WD 2008/ 021302 PCTI US2007/ 017890 AUTOVATED SYSTEM FOR FORMULATI NG
RADI OPHARVACEUTI CALS BACKGROUND COF THE | NVENTI ON [ 00011 Thi s application

clainms pri S. Provisional Patent Application
60/ 822, 306%#%0?{%%? llijgust 14, 2006, and U.S. Patent Appl ?@g’th?%é’%»@é’ﬂ’al No.

11/ 726,853, filed March 23, 2007, both of which are incorporated herein by
reference in their entirety. 1. FIELD OF THE | NVENTI ON 100021 The present
invention relates to the field of radi opharmaceutical synthesizers. Mre
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molecular imaging targets for diagnosis and therapy have been developed to visualize
discase states and pathological processes without surgical exploration of the body. In
particular, targeted radiopharmaceuticals offer promising capabilities for the non-invasive
assessment of the pathophysiology of diseases. However, radiopharmaceuticals suitable for
clinical use have been limited, which has led to the recent development of new
radiopharmaceuticals with improved sensitivity, specificity, signal-to-background ratio and

biodistribution.

[0004] One factor that has limited the number of suitable radiopharmaceuticals available
relates to the relatively short half lives of the radioisotopes used in radiopharmaceuticals.
Short half-lives are required to provide a strong signal during imaging and to subsequently

limit the patient’s exposure to radioactive materials after the imaging is completed.

[0005] To date, the most commonly used radioisotopes have been those derived from a
cyclotron. Cyclotrons accelerate charged particles to high speeds causing the charged
particles to collide with a target and thereby produce radioisotopes. While effective,
cyclotrons are large and costly systems. As a result, many medical imaging facilities must

obtain their radioisotopes from cyclotron facilities that are significant distances away. The



time that it takes to synthesize radiotracers fromthe radioi sotopes and
deliver themto a nedical imaging facility necessitates that the

radioisotopes used have sonewhat |onger half [lives than m ght otherw se be
i deal . 10Q0Q6 ﬂ{zt ractive alternative to obtaining ragdiRksateRes from
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radi oi sot ope generators that are far nore econom cal than cyclotron
facilities. These generators are based on a parent-daughter (P/D) nuclidic
pair wherein a relatively long-lived parent isotope decays to a short-1lived
daughter isotope suitable for inmaging. The parent isotope, which is
produced at a cyclotron facility, can be shipped to a clinical site and is
t he source from which the daughter isotope nay be readily el uted.
Generators of this type are snaller and relatively inexpensive and therefore
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[0008] The short half-life of ®®Ga permits applications with suitable radioactivity while
maintaining patient dose to an acceptable level. Furthermore, 3Ga®* cation can form stable
complexes with many ligands containing oxygen and nitrogen as donor atoms. This makes
%8Ga suitable for complexation with various chelators and macromolecules. Over the last
three decades, several *Ge/*®Ga generators have been developed that provide a high yield of
%8Ga and relatively low breakthrough of %*Ge. While some purification of the ®*Ga obtained
from such generators may be required, the ®®Ga that is produced is highly suitable for the

formulation of radiopharmaceuticals.

|0009] Radioisotope purification and radiopharmaceutical formulation require intricate
handling of radioactive materials, fast reaction times, ease of synthesis and reproducible
results. Synthesis of radiotracers is therefore challenging for several reasons: 1) the
synthesized radiopharmaceuticals must meet strict sterility and pyrogenicity requirements
which must be validated from batch to batch; 2) the system must be highly reproducible from

batch to batch, demonstrating suitable radiochemical yield, radiochemical purity, pH and



specific activity; 3) the synthesis tinme nust be fast when dealing with

radi onuclides with a short half-life or the nuclides will |ose their
utility as radiotracers; and 4) the purification and synthesis equi pnent
and prot ocoWwe 20u8é8d13pust afford maxi mal protection for raROTHEILNTI0EBYY doi ng
the purification and synthesis by mnimzing their exposure to the highly
radi oactive materials being handl ed. The Food and Drug Adm ni stration (FDA)
permts radi opharnaceuticals produced under well-controlled conditions in
central commercial facilities to be distributed to |local clinics where they
are adm nistered. In addition, radionuclide generator systens used in

wel |l -controlled facilities have gained FDA acceptance and have a | ong

hi story of successful clinical application. The clinical application of
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[0011] Fully-automated systems for radiopharmaceutical synthesis have been developed for
synthesis of radiopharmaceuticals from cyclotron-derived radioisotopes such as the GE
TRACERIab MX line of products. Such devices have not been designed however for use
with generator-derived radioisotopes such as %8Ga. These devices are small enough to fitina
standard laboratory hot cell and in some cases make use of replaceable cartridges that permit
the user to rapidly replace between runs the components that were in contact with radioactive
materials. Generally, however, automated systems of this type do not purify radioisotopes
because purification is generally not required for cyclotron-derived radioisotopes. Also each
device is customized to formulate one particular type of radiopharmaceutical and is not
designed to be adapted by the user to formulate other types of radiopharmaceuticals, even

those that use the same radioisotope.

[0012] Meyer et al. (Meyer, G.J., H. Macke, J. Schuhmacher, W.H. Knapp and M. Hofmann.
% Ga-labelled DOTA-derivatised peptide ligands, Eur. J. Nucl. Med. Mol. Imaging 31:1097-



1104 (2004)) discloses a sem -automated systemfor purification of 68Ga and
synthesis of a single type of 680a radi opharmaceutical, DOTA-derivatized
peptide ligands. The disclosed systempermts nonitoring and on-1line

control gL g§0§}02139 t not all steps in the process. Fuydighidlgshhe
di scl ose gy tem does not provide any nmechani smfor adapting the system to

the purification of other radionuclides or the synthesis of other

radi ophar maceuticals. The disclosed system also does not elimnate dead
vol une | oss nor does it provide for a rapid and sinple nechani smfor
replacing parts in contact with the radionuclide or radi opharnaceuti cal

bet ween synt heses. (00131 WO 2005/ 057589 di scl oses systens and net hods for
synt hesi zi ng oil-soluble and water-sol uble radioi sotopic agents. Autonated
systens are disclosed for preparing radioisotopes and subsequently
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purifying a radioi sotope and fornulating radiop ceuticals contal ning
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produced radioisotopes and formulate radiopharmaceuticals from the purified radioisotopes.
Ideally, the required device would be easily ‘adaptable for use with different radioisotopes
and for the formuliation of different radiopharmaceuticals. The ideal device would also be
designed to have replaceable parts that could be exchanged easily between runs and would
minimize a user’s exposure to radioactive materials during the preparation of purified

radioisotopes or radiopharmaceuticals.
BRIEF SUMMARY OF THE INVENTION

{0015] The present invention provides an automated system for purifying a radioisotope and
formulating radiopharmaceuticals containing the purified radioisotope comprising: an
elution station capable of receiving an isotope from a generator; a module comprising a base
panel, a purification panel, and a formulation panel; wherein both the purification panel and
the formulation panel further include a plurality of valves and at least one reaction vessel; a
removable interchangeable isotope specific purification cassette capable of receiving a
radioisotope from the elution station comprising one or more networks of tubing mounted on

a rigid support, wherein the purification cassette connects to the purification panel of the



nodul e and the network of tubing is engaged by one or nore of the plurality
of valves; a renovable interchangeable specific fornulation cassette

conpri sing \gp%&; s e networks of  tubing mounted on a gdGidoSHPRY t .
wherein the Prmulatl on cassette connects to the formulation panel of the
nodul e and the network of tubing is engaged by one or nore of the plurality
of valves; one or nore punps in fluid conmunication with the network of
tubing of the purification cassette and the fornul ation cassette; and a
control system wherein the punps and valve assenbly are at |east partially
controlled by the control system In certain enbodinents, the autonmated
system further includes at |east one chromatography colum in fluid

comuni cation with the network of tubing of the purification cassette.
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PCT/ 052007/ 017 system fo control one or more pumps and one or more valves of the automated
system to dircct the ftuids through the network of tubing, the-chromatography column and

the reaction vessel so as to formulate a radiopharmaceutical.

[0018] In certain embodiments of the present invention, the automated system for purifying
radioisotopes and formulating radiopharmaceuticals comprises: an elution station capable of
receiving a radioisotope from at least one generator; one or more pumps; a module having a
base panel, a purification panel and a formulation panel; a control system electronically
connected to the one or more valves or the one or more pumps; at least one reaction vessel,
a removable isotope specific purification cassette which includes a network of tubing
mounted on a rigid support and attaches to the purification panel of the module; and a
removable specific formulation cassette which includes a network of tubing mounted on a
rigid support and attaches to the formulation panel of the module. In some such
embodiments, the purification panel includes at least one valve and a replaceable

chromatography column having an input end and an output end and the formulation panel



i ncludes one or nore valves and at |east one fluid collection vessel. The
network of tubing in the purification cassette can further include a first
tubi ng segnent in fluid communication wth the elution station and the at

| east one fluid collection vessel, a second tubing se [ id

communi caY? SHWAPH the at 1east one fluid collection 3@@%@%&%% eagent
reservoir, a third tubing segnent in fluid communication with the at | east
one fluid collection vessel and the input end of the chronatography col um,
and a fourth tubing segment in fluid comunication with the output end of

t he chromat ography colum. The network of tubing in the fornulation
cassette further can include a first tubing segnent in fluid comrunication
with the network of tubing of the purification cassette and the at |east one
reaction vessel, a second tubing segnment in fluid conmunication with the at
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tubing and a rigid support configured to engage valves on an autonated

radi ophar made fridcemmusicatipn with @ ggg,g:g@lp(tpr capable of directing the flow of liquids within
the tubing segments.

[0020) In embodiments that include a purification panel and a formulation panel, the
purification and formulations panels or sections can be mounted at an approximately 90°
angle to each other. Incertain such embodiments, the formulation and/or purification panels
are rotatably slidable with respect to one another such that the angle between the panels can

be increased for loading and maintenance procedures.
[0021] The present invention also provides kits comprising:

a. A removable interchangeable radioisotope specific purification cassette
comprising a network of tubing and a rigid support configured to engage

valves on an automated radioisotope purification system;
b. a sterile, non —pyrogenic solution of about 4.0 N to about 9.5 N HCI; and
c. a sterile, non-pyrogenic solution of about 0.05 N to about 1.0 N HCI.

or kits comprising:



b. a sterile, non -pyrogenic solution of a chelating bioconjugate; and c. a
sterile, non-pyrogenic solution of transchelator. In preferred enbodi nents
one or nore of the solutions in the kits are supplied in a replaceable punp
reservoir. Wwo:2odsher3opref erred enbodi nents the network ofpdms2mg/esispplied in
the kits conprises |abels indicating how the tubing should be connected to
an automated system for purification of radionuclides. 100221 The present
invention further provides a rigid support for a renovable (or replaceable)
cassette conprising: (a) a rigid support conprising one or nore apertures
havi ng an edge; and (b) sem -circular channels in the surface of the support
that termnate at one or nore edges of the apertures, wherein the

sem -circular channels are configured to nmount a network of tubing on the

rigid support. In certain enb a networ k tuhing is mounted on
the rigid support to ‘?orarFF"a"’Y"%g%\}Htﬁfcza'tg&%@‘éts?@'ﬁ“’l%ﬁ'?S‘f“%é“ﬁ?‘@s‘é’ﬁtP“F‘i‘Wént| on

al so provides a method ebtwodoof a.stnlgranag id eyipof d‘oﬁﬁgdr@@m Sgaid V41odsi AAarOf
radi onucl i des conpri si ng rovi ding an automated system for

the
purifying radionucli des \‘?’ﬁ‘ %Dhé"%a&F‘t}é:ag@gé%‘l‘%}‘ WaMhg a plurality of

pi nch val ves; (b) prOV|d|n a renovable jntergch eabl e cassette conpri sing
a rigid support and a’n&flE "eﬁ"pxﬁﬁﬁBF§§@FBT8PT§B%W§g£§ﬁﬁmf %ntlng at

| east one |nterchangeable ssette suc twork of tubing is
C. Sterile, (- so{lu 10 tf scg qat
engaged by the pinch Valves'™ IOGBHPERYATT R (Y1 5°8F & t ernati vel y, the

present inventy 'noﬂgﬁ % Y 1efl®RdithelRt 8% Ofhore "B L as%[ 10]’1@?{1 theORHls ¥| &€& (su§)[§he5 & a

formul ati on of armaceut1 cal's conprising rOV|d|ng
an aut onat ed s'yB‘Peqwlfe@PmeSnn'loat lmhwamf@rﬂdantbaélmtsm rst»mrhpfmbmagxmhﬂ rst

val ve assenbl Yin hﬁe\ﬂhﬂgo@l{)néﬁ 'id%lelqttydl&ftmghw h’le\{l% Mgschou(dtpe cgtrug:\é{eq kd)gh zﬁnén?e{téi

i nterchangeabl e cassette conprisin rigid support and a network

conpressi bl e t%&ﬁgforwﬂﬁce%qn%mwmgd%t he first interchangeabl e cassette
such that the netwark of tubing is engaged by the pinch valves of the first
val ve assenbl W"’izl\@eze’%‘?"(‘)2!13‘[5‘2'°P(‘;‘|'7"E"}r5286“#3027'8@6 SuBpeTERODESEROEIONCOF

THE SEVERAL VI ﬁyﬁcéasleTHEssawrmﬁ n%O@sﬁtlng B%ufv)ﬂirt %m r% S GiGBoreUpBRad t  Of

t he present spethlcatlon and are included further denonstrate certain
aspects of theldyineansies: AUl semm: C‘Wé”ihﬁ\‘}é’tﬁ‘t‘gﬁSh‘é‘gFeBE‘hBé‘tltP@f"haﬁﬁﬂét“gt"abd by

reference to ofiR @Hmdrokpddlof iHtepenstead Wheein ihe seaBirdufdrichéhndistabe ddnBigted @ | ed
description of specific enbodi nents presented herein.
mount a network of tubing on the rigid support. In certain embodiments, a network of tubing

is mounted on the rigid support to form a removable cassette.

{0023] The present invention also provides a method of manufacturing a device for the
purification of radionuclides comprising the steps of: (a) providing an automated system for
purifying radionuclides comprising a valve assembly having a plurality of pinch valves; (b)
providing a removable interchangeable cassette comprising a rigid support and a network of
compressible tubing; and (c) mounting at least one interchangeable cassette such that the

network of tubing is engaged by the pinch valves.

[0024] Additionally, or alternatively, the present invention provides a method of
manufacturing a device for the formulation of radiopharmaceuticals comprising the steps of:
(a) providing an automated system for formulating radiopharmaceuticals comprising a first
valve assembly having a plurality of pinch valves; (b) providing a first interchangeable
cassette comprising a rigid support and a network of compressible tubing; and (c) mounting
the first interchangeable cassette such that the network of tubing is engaged by the pinch

valves of the first valve assembly.



100261 FIG 1. Fully-automated radi oi sotope purifier and radi opharnmaceuti cal
synt hesi zer shown with a 68Ge/ 68G Cyclotron Co. generator installed in the
platform 100271 FIG 2. Alternate view of fully-autonated radioi sotope

purifier and radi opharmaceutical synthesizer shown wt
Cycl ot r oV@30084248% at or installed in the platform 1(?6%#%2%@78%9%& Vi ew

of the purification panel as installed in the automated system 100291 FIG
4. Rear view of the fornmulation panel as installed in the automated system
shown with a nitrogen regulator and three distribution stations. 100301 FIG
5. View of the automated systemfromthe top showing the wells for four
waste collection vials inset in the platformand a collection vessel.
100311 FIG 6. View of the automated systemw thin a standard hot-cell
capabl e of renote operation via conputer. 100321 FIG 7. View of

ful | y-aut omat ed BIEFISESERIPTIONDH PHE SEVMERML VEWsioPTHEIMAMNGS 101.
100331 FIG 8A. View of the purification panel of the automated system

100341 FI G (@025) Yhefolwihg @ralvigiubrat porofiBaipresedt spedificatibroimil ¢l islitled 0
100351 FIG 9., Profile of the puri fif ation panel. w EF an install ec{? renmovabl y
i nt er change Wi dgmaustiplecenyiy tsiof e presentpygaiipn. Lhe iygnton may e helifr nanel
Wi t h i nst al lvaderstoadbphdfsrendeite brdvmgrabt these dasdngstift corhbiadtidn Witlithe Hitaildd ew of
a shiel ded i on-.exchggg,}eeﬁi%ol um,.i nst al | eq jn the purification panel. 8 WO

2008/ 021302 YEEFPHRS 78E00IMSBE BT M P19 and FI G 12B. View of the
rigid suppor, [ g [on.. tte.. shown.with (FI 12 a

w thout (i A0S B E RSRAREESEE phocd HRrttaduhaitasatia Bl
FIG 13A anchéwiwithaB Ga/f* 6w Gytlotrar Coi generaton pstatled fngthe phafofmar mul at i on
cassette shown with gFI G 13A) and without (FIG 13B) the valve assenbly of
t he fornul atlf@A7] FiGel 2. Abemere Micy off fublytasiamated ofadigiwotopegi pirfigppend f or

th it g o , p T ;
e purificabdigphaRai&hticdl Qﬁlth@iz%tr}wg&fi Ge/“"‘@fadfl%?rb?(b&%eﬂerﬁkﬁi WG ifed

o
t ubi ng, shown with the valve asse the purification panel. 100411
FIG 15. ScHbwleffemt-or the rigid support for the purification panel,

including channels for receiving a network of tubing, shown with the valve
assenbl y of Ip lFﬁGr%'f Beaétvix%otﬁaﬁ@mﬁcanon panel as installed in the automated system.

[0029] FIG. 4. Rear view of the formulation panel as installed in the automated system,

shown with a nitrogen regulator and three distribution stations.

[0030] FIG. 5. View of the automated system from the top showing the wells for four waste

collection vials inset in the platform and a collection vessel.

[0031] FIG. 6. View of the automated system within a standard hot-cell capable of remote

operation via computer.

[0032] FIG. 7. View of fully-automated syringe pump 102 for eluting *Ga from generator
101.

[0033] FIG. 8A. View of the purification panel of the automated system.
[0034] FIG. 8B. View of the formulation panel of the automated system.

[0035] FIG. 9. Profile of the purification panel with an installed removably interchangeable

cassette.

[0036} FIG. 10. Profile of the formulation panel with installed removably interchangeable

cassette.

[0037] FIG. 11. View of a shielded ion-exchange column installed in the purification panel.



100421 FIG 16, FIG 17, FIG 18, FIG 19, FIG 20, FIG 21, FIG 22, FIG
23, and FIG 24. D agrans of steps in the purification of a 68G
r adi oi soto FIG 25, FIG 26, FIG 27, FIG 28, G 30,
and FI G 32\?0 &(sagggb?ér%r%s of steps in the formulation of a @@20&%’178@
radi ophar maceutical. 100441 FIG 32. Schematic of the automated systemfor
radi oi sotope purification including purification panel tubing network,
val ves and punps, and their connections to the gas regulator, fluid
receptacles, generator and a fornul ati on panel (reaction vessel). 100451
FIG 33. Schematic of the automated system for radi opharnmaceuti cal
formulation including fornulation panel tubing network, valves and punps,
and their connections to the gas regulator, fluid receptacles, vacuum punp,
vent and a purlP93& FGot2 pant FIG.DEZBAl VER SRSERgRTIEPbrOFor IhE plitiatidh ONsdif20461
Nucl ear i magi i chem.cal iochenmicals that are tagged with
radi oacti ve ngstg (oa‘rgﬁgfdsl%lﬁlo%‘ gir%{/ﬁngé” '@8%?? ggs't&%le@ﬁ\é@‘ﬁe Bf Y&ﬁih&m@&‘g’%&m‘he
agent and tho ir&h I of. such agents rel n a variety
of rad; ochem Sprs N EASHLER eAPFIc, PET ORIPL o SR Pag R s KEmfiba St o
Whi | e nost r adheeneith$FIS. haiXapdwithamEIG. 13B)thbed esassdmbilyaftheyrmaativingpanel.
reproduci bilit reaction tinme and radi oactive exposure are key concerns
when devel opi Hé(’%é:ﬁﬁsl“disﬁmaé@ of begigidsuppartfortht pwifeatichpand dndeding dhesrels
concerns,  autfgiRLdiGRg Qhetwd HGHRAL Shiwn RAR (R&GN SUBIENSE tia%ruﬁ?lgé{%?@%nel.
Ho y l'acki'ng cyc

cycl otron-produced radionuclides. wever, many sites rons

are currently (bedty MGt s! iSthERSICRS the REISTHPUE fGHhE gyﬁﬁﬁéﬁfongﬁh&mﬁ{ad&%g
Positron Em ssion Tonography (PET) for clinical or WO 20081021302

PCT/ US2007101 788@nels B BF W8 fpetvark ghdubing, tseewn axiky thy alkg @pssmbbn ot dhe d
utilize preferpuegicaagdherents of the automated system of the present
invention to take advantage of the accessiblity and affordability of

radi oi sot ope (04| HICT B, FKOQ47HIG. 18,0G ! Bi, I TOTIGIENFEG. 22NEIGIL B IRAFIG. 24.
i nvention provides a Eonsol e or el ectrorggaéfhan,i cal instrument that can be

used to purifyPPEEMSA UFpsfadie Rusifigpianafar 2 BHBEERENt s the present
invention is dj t C e, ol el igal | r t that can
b ooen Lo T orl0bFE 6, %@i@%h%ﬁééﬁ?f&%?tﬁi@%%ﬁ‘?‘i e PR et |
certain enboditepsin the formmiigios o6 af*Gamediopliaonadestial.r ected to a consol e or

el ectromechani cal instrunent that can be used to both purify radionuclides
and fornul at e PAAhES. 35 dicbphaticrrd thewnntoomted systearh for castiientepd purificaionlincludingpact

appar at us t hatprfficRidHf finee bREPRAVERN SvdsSand SRInREShd eI cbnnections to the gas

regulator, fluid receptacles, generator and a formulation panel (reaction vessel).

