiation count rate or, allematively, a total radiation count measurement on the

surface of the cranium over & short pertod of time Tollowing the admitustration of the Af-

'l'!

regate binding radiopharmaceutical.
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[0049]  The gamma emission measurements are generally made over the cortex of
the bram. For example, in some embodiments, the external measurement mav be taken over
the orbital frontal cortex on the side of an individual’s head. The gamma enussion
measuremants mav be preceded, foliowed by or stmultansous with obtammg measurements
over a portion of the individual s bead that should not include amyloid plague such as, for
example, the cerebelium on the side of the back of the head. {or example. postenor to and
about even with the nuddle of the ear, or obfaining 8 measurements from healthy mdividuals.
Such measurements are taken to oblain a control gamma radiation count.

[00S0]  The present wnvention 1 not hinnted to any one particular radiation detection
device and any alternatives devised by one skilled in the art are encompassad by the
mvention. In certamn embodiments. the radiation detection device mcludes some of the
foliowing componenis: a detector component (e g, sanhlliation crvstal) Lor capturmg gamma
ravs and converting coliected signal to a light or electrical 1mpulse; a signal amplificgtion
stage, which may compnise a photomultiphier tube or sentes of photodiode amplifiers; an
electronic circwt for fltenng background nose and for amplification of the signal from the
radivactive disintegrations detected: an integrator for sunwning the number of gamnia rays
detected; and a rate meter that measures the rate of radicactive disintegrations detected. In
sonmte embodiments, the radiation detection device excludes three-dimensionat imaging
technigues.

{0581]  In some embodiments, the radiation detection device mcludes a detector
component, which provides a detector component outpuf, and & ratemeter. scaler, or
integrator for measuring the ganyma radiation count. In some embodinents. the detector
component compnses a saintiliation crvstal and a detector outpul amplification component
selected from one or more photomultiplier tubes, one or more photodiode amplifiers, and
combination thereofl. In varnous embodiments of the invention, the radiation detection device
1s of sufficient sensitivity to delect relatively small quantities of radiocactivity w the bram. In
some emboduments, the radiation detection device 1s portable. In some embodiments, the
radiation detection device 15 stationary

{00521 In other embodiments, the radiation detection device turther includes a

gamma radiation shield with a collimating aperture positioned between a delector component
and an external area of an mdividual s bead corresponding o the cortex. The ganuoa
radiation shield with a colhmating gperture mav comprise, for example, lead or tungsten. In
other embodiments of the invention, the radiation detection device further comprises a circuit

for amphiving detector component cutput. In further emboduments, the radiation detection
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device wciudes a circwt for fittering background noise Irom the detector component output.

The circutt may also amplify electrical tmpulses alter the fillering out of background noise.

[0053] Step (d} of embodiments of the present invention includes companng the

gamma radiabion count detected n step (¢} with a control gamma radiation count. Mep (d)

L

mayv be carried out in a namber ol wavs such as, for example, comparing the ganima radiation

count over an external area of the head correspondmng 1o the cortex of the mdividual with a

eanuna radiation count of a control region of the bramn of the individual. Altemativelv, step

{d} mayv be pertormed by companng the ganumna radigtion count over an external area of the
head corresponding 1o the cortex of the mdividual at risk of having AR plaque with the same
measurement taken in & healthy control population.

[0054] In certam embodiments, the control gamma radiation count may be obtamned
by measunng the ganuna radvation count using a radiabion detection device over an exiernal
area of the head corresponding to the {rontal cortex of a healthy individual, In another
embodiment, a control gamma radiation count that i1s an average or median gamma radiglion
count 1s obtamed by measuring the gamma radiation count over an external area of a head

corresponding to the cortex of a healthy individual using a radiation detection device,

calculating the median counts for the control population. In still other embodiments, the
control gamma radiation count is an average gamma radiation count obtaimed by measurng
the garmnma radiation count over an external area of a head corresponding o the cerebelium of
an individual using a radiation detection device, repeating the measurement for a population
of mdividuals, and averaging the counis for the contyol populanon.

{(HI55]  The cortical measuremaent of radsation counis i an mdividual at elevated nsk
for or actually having AD {e.g., baving a relevant amount of AP plagues m the brain) is
cenerallv significantly greater than the cortical measurement of radiabion counts in a healthy

Nad

mdividual. I addition, the ratio of radiation counis 1 the frontal region compared to

......

cergbetlar region in an individual 18 signihicantly greater where the mndividual 15 at elevaled
risk for or actuallv bas AD compared to the ratio achieved in a healthy individual.

0056 In some embodiments, the comparison of step (d) involves calculating the
ratio of the cortical gamma radiation count for the mdividual measured in step {¢} Lo the
controd gamma radiation count. A higher ratio would be consistent with the presence of §-
amviod peptide aggregates i the bram of the individual. In some embodimenis, a ratio of
above about 1.4 15 consistent with a higher nisk for AD or other newrodegenerative disorder

and a ratio of about 1.4 or below 1s imndicative of a lower sk A lower ralio 18 conzisient with

~ 3 0
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not having a substantial amount of amvlowd plagues o the bramm. A lagher ratto may indicaie
g substantial amount of amvloid plagues in the brain,

(0057] FiG, 1 schematically iflustrates gamuma probe delection of amwvloid plagues
tollowing wyection of radiolabeled A-bindmg compounds according o one embodiment of
the present invention. As shown m FIG. 1. ApB-ageregates 10 n the orbital frontal region of a
human brain are labeled with a ganmma-emitting ApP-ageregate binding radiopharmaceutical
alter a sutficient watting fime following adnunistration of the AB-binding
raciopharmaceutical. A gamma radiation cownt 1s measured over an external area of the head
correspondmg to the orbital frontat region using a portable gamma detector probe with
shielded collimator 20, The ganuna dectector probe 20 further comprises an amplifier and
filter rrcuttey as well as an mtegrator/counter. The measured gamma radiation count s then
compared with a control garmmma radiation courd. The control ganmima radvabion count 18
measured over an externagl area of the head corresponding to the cerehellum as a
reference/control region using the portable samma detector probe 24

{0038]  In some embodiments, the method for detecting P-amvloid peptide

cregates i the bramn of an mdividual may be used to estimate the individual s relative ngk

gh-‘ st
i

e

of developing Alzhaimer's disease (AD). In other embodiments. the method may be used {0
evaluate the progression of AD in the idividual, In still other embodiments, the method may
be used 1o diagnose Alzheimer's disease m the mdividual or to nide out the presence of
Alzheimer’s disease,

{0059 The Af-binding radiopharmaceuticals of embodiments of the present
mveniion faciiate gamma probe measurement outside the crantam m a fow-cost detection
method for wdentitving amviond plague in the brain and consequently identifving mdividaals
at elevaled nsk of having or developimg AD or other neurodegenerative disorder. The Af-
binding radiopharmaceutical utihzed in embodiments of the present imvention preferemtially
exhibils a hagh attimiy for AP-aggregates. For example, i some embodiments, the affinsty
(e.g., Kg) of the AR-binding radiopharmaceatical 15 less than or equal to about 100 nM. In

[0060] The AB-binding radiopharmaceutical of various embodiments of the present
smvention includes a compound that selechively binds 1o AP agerepates, which 1s {ethered to a
radiogctive pariicle or radiolabelad by any of numerous methods known in the art. In certamn
embodiments, the AP-binding pharmaceutical includes a radiolabeled antibody, protein,
pephide. nucleic acid. organic molecule, polvmer or a combination thereof. Specifically. m

certain embodnments, sotopes within the Ap-binding raciopharmaceuticals st ganmma ravs