[0045] FIG. 33. Schematic of the automated system for radiopharmaceutical formulation
including formulation panel tubing network, valves and pumps, and their connections to the

gas regulator, fluid receptacles, vacuum pump, vent and a purification panel.
DETAILED DESCRIPTION OF THE INVENTION

[0046) Nuclear imaging consists of chemicals or biochemicals that are tagged with
radioactive materials to provide contrast between sites which take up the agent and those
which do not. Development of such agents rely on a variety of radiochemistry techniques
which are performed by trained radiochemists. While most radiochemists perform manual
syntheses of imaging agents, reproducibility, reaction time and radioactive exposure are key
concerns when developing agents directed towards clinical use. To address these concerns,
automation of radiochemistry has been employed for several cyclotron-produced
radionuclides. However, many sites lacking cyclotrons are currently left with limited cost-

effective options for performing Positron Emission Tomography (PET) for clinical or



t he di nensions of a standard | aboratory hotbox. The apparatus can include
various punps, valves, collection vessels, purification colums, radiation
sensors and other devices needed to purify radionuclides and formulate

radi ophar\gﬁci@%hg@ S using renovably interchangeabl e assRLiRI7506

pre- nmount |ng 100481 For pur poses of the present invention
"radi oi sot opes” "radi onuclides" are radiation-emtting conpounds such as
68Ga that are sui tabl e for use in radi opharmaceuticals. "Radionetals" are

types of radioi sotopes or radionuclides. 100491 For the purposes of the
present -invention "radi opharnmaceutical s" are conpounds suitable for use in
nmedi cal applications such as nucl ear imagi ng, chenotherapy and the |iKke.
Radi otracers are types of radi opharnaceuticals useful specifically in

medi cal imaging or other nethods of detecting specific biological
structures ircseaeriamltwgiiwl Segjackiingn cyclatrdn opidntitigspnefewed embodemepenasithe | y

provided in g MBAEHE oF 3hd Bredl SRIARIE (o i dantagkOBP (. 48edifbfif By 1 N

"purification” of aTa 0| sot bpe nmeans renovi ng any ntam nant's

trace net al s:ffoplabdity ofvadicisdtope egneratgreni ¢ contami nants and the like froma
quantity of radioisotope to produce radioisotopes suitable for use in
phar maceut i d4047] In 0genain Asmh@qg.weﬁe-r dhgy preganiyinyentinn” pspvides a  console or

radi ophar macgiibfathanicaf ‘?:{sﬁmn)!nt”ﬁ@t“§ancb@fﬁk€d’ikd §6unf§1)ﬂddiaﬁh@lgde§ rpdhRipd ope to
produce a conpound suitable for use as a radiopharmaceutical, but

addi t i onal | yembedimgnsythepresent lnwgmtonesqmcteé@mf@nwa?li cestremeehanical lpﬁwre@al

charact eri stihgzaPbe uRd iGOnAPRRTY. H&@&tncﬂfs%@ﬁgghhﬁ& fa@ioh&dhdey. Therbdih t abl e
for pharnaceutical use. 10 WD 2008/021302 PCT/U52007/017890 100521 In

certain enbdduegiments, the@resenidnyeationis direted 19,2 sansole PEelestEmeshanicabiastiymgnt

operates to thgQhh B@hsedl% 868 arifYAdibAICIBE Rd TPt HeRPR ridisfhafRaceieals. Thi s
process allaows for renoval of contam nants which may affect radiol aheling

and al so con%r?pf‘%ﬁ'%@ atsﬁ@“r%ﬂfl'?%F's”@P%‘é‘S that igepreferred gmbadimenys isdegigpgddo it

preferably uaedmteasldhs“mtstatnbadﬁéwww& h&tBb!t THNSpArafu® uahnamdé SHouPpukmsset t e
nounted on th Vreg ohfl cation panel and to elim nate dead volune | osses, In

certain pref@& OB PSTEN R 'ﬁ?ﬂ?ﬂ cPMmng SRR SERsoBTand gthepdirvices BEEdPdn t he

radi oi sot Opetolpﬁnfyrradiﬁiitﬁhﬂ@dmﬂ Q)nﬂulaﬁce@d’dliﬂphﬁiﬂaeéhhﬁﬂﬁ@dmg réM0bably ihiee-hgRsiaet
i nvention provi n_ aut o E d systemfor purifying and concentrating a
r adi oi sot opecaﬁsr? esf rPﬁ%P%?f‘P‘Eg ttfan- gr ade radi ophar maceutical' s containing the

purif1ed T o ot ORe, QIR S] ek, an L bl an, sLat on- canable, afiLecel ving a
radi oi sot ope ma g ner a rodul'e “conprising™d puri P'eA'OR panel , a

formul ati on rpémed)n-emdnag cbmwumh as %8 Ga that are suitable for use in radiopharmaceuticals.

“Radiometals” are types of radioisotopes or radionuclides.

{0049] For the purposes of the present invention “radiopharmaceuticals™ are compounds
suitable for use in medical applications such as nuclear imaging, chemotherapy and the like.
Radiotracers are types of radiopharmaceuticals useful specifically in medical imaging or
other methods of detecting specific biological structures in a biological organism.

Radiopharmaceuticals are generally provided in a pharmaceuticall y-acceptable carrier,

[0050] As used herein “purification” of a radioisotope means removing any contaminants
such as trace metals, parent nuclides, pyrogenic contaminants and the like from a quantity of

radioisotope to produce radioisotopes suitable for use in pharmaceuticals.

[0051) As used herein “formulation” of a radiopharmaceutical preferably means chemically
modifying a radioisotope to produce a compound suitable for use as a radiopharmaceutical,
but additionally can mean adjusting the pH, concentration or other physical characteristics of

a radiopharmaceutical preparation to render it suitable for pharmaceutical use.
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wherein both the purification panel and the fornul ati on panel further
include a plurality of valves and at |east one reaction vessel; a renovable
i nt erchangeabl e specific radi oi sotope purification cassette capable of
recei vi ng awpasiserset ope fromthe elution station conpriBITAPS20GAESH nor e
net wor ks of tubing nmounted on a rigid support, wherein the purification
cassette connects to the purification panel of the nodul e and the network
of tubing is engaged by one or nore of the plurality of valves; a renovable
i nt erchangeabl e specific fornul ati on cassette conprising one or nore

net wor ks of tubing nmounted on a rigid support, wherein the fornulation
cassette connects to the fornul ati on panel of the nodule and the network of
tubing i s engaged by one or nore of the pIuraIity of valves; one or nore

punps in flui Wi, I h urification
cassette and ﬁg ﬁ?or rr‘tlﬂaﬁfll %ﬁ&“ggg%é%etcgmogenm soarﬁupg Fatéog 34 ce"rﬁ"q\‘/ﬂﬁg”er?tﬁs ©he
punps and val elleptgwodshs/ararefine a daéaasthpasltchaH (a. ?Etmbrcmbsiseadiobyfdrhmmhdst’r oI
system |n cer] ste urt her cIu

| east one chro%g%gﬁﬁﬁgﬁﬂhaﬁﬂﬁﬁﬁﬁ%ﬁ%??@F%n%%ﬁ#ﬂ%¥?3eg%ﬂBV%?ﬁd?ﬁgoﬁei ?k of

t ubi ng of t he Ipert B4siftoat isereferablyaisedeto di!ﬁ@@ﬂelﬂdmof:@imahﬂthmdgbdn iserips casettehe

present 'nventrh&ﬂtedtom‘?hf%{%ﬁfégﬁ%&aﬁéﬁkgm 191rm adi Yoilfhe lo% ?O&ﬁ% 3%%&:&9

radi oi sotopes and for man- gra arnaceu

an el ution st #mbedimentabpen G complstion ﬂfgthapmﬁhaops ﬁmapborsmom attrahefanstd ore
generator; oqgnﬂnmﬂpﬁﬁmgunps a nodul e having a purification panel and a
formul ati on panel; a control systemelectronically connected to the one or

nore val ves or Obflﬁ ﬂ@%r&éntWeﬁquesaaB ahtBfiled st foP PO iy R, aﬂ@&ﬁ@ém@ng
removabl e rad|0|sot8E§ specific purification cassette which’includes a

WO 2008/ 021302 peivispiopp ey frrmeling humanogrrdegpdiophirmacciieaht watagningithe pgnﬁed

support and athdeRERpt CohpRsiRg!l hh iefAbh QRHORBFIabRIoftrBRiviiP d thBois@Bsk fom a
renovable specific fornulation cassette which includes a network of tubing

nmount ed on a rEcgFratosATpetule capprisinradaEcationpawel faoferatiqnarnglRd p bate pang;

modul e. In Somﬁher&H‘BBthQH@f\ﬂiﬂEBﬁérﬁpanEl%dM%H&ﬁtdn%n@%erirﬁﬁldb'd%ﬁxrﬂity beast
one val ve and a repl aceab chr omat ogr aphy col um aV|nq an i nput. end and

an out put end %V&SP af B?SHBP"a‘EeF“BW“ﬁ&ﬁé'I a r‘frﬂ%\iamﬁégteesh@ge?b ﬁmeé'fvm)@gotawd at
| east one fl un,gtrmhthcﬁcdawaﬂea@sslebfrezr&ian@ﬂawéét@% flobh&@utidrbtdtidR comprising

purification cassette can her include a. first tu e, in flud
communi cat i on °Wiof AOFHETEe" f? Ho1ag eyt %Pr?dW‘ %“"Hf’“’l"g'ﬁ?g @ﬁg"‘?&ﬁ?ﬂ‘ cassefte

col I ecti on vessmhectsto Seqriticitivaipagel s&g&mﬁ&ule i the hutdox&mﬁmbmgdﬁédg@gbd\uybhe t he
at | east one f|UId c§klect|on ve and ﬁ rea ent

Fubl me seoment oSty OB B b EB S B el e daer il P e R FormBle i TS ¢ | o

vessel and comprising one or more networks of tubing mounted on a rigid support, wherein the
formulation cassette connects to the formulation panel of the module and the network of
tubing is eng;ged by one or more of the plurality of valves; one or more pumps in fluid
communication with the network of tubing of the purification cassette and the formulation
cassette; and a control system, wherein the pumps and valve assembly are at least partially
controlled by the contro! system. In certain embodiments, the automated system further
includes at least one chromatography column in fluid communication with the network of

tubing of the purification cassette.

{0054} In certain embodiments of the present invention, the automated system for purifying
and concentrating radioisotopes and formulating human.- grade radiopharmaceuticals
comprises: an elution station capable of receiving a radioisotope from at least one generator;
one or more pumps; a module having a purification panel and a formulation panel; a control
system electronically connected to the one or more valves or the one or more pumps, at least

one reaction vessel; a removable radioisotope specific purification cassette which includes a
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the input end of the chromat ography colum, and a fourth tubing segnent in
fluid communication with the output end of the chromatography colum. The
network of tubing in the formulation cassette further can include a first
tubi ng segnent in fluid commnication wth the networ ,ﬁq of the
purlflcaﬂﬁgﬁmﬁﬁggg{te and the at |east one reaction vellgj SH&H%EE%%ond t ubi ng
segnent in fluid communication with the at | east one reaction vessel and at

| east one reagent reservoir, and a third tubing segnent for

radi opharmaceutical collection in fluid comrunication with the at |east one
reaction vessel. 100551 Thus in certain enbodi nents, the console includes a
formul ati on panel alone or in addition to the purification panel.
Radi oi sot opes are introduced into a formul ation cassette nounted on the
formul ati on panel either fromthe purification panel or from another source.

The radi oi Sq{efRRk oRididg MOEH&AS rEfrifi@ s@ppbhahdl afAhbLeithOpurificansd p@ev oNB& sel
where they are converted into a radiopharmaceutical, for exanp

chel ati on \Mm?fi%av%rqna%b'evi&fzfrfpw%ht@g caysets Vhigh inghdgsa eawrkeﬁ“%ms to

pronot e the maafdd sia AgidisGppoRaNd Qusdhey Rnthe forMilatibh fareRBPIhE mddale. @ doH €
through the use of an infrared _|anp that, can be part of the nodule. The
r adi ophar mac¥gh eRhediments. thsparifieaiion anel; includssias lsasteprsovalYeoprdsa replacedhieul at ed

and di | ut edchk&indtbgapiiioNidhn RévingSaaRptiefd At dnvduiphit 3Rdladd @8 $driula@ien pahek i Nal
col l ection bottle contalnlg, a sterile fi]t [ Agai n, inert %ff ow can be
& ET

used to di r dBflugesOne PHIOLValEh tid ah frast °PF|F‘B'|S‘§H 1?%8%%5?% iThe petyR Ingnd to

elhl m Pat e deia@-lle\&hlﬂﬂﬁﬁmkeﬁswcan@ﬂ'ﬂieainalu&é’fi)ﬁldt tUBiAE Segntint infTRii (&thighication
therefore, 1Nng

as.re Lé t or 100§ certal enbod nts, .the
el 1 ot orman e Etog SRapoihiuft ficeerdn inisalledish yelsh, § Heonq (b Hessmiane
net wor ks of infhid@niminidatian sitdtHeiabigass Ohdfiidosllectidivesitl aidrasganbicevaigaset t es
of 12 WD 20 8/ &%1302 PCT/LE 807/017890 th ent vent hon functll on to
Pbcats and- oTABRIE SRR NGaspT R Eaon e fentere Ao Eon Y EEH G 1, ne

punps, val vem;: mmitl andt oforheves&eitsgraw tdlumaj mmqacﬁohnn‘nsbmgldegﬁmnﬁg‘lmd

conponents. The |nv ntion . enc hal &8 f d ffer nt er eabl e
specified (ocfom“sm%%l |c“hc§§es°su(?rq? %’rr% t?%a&" VAT %ﬁ'f‘g

radi onucl i demph:rﬁoﬁmdamormasqgnoﬁm;mn mcluxioa ficht ftxbmgesegmqmm ﬂlpdhajmtameemuonal
formul ati on 9{:9&%%%%& Iﬁﬁb#‘ggfﬁ% plifidal; 8&‘&@%‘?@%&&%&%&}& fere &gin L@ Wsers
£ Pthe avarlef)y ST i

of the apparatus to ra evi ce erent
r adi onucl i desepond thbmatscgmnnandﬂmadmophmpmamh thaht leant m]kt &act@n \{emhmdqalnes

W th ease OfichRonSBRLl Sk £AR BB Ry AHUARIR Mt NBlcal Bcrionin

cont am nat ed rour I'on or ion
t he cassett e&mdaqmbmnrcemrawem ﬂby!t l;asrpheyresﬂwppaessgl t he

{005S] Thus in certain embodiments, the console includes a formulation panel alone or in
addition to the purification panel. Radioisotopes are introduced into a formulation cassette
mounted on the formulation panel either from the purification panel or from another source.
The radioisotopes are transferred to a fluid collection (reaction) vessel where they are
converted into a radiopharmaceutical, for example by chelation with appropriate
bioconjugates. Heating can be carried out to promote the reaction or to remove solvent from
the sample, for example through the use of an infrared lamp that can be part of the module.
The radiopharmaceutical thus obtained can, in certain embodiments, be formulated and
diluted to the appropriate specific activity and transferred to a final collection bottle
containing a sterile filter. Again, inert gas flow can be used to direct the flow of solutions
through the purification panel and to eliminate dead volumes losses. Certain embodiments

of the module, therefore, include a gas regulator.

[0056] In certain embodiments, the purification and/or formulation interchangeable cassettes

incorporate networks of tubing for transferring solutions. The interchangeable cassettes of
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tubing out fromthe valves and detaching the cassette fromthe base of the
device and further by detaching the tubing fromcollection vessels, gas
regul ator ports and the |ike. 100571 Thus the present invention further
provi des neMib¥es/Ba3Bperati ng an automated device for tRET/EBIDTHIEWi on of
radi onucl i des conprising the steps of providing an autonmated system for
purifying radi onuclides conprising a valve assenbly having a plurality of
val ves; providing an interchangeabl e cassette conprising a rigid support and
a network of conpressible tubing; and nounting at | east one interchangeabl e
cassette such that the network of tubing is engaged by the val ves. (00581
The present invention further provides a nethod of operating a device for
the fornulation of radi opharmaceuticals conprising the steps of, providing
an aut omat ed system for fornul ating radi gpharnmaceuticals comprising a first
val ve assenbl y%gg{ﬁs?\“é "a’eﬁtl'ciﬂn?g?‘?{oﬁ t‘gll"‘:*}%\?’@ég‘,’mﬁr'ﬁ'\?i‘%%alﬁe f‘i?’f'@tcomm“ems that

i nt er changeabl mteras seth ehecpumps, Jialvgs, cotlegiof \ebeRO plirifdwion coN@AA0sH &hsin
conpressi bl e té,lt%il émgnﬁlt.i‘r) the first interchta. eabl.e cassette sugh. that
the network of “tUDIRG i § C'Bn%’é‘&%&"%g}“’?ﬁ%%“\?éWé% ergpfdnterchangeqple speciffed (Opp) y |
optional |y pr ospedifinjcaasestecailored i variesgdidferat pafmatid pﬁanmioa'gme@esrdr% d
support and a .gtet\rl‘\prag. o% (of0) rt.eslﬁ_i bltﬁ 1 ubi ng; azﬂ\ 13 %}D 2008/ 021302

PCT/ G52007/ 01780 F ™ GSioPSHEIF SR IATTHRIOP REPCESED ridheiusit e BiTrhaRasalle Cassetiest ¢ e
su?:h t hat Lgle pﬁmimrdsem{/?hf ﬂxubeir;:pg-aius te ngEdie dadapt thbec?e\b&levﬁs aogartet}eoﬁaﬂm’&ht

val ve asse y.. 10059 n the cassette is properly nmounted to the

appar atus the faﬁfbélflcgd;e é’é'g'ﬁ?tg’"caggﬁ?‘%'ambaég‘f@ﬁl ’:’éﬂ?‘b‘ a "}Pebl“’éé?ééset‘ﬁé"
appropri at e tubibsgtusegeveasseites o iqhiporent Ot opercalaminatANHEpievions rumdbefmade
with the corre&;n.fp ifjcatio col. umms and

orts.. callectjon vessels urif
the |ike, thus recfég?'i%r @H@"%%?%gll Fa‘zﬁ" @"Sfasé?tfeéfa%%%p%ﬁe DeHDP r SNARPIAERE 5
the tubing totubhg capfiemalicusives anduderdching the ki etiefeoni the bhdedf YIS Gt dFathebe
provided to a i he tubing,segnents | abel ed, preferably by col or
coding, to i ndygg{%é%é‘ﬁer%h&%%% ggllec%%’n"ecéfel?soﬁ%s rgﬂ'ﬁfff’ﬁg"d? aﬁg% lﬁ‘ﬁ' t he
apparatus. 100gfpk7Th o} ] ed on the purifjcation or
formul ation seg{bi Olnsf’?usgtﬁgﬁpéggm Jwén“gh %I{épgr R'ld%s ?netho%s o? opera!mg an automated
device for the purification of radionuclides comprising the steps of:

providing an automated system for purifying radionuclides comprising a valve

assembly having a plurality of valves;

providing an interchangeable cassette comprising a rigid support and a network

of compressible tubing; and

mounting at least one interchangeable cassette such that the network of tubing is

engaged by the valves.

{0058} The present invention further provides a method of operating a device for the

formulation of radiopharmaceuticals comprising the steps of:

providing an automated system for formulating radiopharmaceuticals comprising

a first valve assembly having a plurality of valves;

providing a first interchangeable cassette comprising a rigid support and a

network of compressible tubing;

mounting the first interchangeable cassette such that the network of tbing is

engaged by the valves of the first valve assembly,

optionally providing a second interchangeable cassette comprising a rigid support

and a network of compressible tubing; and
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part of an interchangeabl e cassette, can be continuous pieces of tubing or
can be conposed of joined tubing segnents so long as the tubing permts
fluid conmunication between the required structures. In preferred

enbodi nents, the network of tubing is branched. In ceré WRQQ ments this
br anchi ngVP28EA3 ed t hr ough the use of tubing connec @Q&g@ ¥
connectors. Alternatively, in certain enbodi nents the tubing nay be nDIded
or formed as a branched network rather than being separate segnents of
tubing fornmed by connectors. Any suitable neans of form ng the tubing
network described in the present invention can be used in the present

i nvention. 100611 As used herein, two or nore structures are in "fluid
conmmruni cati.on” with each other if there is a joining structure that is
capabl e of permitting the transm ssion of fluids between the two or nore

structures in at | e@pﬁknﬂ%gﬁﬁtﬁg'ﬁle@@conﬁ Q{te&mé&&ie‘%@%@tﬁe Qibch {HaH the ARYERTE ON,

"fluids" includes both |i'quids and gases he consol e of the present
i nvention al so i ncl whiag inengaged by the Matvasiof theissepndivalye assemblt r ol system for

automating ste gs in the purification and/or fornulation protocols.
M cr opr ocessl§P3 ¥ben the %ﬂ?ﬁer"ér‘ﬁ Rigpeslydnaugted ithe apparatpethe inderchagsenble qassettand

control a vafesighYautdthatidhily Bla@EK th%téiBﬁ)phﬂtetth&nQ%grBérﬁs?ltxﬁ POsiatbsl/foF opepiplR!l at i on
processes. In certain enbodiments, the radioactivity can be assessed at

each point donpediopy %Pcéwadaévlt*bt*weﬂstems rcakhc&pvdﬁsse§en%fi°§tleﬁl

det ect ors Whighlinsed thefilgs, ﬂ‘ﬁ\k 'r&ﬁcn’fn@ tﬁé";%t&fﬁﬂt foP lmémsmran cQ%FaE&' donfdeRQde ment s
of the nodul e, cassettes, radi ati on sensors al so i nclude attachnent

points for WMPpingiRheaRRIFNS. ébf%ﬁsemhném&cwe%%ﬁw@ahea@v&é&vwewnhtor
each step. AhgQubihf@e@hdritd fabeltd, M@rezmwb%m%dagg USIAAAO WRAD opdRiKIE €SS

can be stored as a data file which can be used to nonitor reaction
condi ti ons WC%QPﬁhP“FrQSMdéé%%@PWmﬁ00631 In certain enbodl rrents t he

control syst al so t he ca ett i nst a exanpl e,
by r eadi ny. 0Bt hseRirk B Rhireinayien SF A reiBeuither fmhistansishibre Sichabader
The control ;safedfam.maﬂhddgmlwa@sehd,&aabummsmxenés Sfithbing oit dad bé Gbhpased g
services, for initiat n|tor| roces riate for
That | casset (& IoRFoURiEGERFII 5 I0BE ptfhe FNA Pemmif Bl aPlemirisafen POvER 6
oper at i onal =tyepsl stractutes.elnpirdflrral qna:roﬂinmntsathe n&%ﬂﬁdftnsqmgms bphchetidlnn:gnam
|nformat|ona sset kit exR ates 10Q641 In
some enmbodi nEN %lm‘f’ﬁ%ﬁ‘rlsab f‘%@é‘&%ﬁ%h‘e ? éﬁmﬁ Vasi %fmgl(’)‘ﬁ%?'éec{é’fs ?"ﬁ‘éa S(Ssent
i nvention armnhmtorprﬁﬂmatn@iy,mcgemelembodnmeid\htﬂeeubmg mby bé moldbéor fenaldisaent s,
an el ution Sttz a;[lclh%gnetwork rather than being separate segments of tubing formed by connectors. Any
suitable means of forming the tubing network described in the present invention can be used

in the present invention.

[0061] As used herein, two or more structures are in “fluid communication™ with each other
if there is a joining structure that is capable of permitting the transmission of fluids between
the two or more structures in at least one direction. For the purposes of this invention,

“fluids™ includes both liquids and gases.