~3 1=
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of suffictent energy to traverse through bramn tissue and be detected with an external radwation
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detection device
[0061] A varietv of radiowsotopes may be attached to the AP-bhinding
radi {};ﬁ},ha;f.‘ﬁmeﬁuuml for localization to amyloid plagues such as. but not limuted to, "By, "7,

l:ji‘A 1R3! I PRIXTERY

Te, P'C, and '°F or a combination thereof, The radioisotopes useful in aspects of
the present invention decav with an enussion of gamma-ravs detectable using external probe
detection methodology (1.2, measurenient taken ouiside of an individual’s skudl). In other
ermnbodiments, an AR-bindmyg radiopharmaceutical may be identified uwsing binding assavs
known i the art. i other embodiments of the present invention, a shightly moditied assay
can be used.

[0062] In particular embodiments, the radiolabeled compounds mchade "F because
of the speciic decay balf-life provided (approximately 110 munates). which allows retatively
rapid decav of the radiopharmaceutical in the patient after the probe measurements are
completed therebv allowing the subject to safely retum to work or home, but the decay hall-
fife 13 not so short as to cause a major foss of signal mn the bram pror (o adeguate blood
clearance over the [irst 30-60 mumges alter injection.

(0063] The AR-binding radiopharmaceutical may contain one oF MOre asymmetric
centers, which can give rise {0 oplical isomers {(enantiomers) and diasterenmers. Hence, the
Ap-binding radiopharnmaceutical can include an enanfiomer, diastereomer, racemate or
mixtures thereof of the AR-binding radiopharmaceuatical. In some embodiments, the Ap-
binding radiopharmaceutical exists as a geometncal wsomer. In addition, the presemt
mnveniion encompasses all possible regioisomers and nuxtures thereof, which can be obtamned
m pure form by standard separation procedures known to those skilled m the arl, such as, for
example, column chromatography, thin-laver chromatography. and high-performance ligud
chromatopraphy. Tautomers for the AP-binding radiopharmaceutical are also encompassed
i eambodimenis of the present mvention.

(0064] Examples of the Af-bmding radiopharmaceuticals in embodiments of the
present mvention include, but are not iimtied {0, those described 1 WO 2006/014381
(POTUS2005/023617), US 2003/0236391 (Ser. No. 18/388.173), LIS 2005/4043523 (Ser
No. 10/645 8473, WO 2007047204 (PCT/USZ006/039412), WO 20077086801
(PCT/SE2007/000068), WO 20067057323, EP 181872 (PCT/IP2005/021642), WO
2005/016888, EP 16533287 (PCT/IPO4/11546), US 6,696,039, US 6,946,116, US 7,250,525,
WO 2006/078384 (PCT/US2005/045683), WO 2006/066104 (PCT/AUISZ2005/043682), WO
2007126733 {(PCTAUS20G7/007400), US 2006269473 US 2006/260474, USZ0053/41271584,

172
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LS 2007/0031328, Mathis et al., JMed. Chem. 2003, 46 2740-2754; Small o al, N kngl J

Med, 2006, 355 2652-2663; Zhang et al., Nucl Med Hiol 2005, 32: 799-809; Ono et al,

Nucl Med Biof. 2002, 29:633-642, Ono et al., Nucl Med. Biof 2005, 32 329-335: Qu et al.,
Bioinorg. Med. Chen Lert. 20007, 17: 3381-3384; Kemppamnen et al., Newrology 2007, 68;
1603~1606, Pike et al.. Brain 2007 130; 2837-2844; Klunk et al, dan Newrod, 2004 55, 306~

319; Verhoeft et al., Am ./ Gericr Psyehicory 2004 12, 384-595; and Newberg et al., J Nued

Med 2000, 47, 748-754, each of which is herebv incorporated by reference in 118 entivety.

{0063]  The halt-life of the ABR-binding radiopharmaceutical of embodiments of the
present invention may vary depending on which radioisotope s utilized. Accordingly, m
some embodiments, the AP-binding radiopharmaceutical hgs a radioactive hall-life of about
24 hours or less. In other embodiments, the radicactive half-life of the AR-binding
radiopharmaceutical may be about 12 hours or less, m still others, about 6 bowrs or less. and
it some, about 2 hours to about 1 hour or less.