[0062] The console of the present invention also includes or is in communication with a
control system for automating steps in the purification and/or formulation protocols.
Microprocessor-based electronics and software can be used to monitor and control a variety
of different steps in the purification and/or formulation processes. In certain embodiments,
the radioactivity can be assessed at each point of the process due to the presence of radiation
sensors or detectors which send information to the control system. Certain embodiments of
the module, cassettes, or radiation sensors also include attachment points for

chromatography columns. Feedback loops can be used to monitor each step. Also, the entire
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of the consol e can be adapted to receive isotope fromnultiple sizes of
generators and/or multiple generators. This feature will allow for
generators to continue to be used after yields have begun to decrease by
connect i ng W20 @E3W2one generator in series. In preferrRd/URdsar#ent s, the
radi oi sotopes fornul ated as radi opharmaceuticals by the console of the
present invention are also the product of a generator. Generators of the
present invention include those based upon a parent-daughter nuclidic
pairing of "Germaniumand "Gallium Oher types of generators useful in the
present invention include, but are not limted to, those based upon

par ent - daught er nuclidic pairings of 44Titani um and 44Scandi um 52lron and
52, Manganese, 62 Zinc and 62Copper, 72 Sel enium and 72Arsenic, 82 Strontium

and 82 Rubi di I num and .99Technetium ' 18Tel |l uri um and..
et oy hoes SO/ RSER YL B FOTSEER ¢ehd 1o e el io ¥ iions e
and' 7BTant al urgermandrotBisstidetiogiry and 195- Gold. (00651 Thus in certain

enbodi nents, the :ﬁr esent invention provides a fully automated turn- key
devi ce whi ch il80¢Hdnlsrainembgdimpatsithe cogtrel auitan sat abgwi idergidie the sassetteinsalle6 8Ga

agents with  remolleiohl 8yl AR bttt olner hBRind EAGH: Wink B, AAF dadiu o

exposure to personnel, ng an i nterchangeabl'e cass
embedded t ubi nfhet ¢pptrobsystein fcan theagyoyidgh aswereente orbadt ot followsing servibes,i fag

routine maint efaRGR, mmétfmg bP SlonRORNIHTERb Gess agxgﬁ@»ggt@tfsg m%a@%;gl Veé'pwﬁﬁgg to

the invention and eluted wth a software-control | syringe to
di schar ge 68Gainfarmatdon phous penrepriateBagentsaandion operbionst sepssfoedsanih pghiticeldr

using the puridkeat] QprRangk i kiGh ShouPd @ LRRE 3R GRon mgs?zln}ditﬁe usef ul

product in itself as a purified radi oactive source. € puritied 68Ga can

then be react e@ogdjtin Bmérhsddymétes, BRCAURIQfRRE YaAEES b hedSHSAIOR! dnd kgt ed
15 WD 2008/0213112 PC f/ US2007/017890 68Ga agent appropriate for clinical

i magi ng. The fPXEIUOPareHis Riefest obagenemen Whilsiasil othgr ¢iahodimentsan sletiamstatien on

section to addofaht céitslhSh &k Qlapi&d 1GEILRA isdMpettdm! it PIEsiS @B gBndrtoksRBd/or
desired strenr?%{;|i The final_product is preferably sterile and suitable for

cli ni cal / r eseanBiPLeEsAFAW0TS- Thixdatmre will elicrefor assrarioreatinueebshyed After rields ur es

a | ayout havi ngva bepa exieeéRt Yy WnnedBl A6relhR bh& cHRIMGER Jh&s. PN hrbferad | ON
and formul ation surface area of the panels and allow

Q”e's tg xi.m ze {he ) h

for easy mani pUlMSIFIfMytIaTaCIoN0fqPEs {?F"‘Tlﬁ@d as edioppgymagsuticpls by theronsole of the

Eur |h fi cgt i onTamdshefnode t&fn}@ﬂalﬁé’lﬂ\;%'p‘iodﬁatrbhflaﬁgeaérﬁﬁﬂgégnejrﬂo@fl)_f%ﬁi’rlék?éi\ﬁm&h&n

-shaped or T-.s onfiguration rather than an appgQxi mate i_near

ar r angenent to’"ﬂ“ﬁ?&mf%@s%‘i/&”&laIparef“() ElftFrrﬂ“cE ic PﬂB"%Lﬁg@“’GP‘“EU%QOF}éﬁ’HP" to

render | t mor eOdﬁﬂ@ﬁequﬁg_En@ﬂ_ersdﬂsmﬂﬁ theprestl iSehtich iﬁclu@d,l_Bllil ae AP lkhiI®INb,Shost he

formil ati on angl.gf ,BYr bl LS, GNPRELS 218 8 S80S ard WEERT G Hom and
szmManganese, $2Zinc and 62Copper, Selenium and Arsenic, ®2Strontium and *Rubidium,

°°Molybdenum and *"Technetium, '"*Tellurium and "gAntimony, 122X enon and '*lodine,

'2*Barium and '*®Cesium, '"*Tungsten and '"*Tantalum, and '**"Mercury and '*™"Gold.

[0065] Thus in certain embodiments, the present invention provides a fully automated turn-
key device which is capable of synthesizing radioisotopic agents such as %Ga agents with
reproducible yields and purity, fast reaction time and reduced exposure to personnel, while
using an interchangeable cassette with embedded tubing that allow for easy replacement
between runs and during routine maintenance. In further embodiments, a generator can be
linked to the invention and eluted with a software-controlled syringe drive to discharge %Ga
into the system. %8Ga can then be processed and refined using the purification panel to yield
high-grade %8Ga, which is a useful product in itself as a purified radioactive source. The

purified *Ga can then be reacted with a variety of BFCA-bioconjugates to develop a targeted



profile angle with respect to one another to aid in |oading and/or
mai nt enance procedures. Those of ordinary skill in the art will readily
recogni ze that a wide variety of known nechanisns can be used to all ow such

nmovenent ,wgﬁﬂséglghthese mechani sns are enconpassed Qyhg,Rhemsit

i nvention. i onal enbodi nents, the nodul e and generator are designed
to easily fit within a standard hot-cell with anple room for additional
conponents such as a dose calibrator, vacuum punp, etc., within the nodul e.
[0067) FIG I-FIG 15, FIG 32, and FIG 33 depict an enbodi nent of the
present invention, however any arrangenent of the system conponents can be
used so long as the assenbled systemfunctions to purify radi oi sotopes

and/ or fornul ate radi opharmaccuticals, for exanple according to the general
steps outlined in FIG 16-FIG 31. Radioi sotope purification panel [0068)
The puri fi citGoapemaipploptiate S@etinioal imhging eThefiasidaimuilamios nir thén leadinsied asng val ve

nbly, j -t ai n.enbaodi t [ h
PSP Yo "Bl S e ST SH T 8, SRS 0E iR riiebne o
nor e non- r eptragglbTke fil prsipctdnpreferabipsterilp and suitable fordudinicaj/esdaraistaties.

extraction of fluids, one or nore concentration reaction, or fluid

col | ecti on @86 IIs otheu einkodinwents,the pandele, fegnes erlayvot baviaglk approrinstelg @0s, one
or rmore te”pa%gll%k gﬁo%nét?e@\%é)énﬂne %’P‘%c%on@ﬁé ?or&ﬁﬁti&?g#tn%ﬁé){nﬁxima}é‘eqhé)é‘u?—fa% argn! €

pr ogr ammabl e 651C control 1 ers or other means controlling one or nore
act uat ors asdadhd penels anil aHow Her easyimahipghatiownf ghpats.byl the weert dion examipdeli thent s,

th i fi i ' t ] | tt
conpr i si ng. PR ARG A TERN: diineo U depferink €8 1RSGR §5.3 705 1305
PCT/ US2007/ GhaigdEonfiguratgammathat them ap aprebximatelydlingei ateanaementtetimattbe peasld f or
mount ing_a neLRkorae h&Rlet S8R ort ﬁ&gitfr[’ogé)& alih Bnd ﬁ%gé&&ﬁﬁﬂgéhﬂ G

I-FIG 15, the system conprises a radionuclide gé€nerator )

r adi onucl i desugieerebediments dhe foemulayonanifon perefiqation papels arampveablditeingreasedthe
generator i fghiddhpd withQkspedagBhée id ffload? ey,

3o Te 1 1a ot bR v erRUATDhPancBitTh aid Fotoadi Mbvordbthepdefprociil
types of genkhost of oxdirare whillaineth pevwill igadilyorseognidei thateal Wide vérietyef kaewin any

generator syslamitAatcap RANGASaIfhf ha %Lergaﬁ,nm&t Yha?;th%ﬁgﬁggﬂﬂﬁﬁus aclide

useful in nedical 1naging can be used I n enbodi nments o present
i nvention. <ErempAsed byrthGggesentayratign. dpaddivienalembedimratsgthe modele artbgengrator ar e

not |imted gr;é)’desi?ﬂédo&agsﬂ&/ e Ok fimh de Ry Slfed WoEcHERRA 3n@ié room for additional
titani um di oxi de-type generators, alum na-type )
components such as a dose calibrator, vacuum pump, etc., within the module.

[6067] FIG. I-FIG. 15, FIG. 32, and FIG. 33 depict an embodiment of the present invention,
however any arrangement of the system components can be used so long as the assembled
system functions to purify radioisotopes and/or formulate radiopharmaceuticals, for example

according to the general steps outlined in FIG. 16-FIG. 31.
Radioisotope purification panel

[0068] The purification panel or section of the present invention comprises a valve
assembly, and in certain embodiments can comprise one or more of the following:
receptacles for one or more replaceable automated pumps, one or more non-replaceable
pumps, one or more ports for the injection or extraction of fluids, one or more concentration
reaction, or fluid collection vessels mounted on the panel, one or more radiation sensors, one
or more temperature sensors, one or more gas regulators, and one or more programmable
logic controllers or other means of controlling one or more actuators associated with the
purification panel. In certain embodiments, the purification panel includes a means for

mounting a replaceable cassette comprising a network of replaceable tubing. Altematively
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generators and generators conprising styrene-divinyl-benzene copol yner
containing NN nethyl glucam ne and the |ike. Generators based upon

par ent - daug@hShesiYeyh di ¢ pairings can conprise parent nychiges@Rspci at ed
with an appropri ate adsorbent, such as a chromatographic resin including
bot h i norgani c absorbents or synt hetic organic resins. |norganic absorbents
however are preferred due to their resistance to radi ati on damage.

| norgani ¢ absorbers are primarily conposed of the hydrated netal oxides
(Sn02 ,Ti 2, A1203), however, any absorbents that permt an acceptable
chem cal separation of parent and daughter nuclides can be used. 100701 In
alternative enbodi nents, the radionuclide can be obtained froma source
other than a generator, such as a cyclotron. In such enbodi nents, the

radi onucl i des tbafonbelatibmpmbhmecbvwemealndn;aw medrsdortroduinnigg afietivhek gf aplakeabdet | on
or formul ati O’h)@iﬂg by neans of a port or punp, as appropriate. 100711 As
shown in FIG d FIG 10, radionuclide generator 101 is in fluid

conmuni cat i on # 1 t hat
cyringe punp 'S8 WA Rkl PR MER - REs i it SR E8ERRhacklrgliFtor

Al ternati vel y,Tfmsndmpﬂcq@r gepemtors¢anche ey smgblemmrpnmlmobaadnswlm tgknerter
present invent; @LQrise an yeph cad )| yszn (e negy.t o2;b V)
optimally whe 1':18Pd1ng3§¥¢x9 ?s%§c$§| ceb\;% 5%% 48 geﬁ:ﬂ v for%’u?:algdgraor
generator in theAyrassentorsansddbe hbﬁqthmerausasn%/@aquem'amrare Kkmgwnitmthose
alternative i t a

0061051505 POFRRAITREI:R B8 %nr baicAl Sy 9?’?%‘3%9%5‘9&“ t%”%‘?‘%ﬁy% e
conprise a syriufde usrdulan s3adicabinaginecen hhiuedd ipgmbodimenty of Qwsqnbnuemmer

fluids into thsxﬁypsésemwﬁdgrgﬁkﬁm QRbn CAN{HeO bt Hgmxebma%rmetd hnm%aefon a
"punp" can be any mechani sm conprising a fluid reservoir coupled to

a nechanism f@ff%ﬁ‘%@ﬁqrm ehyde-tynecggneratorsn titapium- %XWﬁmerseaewm Alymanadivpst |

Mechani sms f or gendiatd?€ bhd) gertemorfs |compafing 'stWeﬂ@-dlvﬁﬁJl—lBgﬁzeﬁé' copfinéH do¥@fhing N-
peristaltic pu ?as regulators and the |Iike nBs of the present
qug

i nvention are 'BF@P’ & %B'I“ipeéﬂf' M‘l“%aﬁe'ﬁtﬁm'ﬁ%ﬁe‘b@oﬁ‘é’ﬁﬁﬂ 1j Wb@i"hﬁ‘éaa‘“ﬁ‘% can

certain enbodi senprse bhrent’ Inutities eaR60MAd With t 41 arwfaamaiad a8dYbent!DERY as a
connected to the reservoir ,are djsposahle and ea5| é replaced bet ween runs.
i

Therefore, in PEPTAPEAPRIGHER fRstycding both inqraadc absorbeplsi ofgemibEip 8reaRic RS | ke

wherein the fl liothahrsabsdiBests heweRAdHd pfefefrednhaé:@adalaie residtfhéad lo Rasilneﬁlusrhagie
generator 101 1 s also in fluid comunicatiqgn é ubi ng sieg(rge
norganic absorbers are prnimarily composed of e hydrated mietal oxides (Sn 2 ,TlOz,
Al>03), however, any absorbents that permit an acceptable chemical separation of parent and

daughter nuclides can be used.

[0070] In alternative embodiments, the radionuclide can be obtained from a source other
than a generator, such as a cyclotron. In such embodiments, the radionuclides can be
introduced directly to the tubing of the purification or formulation panel by means of a port

or pump, as appropriate.

{0071} As shown in FIG. 7 and FIG. 10, radionuclide generator 101 is in fluid
communication with 10-mL syringe pump 102 via tubing segment 103 such that syringe
pump 102 is capable of introducing fluid into generator 101. Alternatively, any appropriate
sized syringe pump can be used with the present invention. Most generators are typically
designed to behave optimally when eluted with a specific volume of eluent. Radionuclide
generator in the present embodiment is a ®Ge/*®Ga generator, but in alternative

embodiments any suitable generator can be used.
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which is preferably conposed of Teflon or other non-reactive materials, such
that fluid containing radionuclides can be displaced fromthe generator 101
directly into tubing segnent 104. Tubing segment 104 connects to a planar
rigid or sghipsii@id cassette frame 105 (see FIG 9) sigghusahigforseportion of
the tubing is nounted on the cassette. In certain enbodinents, the tubing
is mounted to the cassette by frictional engagenent of the tub| ng wth

sem -circul ar or squared-off recesses in the cassette, however any suitable
nounting arrangenment known to those skilled in the art can be used. 100741
Wth reference to FIG 9, tubing segnent 104 is attached via the cassette to
a Y- shaped tubing connector 107. One of the arns of the Y-shaped connecter
107 fornms a fluid connection between tubing segnent 104 and tubi ng segnent
106. Tubing segment 106 is simlarly nmounted on cassette 105. At the distal
end of tubi rﬁ@ﬁb@“hemﬁnke)ﬁumed@icwd hergin dompHise asyningeandna syhimgetdoilve whichkegment i s
attached toni t r

V- connect or "1oeRaRA 9B EF AUl o Bk hag ipiRinie ol HobiE il

upst r eam of hh’necm‘r‘mm!mrcaxl(bé an! ik e§msdgnem conpdidingndluid Gseveirsnupledtoc by

318y PL0Ch ottt 1 Qe 05, 8L 86D oftlotRuids Jhhg sDhEs el PeAlaBhRRTEL t e
connect s t o diteaimgnefioy oﬂﬂmdMPluhe $yrmngud1mve§, reostaktic peuips, gas fegulatproanidited  ends
of tubing sqgpex §BH§ @f‘ﬁle }e%e rve 1?%@&51?1?:1&&% sta‘}& g%g Qg@ugh

and are regul ate neh
segrment 113 mmWéct@cﬁm CW%GSVSOBQQOQ rEvpirIthe gamp)m tl@b)ngZ@mntctvchst e

col l ection yegRelesdhiolr a@a Ggwabﬁsgmemsu}%l&wra@&te%nr by ci. Pl t5fe@in eﬁgn.g olig-

mL concentration vessel IS surrounded by ation shi el

Al ternati veleylbodmwetsf&epampwc sYTinge gernpp of the like whdrebnethe fiidiresg repirds sadidy di ng
provi ded only,fapehe radiation detectors. 100761 This arrangement of
tubi ng and val ves i n conmuni cati on between the generator 101, waste

col I ection \{ IRadibau@iie g6 AN 34 41 In NBRITE8mbnik&L AR bing SGnaANAIat Or to
be m | ked, eraﬁqu using a diJute acid solution, and for this

radi onucl i dé”*&‘ﬁhtséir efagseampaseshot beflpa oryathes prysastve B‘atfﬂﬁﬁeﬂ’c"hé’i‘?téh‘@/essel

1 16. Acid sehtdininpiradsadclides Rah B didptace® MRmAthel geficratopa 01 tdibdy ﬂ{téeﬁbnﬂ% wast e
col |l ection vessel as to ot dilute the solgtlon m.lked fro e

1
generat or . e ih@_fl& FeEmaRt { MinBRCCHIS IR Bl oF sgnihEgie castes (rhbe
shown) nmaybeosgad RiG. 9ﬂ§ucueham>pohmfnha@bmgl1ytﬂoeﬁke& bf Ithd esddDilmderedil t hus
ellmnatelos 08]‘ mat due to aq‘ - .
iments, e tu mg 1s mounted to the cassette by frictional engagement of the tubing
with semi-circular or squared-off recesses in the cassette, however any suitable mountihg

arrangement known to those skilled in the art can be used.

[0074] With reference to FIG. 9, tubing segment 104 is attached via the cassette to a Y-
shaped tubing connector 107. One of the arms of the Y-shaped connecter 107 forms a fluid
connection between tubing segment 104 and tubing segment 106. Tubing segment 106 is
similarly mounted on cassette 105. At the distal end of tubing segment 106 relative to the Y-
connector the tubing segment is attached to nitrogen gas regulator 108 (not shown). The
third arm of Y-connector 107 forms a fluid connection with tubing segment 109. Just
upstream of Y-connector 107, tubing segments 104 and 106 are embraced by 3-way pinch
valve 110. The pinch valve 110 is able to pinch closed either tubing segment 104 or 106 at

any given time.

[0075) Tubing segment 109 connects to Y-connector 111 which in turn is connected to the
proximal ends of tubing segments 113 and 114. Tubing segments 113 and 114 pass through

and are regulated by 3-way pinch valve 112. At its distal end, tubing segment 113 connects
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vol unes. 100771 Al though the depicted enbodi nent uses a nitrogen gas
regulator, in alternative enbodinents, the apparatus of the present
invention“npxmyﬁﬁmany appropriate gas to purge quuidpéf@g%%p@b&Mbing
network. I'n" preferred enbodi nents, however, the gas used i s an inert gas
such as argon or nitrogen. 100781 Concentration (reaction) vessel 116 is in
further fluid comunication with the proximal end of tubing segnent 118,
which at its distal end connects to 5-nlL syringe punp 119. Once the m | ked
solution is placed in concentration vessel 116, an appropriate amount of
concentrated acid solution is delivered frompunp 119 to the concentration
vessel . Having reached a sufficient nolarity of acid the

radi oi sotopic-nmetal salt thus obtained is ready for the next step in the
purificati ontgROomkseastetoledtion oasa 105. Tedihg/LpmBeg 1aAdokrREI 4t ibdistslaad @i 190t ope

to and fromcencentration v |,.116 isS nj.tored.by radiation,detector

i ode. 145, SoRrape TentsT LR e § v RE o T R misth il 7T AURRARENT o1 o
profil es. 100ieddigomcshiidiag i Dhconkblxadmiftddamndhidldisg panided bslydoethatadtion f | ui d
connunicatiog y%g}g the proximl end of tubing segnent 120. Tubi ng segment
120, al ong W T h ?ubing segnent 121, passes through 3-way pinch val ve 122
before its c i 0 _Y-sh d connector 123. .Y-.S ed nnec 123 is
connected i nﬂ{l’ﬁrﬁﬁﬂ‘%g?ﬁ“ eB’F otxoﬁeﬁg)lmgeaﬁ V?G)i?'est'ﬁ ?%Euglgagt%lrg?& i ti;“g)ﬁiﬁlgm{og:i%lt’aI end
of tubing seymstacollertion wdssahdl SvMnditonaghiraipnyesaiellt péddtslasgsnteratootedh malked, ar e

regul ated by i HURI S } .al nnect ed
VYo T vePaBoR g3 ek eliglOPn 2585 ha ARG RS o e sdRh E38T0
end of tubi néransfgrasito co@@ntration) viesselll 6t AAcidsalytidnuisedtp progerthaigenetRér dag ben
fluid conmuni | i ' n Sy 1k t t 1
Tubi ng. segmont i ST ARE e aar it Sk 7l 6 ghHR ok en cbOB
129. The r esedenitoy lnbeth trafisfers.oérzet gasifrotPgs cegutatart] 08 (not showp) way beadsedtnds  of
t ubi ng segnenls : : t i eh

requl at od by sy o EBfhe dfuiof (35 WAL dna BN FARSE A BB BRI 15
and 131 conn&elumes 5-nl syringe punps 134 and 133, respectively. 100811
Turning again to tubigg' segnment 124, the distal end of segnent 124 connects
to the upst AMHT éldowsh thedipisiedtcanbodimpt biss inRitreg®. BasHEBHHPDHAR APHPAES| umm
135 is in tUlhbodiiehBUikE @fpdpatud SHahSresht HbintibA g ulSkhy apbloprifteighs/Blpkrget he
radi ati on shielding 136 could be omtted and, shielding provided only for
the radi ati oMayfEER Be Lbingpeprrk glapreleray embodisgratsehwever, the gas used is an intert

gas such as argon or nitrogen.

[0078] Concentration (reaction) vessel 116 is in further fluid communication with the
proximal end of tubing segment 118, which at its distal end connects to S-mL syringe pump
119. Once the milked solution is placed in concentration vessel 1 16, an appropriate amount
of concentrated acid solution is delivered from pump 119 to the concentration vessel.
Having reached a sufficient molarity of acid the radioisotopic-metal salt thus obtained is
ready for the next step in the purification process. The process of delivering and removing
radioisotope to and from concentration vessel 116 is monitored by radiation detector diode

145. Such monitoring allows for the generation of elution and yield profiles.

[0079] Concentration vessel 116 and its contents are also in fluid communication with the
proximal end of tubing segrhent 120. Tubing segment 120, along with tubing segment 121,
passes through 3-way pinch valve 122 before its connection to Y-shaped connector 123. Y-
shaped connector 123 is connected in turn to the proximal end of tubing segment 124. The
distal end of tubing segment 121, along with tubing segment 125 pass through and are
regulated by 3-way valve 126. Tubing segments 121 and 125 are then connected via Y-
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chr omat ogr aphy columm 135 is an ion-exchange colum, specifically an

ani on- exchange colum, however, any chronmat ography colum can be used in
the present invention that would produce an acceptable chem cal separation.
Exanpl es of suitable chromatography colums include ign; i ncl udi ng
ani on- excRQAYE A4 cati on- exchange, reverse- phase chﬁgﬁﬁ ogpggﬁﬁoand t he

| i ke. Preferred ani on exchange col ums include strong ani on exchange
colums with counter ions such as OH, C', HCO3 or the like. In certain
enbodi nents, the chromatography columm is replaceable or optional. 100821
Thi s arrangenent of el ements upstreamof a purification colum, for exanple
a chromatography colum 135, permts the separation of desirable 68Ga

i sotopes from contam nating 68Ge isotopes that may al so be present when
radi oi sotopic solution is mlked fromthe generator. After acid treatnent

in the conceghieatdr 2P7 WARE Floxindlend B g RENOIO8 OAL iEs disal dall] tARing ségnk@t dr awn
out of concentration vessel 116 via . tubing se nenhgégo gpg@é§4 and

del i vered t dZ2hyBfnidermamuication h nitsegen gas weylplor LAnPEo8BEACL3 and
contam nati . and ot .trace netals hind to the,_colum. A id
CoTuETon L Mo 8ineipemen 2k it GRS Cheted pils Bstidnd HE v SRREr R0 3R 5 1 ng
trace met al sehaiaifgtdifs o W-@uadtdtdR9 conndtito e preximabémis R Rpingideamertie3@ci d

135 vi & t ubiohg 13Eameie epsvh RNy hradh R e o hy R AR S, T SLcn

as distil | edlista@ndaaf fabingsegmeéms £30uind 188 Candec0un Sk syatnge pampgn 3pmd £33, umm
20 WO 200810213q2 FCT/U82007/017890 135. For exanple, the non-acidic
sol uti on caf*PEY&Y ver ed fromsyringe punp 134 to chronatography col umm

135 via tubi : d nd of
colum 135 ﬂg&?ﬂg@ﬁgﬁg§$ﬁﬁgﬂu%§§%ﬁ%%%% |bﬁééﬁphé%ﬁg%L%r%ﬁﬂggpngﬁéggghgubing
segnent 137.upfheandest of a eirdmafogtaphy egjume dd®nChibdiatdgsaphyreeboire tBs ig in turn

Y- connect or r ki ofa Y- i ol

commun cat1 guarndel®y R BRI Y R0AG AL abidfioftifamie! Jbihiabe

t he di stal emitted andshiekdingprgmded only for thesadiatiopdetectons olnthedepictddarrangerment, he
formul ati on ot - I d _'gﬁﬂ&
purified 68@@%%%%%%&é%8l?35€&@£ e)(l:@\é g cr?llde?lrrlllﬂg ﬁ@%ﬁ‘?é‘t“ :d@g)gﬁx_ectl %n
vessel di r esolymn, thopigyernany¢hsematographyofolunybangbesusgenim the paesentTineentiion that end

of tubing Se\g&ﬁg%ﬁ_hﬂ%eogﬁacckﬂaﬁlk EhhiGR @H&ﬁcﬁﬁﬁt EQfink{ OF 0RFBIE chdtlafietdpRY

vessel 142, a 20-m y recessed in platform simlar to waste col I'ection
vessel 115. cphungeiaekide n-exchings inelydia apiongyelianghprd eaiopsikrhange.rpeerses| uat e

:‘N; om S?t h t hehabdVibkdRhtob @Bl A R likeD Brefdic@ IR P H AR ERIHTh-RRE st Thibhe aci d
exchange columns with counter ions such as OH", Cl', HCO; or the like. In certain

embodiments, the chromatography column is replaceable or optional.

[0082] This arrangement of elements upstream of a purification column, for example a
chromatography column 135, permits the separation of desirable *®Ga isotopes from
contaminating **Ge isotopes that may also be present when radioisotopic solution is milked
from the generator. After acid treatment in the concentration vessel, the mixed radioisotopic
solution can be drawn out of concentration vessel 116 via tubing segment 120 and 124 and
delivered to chromatography column 135. Both the desired 8GaCl; and contaminating BGe
and other trace metals bind to the column. An acid solution such as 4 M HCl can be used to
elute ¥Ge and other contaminating trace metals from the ion-exchange column while
retaining ®Ga. The acid solution can be delivered from syringe pump 133 to
chromatography column 135 via tubing segments 131, 128, 121 and 124. A non-acidic

solution such as distilled H,O can be used to elute **Ga from the chromatography column
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t he col um when contam nants are renoved. 100841 Tubi ng segnents 104, 106,
109, 113, 114, 120, 121, 124, 125, 128, 130, 131, 137, 140 and 141 are al
at least partially nmounted on cassette frame 105 as descri bed above with
ref erence tWQW?ﬁ/Lﬁb"’%egrrent 104. In the enbodi nent depi cPeHUSTOVYHEY i gur es,
the tubing is pressed into sem -circular channels 104a, 106a, 109a, 113a,

| 4a, 120a, 121 a, 124a, 125a, 128a, 130a, 131 a, 137a, 140a and 141 a (see
FIG 14) in the rigid support structure of the cassette, however any
appropriate neans of nounting the tubing known to those skilled in the art
can be used to achieve a simlar result. The tubing can be renoved fromthe
rigid support structure and replaced with new tubing, but in certain
enbodi ments the entire cassette is renoved fromthe device and repl aced

with a new casss.t Bor\/\él@ﬂl#).lé. tﬂesnd?ﬁééﬁﬁ@%mti&pcanrtﬁ:gclie@‘;&e& Bnd &Wn@g meBGBHHQi ng

is preferably conRosed of Teflon or other suitable non- reactive organic or
i nor gani ¢ mat ef#"g

atogiARRy,cqlpmn d 3Hviaguhing seemees dd0.dR8.A2 1 apddt-c naterial, it
w || be necess exchange the tubjn eriodically due to accel erated

t ubi ng br eakdoW%ﬁﬁ% é%lwwgﬂﬂ rfBgLﬂf €°lt“8‘9‘r '2’ i g sheyR dn ﬁ’d‘tde‘?q%{‘l“g‘.'caf'ﬂ" Stithethe
enmbodi ment s, t hexoes esd bfiubiag sepnsent (3. Thy ARANGRILIMRE debmest 125 doRkkctdd t4lSe a
di fferent radiq[soto iq gugﬁficatlon rc?gcol. The = cassette can_ then be
reused or di spdsEaEto" 'dEpLRema NG Lo hssenegtnn ! Bireio fluidsompmuniqation with |
100851 The pi nodbingskgreents 140ind 14 Prespe2vel yl 245 depidedpthi€ldidtaenad bRubing &gakst-14y pe

pi nch val ves hat, are el ectr.oni |y coptrolle t he control systemvia
sof t war e. ThosttiaS ‘0 “‘?ng“r‘{‘é‘r“ VRl ‘f”ﬁﬂhﬁfowaﬁﬁﬁﬁnﬁg‘i%pm%WF@%‘?g%“F n
the art will rembpdimentspofid®lGa demtpoands coyldbe adlleviad inan kpavptiatatollREiomudsset an
be used in the inventi The use qf pinch val ves and conpressi bl e
t ubi ng make t hg"gﬁﬁg)n ihe g?S?al S'hééor}‘élébsfgge%eg@e?tgﬂ O'ajﬁget %8?1 ¢ \‘ig ?’?‘r‘EPg s%ﬁﬁ'rge%& ﬁ‘ﬁc‘ﬁ
procedur e. Thein fid pgmmanictonquithokdsie cobemive dessél N 62nac0galy BedsRécevded th plddformpi nch
val ves w t hout i t t caont ent f the .tubing. Once the
connect i ons maé@%ﬁ 8’3 ﬁJt%%tetc{%} ﬁ?‘%‘é’ﬁﬁ %Ss%tltﬁg'?rheel ehen gecg'f’ nyeEel Y 3932’?"&3 °3ﬁe§ tthe

di sconnect ed, ehetedeegskath deirinal beadimgwb the dhiomatogtdpby eqipan atd feonathe acid washef

repl aced by th e . ette can include col or-coding or
e SR BB o famifelf AEYEORE

anot her type o ng t t he user where various tubing

connecti ons shesysd] PebIARSG Nt ols NRICZPRAN 4 US4, ||2@,J£ihlf‘924,tri§§,6]'2ha1t3i(>9fbn 137

connections are ma!:le to the concentration vessel, fomat ography ° cof umi and
the like. Al so!8Qppdigliaresallat jeastiparially meunieshorosssette ame bPTas dessgiedhabovewith

placed in  engageRiioWMbikh {d3meAPRAORK IR LALEAARAE D! ihd& #, éé,eﬁne(ﬂ:ii&cib or

ot herwi se). Col or cading ,or other marKki n? maY be used to I ndicate how t he
t ubi ng segment oressgging sgﬁggg@lqrﬁharﬁplﬁd%a, 06a, 109a, 113a, 1144, 120a, 1214, 124a, 125a,

128a, 130a, 131a, 137a, 140a and 141a (see FIG. 14) in the rigid support structure of the
cassette, however any appropriate means of mounting the tubing known to those skilled in
the art can be used to achieve a similar result. The tubing can be removed from the rigid
support structure and replaced with new tubing, but in certain embodiments the entire
cassette is removed from the device and replaced with a new cassette when it is necessary to
replace the tubing. The tubing is preferably composed of Teflon or other suitable non-
reactive organic or inorganic materials. When the tubing is composed of an organic material,
it will be necessary to exchange the tubing periodically due to accelerated tubing breakdown
caused by exposure to radioactive materials. In other embodiments, the cassette can also be
exchanged when it is desired to use a different radioisotopic purification protocol. The

cassette can then be reused or disposed of, depending on the needs and objectives of the user.

[0085} The pinch valves, 110, 112, 122, 126, 132 and 139 are solenoid-type pinch valves

that are electronically controlled by the control system via software. Those of ordinary skill
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val ves for appropriate operation of the device. 100861 The apparatus of the
present invention further conprises radiation detectors for nonitoring
during a purification process the radioactive em ssions present at various
sections ggoog/g%qﬁzppar atus. In certain enbodi nents, thegr;9&bR¢sey S can
pernmt an operator or a conputer to deternne when to i nplenent the next
step in the purification process. In other enbodinents, the detectors
nonitor the progress and yield of the purification process. The enbodi nent
depicted in the exanpl es uses radiation detectors that are diodes. Realtine
radi ati on detectors such as diodes, GCeiger-Mieller counters, plastic
scintillators or the like are preferred for use with the present invention,
however any devi ce capable of detecting radiation that is known to those
skilled in the art can be used. 100871 One such detector is diode 144 (not
shown) whi clinths ap| veilgeadilygtcoghiat that anyaypenafiviatveknowh én themdireian be useddn ghei on
emanati ng f t di ode
145 s pi ac B McRAB Pl AT el had hicPRelb 36 bk 18 oxSRRE
concent r at i @ne cassetigiforlapgthepa Elmpledmdl Redeproagiufe athesmmmam be qlcklyerdmpyedioni t or
the radi ati | r urth
di'ode 147 (o SHBRBRRG I RE R DERLORR AR Bl S o Bt o o
wast e col | edubing 0@@3@? cgmctmmmﬂdetbhélneetbpmgp@pmet glemgntis o6 tHerappars asa ent
00Ge br eakt M 7890
100881 The 9&?1\’}8{5&&?\gm\/\x%%getg:%ﬁgal}%wg%%gﬁggeI errentchc?F théeﬁ%gglg?%eatl on
panel can ba&ewrcasseité.i Ghe o gassetisgan et eplogcesting preanotier ppeiof ﬂqb&hmmﬁhat
protocol . Nli'mf] &iSo Gl e AVRGE OSTBRE Tudi ng%HecR&q%ﬂQ@ﬁ%@%ah@M%@i patshds! 1N
the art in light of the present di scfosure Rad |opharmaceut|cal forrrul ation
panel 10089PDuring ingaliasiontopnpectapfetre gpadsdetthe gonsentrdionpyessebnehromategrepivh

conpri ses ac&ﬁakr'ﬁeandm%bﬂso dand in&aﬁa@k&%@aﬁaﬂ%ﬂ?ﬁie‘%késé‘g?rl?:ni%%@}fl&c‘é@npne or
nore of the follow ng recept ac% one or nore re&éaeea e aut omat ed

punp reser v&rlsfsgem@n'ewwthﬁamowclwa@mlsaeé&mahvebmﬁféore rvgseInbplor i f or

the injecti @pofher ﬁxﬂ(ﬂx?g%b)%b REd folisdi€h$e hoWthe %xﬂ&@&neﬂt@@%l&hgﬁe the bih@h
coll ection vefsels nounted on the panel one or nore radiati on sensors, one

or nore tenp@ ﬁfEﬂ‘ép%‘@ﬁ’é%}?gpe"%‘l’%“lﬂherﬂﬂ”éegas regul ators, and one or nore
pr ogr anmabl c controll.ers or other. of cont roI J]i.ng ,one or. nore
Dt Dot or o nd Q8T ShE FoReS o B pRTenCinE SR AN comPRoE ALl dFBOER Ry o,

t he for ml atmetitofiag @hridg i puliication@rdtes sheadadivrtiise enimsrnoﬁmwsém ﬂg/aﬂoﬁseﬁdn@ﬁeabl y

i nt erchangeahl g cassette, conpti Si a networ k, of
9 otil tﬁe apparaef‘u In cermun em&%tments these detectors can |:9erm1t an operator or a

computer to determine when to implement the next step in the purification process. In other
embodiments, the detectors monitor the progress and yield of the purification process. The
embodiment depicted in the examples uses radiation detectors that are diodes. Realtime
radiation detectors such as diodes, Geiger-Mueller counters, plastic scintillators or the like
are preferred for use with the present invention, however any device capable of detecting

radiation that is known to those skilled in the art can be used.

[0087] One such detector is diode 144 (not shown) which is placed such that it can monitor
the amount of radiation emanating from the contents of waste collection vessel 115. A
second diode 145 is placed to monitor the radiation emanating from the contents of
concentration vessel 116. A third diode 146 (not shown) is placed to monitor the radiation
emanating from chromatography column 135. Finally, a fourth diode 147 (not shown) is
placed to monitor the radiation emanating from waste collection vessel 142, which thereby

permits monitoring the extent of %Ge breakthrough from the generator.

22



Alternatively the fornul ati on panel can provide an alternate neans for
nmounting a network of replaceable tubing. 100901 As shown in FIG 10, a

formul ati onweageahif,i s mounted on the fornul ation panel p@pdszobS17do f1ui d
conmuni cation with the purification panel via tubing segment 140. Tubi ng

segnent 140 is connected to tubing segnment 202 via a connector 201 (not
shown). Tubing segnent 202 is nounted on cassette franme 203 and along with
tubi ng segnent 204 is regulated by 3-way pinch val ve 205. Tubi ng segnents
202 and 204 are connected to separate arns of Y-connector 206. The third
arm of Y-connector 206 is connected to tubing segnent 207 at its proxinal
end. The proximl end of 207 is nounted to cassette 203 while its distal
end | eaves the cassette frane to forma fluid connection with reaction or
fluid coll ecti0888lvE&heutivas)getwodOefitibifiglor nthesdgmens ef meﬁua'ﬁchtiaﬂimlcmebé 0

transmt purif N\RanRel to,.the reaction
vessel 208. Thﬁg&hf{l%fuggkgeggﬁéebﬁm;égﬁléﬁ (%'?a%a{[lghﬁ%{w@a g‘ é’ﬁ%ﬁhﬁaé’lge’?ﬁgs end
of the tubing WB! kgedpparghigo ene héskelkmebtte‘dmﬂlghtcf themkenoﬂlsd;lhaxrcontents of
reaction vessel 208 in order to prevent back flow of the contents of the
vessel . (00921Radicphsrimpseutical formdationpasat 204, the proxinmal end is
connected to Y- &ﬂnect?rZOG while its distal end is connected to

Y- connect or 208 BHfR Parel oft scptian P Mg PresRRt dRvestiop Sompyises B1 831091302

PCT/ US2007/ 017898ub19, bke uprc:%lﬁazlmb%ﬂﬁﬁan&f canU 58 SMEESH ol O BdfoRdwing:
Tubi ng segnents are. r fgul ated by %’éﬁl nch val ve 212. The distal end of

t ubi ng segment "esaRkAClss IO ope gy H‘°6‘°0Fﬁﬂi’ﬁ? TWemated RUMB FRSERHQESPRNSOrIRSFE MPRE

distal end of iegltéd®leSR@Pdnedt mbré SorkIBNRE (& tibR ore¢ ARG Muidd 1ohe oMAidrd)
connects at its renai QH@%QTWS to tubi nq segnments 216 and 217 respectively.

Tubi ng segmenféSPLer tigp ¥esselympumtetenipe paneh PR IOrsERAicHPRIEIIAFS. 8% Ay
pi nch val ve 215r mﬂ‘ﬂ&eemﬁhrstbﬁ se&sﬂﬁk ohe bﬂkhbxﬁ@wfb@ﬁﬁﬂﬁs Zﬂ&oﬁesor(}ﬁé}egﬁig?ﬂnﬂﬁble
Y- connect or msu ni Y-connector 218 are in fl

communi cat i on a‘g)[c °°PH81 85(1”&%1 MmN §? sl fye o6 firshicuaary assaﬂateé Z‘O‘h Weibi ng
segnents 219 aﬁxﬂmﬁﬁﬁompzmcr elg uéxatuednlkt;dnﬁem\aww‘brmﬁnatmalpml Zatther iftlullés mébnst al

end tubing seg nt 91is t.0 n| regul at or 8
shown). The dIFrgt a %n ch aﬁfﬁ ‘g Sfeét |°r?"’fpi"’g'i“§ acB?ﬁ?‘Baﬁ Eéﬂ%ﬂﬁ with

syringe punp ZBBematl@D)Q&&denhlmgnpﬂgmntpr&kVe anslteinbredeank F mbliftinglaskadorend
to Y-connector d'zéq é"’mfcmhbii n turn connects to the proximal ends of tubing
segnents 224 ah 3% d¥stal end of tubi ng segnent 224 is in fluid

conmuni cati on WO‘)&I ﬁygﬂoWﬁn pmO?azigmiﬁlmnrlgssgt?quﬁlggr?tec?gxfllh%?o%nulation panel and
is in fluid communication with the purification panel via tubing segment 140. Tubing
segment 140 is connected to tubing segment 202 via a connector 201 (not shown). Tubing
segment 202 is mounted on cassette frame 203 and along with tubing segment 204 is
regulated by 3-way pinch valve 205. Tubing segments 202 and 204 are connected to
separate arms of Y-connector 206. The third arm of Y-connector 206 is connected to tubing
segment 207 at its proximal end. The proximal end of 207 is mounted to cassette 203 while
its distal end leaves the cassette frame to form a fluid connection with reaction or fluid

collection vessel 208.

[0091] Tubing segments 202 and 207 serve to transmit purified radioisotope from the
purification panel to the reaction vessel 208. Thus tubing segment 207 preferably is placed
such that the end of the tubing is well above the expected fluid level of the contents of

reaction vessel 208 in order to prevent back flow of the contents of the vessel.

[0092] Retuming to tubing segment 204, the proximal end is connected to Y-connector 206

while its distal end is connected to Y-connector 209 which is connected at its remaining arms
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226 are regul ated by 3-way pinch valve 244. The distal end of tubing segnent
226 is in fluid conmunication with nitrogen gas regulator 108 (not shown).
100941 Syringe punps 213, 222 and 225 serve to permt the introduction of
various fywyghelgo®ise2 reagents into reaction vessel 208. mowesd@ifsowui ds or
reagents are injected by the punps, pinch valves 212, 215 and 221 can be
used to open the appropriate tubing segnents to purge the tubing |lines of
fluid using nitrogen gas originating fromnitrogen gas regul ator 108 (not
shown). (00951 Reaction vessel 208 is also connected to tubing segnent 227.
Tubi ng segnent 227, |ike tubing segnment 207 is preferably placed such that
the tubing is well above the expected fluid |level of the contents of
reaction vessel 208. Tubing segnent 227 passes through and is regulated by
2-way pinch valve 228. At its distal end tubing segnment 227 connects to Y-
connect or 220theprenimali endFoitubingsegments 310 @@tZlé o%n‘ees srgmenis aposadatedby 329 | s

connect ed atgytgonyalR12H. AU ot B SRATEIY S irPfhui obrili A uANd 232

whi ch are regulate %; pi nch (shown in as a 2-way
pi nch val ve)syringe gumyp 4ji3s tTé'Ie dé"ﬁ’él e@iﬂﬁwign%@gmmﬂ lzgqon@ﬁ@ed @h%\ﬁmnep@r gbhnect ed

to vacuum pypfcrcdanédiot i Pé?ﬁ‘ﬂr)mg I%'t@ﬂbﬁ\%%@ﬂém@ﬁ% Al 2'11 F‘espééh%lﬁ' Tk | S

connected to a vent 234 (not shown he "connection _of the reaction vessel

via tubing sseperihi kb and217 age rogat mthesm\my\at endy By duvayingh vabys 20 foThg hown)
permits the g4idd MPLRBREAZHRAR 2 RETLHRORd (Y £8 A cto? ¥38.Thd Rmdindl demibgls from

the purification panel “to the reaction vessel. Valves 228 and 230 rg&ulate

the appl i catY 6Pnmsplopatiasmindhid spmmynicating wi tepronimaksadyeliubine soements 21

appl i cati on sall 220. TabiagRegrt&PDH dndrbare Mwhbibted dly 3L pindh Vlee REACAL A8
vessel 208, the prOX|naI end o% t ubi n

ment 235 is placed at near the
bot t om of t ist3lgad bybingrggmagt 219 is qeprac F‘%%H%‘i"lﬁi‘? F@“?éﬁﬁ@gﬂ“%ww"\gom%ct s to
Y- connect or @sil.end BEtubRERefhEY 220 BEn Bhid bofdumaation waheyaiR pugpaet ed to the
proxi mal ends of tubing segnents 237 and 238. Tubi ng segnents 237 and 238

are regul at eldo93)yru5mgaygmbmah7 vditdehed 4bits dikrel ehid2d &l-cannectof 2230 @hich i tugn
segment 237 is in tlon W th nitrogi regul at 108 (not
Shome Zod datndel ot Drorirodl B ST scten:s 328 pR0TR6 I7e 4S8 dlviinE , S0

whi ch in tursaghentt2Béis mdmitiaQinsnﬁmcahbmeh @mmlpumprzds Ohbing begngnsegdand s 241
a-nd 242. Tu bi2%%re ré te<tl §§g41 apncci:h %a G F‘legig alaen% ofF*mgtfe%%at}t&i%]la ub(fm? The

final reaction pro Pver 840"t né® tgér =gt ubi ng
segnment 241 cningdgatioe withadtesgen gas degulatoc 8nuoti shavvhpon wi t h any appropri ate

receptacle for
{0094} Syringe pumps 213, 222 and 225 serve to permit the introduction of various fluids or

reagents into reaction vessel 208. Once the fluids or reagents are injected by the pumps,
pinch valves 212, 215 and 221 can be used to open the appropriate tubing segments to purge
the tubing lines of fluid using nitrogen gas originating from nitrogen gas regulator 108 (not

shown).