{066]  The radicactiviiy emitted by the A-binding radiopharmaceutical may vany
among embodiments, and may depend apon vanous aspects of the procedure (1e., the waiting
pertod) or the phyvsiology ol the mdividual. As such, the amount of AR-binding
radiopharmaceutical adnunistered can vary among embodiments, as does the effective
amountt of the AP bhinding radiopharmacentical. For example, i some embodiments, 0.1 {o
20 mC (3.7 o T40MBqQ) of the AR-binding radiopharmaceatical 1s admamistered to the
mdividaal. In thas case, an effective armnount may be from aboul 0.1 1o about 20 mCi of the
AfR-binding radiopharmaceutical. In other enmtbodiments, the effective amount of the Af-
binding radiopharmaceutical may be from about 6.1 1o abouwl 10 mCi. In still other
embodiments, the effective amount mav be {rom about 0.1 Lo about 2 mCr In further
ermbodiments, fower doses of ApB-binding radiopharmaceutical may be admmistered and
function as an effective amount.

{0067] The AP-bmding radiopharmaceuical may be adnunistered by any method of
adnunistrabion. For example, m some embodiments, the AP-bindmg radiopharmaceatical 18
adnunistered orallv, rectally. parenterally (e g.. intravenous, miramusculariy or
subcutaneonusly), intracisternallv, mntravagsmally. intraperdoneatly . intravesicaliv, or localiv
as, Tor example, powders, omtments or drops, or as a buccal or nasal spray. In preterred
embodiments, the Ap-aggregate~binding radiopharmaceutical 1s adnunistrated by myection,
and more preferably may be adnunistered by intravenous injection. Afl-aggregate hinding
radiopharmaceuticals useful in embodiments of the invention can be administered in a

pharmaceutical composition iy unit dosage form. For example, AP-agaregate hinding
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radropharmaceunticals formulated {or indravenous admimstration may be prepared m unit dose
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syringes confammg an appropriate guantity of active ingredient.

[0068] The mdividual n vanous embodiments being measurad {or the presence of
AR amyvlord plague m the bram may be any hiving creature. For example, 1 some
embodiments, the mdividual 15 a mammal and preferably a hiving buman bemng. In certam
embodiments, the individual may be at risk for developing anwloid plaque and/or
Alzheimer’s disease or suspected of having Alzheuner's disease, and m particular
embodiments, the mdividual mav be an elderly mdividual.

{0069]  More specilic embodiments of the wvention are provided below. Thege
embodiments gre not meant {o be lumiting. {118 appreciated that cerfain [eatures of the
mvention, which are, tor claniy, described wn the context of separate embodunents, can also
be provided 1o combination w a single embodiment. Conversely, various features of the
mvention that are, for brevily, descnbed i the context of a single embodiment, can also be
provided separately or it anyv suitable subcombination. The elements and steps described
herein may be combined 1 any number of ways as deternuned by the skilied artisan {o aftfect
a destred outcome without deviatiug [rom the spant and scope of the invention. For example,
in some embodiments, the effective amount of Af-binding radiopharmaceutical includes
from about 0.1 1o aboul 20 mC of a radicisotope wheretn the radiopharmaceutical 15 a
compound having a binding athinity of < 100 nM for Af-aguregates and 1s labeled with one

or more radioisotopes having a radioactive half-life of about 24 hours or less such as, for
18 from about 6.1 hour 10 a time correspondmg to abouwt the radicactive hali-hife of the
radiossotope attached to the AP-bindimg radiopharmaceutical. Addittonally, m thas
ermmbodiment. the control gamma radiation count 18 obtained by measuring the gamma
radiation over an external area of the head corresponding {o the cerebellum region of the
individual usmyg the radiation detection device or measuring the gamma radsation over the
external area ol the head of a healthy mdividual,

[06070]  In other embodiments, the ellective amount of Af-binding

radiopharmaceutical includes from about 0.1 to about 10 mC1 of a radicisotope; the AB-

)

binding radiopharmaceutical is a compound that is radiolabeled with 'C. "F_ "™T¢, "I, or
cormbnation thereof] the walling thme s from about 0.1 hours to a tme corresponding to

about the hglt-life of a radivisoiope attached to the AP-binding radiopharmaceutical; and the
control samma radiation cound 13 obtained by measuring the gamma radiation over the

axtaernal area of the head corresponding to the cergbellam of an mdividual.

-14-
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{071]  In still other embodiments, the effective amount of AR-binding

radiopharmaceutical inciudes from about .1 1o about 2 mCi of a radigisotope; the Af-
hinding radiopharmaceutical is a compound that is radiolabeled with “C. “F, ™™ Te, L or
combination thergof; the waling time 18 from about €.1 hours to a time correspondiyg 1o
about the half-lie of a radioisotope atlached 1o the Af-binding radvopharmaceubical. and the
control gamma radhation count s obtained by measunng the ganma radiation over the
exiernal area of the head corresponding to the cerebellum of an individual,

{00721  In other embodiments of the present mnvention, the effective amount of Af3-
binding radiopharmaceutical inchudes from about 6.1 Lo about 20 mCy of a radiossotope; the
AP-binding radiopharmaceutical is a compound radiclabeled with *“F; the waiting time is
from about 0.1 howrs to a time corresponding to about the half-life of PF; and the control
samma radvabion count 15 obtmned by measuning the gamma radiation over the external area
of the head corresponding 1o the cerebellum ol an mdividual.

{073]  In still other embodiments, the effective amount of Afl-binding
rachopharmaceutical includes from about 0.1 to aboul 10 m{L of a radioisotope; the AP-

hinding radiopharmaceutical is a compound radiotabeled with F: the waiting time is from

radiation count 1s obtamed by measunng the gamma radiation over the extemal area of the
head corresponding to the cerebellum of the mdividaal.

[0074]  In vel other embodiments, the effective amount of AR-binding
radiopharmaceutical includes from about 0.1 to about 2 mCh of a radiotsotope; the AP-
binding radiopharmaceutical is a compound radiolabeled with °F; the waiting time is from
about (4.1 howrs to a time corresponding to about the half-life of F and the control gamma
radiation cound 18 oblained by measuring the gamma radiation over the extemal area of the
head corresponding 1o the cerebelltum of an mdividual.

[B075]  In some embodiments, the eflective amourd of Ap-tindimg

radiopharmaceutical comprises from about €11 to about 20 m(y of a radioisoiope; the wasting
time 1s from about 0.1 hours {0 about 6 hours, and the cordrol gamma radiation count is
obtamed bv measuning the gamma radiation over the external area of the head corresponding
{0 the cerebellum of an individual,

{076] In other embodiments. the effective amount of AP-bindmg

radiopharmaceutical includes fronm about (3.1 to about 20 mCs of a radioisotope; the watling

tinie 18 from about 0.1 hours to about 2 hows: and the control gamma radiation count is
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obtamed by measunng the gaowna radrabion over the external area of the head corresponding
to the cerebellum of an individual,

[0077] In still other embodiments, the effective amount of Al-binding
radgiopharmaceutical inciudes from about (.1 Lo about 20 mCr of a radiotsotope; the waiting
time 1s from about 10 mumutes to about 60 munutes; and the control gamma radiation count s
obtamned by measuring the gamma radiafion over the external area of the head corresponding
to the cerebellum of an individual.