[0095] Reaction vessel 208 is also connected to tubing segment 227. Tubing segment 227,
like tubing segment 207 is preferably placed such that the tubing is well above the expected
fluid level of the contents of reaction vessel 208. Tubing segment 227 passes through and is
regulated by 2-way pinch valve 228. At its distal end tubing segment 227 connects to Y-
connector 229 (shown in FIG. 10 as a direct connector). Y-connector 229 is connected at its
remaining arms to tubing segments 231 (not shown) and 232 which are regulated by 3-way
pinch valve 230 (shown in FIG. 10 as a 2-way pinch valve). At its distal end tubing segment
231 (not shown) is connected to vacuum pump 233 (not shown). Tubing segment 232 at its
distal end is connected to a vent 234 (not shown). The connection of the reaction vessel via

tubing segments 227 and 231 (not shown) to vacuum pump 233 (not shown) permits the
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receiving the final radi opharnmaceutical solution- The distal end of tubing
segnent 242 is in fluid communi cation with waste col |l ecti on vessel 243.
100971 In g‘?}r]) Jffypodi ments, the apparatus further congid,seg0R1864t1 NY
mechani smfor eating the contents of reaction vessel 208. The apparat us
can additionally conprise a tenperature sensor that can detect the
tenperature of the contents of the reaction vessel. The tenperature sensor,
such as a thernocouple or the like, can provide a reading of the reaction
tenperature within the vessel and alternatively or additionally can control
output to a heater via a closed feedback | oop. Many appropriate heating
mechani snms Wil |l be apparent to those skilled in the art, including infrared
| anps and the like. In certain enbodi nents the heating nmechanismcan be
used to pronotwystemdc tiaenfuidafvah ueqbuhﬁcatibEpir@rMeabdonpn oésséthawwuzsiawmpe.
Addi tional ly o, aat t he he in ch can 0 be,.useful for
reduci ng the ‘ﬁ%ﬂtﬁt i'c ?'\(/)érq v n "?H er%% 5'% 2“’%‘15’85%‘2‘888}“
particularly |wcetnbod| rrents vvhere pur| fication by coI urm purification has
not been used to concentrate the radioi sotope. 100981 Depending on the type
of reaction rel§0¢ldrthpewish mlationtdibe practicy vesss! %Qipéneatqmndfend hEtubing eegmrent

i nvention can %QL }flab&ia:;t opf?eali'nﬁ b%ggﬁa%mﬁ P;seltm ?ﬂgafsapen\ﬁeﬁl%m S %m&th
apparatus of the present 1 nvention can also app 2 Vacuum to eth con ents
of the reacti ofPrpessteY-Femectap236 Jhp emaining arps ap Y reannastpr 286 are gonnetigd to the
pronoti ng che I i T / 2207

PCT/ uszoo7101%’8%“?1%%%%@32@%%"?%317 ak&mpﬁﬁghg?%gﬁ%‘% 7 el Ry VTR Di ng
segnent 231 (n®t 3swaXuminchyyadye R45. [ Thet dipal F'@ﬁ o€ |tkgn Subingh segmast 237 i ip. fluid

that the conteqfsm@ficdds wigRaficpkh gﬁsl%%llat&a'i‘o@?no'i SHaWAC 1ThetJ]§a]V§1‘aLBfrﬂxﬁlﬁg
rel eased via tubing segnent 232 (not shown) and vent 234 wn) .

Finally, the c¥#8MERtSEfonperts ‘Pé%t&?ﬂ“ﬁﬁ%@@sé’h‘cba'hmﬁeﬁﬁhﬁr%ﬂe‘&‘Oéb? pracislor a

gaseous I eagengnds 3fkub g agﬂefdsm%nawmusﬂgségme%@maJmuraTrér@g.ugMe,m% ygas
via tubing seg gd 235., When gas is introduced for the pur poses of

agitation, it gﬁm ‘B’a B‘éen pal reagtion e@éwéﬂdﬁtlweﬁe do iy usprirthe digel endof thiding
ni trogen, thussdgmepr Bflait esh B wentis c&rub.hmaatﬁﬁgﬂmﬂnyaﬁﬂ rop§até ]fkc%ﬂr:wléjfor
0}

comuni cati on Wthtg&'&(? Lroge as re ul at or }‘g not, s

appar at us. [ 005§§IViagdhe Hnatred Mﬁ a?‘uv% Thgdjs Ffé‘r??é%’t&%eé‘é‘Fm 242isin
conplete it isfliidcomiiUnication ®ithwaste collddor @RSd 2N product fromthe reaction
vessel 208. This is achieved by forcing the contents of the reaction vessel
t hr ough t ubi ng[098Zinantertaia e mbdd Bnenn thedppdiytué Aethap@intpeRes Oheatihg g@shanpiefsur e

1L 190 00 e 0B S D5 S0 S BRGRATD SRR o

to waste temperature sensor that can detect the temperature of the contents of the reaction vessel. The
temperature sensor, such as a thermocouple or the like, can provide a reading of the reaction
temperature within the vessel and alternatively or additionally can control output to a heater
via a closed feedback loop. Many appropriate heating mechanisms will be apparent to those
skilled in the art, including infrared lamps and the like. In certain embodiments the heating
mechanism can be used to promote reactions involved in the formulation of the radioisotope.
Additionally or alternatively, the heating mechanism can also be useful for reducing the
amount of solvent in which the radioisotope is suspended, particularly in embodiments

where purification by column purification has not been used to concentrate the radioisotope.

[0098] Depending on the type of reaction required therefore, the preferred apparatus of the
present invention can apply heat to the contents of the reaction vessel. The apparatus of the
present invention can also apply a vacuum to the contents of the reaction vessel for the

purposes of evaporating solvent, for promoting chemical reactions and the like. The



receptacle 243. This procedure nmay be desirable, for exanple, during
cleaning of the system 1001001 When the fornul ation of the

radi ophar maceutical is conplete the solution in reaction vessel 208 is
renoved Ryp3pRb¥beY Nitrogen gas pressure to the nmatemcalis200018e0 reaction
vessel 208. The liquids in the vessel are thus forced into tubing segnent
235 and are then expel led at tubing segnent 241 and 242, as appropriate.
Ni trogen gas can enter the fornulation section via either tubing segnent
219 or 226. 1001011 Tubi ng segnents 202, 204, 207, 210, 211, 216,217, 219,
220,224, 226, 227, 231 (not shown), 232, 233 (not shown), 235, 237, 238,
241 and 242 are all at least partially nounted on cassette frame 203 as
descri bed above with reference to tubing segnment 104. In the embodi nment
depicted in the figures, the tubing is pressed into sem -circul ar_or

squar ed- of fAPRATaiHARIIts e applicgtien ofAyaeuumya tutingsegment 23k @at showrh Whengh

220a, 224a, ig@f81o rékdR thedAbuidn, e[S th& MU MBhiend 3eie re’a%?x»@n \(d§§étl cal R \Whhoved 352,
237a, 238a, 241 a and 242a (see FIG 15) in the sem -rigid support

structure ofthq Msurmsis seleased Ninfubiog segens 337 &‘ﬁﬂ‘lsh?‘én)n@én‘se“b?-“ Aot ERIYY- t he

tubi ng knowpifm tth@é&:téﬂfd éﬂtﬁ‘&eédﬂioh Uéésél"c&n &%ﬂn@@oﬂh’%ﬁﬁe& Br AEBSN FeaBert bl | ar
result. The tug can_be renoved fromthe rigid support structure and

repl aced wi th§ 44699 @amqaged thyqueh weewtffeﬂct&?u&caaﬁﬁmtybmaéeemm%@ TadsBdte is

removed fr onvhéifead @ihGeduEdifor 8RIpaRRsks\oF hditaBion, 26wiWBe 283418 ke ed to use an
PCT/ US20071Q017890 neM/cassette when it is necessary to replace the tubing.

In ot her ent® #asruch ag pitrogeps thus g preferred embgdiments,tubing segmeph 47 isyinifidiesir ed

to use a di fcﬁ)ﬁfnﬁfth'icah&dhﬁlﬂh&fﬂ'{ﬁ@géﬂfghgﬁbulﬁﬁfll@ﬁ@{bt SHownpb6Othe aeparanld)0102]
Throughout the present invention, the tubing used is preferably conposed of

Teflon or ot[ne99) rick el fermnadation@fthe radéophargeaoticallis ddﬂtpngamismecrmjaeytioak&ct V\hen

the tubing Itﬁef- 68%%1‘(?0%(: om [Herea onvesrr%(% '[%l‘;l ac{lueaeci%orcm regc%in%

exchange th I'ng “periodi f0-acce caused
by exposur e the reaatioroeassél ihrongtt etbugl sgmbrn 2;315hé38 arelhDdldbyrehet apphtah@ncﬁ%et te

can a! SO b e és%@r%nvgg ﬂaby}{%hsregl!ngntl 2%7d‘%§6tloﬁg)1 %)%te%tsd(;ff eFe%Qtti n véd ggé ?é opi ¢

purificatior proto sette‘can e Teuse pose
dependi ng orretheME@dsbmacbcedoptﬁstZBSe%%o#ndt %2 whath, delﬂerlﬂelcqﬁmntShwr weste, the

portions of r%%?llag"ébiﬁg ?{nsipﬁ&e%‘??ﬁq bei &e\éﬁ%le J;'zﬁﬂtnplgom% cneanﬁ\grgfamé wi th

reagents or used in Ycaton or ion process are
preferably systampyrogenic and/or sterile.

[00100] When the formulation of the radiopharmaceutical is complete the solution in
reaction vessel 208 is removed by applying nitrogen gas pressure to the materials in the
reaction vessel 208. The liquids in the vessel are thus forced into tubing segment 235 and
are then expelled at tubing segment 241 and 242, as appropriate. Nitrogen gas can enter the

formulation section via either tubing segment 219 or 226.

[00101] Tubing segments 202, 204, 207,210,211, 216,217,219, 220, 224, 226, 227,
231 (not shown), 232, 233 (not shown), 235, 237, 238, 241 and 242 are all at least partially
mounted on cassette frame 203 as described above with reference to tubing segment 104, In
the embodiment depicted in the figures, the tubing is pressed into semi-circular or squared-
off channels 202a, 204a, 207a, 210a, 211a, 216a, 217a, 219a, 220a, 2244a, 226a, 227a, 231a
(not shown), 232a, 233a (not shown), 235a, 2373, 238a, 241a and 242a (see FIG. 15) in the
rigid or semi-rigid support structure of the cassette, however any appropriate means of
mounting the tubing known to those skilled in the art can be used to achieve a similar result.
The tubing can be removed from the rigid support structure and replaced with new tubing,

but in other embodiments the entire cassette is removed from the device and replaced with a
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1001041 Tubing for use in the present invention is preferably
chemcally-inert tubing with a high cycle life. Such tubing will also
preferably wgmlap i h USP XXI'l, Cass VI, FDA and USDA st gid@igmsoand the

| i ke. However any type of tubing nmay be used that (a) can be conpressed by
a valve to regulate the flow of fluids in the tubing and (b) that is
suitable for the purification of radioisotopes or fornulation of

radi ophar maceuticals. 1001051 The pinch val ves 205, 212, 215, 221, 228,
230, 240, 244 and 245 are solenoid-type 3-way pinch valves such as those
made by Bi oChem (Boonton, NJ), however, any type of valve known to those of
skill in the art can be used in the present invention. 1001061 The
apparatus of the present invention further conprises radiation detectors
for monitori ngnesimassege whpmitiif necedsaryito pplacetbe tubing. 1adihearibodéna, dwicassatte
g;t“v‘zg[‘gr gt C‘;ﬁrdsg‘rdﬁqo Pé@f&%ﬁ%ﬁ »\?\en uede‘é‘lpé%f{r 9§e%5a.fferfm9§&e § 'a{-‘maecre”&tovﬁﬂa H&%@ Si3tiod NESE
i npl enent t he mretetolstep in the purl fi catl on process. In other enbodinents,
the detectors nonitor the progress and yield of the purification process.
The enbodi ment 083 ct ed Througheutdhenipsertinyention, tedehing usd weveferablyisempessil ohibl e

radi ation detegid, I
reference to the prHr?-l0 gé%‘%%h&%&aﬁgeéﬂe g%a!\f\%%gbnoo Ogﬁrﬁ%hgg M%@Z‘%O 1J[n?7890

1001071 In ot H‘é’fmpé’ﬁ%’dtflaﬁﬁf&aélc mateiah iivll Semeseisary tegrchangp the wbingpediedically due
appropriate | @%Eél&%&dtt@blﬁg%?&kd&ﬂﬂcﬁm ByPéxpblifte kd Pée{.&f:n&u &ﬂaeaae " o%hef

gases within the systemand to identify t'he presence of |eaks In
system In pr e?’é‘i‘qdéﬂe'éﬁﬁbﬂFﬁséﬁfescac“h@sop\“'eS@O?@egéﬁ?ér"s15 dasized Bba%eeﬁjdkﬁﬁ%? eam

at or near thema@%%motmxg@c%usmtprrmoédnt orichgssee (@R ARG be bRk @k | dYPbiedOst,
additionally a concentratiQn or reac |on vessel s. 1001081 One such

detector is di é“ ngon HisimneetsARA PoifFiveR ol 8 pie&ced such that it can nonitor

t he anmpbunt of tion natln fromth Cote wast e col ] ection
boesal 115, " AR 0 RO e mo ot AP E CRisERT Bie Bror Fiy A B S | ng
from t he cont ecdnsacofvith m@ems\bf fiid osedviess plri ﬂcfhﬁon ér fohmulalti@h prokeess 446 piefvibly

shown) is placed to 0 pon agi/ . pe radi ati on enmanating from chronmat ography
col um 135. Fln'H)’(/rg FEUFYR 5‘ ode 147 (not shown) is placed to nonitor

the radiation | ﬂﬁ ;??O'{F]Jb(?ﬁg%@éée% &the%}& I8 :}’oﬁ?gefekﬁ? ﬂjg%’c]aﬂgjme'rﬂubm%ne

alternative co f rese I nventl on rise
or nore additi Em!ala higesyeledife. v&g@sulsng mlhaimmhmébecomnhewumee&XH Class VI,

radi ophar mceuEbg@Jnd Q&ﬁaaﬁdﬁnqm&mle HALOL L9 Rel of n¥indhb £hOAED Bt 4y t he

val ves, network of tu ng or ot
can be compressed by a valve to regulate the flow of fluids in the tubing and (b) that is

suitable for the purification of radioisotopes or formulation of radiopharmaceuticals.

[00105] The pinch valves 20§, 212, 215, 221, 228, 230, 240, 244 and 245 are
solenoid-type 3-way pinch valves such as those made by BioChem (Boonton, NJ), however,

any type of valve known to those of skill in the art can be used in the present invention.

[00106] The apparatus of the present invention further comprises radiation detectors
for monitoring during a purification process the radioactive emissions present at various
sections of the apparatus. In certain embodiments, these detectors can permit an operator or
a computer to determine when to implement the next step in the purification process. In
other embodiments, the detectors monitor the progress and yield of the purification process.
The embodiment depicted in the examples uses diodes, however other suitable radiation
detection devices can also be used, as described above with reference to the purification

panel.
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el ements can be reconfigured as required for a particular synthesis
protocol. Numerous such arrangenents will be apparent to one of skill in
the art in light of the present disclosure. Reagents and solutions for use
W th thevﬁgﬁﬁthyhnvention 1001101 The apparatus of thetarsesgenizsbnvention is
capabl e of supporting a nunber of different radioisotope purification
protocol s and a nunber of different radi opharmaceutical purification
protocols. Once transferred to the fornulation section, for exanple, any

bi oconj ugat e possessing suitable electron-rich coordinating atons (e.g. N,

0, S, P) can be coordinated with 68Ga or other radioisotopes. Chelators

whi ch bind radionetals and are conjugated to targeting nol ecul es are
referred to as bifunctional chelating agents (BFCAs). 1001111 Exanpl es of
sui tabl e bi oconj ugates known to those skilled in the art includes, but is
not |imtedl@d07ldesf einadthéracrebbdimerds rjresgurecssnsops £ambe iponvadedc#tedpatapristebased
on tetraazo s s NN N b diden ic acid
and 1, 4 7 1lpeGERREREE SHE R ol b RRRSEpREARESNMin Melem 3l ) 2
cycl ams, (| ideptifydhe presepce of leaks in the system. In preferred embodiments the pressure sensors

3- car boxy- ; of g ehitrly i ’
car boxy pE&RX&&ed%piréa%EtQ?WarﬁEé J(Ex‘é{l_clg B\)k géhe%h&rﬁtﬁﬁ%gt'e&%ﬂﬁﬂ%gﬂt( A Cg,

di et hyl enetri am nepenaaceti c aci PA) | dif azi noni coti nam

mer capt oac egditionally ptths gorcgmiion Oéfq*l?q'(é'n‘@éﬁeiﬁyst eine (EC), Tyr'-octreotide
based 28 WD 2008/021302 PCTI U 52007/017890 bi oconj ugates such as

DOTA- D- Phe' 1081P8L oct r @8¢ sush deteetenisdiofe Afd (ntshswR) which.is plagedsyeh that it can

( NODAGATCC) monitdt thé a8\ oSrd@iltiskSeningfings ftdif e XbiBhto dOentedolibedivhReRgMIis i 0) - 4-

am nobenzyl ) am ne, and nunerous others that wi. Il be apparent to those
skilled in theeegnd diodg 343 ipplaesd; topenitonths BAiatiom ewanatiag drom (the camiapts el nai n
purposes: ﬁ*gﬁ&nﬁﬂ%%ﬁ? B6. I;jAth_ir? ﬁwf@m @ot sm:adm?as pﬂ&e@}’d}ﬁbrﬂ?r ﬁuermiiawult ar
ackbone that can be nmodifie unci L ona roups .for atgachnent to the
targeting mSMaRane. %m’&@‘&&oﬁffm%wl’r‘%ﬁg#m?'&?”f’é%ef?‘&'ﬁb?'éﬁ%é‘ﬁ’ ts i%ed to
mul ti pl e cl apmsedtodhofiRRTHeURd stichasahitipdrdit Wase collecti6d Véxkdl 1@mbodi ment s t hese
bi oconj ugates coul d then be radiol abel ed using the apparatus of the present

i nvention {éMe6agh anlrlteovadtechbnfigihtiats] the prelenninvemionican firthiecompriaé odecor m of

the radiotracer. 1 13?, Cl asses of.  targeting nolecules include, but are not
T fog to, 36 fore ARddhaf rese @S Tad 1ol RSl HRRECI TRy oo Tactitical {7, 1O

| i gands, t umsprthespopbosels. Addigenalhgor dltepatickdy, thd vabeseneteodpafanbingpyetheng

| i gands, druyg- i L | . 1\ cqgse,
t unor hypox :é%"{%g‘?sgg‘? #én'ggtfh?%%egg ¢ féﬁ%‘?{‘ﬁg ﬂaﬁnec}ﬁ? %ﬁeﬁ%gﬁ%ceo ?s@xgce sl&%:‘é/}?: |l e
targeting compugenstsayill bofappatem trdreoiskidl imtiwlagtgndight dfglre present disclosure.

Reagents and solutions for use with the present invention

“{060110) The apparatus of the present invention is capable of supporting a number of
different radioisotope purification protocols and a number of different radiopharmaceutical
purification protocols. Once transferred to the formulation section, for example, any
bioconjugate possessing suitable electron-rich coordinating atoms (e.g. N, O, S, P) can be
coordinated with ®®Ga or other radioisotopes.‘ Chelators which bind radiometals and are

conjugated to targeting molecules are referred to as bifunctional chelating agents (BFCAs).

[00111] Examples of suitable bioconjugates known to those skilled in the art includes,
but is not limited to, desferal-based bioconjugates, bifunctional chelators based on tetraazo
compounds such as 1,4,7-triazacyclonane-N,N’,N’’-tri-acetic acid and 1,4,7,10-
tetraazacyclododecane-N,N’ N’’ N**’-tetraacetic acid (DOTA) and cyclams, (1-(1-carboxy-
3-carboxy-propyl)-4,7-(carboxy,methyl)-1 ,4,7‘-tri.azacyclononane (NODAGA),
diethylenetriaminepenaacetic = acid (DTPA), hydrazinonicotinamide (HYNIC),
mercaptoacetyltriglycine (MAG3), ethylenedicysteine (EC), Tyr’-octreotide based
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exanpl e, pyrimdine nucleoside (e.g., 2'-fluoro-2'-deoxy-5-iodo-I-B-D

ar abi nof uranosyl uraeil (Fl AU),

2' -fl uoro- 2wpdges13az | 0do-1-3-D-ri bofuranosyl -uracil  ( Fpd}As2007/017890

2' -fluoro-2'-5-nmethyl -I-B-D arabi nofuranosyl uracil (FMAU),

2' -fluoro-2'-deoxy-5- iodovinyl-I|-13-Dribofuranosyluracil (IVFRU) and

acycl oguanosi ne: 9-[(2-hydroxy-I|- (hydroxynethyl)ethoxy)net hyl ] guani ne (GCV)
and 9-[4- hydroxy-3-(hydroxy- nethyl)butyl] guanine (PCV) and ot her
18F- | abel ed acycl oguanosi ne anal ogs, such as 8-
fluoro-9-[(2-hydroxy-I-(hydroxynet hyl) et hoxy) net hyl ] guani ne (FGCV),
8-fluoro-9-[4- hydroxy-3-(hydroxynet hyl)butyl] guani ne (FPCV),
9-[3-fluoro-I-hydroxy-2-propoxy oJTEt thy%uani ne (FHPG and

9- ( 4- f | uor o- 3-Riespaiugatgsreichys PRI tD-Fhardiymeoqtepiite) (DR ATOGand NRRAGHpEI3-as
reporter subst PR iN s - sy Lon.
(001151 Exarrplcrgg&g?egﬁbidqgenegi@)é bgg%;agfx%l%ﬁc*@#?‘sg@gﬁ%yrlﬂg ?J‘Bcfgzy%é 2 1 %‘E@Zﬁ ors,
anti- EGF recejnipebenzyjiamiac, and pemproprothern tiabwtibhe) appareptag those skilleddn ittt de.
COX-2 i nhibitor include, for exanple, celecoxib, rofecoxib, etoricoxib,
and anal ogs ofwﬁ]nlgie agetyftable bingeryugptes pERREAIlY 5605 e Mmain pirBeses: g tq Gogedine

i nclude, but aherddWmdtldhd 2ftolprovideRMdieculal DickbonethfdabORbAGESwWItR Hi6tidigl
| i gand) nonocl onal anti %(id%, 5)stgbst rates of caspase-

3, such 29 WD
2008/ 021302 PCEFPRSIBIRHA & larpEing 'a@ewe-ﬂ%?'y‘tﬂéb??@iﬁ‘f‘ﬂ%‘a\ heleiopsan bhe 4

am no aci d seoipplie®torsipeiblel Fasdeési ol c@hpdurid descriied belod. | IAReASR 3bbimefits thes@ Ny

menber of the Bc] famly. 1001171 npl es of di sease receptor targetin
li gands i ncl ud ?J%‘{Hg"%i’rsé%ét 3?? t'gﬁg‘e*aﬁ‘ed witg ﬂ\jewpﬁfé@émfdﬁg Prese risaHe

receptors, pitidugh Yin beeRfteaIsuthéticRBRMRI 16 iyitld B6 ERAINGER ofhd radistREESt er one
receptors. Exanples of agents that can be applied in disease-receptor

targeting inclo0tBlandr dCjesses eftargatgmoleouied imsiat, ibnt anermog tigilited andisease cell

transferrin, luteinizing hornone, and | uteinizi hor mone anti body. The
folate recept o AARRFAPARENGS: frkieenry; fseeiDg Jikand JPmsr Sphrigizsterecting
recept or. Exanigaeds,dfschsl rateptareagging ligirals gitg-based iligamid santindérabielsf agents thaci d
and analogs of.folic acid Preferred . folate re .0r targeting |igands

i ncl ude fol at e{“ltiﬁgt%kgf’?eé;t(‘g‘?oer hyﬁ%ﬂagm et‘a%!%fgan%ﬁ’l(ﬁ‘g%'g%rtai n drug-based

| i gands can be ied i i . ; i J
I 'gands (0B Pd)! 'ﬂxsé%%@géif %?Qtérgg#g?%g&&% 29168 nudids 9?%‘?0 fs. For

subject to a drug. 'A wide range parangters can be neasure ~det erm ni ng
t he response ofxampitibj eeyrimidingini niusiepsidé on Gfg-a drArfuororie-dedxyot-dedrlyDski | |

in the art woubdpinbRirdrdiblagfi WriAUS, NeriBe S Aol RS- RIBSER-B-RBS fuafbsyREracil
measured. These responses depend in part E‘gﬂ)on various factors, including

the parti cul ar (’IRYY %-AuerorE-Shasthy- e§-H-trabieefuraperyluymei i PRy 2 - fluoro-2'-deoxy-5-
iodovinyl-1-B-D-ribofuranosyluracil (IVFRU) and acycloguanosine: 9-[(2-hydroxy-1-
(hydroxymethyl)ethoxy)methyl]guanine (GCV) and 9-[4-hydroxy-3-(hydroxy-
methyl)butyl]guanine (PCV) and other 18F-labeled acycloguanosine analogs, such as 8-
fluoro-9-[(2-hydroxy- 1 -(hydroxymethyl)ethoxy)methyl]guanine (FGCV), 8-fluoro-9-{4-
hydroxy-3-(hydroxymethyl)butyljguanine (FPCV), 9-[3-fluoro-1-hydroxy-2-propoxy
methyl]guanine (FHPG) and 9-[4-fluoro-3-(hydroxymethyl)butyl]guanine (FHBG) have
been developed as reporter substrates for imaging wild-type and mutant HSV 1-tk expression.

[00115] Examples of angiogenesis targeting ligands include COX-2 inhibitors, anti-
EGF receptor ligands, herceptin, angiostatin, C225, and thalidomide. COX-2 inhibitors

include, for example, celecoxib, rofecoxib, etoricoxib, and analogs of these agents.

{00116] Tumor apoptosis targeting ligénds include, but are not limited to, TRAIL

(TNF-related apoptosis inducing ligand) monoclonal antibody, substrates of caspase-3, such
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di sease or condition for which the subject is being treated, and
characteristics of the subject. Exanples of drug-based 'ligands include
cam tine and puronycin. [001191 Any antinicrobial is contenplated for

i ncl usi oRy@sedoidgeting ligand. Preferred antim crolpicalis2003migse
anpicillin, anoxicillin, penicillin, cephal osporin, clidamycin, gentamycin,

kananycin, neomnycin, natanycin, nafcillin, rifanpin, tetracyclin,

vancomyci n, bl eomycin, and doxycyclin for. gram positive and negative
bacteria and anphotcricin B, amantadi ne, nystatin, ketoconazole, polynycin,
acyclovir, and ganciclovir for fungi. 1001201 Agents that m m c glucose are
al so contenplated for inclusion as targeting |igands. Preferred agents that
mmc glucose, or sugars, include neonycin, kananycin, gentanycin,
paromycin, am kacin, tobramycin, netilmcin, ribostanycin, sisomcin,

m cromicin, a$ pqnhdenyeolmpembeh@amcwdes @eﬁmmm acid sefquennei aspartic awﬂmbgmywom des,

gl ucose or a‘gh%ﬁ&aﬁgﬁl a&go&%ééeg%ggf%rgggg%@?t argeting |ligands are al so

useful in certain e ment s nventi on. M soni dazol e, an

exanpl e of g»dlwpr hypRithdled sFaRelsk F&eﬂtbﬂ%@tnnél?aﬁds induddChid ARFPRARER o,
PCT/ US2007/ 017890 hyg)zél c cell sensitizer labeling MSOw th different

r adi 0i sot op&¥rqEEn Jecepteyyj andraggn I'e?FP‘O"Sﬁrdi}mBéqu@é?HB?"s'f BROsRTRR gEEsRtaTRt iy a
hypoxi ¢ but Ff&g&ﬁ&@he feBdptdfs. asiarﬂgﬂestdaa%htsftﬁame\asﬁlhed lpaw&@ae&eﬂoa&tgw@ t umor

by PET or planar scintigraphy | uor om soni dazol e(F has been used
with PET tolmceaéreg%ﬁwpgﬁymt%statmm&eztfr% GOESER 't"ﬁé“”b‘?&i&’&ﬁ?‘tfgﬁtdi

reaction, apftiaRizMRhAbMR anGBeyk Qh@ﬂiﬂ@@lw&é}atérhﬁnclﬁdﬁé%@kh@d@.@ﬁotﬁ&eiﬂﬂiﬂ&@faany
free radioi spt ope. Exanples o fﬁ{l@t abl e transchsll ators f 69Ga. . i ncl ude

pol ycar boxyldfséasﬁdF%F?m’e §xamplgs p € recepipn Jaggeting digands; incl us?%f qlighcikandyt e,

et hyl enedi aghilegsRIffARGeIdl Prelérdd folald Tdkptofliafictig il indldlid PR nrkdetétate aci d
(DTPA) and %% Ilke Addi tionally, any of a variety of anionic and/or

hydroxylic IHAESnt ai ni ng species could serve this function, e. g ,
salicyl ates yI ac nat.es,. hydroxyaci echol s t her
ol yo s o J0RR e o ExPaiR R B 2hh e i BB s RiriosoRRtal g
pr ot ocol s frespotde@f & m’qmt @taidowg. X widaddngp hfranamoalias camazlesnmdrbd irelesppanint to
t hose skill r e.r pted,.f or i
apparat s oftkbrerdshiila affitisnSdsis g VR SRl Al o Wbl Wl
t he di spen5|bngarmhalbulltli the types Qﬁrcapnnsenthetdahbe fmeaated. lede apﬂxmsemd;eutdnmadn
formulati onyphf Geslstors, MEEHE R pl A MalIhERE o iitbeAChl RYERADE
disease or condition for which the subject is being treated, and characteristics of the subject.

Examples of drug-based ligands include camitine and puromycin.

[00119] Any antimicrobial is contemplated for inclusion as a targeting ligand.
Preferred antimicrobials include ampicillin, amoxicillin, penicillin, cephalosporin,
clidamycin, gentamycin, kanamycin, neomycin, natamycin, nafcillin, rifampin, tetracyclin,
vancomycin, bleomycin, and doxycyclin for gram positive and negative bacteria and
amphotericin B, amantadine, nystatin, ketoconazole, polymycin, acyclovir, and ganciclovir

for fungi.

[00120) Agents that mimic glucose are also contemplated for inclusion as targeting
ligands. Preferred agents that mimic glucose, or sugaré, include neomycin, kanamycin,
gentamycin, paromycin, amikacin, tobramycin, netilmicin, ribostamycin, sisomicin,
micromicin, lividomycin, dibekacin, isepamicin, astromicin, aminoglycosides, glucose or

glucosamine.

100121] Tumor hypoxia targeting ligands are also useful in certain embodiments of the

present invention. Misonidazole, an example of a tumor hypoxia targeting ligand, is a
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desired pH and solution strength in the final product, including phosphate,
acetate, bicarbonate, 4-(2-Hydroxyethyl)piperazine- |I -ethanesulfonic acid

(HEPES), ci{pab&mpgsate buffers and the like. Control ﬁyﬁg@mm@@;{%l Any
appropriate control systemcan be used in the present invention.

control systemis preferably one capable of integrating the sensors and
actuators found in the apparatus. In certain enbodinents the control system
conprises a conputing device that executes instructions stored in a program
storage device and sends commands to a controller. The control system for
exanpl e, can be a personal conmputer or |aptop conputer. In preferred

enbodi ments the control systemis a programmable circuit that operates in
accordance with instructions stored in program storage nedi a. Progrannable
circuits inclhupexicsell S@ﬁ@llﬁoindllabﬂmgum@wnmdd"fm odigstopss @g..diFgiT AT To) gnal

processor - basegl, ¢k QULAS for dT ch{aR Wx% @\Q Aﬁ':a@ aétR'fetrM\?l&efr rﬁrﬁ \Q ) any

type of readable nenory i1nclu not I cal
medi a such as exygamaied atcapetumorbl}'BIF(TOlmiararss:emgmhdu[CTFdFluommmgdauﬂmﬁﬁwsoPRd\A

or FLASH menor y.e pI0e, L8 WithPeelo vt Lipkls exanple, to open 31 WO
2008/ 021302 PCT/SU 2007r617 liéooc?r Ese vg éekga control a heater, a syringe

punp, a vacuumepyss). a Ofs Jeﬁgwh@tb%’coﬂﬁga@l'ax rea@litlela tARIdNRa R i lgé.'dd'acci She
apparatus. In certain errbodl nments the controller is a programuabl Q91

control | er. 10B#wirecerte wayveany fEenatioiraiores Exernrelew@mmabwmmom for n@t ude

a program stora@ﬁdemly@amxﬁmtm&se P8¢ KagRatk Nativg@Nt al')tﬂﬁat'ensﬁx'ilh'&ﬁéc@ﬁ& for
the purificatio synt hesi s or I ned purlflcatlon synthesi s of one,

two, three, fo yle'F‘?d\‘Pém“gft?ac"c"éﬁc'df%m)y ‘E)‘Pylﬁﬁ"éam‘ﬂmef‘@?@ﬁ? a‘?*%\@??“s}é’t‘%‘b%s or
r adi ophar maceutike a&@m@ang ahber @W@fy&ifhlﬁioﬂfs ahd26r HYHRXORE oﬂyguxee&mﬂmng spdiek he
appropri ate re nts. ?fb‘?é"m The con téﬁf;em of the p $ent i nvention in
certain enbodi ‘f%erY‘ﬁ s fppslion e g SRy IatSTACH %‘ﬁ‘t‘sa“’tsh‘&id’%ﬁ‘i‘ atgchgls, glycols
]E Ierrper ?t ur e andnd abérgiolyols, b.gy gluiio}ibbtﬁmaé | 20t $heflike N Oher Buitablt@edpieMs eﬁ&prgMolt: he
ow of reagents or ses t e 1001271 In ot odi nent s
the control g L fé’grﬁ'blla ‘%‘b%‘r'ﬁ‘glgﬁ&m' thfai? wnhé’t“ée?qrﬁﬁ to {]1‘?@" %‘?‘L"Qéﬂ& agand
instal |l ed cassetay(bemrduaddhpteddbaﬁdeyvumrthaiﬁpefanatowwelpfesfemrmvd;aaﬁ| fying the
type of cassette installed. Console

{00123] Finally, the apparatus allows the dispensing of buffer solution into the final
radiopharmaceutical formulation, if desired. The buffer may be any buffer that achieves the
desired pH and solution strength in the final product, including phosphate, acetate,
bicarbonate, 4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES), citrate, borate
buffers and the like.

Control System

[00124] Any appropriate control system can be used in the present invention. The
control system is preferably one capable of integrating the sensors and actuators found in the
apparatus. In certain embodiments the control system comprises a computing device that
executes instructions stored in a program storage device and sends commands to a controller.
The control system, for example, can be a personal computer or laptop computer. In
preferred embodiments the control system is a programmable circuit that operates in
accordance with instructions stored in program storage media. Programmable circuits
include, but are not limited to, microprocessors or digital signal processor-based circuits.
The program storage media or software can be any type of readable memory including, but
not limited to, magnetic or optical media such as a card, tape or disk, or a semiconductor

memory such as PROM or FLASH memory. The controller functions, for example, to open
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1001281 The apparatus of the present invention can be assenbled as a single
console or electronechanical instrunent. In certain enbodi nents, the
apparatus conprises both a purification and a formrul ati on panel nounted on
a pl atfor%%(,s)gﬁg@z In certain enbodi nents, the puri fecaaig2003/08736

formul ation panels are situated at an approximately 90 degree angle to one
another in order to reduce the volune of the overall apparatus. In certain
such enbodi nents, the purification and fornul ati on panels are noveable with
respect to each other to increase the angle for |oading and mai nt enance
procedures. In sone enbodi ments, the platformfurther conprises receptacles
for one, two, three, four, five, six or nore waste receptacles. The
platformcan further have nounted to it or integrated within it one or nore
of the follow ng: receptacles for one or nore repl aceabl e aut omat ed punps,
one or nor e ornose r@ptsacantyl e hpaterpa syringe pompnpvasuRBPCINpPORA gas reghlaiod ocany ect i on
vessel s mounged, gl tsmnthngﬁ@%k%armse iRCertdRe ﬁbﬁ@ﬂ{eﬂﬁt&%’& x?t?&ﬁ?m%pﬁ%&%?&némr €

t enperat ure sensors, one or regu ors one or re

pr ogr anmabl dozlggmmm(blentrol | ers or other nmeans of controlling one or nore
actuators associated with the platform 32 WO 2008/ 021302 PCT/ US2007/ 017890
1001291 | n d8O%28) n pr &t esrtaigerabasiiaeme thescontrplesyaep ayi ingdude a pragram siedgrles a
recess for Jf&e, Bt m@tpaazag@tmdt%ﬁﬁameri@stﬂm%pme%ﬁdwn&l %%mém 0001301
In certain enbodi nents, the console can further conprise a covéer for

shi el di ng smbmedapvf%ﬁ“onﬁedwﬁv@ﬁeﬁ?@,mm@df% Yresiy| GRYEMYOF BIrdust or
ot her envi r&ﬂ%ﬂtrﬁdlongﬁéﬁés% radf¥phathia€dutiadls ¥$hthd Shparafisiot thedrliieddiMRation
shielding from radi ation. certain enbodi nents, the console may conprise
a control pél'iél‘hef"f?i"%met"é"rﬁeﬂ‘@ the progress of a radioi sotope pur| fication
or radi ophar tical_fornulation protocol or for controlljn { function
of the conso‘HEl.C26 n ot HYFC (SENSPFEh?fphepéesﬁﬁtd?‘fem'mb'&ﬁ&‘?a‘ﬁFmgﬁ‘h[“gB‘ls' E*?’l e is
provi ded adde¢dbacieinbshanims &{at mbﬁnairlmbaémperahreamd i 806 evels@tivdrivas peins o e.

Casset t Ki ts_of t | t 1001311 A k t of t
emhoai mont o 101 PERES AP BN FVERERS Y GPE Bhen qassvasraabfi [nier changeabl -

cassettes a j-4S an Sd i r sed here e of
conpr essi bl Qg{)ﬁigﬁ ng aﬂ%g@% é\?@)s rﬁenESQEecomra%%sqetnﬁ n?p 5rn mecli‘ rf%sm?fﬁedeg?(cgﬁ%mge of
one casset t gh¢ preseanotfmmnnstal kd kpdsesteand ammmkllpomnhanmly foh élentifyingtheope be

qui ckly renop gsse‘ft %maﬁéwagenent with the val ves. Once the connections nade
by the tubi ng el ements of the apparatus are di sconnected, the
cassette cancp,%ofeem)ved fromthe apparatus

[00128] The apparatus of the present invention can be assembled as a single console
or electromechanical instrument. In certain embodiments, the apparatus comprises both a
purification and a formulation panel mounted on a platform or base. In certain embodiments,
the purification and formulation panels are situated at an approximately 90 degree angle to
one another in order to reduce the volume of the overall apparatus. In certain such
embodiments, the purification and formulation panels are moveable with respect to each
other to increase the angle for loading and maintenance procedures. In some embodiments,
the platform further comprises receptacles for one, two, three, four, five, six or more waste
receptacles. The platform can further have mounted to it or integrated within it one or more
of the following: receptacles for one or more replaceable automated pumps, one or more
non-replaceable pumps, one or more reaction or fluid collection vessels mounted on the
panel, one or more radiation sensors, one or more temperature Sensors, one or more gas
regulators, and one or more programmable logic controllers or other means of controlling

one or more actuators associated with the platform.
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and can be replaced by the new cassette. Systens in which valves are used to
conpress tubing to control the flow of fluids are advantageous because
there is no\gﬁgﬁt?si/&isbity of contam nating the valves, thySyyabiRrgbgani ng is
not require uring the normal course of operation. 1001321 During
installation of the interchangeabl e cassettes, connections are preferably
al so nade to the concentration vessel, chromatography col um, waste vessels,
nitrogen regul ator, vacuum punp and the like. It is also preferable to
install new punp reservoirs containing appropriate reagents or fluids for
use with the purification or formnulation panels during installation of the
cassette. However in alternate enbodi nents the existing punp reservoirs can
be refilled with the appropriate reagents or fluids prior to use of the
new y repl aced0grR9$et t edn cl@bilBStrrébasigidimanty thetabparftnefether includes tire@bss for

preferably in - ¢odj ng or_anot her e of labeling that indicates
to the user mﬁéé’&%@eﬁeﬁggéat% é|°ng &0 r%@%?q tg glagfﬁg?jl d be nmade with the

tus. | f ' t '
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time that a n@yicécﬁsse@me or glli efsthecbmplorientsthenntislvore the platfgontomediisbdi adat s
there can addi én'vﬂ@r?}rhérxal %zaqgs!, of él?e%QiQeQrto thob%'é ahglgg%aq fshi}:l%h? J’r(?ﬂre{d!;bgikn In

indicates where the replacenent reservoifs are e placed 1

appar at us. 10(°E8ain embodimentsy the dorsplg oy vemprscarentae! paeal éoraeeniteringshe pregrese or
nore pump I esGhLVHibiSotdbd purBatin ¥ k4 h%a@edﬂc&kfoﬂ&lﬁ" %Ht&%ll erorcbronmz]lin
additionally, the kit can contain reagents or other |iquids supplie |%1 one

or nore repl achalpnstipyep thecpapalei Insotber ¢mpodiments aecconreimantinerroontroldevicarns be

used for filliggyiubeaditiinaRy, R hRerRMVRly, SICHMME frofl RS EodsGRIENt S OF ot her
| i qui ds can be any reagents or liquids intended for use wth the isotope

purification eapéibeés dnd' K sichePr&asolbimon I N 1 ess preferred enbodi nents,
the reagents or liquids required for a particular purification or

fornmul ation pr@oezyl carA ey Saspdt iof deddin @nfboPiadentscofk tHe, prédeht imdentiont irbqhé t he

o1 oot | et FBRCCRGY EHGPEPEPBY AR R 84 Ra ol o PRE Stielr S hereh

preparing the apaseaf vempressitpeirubingaad ivalnesaha/compfess thi habiingnake\thd ©charige bf
exanple, a preferred ncl ude, one

orr e fol tngtgr Rur ilf i cat iiﬁ(}n of rradil.gie topes, can i1 1
or more i sot op¥ e CATERE {E LN SUPPIRBILAUIKASPIEINTy B‘%Pﬂ? ARREAVENY EMONE one
or nore of thefrbml dngagangens olithitthonslvey | Pnee el cvhne@ionsampdeopy itlet bingrto wtHeki ng
a generator, ppelelab e ppiinilardRs@hn RN AL TRSEH S B te¥icdEE P AR s paratus
and can be replaced by the new cassette. Systems in which valves are used to compress
tubing to control the flow of fluids are advantageous because there is no possibility of
contaminating the valves, thus valve cleaning is not required during the normal course of

operation.

[00132] During installation of the interchangeable cassettes, connections are
preferably also made to the concentration vessel, chromatography column, waste vessels,
nitrogen regulator, vacuum pump and the like. It is also preferable to install new pump
reservoirs containing appropriate reagents or fluids for use with the purification or
formulation panels during installation of the cassette. However in alternate embodiments the
existing pump reservoirs can be refilled with the appropriate reagents or fluids prior to use of

the newly replaced cassettes.

[00133] Cassettes of the present invention preferably includes color-coding or another
type of labeling that indicates to the user where various tubing connections should be made

with the apparatus. In other preferred embodiments, the pump reservoirs (such as syringes)
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acid or a pharnmaceutically-acceptable buffer, nore preferably a dilute
solution of HCl of about 0.05 Nto about 1.5 N, nost preferably about 0.1 N
HCO or about 1.O NHO; (ii) a solution appropriate for concentrating the
radi oi so {ggerably a first concentrated sol uti gerAfsaéh7/017890

phar maceu |ca y acceptable acid, nore preferably a concentrated sol ution of
HCl about 10%to about 50% nost preferably a solution of about 30% HC ;
(iii) a solution appropriate for a luting contam nants such as 68Ge froma
chromat ography colum, preferably a second concentrated solution of a
pharmaceutical |l y-acceptable acid, nore preferably a concentrated solution
of HCl of about 3 Nto about 5.5 N, nost preferably about 4 N HCl; and (iv)
a solution appropriate for eluting radioi sotope such as 68Ga froma

chromat ography colum, preferably a water or buffer solution; nost
preferably diesdlid deplicéd?4D.thd sanpe w@hie thaedineve oldsetiene itstalled én thepiehiced iissimd i ons

o e 0P BB e SRS & RGBT B el o

for mul at i on whamahé tepiaceatr@ reservioirs erepolbplacddn heiapparatasl one or nore of the
following solutions: (i) a solution containing a chelating-bioconjugate,
(ii) a sol ulewad] 34 WD pRES8Yed 2h80RinkReAT/ dS2P0T¢e Lageles wdnori o1 moregpump

transchel at ofenBlig vill de)prByitRd 61 o Rt TMttdrhiva0) UF hlihionally PHENG Eefi®ontain

enbodi nent s Su pI| IoNs are s 'on- pyrogenic. i
1001371 The réagentook mgeré»qanﬁg Isenpligd in dnp of md@denl@edémsp resemvoins erfie sgpachte

embodi Ment o cofikiokSd WA BE L fof b SoRGrARNLER BLAbPYThAPIBeshi 8111 1

the art that the tec gues
represent tedieniiquids cm lsttwmntg;pr fineids imtendedfos usgwith thecisotope pwrification t he

DA 0o 0T ahllBr (oPHERLibRLkoshl h o ERRePEnSRRRLAR IR DA B BIRRIS Wetired |

enbodi ments for its practice. However ose Skl in the art
light of t héor@rmgecmar putification of fermulasinnaratagobcanthersuprlied aghssparate kitawither made

in the speciyiiHoufiP aphroBMts pih Fllerdbits, bitiwithoRB£chsad. still obtain a like or
simlar result wthout departlng fromthe spirit and scope of the

i nvention. huewss|e | l@ﬁ@?ﬂﬁ'ﬁ%&ex@%\@hﬁéﬂhcv@ﬁﬁ@ﬂ%ﬁﬂ@%ﬂ@ﬁldtHﬂ amaam il ution
Profile. To obtaln the hig ﬁ&’ dloact|V|ty of 68Ga IP m ni nal %gF t he
(1

6" Ge/ 68CGa g&REraNGthedpRAraID f‘fd"‘b’bﬂ"f’é’&f%‘&]‘“laﬂ"%‘é‘ﬁéﬁsa o expmple; %‘i’f% err

N, 10 m) wagormaificatoredfthdioisbop@rarineiudé ofd ¢l rhdie idldpaleassels, arldratred in 1

m fractions. Eac . . . . .
replaceal‘nc pump reservoirs and one or more of the following solutions: (i) a solution

appropriate for milking a generator, preferably a solution of a pharmaceutically-acceptable
acid or a pharmaceutically-acceptable buffer, more preferably a dilute solution of HCI of
about 0.05 N to about 1.5 N; most preferably about 0.1 N HCI or about 1.0 N HCI; (ii) a
solution appropriate for concentrating the radioisotope, preferably a first concentrated
solution of a pharmaceutically-acceptable acid, more preferably a concentrated solution of
HCI about 10% to about 50%; most preferably a solution of about 30% HCI; (iit) a solution
appropriate for eluting contaminants such as **Ge from a chromatography column, preferably
a second concentrated solution of a pharmaceutically-acceptable acid, more preferably a
concentrated solution of HCI of about 3 N to about 5.5 N; most preferably about 4 N HCI;
and (iv) a solution appropriate for eluting radioisotope such as $®Ga from a chromatography
column, preferably a water or buffer solution; most preferably distilled H>O. In preferred

embodiments the supplied solutions are sterile and/or non-pyrogenic.