{0078]  In further embodiments, the eftective amount of AP-binding
radiopharmaceutical includes from sbout 4.1 1o aboul 10 m(s of a radimsotope; the waiting
tie 18 from about 0.1 hours 1o gbout 6 howrs; and the control gamma radiation count ig
obtained by measuring the gamma radiation over the external area of the head corresponding
to the cerebellum of an mdividual

0079 In some embodiments, the effective amount of AB-binding
radiopharmaceutical includes from about 6.1 1o about 10 mCi of g radioisotope; the watting
fume 18 from about 0.1 hows 1o about 2 hours; and the control gamma radiation count s
obtained by measurning the ganwna radiabion over the external area of the head corresponding
10 the cerebellum of an individual,

[0086] In other emibodiments, the effective amount of Af-binding
radiopharmaceutical mcludes {rom about 8.1 Lo about H) mCy of a radioisotope; the waiting
tirne 15 from about 10 minutes to abouat 60 mutes; and the control camma radiation count 1§
obtamed by measuring the pamma radiation over the external area of the head corresponding
to the cerebellum of an individual.

{081 In still other embodiments, the effective amount of Afl-binding
radiopharmaceutical includes from about €. to aboul 2 mCi of a radioisotope; the watiing

ame 18 from about 0.1 hours 1o gbout 6 hours: and the contrel camma radiation count is

N

to the cerchellum of an mdividual

{0082]  In vet other embodiments, the effective amount of AR-binding
radiopharmaceutical includes from about 6.1 to about 2 m{1 of a radicisotope: the waiting
fime 15 from abowt 0.1 howrs {o about 2 hours; and the control gamma radiation count is
obtained by measunng the gaowna radiation over the external area of the head corresponding
10 the cerebellum of an individual,

[0083] In some ambodiments, the effective amount of Ap-binding

radiopharmaceutical comprises from about €11 to about 2 mCy of a radigistotope; the wailing

~§ &



At

243

CA 02716524 2010-08-23
WO 2009/108606 PCT/US2009/034886

fime 18 lrom about 10 nunutes (0 about 50 manutes; and the condrol gamma radiation count 13

by

abtained by measuring the ganuna radiation over the external area of the head corresponding

10 the cerebellum of an individual,

(0084] Embodimments of the mvention [urther include a kit for detecting amyvioud
plagues 1 the bram of an mndividual. The kit may generally include an Af-binding
raciopharmaceutical atong with mstructions directed o adnunistering the Ap-binding
racdiopharmaceutical to an mdividual, waiting for a period of time, and measuring the gamma
raciiation count over an external area of the head corresponding 1o the corlex of the mdividual
using the radiation detection device. In certan embodiments. the AP-bimding
radiopharmaceutical 15 provided in dosage form for miraveneous mjection. The mstructions

may [arther comprse a direction to compare the gamma radiation count with a control

samuma radiation count, and n certam embodiments, the mstructions may further include

directions for measuring the gamma radiation count over the extemal area of the head away
from the cortex such as, for example, an area corresponding {0 the cerebeatlum of the
smchividual and companng the gamma radiation count with a control gamma radiation count.
In other embodiments, the kit further includes a radiabion detechion device and mstractions
for using such radiation detection device. In still other embodiments, the kit includes
imstractions for nsimyg radiation detection devices at a disclosed location. The kits in vanous
aspects of the present invention may be used according to any of the methods embodied
heremn.
EXAMPLES

[O8S]  In order thal the mvention discliosed herein may be more etticiently

anderstood, examples are provided. The tollowing examples are for ilusirative purposes

only and are not to be construed as himiting the invention i any manner.