[00136] As a further example, a preferred kit for formulation of radiopharmaceuticals
can include one or more formulation cassettes, one or more pump reservoirs and one or more

of the following solutions: (i) a solution containing a chelating-bioconjugate, (ii) a solution
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fracti on was assayed using a dose calibrator (Capintec, Ransey, NJ) and
corrected for decay. The resulting activity per fraction was used to depi ct

the mini mlwbgbdmgmq,?qui red to obtain the highest actividyy@ho 288 1001391
Radi onuclide Purity. To determ ne the radionuclide purity of 68Ga and the

presence of any other trace radioactive inpurities, a HPGe detector was used
(Canberra Industries, Meriden, CT) nodel GC1018 (crystal is 47.5 mm

di aneter, 28.5 rumthick, depletion voltage +3500 volts DC, FWHM 1.6 keV
forCobolt-60 [60Co], tlrz=5.2 years, 1332 keV photo peak). The detector
energy response was calibrated using National Institute of Standards and
Technol ogy (NI ST) traceabl e gamma standards; Cesium 137 (1 J7Cs, t,a=30.07
years) and 60Co sources and validated by the presence of confirmng the

| ocation of plootaoyregddsans¢helator]lond (iii) 5 Aae) orduéfiadmiuiof! InprefSrr&nbpdmrents the). 1

pC on Aug, 1, 0L 12 .PST) _whi ch.has nmain photopeaks at 723.3 and 1274
kev. 35 WO 200%%%2"%8%“?1&%‘% s a0 oprdeedo 1 17° 1001401 The 69Ge/ 63Ga was
eluted with INHCI and a | m aliquot (2 nCi) was collected. This sanple

was diluted to 20 pC and pl aced approxi mately 20 cm away from the
detector. One inch thick |ead bl ocks proVided shi &l ding of the nmeasurenent

fromcosmc r nd ot : a4 L&LLA
performed for @“ﬁ"gﬁr. (0 %Zolli%%xgﬁggf?%gdcﬁj gﬁﬁ%eﬁ%ﬁ%\ﬁagt e%hé%%{r)%aggﬁm&ssed
to deternine tefehe inyeusianc|li should breanpraciptedfby theseodGhilleinuhe art Wit thextprbnianent al
determ nati on gicidegidal éiaHpﬁe%-th&ﬁoﬁ&%re%% techRiguéldicEekrdd By thd indkdilik 1 ANd" @
I m aliquot (2 nCi) was collected. The sanple was placed 11 a dose

cal i brat or andfupetionawel} in thy rigedice oF dredaventipnitand thesapan bsf cangidersd se £pnsie  The

sanpl e was asaRyREERPRARETHhMiRT HEWLeE RhSRe bf KR IR HrShaNg, ik Rght BEtht Mederit WS
recorded. The data were used to generate a decay curve, Fromthis curve,

the experi ment HFelPpurs apnreciatehat ianyshanassepn bg Madginthespesifieemodimentsadichare

where A=acti Vi diycleded bhd®F obtaira fikd o stilad teshit WHGut départif Porh ARSI bnd RbpH8GA
(k=.693/ti12) g‘nt{c‘iﬁ_ t--time at which sanple was assayed The findings were

conpared to th B¥F¥t9cal half-life to validate presence of 68Ga.

Devel opnent of 68Ga- Label i ng Prot ocol Example 1

“Ge/®Ga-Generator Acceptance Testing

[00138] Elution Profile. To obtain the highest radioactivity of *®Ga in minimal
volume, the **Ge/**Ga generator was eluted and collected in separate fractions. HCI(1 N, 10
ml) was used to elute the generator and the eluate was collected in 1 ml fractions. Each
fraction was assayed using a dose calibrator (Capintec, Ramsey, NJ) and corrected for decay.
The resulting activity per fraction was used to depict the minimal volume required to obtain

the highest activity of **Ga.

{00139] Radionuclide Purity. To determine the radionuclide purity of %8Ga and the
presence of any other trace radioactive impurities, a HPGe detector was used (Canberra
Industries, Meriden, CT) model GC1018 (crystal is 47.5 mm diameter, 28.5 mm thick,
depletion voltage +3500 volts DC, FWHM 1.6 keV for Cobolt-60 [%°Co], tn=>5.2 years, 1332
keV photo peak). The detector energy response was calibrated using National Institute of
Standards and Technology (NIST) traceable gamma standards; Cesium-137 (*¥Cs, 1,2=30.07
years) and %0Co sources and validated by the presence of confirming the location of
photopeaks of Eu-154 ('**Eu) standard (t,,=8.593 years, 10.1 pCi on Aug, 1,2001 12 PST)
which has main photopeaks at 723.3 and 1274 keV.



1001421 Synthesis of h8Ga- DOTA. 68Ga-chloride was eluted froma

commerci al ly- avail abl e 68Ge-68Ga generator (Ilsotope Product Laboratories,
Val encia, CA) using | NHCI (10 m). The nost concentrated eluate fractions
(#2-3) ed and transferred into a pear-shgpgq, vessel
and hea%ﬁ@g)f%lg@ under vacuum (contai ning a charcoal trasrpz) %yr?g@m trogen
streamuntil nearly all liquid was evaporated. The yell owi sh resi due was
reconstituted in 200 pt 0.05 N HCl, diluted with 0.1 N NH4QAc, and
study-specific anmobunts of radioactivity () 00 G for analytic testing, 500
C for pharmacol ogi cal studies) were added to 0.1-1000 nnol of DOTA,
previously dissolved in 300 pl NHAOAc. The reaction mxture was heated at
95C for 20 mnutes and allowed to cool at roomtenperature for five

m nutes. Final volune was adjusted as desired. 36 WD 2008/ 021302 PCT/ ti
82007/01789(!001]40D1431Tﬁyﬁ’i(he Gs wab ehif@awitiC.INGBCGhakdCa aral sljmiohezhﬁ)jwbased on

68Ga- DOTA h 68GaCT simlarly to. d bed
f or 6BGa- Dmgi?’g?fge‘fh@‘? f"ﬁ%ﬂ w‘é\%ﬁp@ ggéggég’i‘{ﬁ’?%h afproX 2@2%‘{3“%@ 6’(9?1000
nnol of EC. thedebsttarnOae @ichtidcldesl tdeuits pmsmdattﬁinaﬁmgbﬂhé ereasumem feampasnde al ong

with heatin asgan A ergd 95CI1 d;a%onmn[? Labe |n ﬁlr}r jQns wer e

further stu y adj us |r°r'11gr;;1 use 0 acé‘ lts fep %6r NaOAc, for

di ssol ving tlb@;‘ﬁ| iOCk %d}btnbém@ Imgtya%&ﬁ%ﬂagaré%ms\émo enmnettlnee §|bg\ﬁ:lhde

formul ati on action mxture wa gnperature
for five mi ridensity oﬁ:hnaﬁcapmmamgemammg:@unnastnq;wth@mlf tib0 T £ (Efn@hem s

of 68Ga- EC- E EC
et hods._6oCanry i Bits PROACEAA R Bhacty Wt SEXNESLE Chelanblt wdBBBer oo
Sodi um acet at\edmmaub@tpr a@d i petivitypnas wemdn@atglmmgﬁ the explyamentn Fhhe pameploact i ve

sol ution wasy gy Pé%wtédqyJt%llgplgflmgﬁ)lﬁﬂqg&&)@%&tnl@w'r&Ul%eX ﬂé&‘fﬂ%&@ ' n 50

| I X PBS and 250 he reaction m xture was at 37C for

m nut es and Y4 esaerats adsedy awve. Fammtbiscpiey the grrerimentaf M}éhfﬁw@e@mwﬁal

vol ume was agidssheequatioglesi red. 1001451 Radi o- TLC/ Radi o- HPLC Radi ocheni cal
purity was assessed byradi o-TLC (Bioscan AR-2000, Washington, D.C) and
HPLC (Waters 2487, MIford, MA). For radhe+ TLC, a 20 pl aliquot from each
radi ot racer was col | ected usi ng gl ass spo?ters and spotted onto different

| TLC- SG strips. RQifdr&rndcitmbitliterhases were used to denonstrate the
presence of uncorrpl exed radioi sotope in the final fornulation containing the
r adi ol abel ed gRpPdetivi§@aifmdd,ochenm stry was anal yzed using | M ammoni um
acet at e: net hanol (4:1) as

k=rate constant for %Ga (k=.693/t;;2) and
t=time at which sample was assayed
The findings were compared to the theoretical half-life to validate presence of ®Ga.

Development of 68Ga~Labeling Protocol

[00142] Synthesis of #®Ga-DOTA. %®Ga-chloride was eluted from a commercially-
available ®Ge-%®Ga generator (Isotope Product Laboratories, Valencia, CA) using 1 N HCI
(10 ml). The most concentrated eluate fractions (#2-3) were collected and transferred into a
pear-shaped reaction vessel and heated at 100°C under vacuum (containing a charcoal trap)
and nitrogen stream until nearly all liquid was evaporated. The yellowish residue was
reconstituted in 200 p1 0.05 N HCI, diluted with 0.1 N NH4OAc, and study-specific amounts
of radioactivity (100 uCi for analytic testing, 500 uCi for pharmacological studies) were
added to 0.1-1000 nmol of DOTA, previously dissolved in 300 ul NHsOAc. The reaction
mixture was heated at 95°C for 20 minutes and allowed to cool at room temperature for five

minutes. Final volume was adjusted as desired.

36



t he nobil e phase for all conpl exes. HPLC, equipped with a Nal detector and
W detector (254 tun), was perfornmed on a GPC col umm (Bi osep SEC- S3000,

7. 8x300 mmyBheRAIBIEX, Torrance, CA) using a flow rat gd@fyshoddoism n.
1001461 Synt esi s of 68Ga- DOTA. 68Ga- DOTA was synthesized w th findings
simlar to the reported data. Radi o-TLC anal ysis showed that 6sGdC 3

remai ned at the origin (Rf=0.0) while 68G-DOTA noved with an Rf=0.9 and
96. 9% r adi ochem cal purity. The radiochem cal purity ranged from 0-99. 6%
and decreased as a function of decreasing anounts of DOTA. Using 10-1000
nnol of DOTA all owed for >90% | abeling and served as the basis for the

| abel i ng protocol devel oped for 68Ga-EC. 37 WO 2008/ 021302 PCT/ US2007/ 017890
1001471 68GCl3 was eluted froma 68Ce/ 68Ga generator with I N hydrochloric
acid and spotl0@H3bn i nSyabesist bf FGuag@r tGa- Eﬁ’mugsyaﬁh;aze(dl Hds@) o8tFGpDOTA
Anmoni um acet ts h an
acquisition V\g]ts'&poéfg?oragngpw sééﬁg%)d s'mﬁarr?'dtg lfg}oﬁggde%‘émrgg %_éégéaaﬂgglreqe%bQW
of total countradipastiné sodutiontwas Feacted wigh BOG- 90 oatol of EG. h"enqnpmsmraceatohnd ©diBeC1 3.

001481 DOTA 3 i .
E hin-layer ¢ é\ar‘a'%grrtgt% )cl) gérﬁg%ﬁ‘le%?ﬁ [rg‘} XYIO{"%N %&%&l’ artl ?’3‘% %@ g?ctefé:r %TL"Q%%’@%Z‘:'%
used as the noionditionspheas furtherctudied ber@qmstmgtﬂnemse westhpehuffler, N OAgor N80As.doonds

using a radio- 1 R0 er

ol gi'n deai gnas Ty e sbfdhs ahd Al s wdiiie b AhPhod AL BIIF MRe Bophall,
with the sol venixture s allpwed bt cand) ahrepm leatpetaturg fori @vedminfugrs. GG -vob@RAWas
1001491 DOTA (an dgqqugg Sg%gl) was | abeled wwth 68Ga using 0.1 N anmoni um
acet at e, i ncubat 80& for 20 minutes and spotted on instant thin-Iayer

chromat ogr aphyjgo{44]LC)  SLhinBSs o NBHRAE W@sﬁﬁﬁza@@a @zt QﬁBQLm\(&‘as%}ntM@&e&‘%gd as

the nobil e phase;and acguisjtions were perforned for secon usi ng
nol ,

radi o- TLC scarfferGa- ﬁﬁgﬁ@hftdﬂ aE'éPlsH@SPVP@F@%WWI‘BetOW%%CW@I‘PT $1a11pQT

then fell si gnS(fdltﬁﬁ‘l&JtMeWﬁ@ﬂseﬁsa't mgt.#nemm@wnas.sofmelﬂ.ﬂﬂﬂdroaé{mlsémon was
Synthesis of "8Ga-EC. 6BGa-EC was synt hesized based on 68Ga- DOTA net hods.

Radi o- TLC anal iya¢ted with\188 rerd EGadestatrpremipusly \msmvwnmlrﬁodd X aaa ag¢ 27044
radi ocheni cal RUHALY ThaEforthixhGE Svab hedled Q%ﬁ@%r%%ﬁ&és al;l_chﬁlo%jetﬁ& E&ol%ﬁ

different buffers and heating tenperatures were exam ned showed
si gni ficant di PPEYIERBYEtFGfof fiwe minutes. Final volume was adjusted as desxred
100145] Radio-TLC/Radio-HPLC. Radiochemical purity was assessed by radio-TLC

(Bioscan AR-2000, Washington, D.C.) and HPLC (Waters 2487, Milford, MA). For radio-
TLC, a 20 pl aliquot from each radiotracer was collected using glass spotters and spotted
onto different ITLC-SG strips. Different mobile phases were used to demonstrate the
presence of uncomplexed radioisotope in the final formulation containing the radiolabeled
ligand. *®Ga radiochemistry was analyzed using | M ammonium acetate:methanol (4:1) as
the mobile phase for all complexes. HPLC, equipped with a Nal detector and UV detector
(254 nm), was performed on a GPC column (Biosep SEC-S3000, 7.8x300 mm, Phenomenex,

Torrance, CA) using a flow rate of 1.0 ml/min.

100146) Synthesis of ¥ Ga-DOTA. ®Ga-DOTA was synthesized with findings similar
to the reported data. Radio-TLC analysis showed that *8GaCl; remained at the origin
(R=0.0) while %8Ga-DOTA moved with an R=0.9 and 96.9% radiochemical purity. The
radiochemical purity ranged from 0-99.6% and decreased as a function of decreasing
amounts of DOTA. Using 10-1000 nmol of DOTA allowed for >90% labeling and served as
the basis for 'the labeling protocol developed for %Ga-EC.
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radi ochem cal purity of 68G-EC in the presence of higher anmounts (1000
nmol) of EC or wth heating at 37C. Taken together, the data show that EC
can be labeled with 68Ga in an efficient manner using NaQAc, which is |ess

toxic forw' 20%}051[%5’2 and in vivo studies, and suitable ggdiQaismssal Yields
y

are achiev eating at 37C, which is the ideal incubation tenperature
for peptides such as endostatin. 1001511 EC (500 g) was | abeled wth 68GaCl3
and spotted on instant thin-layer chromatography (1 TLC) strip. Anmonium
acetate: methanol (4:1) was used as the nobile phase and the acquisition
was performed for 180 seconds using a radio-TLC scanner. Less than 5% of
the total counts were at the origin designating mninmal presence of

unl abel ed 38 WD 2008/ 021302 PCTI US2007/017890 68GaCl13, while >95% noved
with the solvent front indicating high |abeling yields for 68Ga- EC. 1001521
Synt hesi s off0@E3@- EC- Baaast wis autedB6a oG etide gemirator wals 13V hydrechlarizchcid

Radi o- TLC anal ysi s showed that 68Ga- EC-end in remained at the origin
(RO - whieEhpared 5y st hindeyes i aioaepy DL NP AR R sl dne AT

di fferent fren e8Gaedss thdmebitophatcandthe atqiésiidon Yaspetfofmdtidfor IB0setandsiagingpl exed
68GaCl 3" since,.t resenc Cin the bionolecul.e .would chelate the

o oot al | RIS RRAr Py of el PRt Gl ot Fo i Boiniaibr B Peperby o,
si npl e and éfG4@i.ent | abeling nethod was devel oped for the preparation of
68Ga- EC- endostatin. This data can, however, be coupled w th pharnacol ogi cal
fi ndi ngs 't o [0EL48] M ne DOTE (3D08]Y MaElabélediwith iTaCXemd BP&RGIod ihstarit kin-idyeal
formul ation. 1001531 68CGa- EC-endost at.in was. anal yzed by radi o thin-|ayer

chr omat ogr aFhiPTatestrRly Gley) supps Aspraerivmarsiate pesthanol(dsl)wasdisedps the poBdésacl3

and spott ed ghBselaRd kI HeqhibitiBn WaY SerforRbd RRPEO@ESHMYising 1 kfdio-TLE sBanné¥MTREE UM
acetate: net anﬁc))‘} OI(f4: 12§ was used as. the nobile phase and the acqujsition
Io

was per for i s ©lal 5SS WeF Ayths opgiidssignating minieal presgncedf yplabsled, f ound
for pepti deSeaul, amiicbo8tanoved WMMRE sol Vet fréH: aldicaGhighigh YMBEBnGieliior BGagi n
suggesting the Rr esence of 68Ga- EC-endostatin. Exanple 2 1001541

Purifi cati orP@TAr adi oi sot opes for preparation of high-grade 68Ga from

a1 11 cat orltBHO!  5ar HEHA ApIOm afiodl et WBHER “B¥+ s obitd: i dbavmeahen

simlar to tdeetadeintwutentedianbSI0Ndr 20mnlites andlspbitéd onlibstarktitkin-13yer claoflatofaphy 3,

w Il be per f(?flf@)dst%;s)is.n mtmr})%iusng %Q&atg:%sc railclﬂe&: lI )nwanI %ed 1a65_ t'f)le c;lnobile phase and
acquisitions were performed for 180 seconds using a radio-TLC scanner. Highest labeling
yields were observed with 10-100 nmol, then fell significantly when using lower amount of

ligand.

{00150) Synthesis of ®*Ga-EC. **Ga-EC was synthesized based on **Ga-DOTA
methods. Radio-TLC analysis showed that %8Ga -EC moved with an R=0.6 and 97.7%
radiochemical purity, which differs from that of GaCls. The effects of different buffers and
heating temperatures were examined and showed no significant differences in the
radiochemical purity of Ga-EC in the presence of higher amounts (1000 nmol) of EC or
with heating at 37°C. Taken together, the data show that EC can be labeled with ®*Ga in an
efficient manner using NaOAc, which is less toxic for in vitro and in vivo studies, and
suitable radiochemical yields are achieved by heating at 37°C, which is the ideal incubation

temperature for peptides such as endostatin.

[00151] EC (500 pg) was labeled with 8GaCl; and spotted on instant thin-layer
chromatography (ITLC) strip. Ammonium acetate:methanol (4:1) was used as the mobile

phase and the acquisition was performed for 180 seconds using a radio-TLC scanner. Less

than 5% of the total counts were at the origin designating minimal presence of unlabeled
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24, or the follow ng series of steps: -Syringe-punp controlled elution of
the generator with 5 mM of 0.1 NHO (Trace-Metal free) wll initiate the
process -5 nl_ of eI uate will be transferred into a conce sel -6
m of 30% H¥O W42 added to the eluate to raise the cgé@ggitoﬁ}tl?]sgﬁ to 4 M
-The total volunme will be passed through a Chromafix SAX SPEC ani on exchange
resin, trapping 68Ga and 6sGe, and collecting the HCl solution in a waste
bottle #2 39 WD 2008/ 021302 PCT/ US2007/017890 -3 m of 4 MHCI wll be
passed t hrough the ani on exchange resin to renove 69Ge and will be
collected in a waste bottle -Waste bottle #2 is equi pped with a GV detector
to nonitor and report the presence of 6BGe breakthrough during each
synthesis as well at delayed tinme points -The tubing will be purged with N2

gas to renove BGACKIGWhile>BESSMEORGaviw thd sod@nf e Wilikatin@Righ 1 el yaeldesoe aage
resin using Ml LiQwater (1-3 m, dictated by type of study) and
transferred i ko the reaction vessel in the fornulation panel -All transfer

steps are regu the flow qf at a gat f 200 .m /mn. npl e
3 [00155] For n@ﬁg on hl'sh AGYRQE @’E?ac'%ga‘?sé‘ﬁﬁ’ar n&@%{ftqf @tin Vs, sdBWé‘?ﬁﬁ%
fromthe radi mﬁmtmmemalgsis sHdved tieds *%iGa- Hf}(v&id&lstetit?reuﬁid&g at theorfgMRF ORvhieh
fully automated system for purifica .0l SOt Opesgs mul ati on of
r adi ophar naceuksi"f%‘fai?osripﬁ?ﬁ‘%ﬁ Ierle't“ﬁénJ ﬂ&@?@gs ‘Eﬁ"gff%at %ng? ﬁ'ﬁ:m’fé ?FI G
32, and FI G 33thewniigin abaenqnduef toruﬁednplmeﬂé”ctam; sihejike prﬂ&&@d‘d)ftﬁﬂﬂlmthh BibiGoledBe FI G
o or i oL BRSBTS e B Aok RS Wl EBFRLUSFRRULSE: roostnce
a 125 M sol ut i mplf arfdCefficieno $abefime methor \)rasl dﬁvelophb fmetbetnrmaratwessfe“FGa-EC-

- React i on vessg‘l owaéul' 'HﬁT‘h]%%"‘%gh etvgrSg:e Jo?xrlecjﬂo\'ltggﬁ rina olQ%ceil?%dnq st%tdetglq'lal ne.

option, final nor 0 achi eve
strength -Fi nathemrez;drmtofWMdmdw(etir“ah@hen thedinahfoonalasdreri | e col | ection vi al
equi pped with a 022 }gym syringe filter and the radioactivity will be
assayed by a dI09a83l- SysteGr-ES-endestatinwagianalyzsd by mdisshindaer ehromapgmpplydradis- an

Excel spreads h?Eb).t EC%Q&tBrno(flblp%§ was labeled with %¥GacCl; and spotted on instant thin-layer

chromatography (ITLC) strip. Ammonium acétate:methanol (4:1) was used as the mobile
phase and the acquisition was performed for 180 seconds using a radio-TLC scanner. As
typically found for peptides and antibodies, >98% of the total counts were at the origin
suggesting the presence of ®¥Ga-EC-endostatin.

Example 2

[00154] Purification of radioisotopes for preparation of high-grade %Ga from
generator eluate using SMARTRACE, a fully-automated, turn-key system for purification of
radioisotopes and formulation of radiopharmaceuticals similar to the device depicted in FIG.
1-FIG. 15, FIG. 32, and FIG. 33, will be performed using the steps described in FIG. 16-FIG.