Example 1,

[0086] To demonstrate the feasibihitv of one embodimaent of the present invention
(AD} subject, AD subjects were injected with approximately 10 mCi of an F radiofabeled
{E )-4-(2-00-{2-(2-(2-fluoro{ | 8}-ethoxy }ethoxy yethoxy ipvndin-3-vvinvl)-N-

melhvibenzenamine, the structare of whach s shown in Example 1.
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Example |

{0087]  Positron emission tomographv (PET) scans of the brain of the AD subjects

were taken and analyzed. The amount of "F in the frontal cortical regions of the respective

AD subjects was characierized based on the number of radioactive counts per voxel per

smanute from the PET tmage. This data was converted to the anits of kBg/ce of bram tssue in

the frontal cortex. This was deternuned {0 be between 2.1 to 2.9 KBg/ce (with some vanation

hefween subjects and voxels sampled n the frontal cortex). In addition, the PET imauzes werg
analyzed to determine the approximate amount of °F AB-binding compound in the
cerebellum, a reference region ol the bram with little or no amviod plagues. The amount of
radioactivity in the cerebellum ranged from 1.0 to 1.5 kBg/ce.

10088] Based on these amounts of °F AR-binding compound in the frontal region of

the bram {where amviod plaques are tvpically found m AD patienis) versus the cerebelhum,

two beakers of water with approxymately 100cc each (mumicking the volumes of the frontal
and cerabellar regions of the brain) were prepared with 0.053uCi/ce (approximatelv 2 kBgéec)
and 0.025uCiee (anproximatelv 1 kBa/e £ E{ i
and 0.023pCvec (approximately g/cc) of F m each

{0089] A gceneral purpose gamma radiation survey meter (Ludium Measwements,
Inc.. Model 3 Survey Meter) equipped with a gamma radiation probe detector (Ludlum

Measuraments, Inc., Model 44-38) was utilized. A lead shigld of approximatelv | am

thickness with a 10 mum collimator opening was positioned over the end of the detactor and

measurements ol the gamma radiation levels were made with the 10 mm cothmator shield

opening adjacent to the surlace of each beaker. i‘he survey meter reading was 100 counts per

S0 CPM for the beaker contaning H\Bq ce of °F in solation. These measurements
demonstrate the feasibility of using a gamma probe with collimation to detect levels of '°F
simular (o those levels found in the frontal and cerebellar bramn regions of Al subjects
syected with ¥ radiolabeled amyloid plague-binding compounds for PET scanning.
Moreover, the measurements with the ganwna probe having a lead collimator stuelded

opening demonstrate the leasibility of detecting an approximate 2-lold difference in signal
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from F levels. which approximales the signal difference between the [rontal and cerebellar
hrain regions of AD subjects injected with g " F radiolabeled amvioid plague-binding

compound.

Example 2

{0090]  An intravenous mjection of 37 to 74 MBg of 7F radiolabeled (F)-4-(2-{6~{ 2~

prophetic).

(2-02-] ¥ {tuoroethoxy ethoxy Jethoxy pyridin-3-vviny-N-methylbenzenamine is
administered {o an individual. After a wailing time of 45 nmunutes, the side of the individual’s
head s positionad adjacent to the shiglded collumator gamma detection probe, as desciibed in
Example 1. so that the probe defects the garmmma radiation i the frontal-orbital cortical region
of the brain. Alternatively, a Nal santitlation probe (Ludlum Measurements, Ing., Model 44-
2315 uliizad. A measurement of the tolal gamma radiation count 18 taken over a 60 second
period. The ganmma radiabion count measurernent 18 then repeated i a ssnular manner on the
side of the back of the head over the cerebellar region. The radwation count ratio of frontal to
cerebellar regions s mdicative of the individual s refative risk of having A§ aggrepates n the
bramn. Specificallv, a ratio of above approxsmately 1.4 18 conmistent with a higher nsk and a
ratio of below about 1.3 18 indicative of a lower risk of the mdividual having AP aggregates in
the brain.

{0091] Various modifications of the invention, in addition {o those described herein,
will be apparent o those skifled i the arl from the foregomyg descnphion. Sach modifications

are intended 1o {all withun the scope of the appended clasms.
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What is elaimed:

i A method of detecting P-amyioid aggregates i a bram of an mdividual, comprising:
administering to an idividual an effective amount of an AP-bmding
radiopharmaceutical;
wating a period of time;
measwing a gamma radiation count over an extemal area of the head comresponding
to the cortex of the individual using a radiation detection device; and
companng the gamma radiagtion count with a control gamma radiation count.

2 The method of claim 1, wherein the effective amount comprises {rom about 0.1 o

about 20 mCi of said AP-binding radiopharmaceutical.

3. The method of claim 1, wherein the etfective anount comprises from about 0.1 {o

about 10 mCi of samd AP-binding radiopharmaceutical,

4, The method of claim 1, wherein the effective amount comprises from about 0.1 {o
about 2 m{y of smd Af-binding rachopharmaceutical.
3. The method of claim 1, wherein the APR-binding radiopharmaceutical comprises a

compound having a binding afhniy of < 100 nM {or Ap-aggregales.

& The method of claim 1, whereimn the AB-binding radiopharmaceutical comprises a

compound having a binding altbmaty of abowl 10 nM or less.

The method of claim 1, wherein the AP-binding radiopharmaceutical conprises “Br,

23y 128y 150y e, 1 | 18p
LL7L 7" Te, "Cor F

8. The method of claim 1, wherein the period of waiting time is from about 5 minmutes {0
a fime comresponding o approximately fwice the radioactive hall-life of the radivactive

isotope of the AR-binding radiopharmaceutical.
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9 The method of claim 1, wherein the penod of warting tme 13 from about 1 ounutes
{0 a time corresponding 1o the radioactive hall-hife of the radvoactive 1sotope of the AP-

binding radiopharmaceubical.

10, The method of claim 1, wheremn the penod of warting time 1s about 1 to abowt 60

munes.

{1, Themethod of clasm 1, wherein the control gamma radiabion count 1s a gamma

ragiation count ol a contrad region it the bran of the mdividual,

12, The method ol claxm |, wherein the conirol gamma radiation count 18 a gamma
radiattom courtt obtamed over an external areg of the head corresponding to the cortex of

individuals from a healthy control population.

{3, The method of clanms 1 or 12, wherein the control ganyma radiation count 18 an
average or median gamma radiation count defermined by repeating the gamma radiation
count measurament for a population of healthy mdividuals and calcuwdating the average ov

median counts for the control population

{4 The metbod of clasm 1, wherein the comparing step comprises calcalating a ratio of

the cortical garmma radiation count for an mdividual o the control gammag radiation count.

IS The method ol clanm 14, wherain the calculated ratio of above about 1.4 18 consistent

with the presence of B-amvioid peptide aggregates in the bramn of the mdividual.
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16, The method of claim 1, wherain
the etlective amound comprises {rom about 8.1 to about 20 m(y of said AP-binding
radiopharmaceutical;

the AR-binding radiopharmaceutical comprises a compound having a binding allnty

!

of < 10 nM for Al-agaregates;

the pertod of watting time 18 from about 0.1 hours 10 a time corresponding 1o about
the radicactive half-life of the radioisotope alitached to said APR-binding radiopharmaceutical;
and

the control gamma radiation count is obtamed by measurng the gamma vadiation over
10 the external area of the head corresponding to the cerebellum region of sard mdividual using

sard radiation detection device.

17 A kit tor detecting amyloid plagues in the brain of an individual, comprising:
an AP-bmding radiopharmaceutical; and

imstruchons lor using the ARP-bindmg radiopharmaceatical, savd instructions

3

comprising a direction o admumster {o an mdividual an effective amount of an Ap-binding

L%

radtopharmaceutical; a direction 10 waii a periad of ime: and g direction to measure a ganuna
rachation count over an external area of the head corresponding 1o the cortex of said

mcdividual using a radiation detection devigce.

I8, The kit of clatm 17, wherein the AR-binding radiopharmaceutical 1s in dosage form

for infravenesous mjechon,

19, The kit of clanm 17, turther comprising a radiation detection device and instructions

for using such radiation detection device.

200 The kit of claim 17, further comprising mstructions for using a radiation detection

davice at a disclosed location.

3
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