24, or the following series of steps:

-Syringe-pump controlled elution of the generator with 5 ml of 0.1 N HCI (Trace-Metal free)

will initiate the process
-5 ml of eluate will be transferred into a concentration vessel
-6 ml of 30% HCI will be added to the eluate to raise the concentration to 4 M

-The total volume will be passed through a Chromafix SAX SPEC anion exchange resin,

trapping *Ga and **Ge, and collecting the HCI solution in a waste bottle #2
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for each process and provide relevant data for cal cul ating radi oactive
yield. Exanple 4 [00156] Additional features/capabilities of the
purification panel as discussed in Exanple 2 will include: 40 WO

2008/ 0213220060 1402S20071 017890 1001571 El ution Profi lper/usb@7dessogn of
SMARTRACE will allow for fractionated elution of the generator by
dispensing 1 ml of HCl to collect the "dead volunme" in waste bottle #1.
Diode #1 will nonitor the radioactivity in this bottle. Fractions 2 and 3
will be collected in the concentration vessel and the activity will be
nmeasured with diode #2. The remaining 2 mM will be collected in waste
bottle #1 and neasured. Calibration of the diodes wll allow for accurate
measur enent and reporting of radioactivity of each fraction in nC or MBq.

Al'l data will be plotted into an Excel spreadsheet where tingzactivity
curves wil | -balo Gt widl egassgd Hirpush thesapionegrchange resido seraees Caand il a5

for nonitorpaghlicbRduseivdiie 3b@ef-11fe of the generator. This will permt the
aut omat ed characterization of the elution profile of the generator over a

period of tiweste 86404 #Bis faipped witPSGREctddtc akinBhied+ahd rdpbRER pickenof #deM

det ect or) lﬁca%@gquak waste  bottle #2 Wth be .used to neasure the 68Ce

br eakt hr ougRTe? gh Aprng ¢ach syithesis 2 yiell af delaved e ROIYY easured with the
detector i diately.apd after.24-48 hrs in order to determne the 68Ce
br eakt hr ough a&‘f’%é’é@ggﬁ‘"ﬁﬁ‘ﬁ'mﬁmé? ‘81““%%"@3?1. &HE“B%Ge cont ami nation will
be defined as~, 6 % i e . el - Ih . r . s of
0.001 %or | egé“}r)‘wlg@%%%’é’g%é@%&%%ﬁ°’%%té'$%°i’%‘°‘ér‘é‘?’?ﬁqgl"ﬁgﬁﬁgé?'ﬁgﬁ‘g%ﬁaﬁ%}t
conpar ed wi tipedsSodpemdrahsfesakintostbseattivg viesss! nlthe foomslatiprepandhy. The 66Ge
br eakt hrough characteristics of a generator will be nonitored over the
usef ul shel fAllitmpsfeststaps aregepdatad by theiflow of N gappttarate of 30 8dMinl | of the
conposi tions and net hods di scl osed and cl ai mred herein can be nade and
execut ed without undue experinentati ofdW¢3ght of the prcscnt disclosure.

Wiile the sitiops and, nethods, qQf .this jinvention have been described in
terms of pri‘?‘ﬁggkd eﬁﬁ‘a‘mlﬁﬁ’gﬁ%ﬁ"ﬁ’?“w G radiophasmaccuticals fomgsagiatgr framithg
thg art L haﬁadz@iﬁdtaﬁdsgpnﬁﬁﬁaaas ib@xﬁﬁﬂkb%fdinkﬂ]e smgpmmwh btfd#wi;:ﬁxt@guiéwy_sfgag hods
and in the steps.or..in . seguence St eps t et hods escri pe
her ei n wi t hath PHIKBANTT AlgrpiclinitpR A fREmpRton pf FdiorRpnageiisals simiando the
i nvention. Meviee depped fniKial | FIGI 115, RIG. 132 md RO B3ewill bewirfoertéd weing gelps t hat
are chemcally or ' Lcal ated may be substituted for the agents
Gescri bad_ narSrea . 2hER s otpe Elobinseatofifees ™'

-Reaction vessel receives clinical-grade 8Ga from the purification panel

-Syringe pumps will dispense a 125 uM solution of EC-glucosamine (2 ml) into the reaction

vessel
-Reaction vessel will be heated at 95°C for 10 imin

-Using the dilution option, final volume will be adjusted with normal saline to achieve

desired strength

-Final product will be transferred into a sterile collection vial equipped with a 0.22 pym

syringe filter and the radioactivity will be assayed by a diode

-System parameters will be logged and transferred to an Excel spreadsheet to show profiles

for each process and provide relevant data for calculating radioactive yield.
Example 4

[00156] Additional features/capabilities of the purification panel as discussed in

Example 2 will include:
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woul d be achieved. Al such simlar substitutes and nodifications apparent
to those skilled in the art are deened to be within the spirit, scope and

concept of {Be,isnypgsi on as defined by the appended cl apaBusibof8oo
2008/ 1121302 PCT1U82007/017890 REFERENCES 100160) The foll ow ng references,

to the extent that they provide exenplary procedural or other details

suppl enentary to those set forth herein, are specifically incorporated
herein by reference. 1. Meyer, G J., H Mcke, J. Schuhmacher, WH. Knapp
and M Hof mann. h8Ga-| abel | ed DOTA-derivati sed peptide |igands, Eur. J.
Nucl. Med. Mbol. Imaging (2004) 31:1097-1104 (2004). 2. WD 2005/057589 A2 3.
Maecke, H R, M Hofmann, and U. Haberkorn. f8Ga-Label ed Peplides in Tunor
| magi ng, J. Nucl. Med. 46:1725-1785 (2005). 4. WD 2004/089 517 Al 5 W
2004/ 089425 All0APSRhat iHutidraPrafiée: i Bhe desighof SMARER ACE oyilitabiowi for frantiondted ng

and concentrat g, 8,4 7d h&ie?a(?&qgﬁdl%)gﬁmggjm PHRH R cdIRN AP DALIRGRH" ?r?lgﬁste

production contalning t oi sot ope conpr|5|ng an _
station capablotdd #}.eRimdy r#rh gvihmoniort thprrdiopgsinityl in thil§ il | lfrd'élogeaenéﬁ ol bg

modul e conpri sidiQcdq %ktb&%&&{&ug@&alanama% Qaﬁ@mp@mlfasuee@% 'dﬁbdte@@ The

purification panel further inc es a ura Ity of valves an l'east one
reacti on vesselemagmgeg Jvmbra] be quiec‘bfh@evapfahetlﬂe #1 ard mepsyredt Cla'elastaormf&le diodes

wast e- col | ecti g aroaxﬂop&cuaf &ga@h@mam&bs&sﬁggﬁgl bctivRfba sna ilof 1 C

purification cassette ca recei vi Qﬁg ol sotope fromt he uti on
station conpri ¥Bsg Pdhéatwﬂh‘eméomxmrakgx spregsishegt wher tigs-astviay W"gﬂsd”“ be

support, wher epdhetaid iBPéidaixb%%Edr%e%@ﬁé F;chss GONBR G for IanTté]ﬁngHé bskfuf el fQlte
panel of the nodul e and the  network tub |ng I s engaged by one or nore of

the plurality 8fthgggngeator. Bhiawilpermitdhefaniomated c msnzraﬁowﬁhﬂelemnmaﬁleafﬁh@n

wi th the net V\oggﬁegfto,td,@mp?ﬂm‘d Jriighe. puri fication cassette; at |east one
chromat ography columm in fluid comunication with the network of tubing of

t he 100158| Parent (%Ge) Breakthrough: Diode #3 (or a GM detector) located at waste
bottle #2 with be used to measure the **Ge breakthrough. Waste from the generator eluate
will be measured with the detector immediately and after 24-48 hrs in order to determine the
%8Ge breakthrough (at least 30 half-lives of *Ga). The %Ge contamination will be defined as
% **Ge in the ®*Ga eluate. The **Ge breakthrough losses of 0.001% or less have been shown
in the literature to be insignificant compared with %Ge decay losses, assuming two elutions
per day. The *3Ge breakthrough characteristics of a generator will be monitored over the

useful shelf-life of the generator, i.e. 12 months.

[00159] All of the compositions and methods disclosed and claimed herein can be
made and executed without undue experimentation in light of the present disclosure. While
the compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to
the compositions and/or methods and in the steps or in the sequence of steps of the methods
described herein without departing from the concept, spirit and scope of the invention. More
specifically, it will be apparent that certain agents that are chemically or physiologically
related may be substituted for the agents described herein while the same or similar results
would be achieved. All such similar substitutes and modifications apparent to those skilled
in the art are deemed to be within the spirit, scope and concept of the invention as defined by

the appended claims.
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purification cassette; and a control system wherein the punps and val ve
assenblies are at least partially controlled by the control system 2. The
automat ed system of claim|l further conprising: a formul ati on panel as part
of the myeyb@snmberein the fornul ati on panel includes parplstoabimsy of val ves
and at | east one reaction vessel; a reusable interchangeable specific

formul ati on cassette conprising one or nore networks of tubing nounted on a
rigid support, wherein the formul ation cassette connects to the fornul ation
panel of the nodule and the network of tubing is engaged by one or nore of
the plurality of valves and is in fluid conmmunication with the purification
cassette; and the one or nore punps in fluid conmunication with the network
of tubing of the formulation cassette. 3. The automated system of claim 2,
wherein the valves are selected fromthe group consisting of pinch valves
and stop-cock val ves. 4. The aREHBRENCEYstem of claim 2 wherein the elution
station js adjustable to receive radioisotope froma variety of generators.
5. The 109468hat ed T8 JoUoWine refetsnies QnibF esxient HaatgheY rRIpYfe jXe@plaBtt ed from a
group Gepsgedinal B otle, detdild 40ppleRBRAR2to Mose: S Zokh 2Keidin b BeeigaBiBaally? 2Se/ 72As
82Sr/8'.Rb, 99 £99j Tc 118Te/ 118Sh 122Xe/ 1221, 128Ba/178Cs, 7 8W 178TTa,
88W 188RPRATRfeGher ﬂ?’g °F'% generators. 6. The automated system of claim 2,

further conprisi a radigtipn sensqr, 7..-T onat e yst em of cl aim 6,
wherein ther adi MooBh Ehnlo M JoStmmhehet § kS0P A BhETRr

radi oacti vi ﬁ%d—tmaﬂédrmozw-dleeastsecbmzimaﬂgaadc;(Eluhe!cNhﬂnMstl.aMblonnig”mg rel ays such
i nformation ] ) stemto provide a 68Ge breakt hrough

measur enent (%@45 Eg'lg?ﬁg{déﬁ%?%ﬁi a 68Ce/ 68Ga generator. 8. The autonated
system of clyai m 2y64hb4)65758973" | Si ng an optical reader connected to the
control systemand a tag aftached to one or both of the purification

cassette ang for mul.atd WR?%%&)%,WUGH%%‘I%&E “@G-A'a%efeﬁﬁi’%? £ iPy the

optical reader. 9. The autonated systemo alm 8, wherein the tag is read
by the opti damor &nerirg. dnifudndpd.48:1325-4p%(200D- r adi oi sot ope purification
prot ocol which i%ggedi cated to the purification cassette. 43 10. The

aut omat ed s;ﬁstem 20p4p 7 Aherein the tag is read by the optical reader
and enabl es S i |.ati on protocol which is dedicated to the
formul ation Sgassgﬁ\)e’z.o /pg%%ut omat ed system of claim 2, wherein the
purification panel is attached to the base panel at
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approximately a 90 angle fromthe fornul ati on panel. 12. The automated
systemof claim2, wherein the purification panel and the fornul ati on panel
are slideably rotatable on the base panel such that the angl e between the
puri f i caMhetrs paimet isand the fornul ati on panel can be increased up to 180.
13. The automated systemof claim2 wherein the elution station receives
radi oi sot.ope Ararmosied gstemrfor @rifiemneamatcorcsntiming b edidisvtqpaf@l huebn-gthde The

aut onat eddspistemendcacpraduntiay conbedrigd the pitéfied eddidisdtopafeoinpilddimng on t he
purification anutioheatied @palddofrasheid SSsdtepetiidvar a fadichulies gaetaqi- coded
connecti on pod Mb&uld @npASiE & pacHdatiat ganangld 8 blde phMtwhepsS@BBliNficalién pahble

aut onat eflrtEySh@iedh pllafityBfalved g at Bast BR: BASE RAREanl WhERRIthd hi6d pes at

| east onﬁ\c}:ﬁ@ésgﬁe%@ong@gmwmctg,ﬁ@@dg;o]ponm sting of a radiation sensor,
pressure SenSeplreusaBP%m@r‘&ﬁz{ngéa%lesfﬁcn&%top Seifi COMHRE R calBEh cal AT N2

The aut O%foﬁgt é’§$lﬁmecéfluti% @i’amnlén 1'5“1 & or aRITPHtwd RYoBulbi h@ﬁdtéﬂrbnsder CPI' and

plastic éﬁﬂg QR th® d%tcaé om%l?s tQm’e Uﬁ'ﬁ&g&? | &9 eHm?dul 8'[

aut onat e e/rgto?mo Qs 5 Geg Y|, B ANbEANEENLLy o@gaw& I 01 sotopes ‘an

f or mJl atl ng ne I Mo 1C Ll pS IP a'irdrrgﬁlmﬂ lcgt on w1‘&1Q{g)netv§(l)rQ%ftu%m r %I on stat I on
capabl e Ofrlf'rcatlon A 8 at one T adi'ong

gener at of" nmodul e conp neI
that i ncl u sQi%%ﬁ%sglwogﬁtggaﬂﬁw it é’a@.c&swmﬂla‘g@waﬂ iR o EgBr
radi at i oP'MTHRBIREEBFIS 8"Yacuum punp, and a heater; urification panel that
[ ncl udes. at | BRUOlEeR A A g PélmP%?ﬂdaYéléf&B%SE“@r?ﬁ it g1 apHg bewntpitd bavi ng
an i nput theARNRAYSEM- out put end; a fornul ati on panel that includes one or
nore val ves and at |least one fluid collection reservoir; at |east one
reaction vessE‘Peal'&"@@fﬁtslf’%‘rm99@@'@%@%%@%?\”5@@I connected to at |east one
of the foll ow fegnulatine panellagpast ofdhremoduley @hereintiee %bwliltimtpe@plmﬂidaqa @wrality of
det ect or valtdaendsaideastranp teaptiontegseheat er, the gas flow regul ator, or the one or
nore fluidic punpste isterckamgeabl spedbdioohdaticopessstpemiprising ome drineat nadwmorkasfset t e
whi ch i nobindesustehet nwogik safpottinohangn thedernfudontassette cgindcts toppoformaatibnghtdches
t o the poffthd modtlé o tiamrehorkbf tubiag oGgdged bwher@intord dfehaygtrabitylof odlvestandisrig
conpr i sefiid communication with the purification cassette; and
the one or more pumps in fluid communication with the network of tubing of the formulation
cassette.

3. The automated system of claim 2, wherein the valves are selected from the group consisting of
pinch valves and stop-cock valves.

4. The automated system of claim 2 wherein the elution station is adjustable to receive
radioisotope from a variety of generators.

5. The automated system of claim 4 wherein the generator is selected from a group comprising
MTi/Se, PFe/*"Mn, Zn/ ®Cu, ®Ge/*Ga, "Se/ " As, St/ *Rb, "Mo/”"Tc, ''"*Te/'"*Sb, ' Xe/' "1,
"SBa/”SC s,' "W/ '™ Ta, ISSW/ISSRe and I9”"Hg/]95'" Au generators.

6. The automated system of claim 2, further comprising a radiation sensor.

7. The automated system of claim 6, wherein the radiation sensor is positioned to detect and
quantify radioactivity from the at least one waste-collection station and relays such information to the
control system to provide a ®*Ge breakthrough measurement on the eluate from a ®*Ge/ %Ga generator.

8. The automated system of claim 2 further comprising an optical reader connected to the control
system and a tag attached to one or both of the purification cassette and formulation cassette, wherein
the tag is readable by the optical reader.

9. The automated system of claim 8, wherein the tag is read by the optical reader and enables a
specific radioisotope purification protocol which is dedicated to the purification cassette.



a first tubing segnent in fluid conmunication with the elution station and
the at least one fluid collection reservoir; a second tubing segnent in
fluid conmmunication with the at |east one fluid collection reservoir and a
reagent teser Vi quiongtedisystein pUGdimgd, sbepamribe tagisfréadibel theorphioal ireaderi aod enaibtehat he at
| east onepetifinifameliidregbioor] whikdes dwlicated &nttle tdmaulatipudassend of t he
chromat ography columm; and a fourth tubing segnment in fluid conmunication
with thelbut plie @nohagdd syfien chelaimed, ogeraphye pueidikation;paigel isei@ahab leths BB € pdnkeCat
f or nul at kgpRoxtiaaseh e adgledton e lfarh@ktion pratwor kK of tubi ng nounted on a rigid
support and attaches to the formul ati on panel of the nodule, wherein the
network of tuphd@tdhQbdaIsyS&s of daifnl 7, ShereldRhd\ChriFie@ R Band| Bnd thélf@mGRIGAMALG Ak ON
wi t h t hesjpeibMfdatdie dithé Rde pinet el M thé hifpRd BeBleen 4 fuABSRbE BaRNshdtche at | east
one reactdr,qnat\{&]sp%ﬁél,Ca,abeslgg,@ggd tyRigge segnent in fluid comunication with the
at | east one reaction vessel and at |east one reagent reservoir; and a
third t Ul% nNg $kAl tJdc% stélﬁgf %ﬁlai \Qﬁe(r\'&Hme%ﬂlltloﬁghtllo%ch e%@h'ajlo Jowggfrom one (g
conmuni ¢ #e%@n n pa aqz@ls one reactlion vesse ut onat e
system o ereim one or nore of the tubi ng segnents is in fluid
\(I:\AO?H:JEI f%el ?E&he automzﬁ%as tgnﬁ"g}’l Ia¥n wgle(? n?f&m?wcagglg%lgmﬁ]ogfheé)lurl;‘l?ﬁgnév grfdf L:, ?E;?S
conpri si % a‘{%f’sﬁ 5119 ?eég‘cl estcﬁ’éor’ °8‘Bﬁ?ﬂfrﬁ‘|p8g‘ﬁ Bt tregetc pabdficigie
reacti on®VE8%¢l or collection vessel. 20. The automated system of claim 17,
wher ein the pur| fication panel and the formulation panel are at an
appr oxi n& [yT]@Oa” Hsd syere abHaigy haherepthe Yese pave el dncdifey féﬁ‘iaétd’r‘?ﬁﬁql%q%g a.
a rermvaBP'@t CRIP I OB BiBE 05 pEEIaf PSR FTPSEUE FOROTCBRBRIAIIES SRATOBI82S 58y lerednda
net wor k ®¥CURBBPAB nounted on a rigid support, wherein the network of tubing
conprises: a first tubing segnent that connects in fluid comunication with
an el uti o st abd awtpnzated sasteih ehgeim Bnéirthensothpoohd eetliaben seese avbplastic gomedond
t ubi ng sewthent leashate chommegraphy polfihwi d comuni cation with the at | east one
fluid collection reservoir and a reagent reservoir; a third tubing segnment
t hat conmect sAhautbinated sye@emicnpeHying mddohdentritgrgaididieagies avefofmhwiatihg human-
grade radiopharmaceuticals comprising;:
an elution station capable of receiving a radioisotope from at least one radionuclide generator;
one or more fluidic pumps;
a module comprising:
a base panel that includes at least one waste-collection reservoir, a collimated radiation
detector, a vacuum pump, and a heater;
a purification panel that includes at least one valve and a replaceable chromatography column
having an input end and an output end;
a formulation panel that includes one or more valves; and
at least one fluid collection reservoir;
at least one reaction vessel;
a control system electronically connected to at least one of the following: the at least one valve,
the collimated radiation detector, the vacuum pump, the heater, the gas flow regulator, or the one or
more fluidic pumps;
a removable radioisotope specific purification cassette which includes a network of tubing
mounted on a rigid support and attaches to the purification panel of the module, wherein the network of
tubing comprises:
a first tubing segment in fluid communication with the elution station and the at least one fluid
collection reservoir;
a second tubing segment in fluid communication with the at least one fluid collection reservoir
and a reagent reservoir;
a third tubing segment in fluid communication with the at least one fluid collection reservoir
and the input end of the chromatography column; and

a fourth tubing segment in fluid communication with the output end of the chromatography
column;

a removable specific formulation cassette which includes a network of tubing mounted on a
rigid support and attaches to the formulation panel of the module, wherein the network of
tubing comprises:

a first tubing segment in fluid communication with the network of tubing of the purification
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collection reservoir and an input end of a chromatography colum; and a
fourth tubing segnent that connects in fluid conmunication with an out put
end of the chromatography columm; b. wherein, the reagent reservoir also
cont ai nscasseie end theat lepshengyeasgemyessesol uti on of about 4.0 Nto about 9.5 N
HCl . 22. A ki asckord tulgeg sigmhnttim8uid wommaniedios yatheélm avfeastlont mattioncesplrand eing:  a.
a renovabkhe onadighsetcopd; sipeci fic purification cassette which includes a

net wor k of t udpihirg tubirgusagrecht fom raligpherintlcaitipg ooltectiovhie fimidrotnainivetioworikh tbé att ubi ng
conpr i segastand feasion vessdlng segnent that connects in fluid comunication with
an elution station and the at |east one fluid collection reservoir; a
second t uhi ngTixegmRdtedtshaém 6DEMBCT7Swhdteih lobd 6t rEEBLMNE GdINgQEnntshs inffRiAt | east
one fl ui eomif@idaBed Wﬁmag@%%wﬂbﬁcaﬁdb% o dir@APE PHe fIORSTNYOIE within k¥ thbIng seBinBigs.
segnent that connects In fluid communication with the at | east one fluid

col l'ecti on resgr A Qnfa@ndstéi of OARHE 1 72 RFkhE coRph&ih PR ARNY i@k, and a
fourt h t b AchiSEOTRIE atIBAL ok QBREGH stsieNof doHbdiof PAGAYNI Cation w th an out put
end of the chronatography colum; b. a reagent reservoir having a sterile,
phar maceys | Caiyof a5 DB LPASH € SRLUR RN ARk BEIRAIA8 hhaERRlhgat &

c. a rea%%’&[anraggr%&i‘ﬁ%‘teﬁy VLG (S35 SALJ € non-pyrogeni ¢ er solution; and
d. a reagent reservolr- havi a sterile, har maceuti cal rade non-pyrogeni c
g p g pyrog

sol ution ff E\r antschtel ator. 23.. An automated system for purifying and
concent r &t'i ng™4? 8'31)?8? BB ™RHY S or mul at i ng human- . gr ade .
" adi ophar madehETIoMe RaREARR ?:ch‘tﬁﬁa‘“%f‘i‘?ﬁ GereReyg) LBl gpe wskpk PLhgE an
el uti on SCHEFG TAHABIPEOGAVICEUEIG Pehy OB pT IWHtESERPMISeS o dul e conpri sing a
formul ati on_paABf tiiing segnisasiBatsapsets HREE spmmpHeation it RaEEN S5aiiapnd %Hftaﬁer
i ncl udes©% Hlidipdlestiop reervolil ves and at | east one reaction or fluid
col l ecti on vedsepnd tbingsegagaiditeonngete inciahepsminécatievith the at lspsaneiion
casset t ecdlgpidnl resepoirrand @ rapeng reaervoisot ope and further conprising one or nore
net wor ks of t abiindgubmassgiaeht grat eonnéag id Moidmoomupicelfrerveilvthe ftdeast aemyldat i on
casset t ecdbntmmotsrvog anthen mputrendl af 4 dmopaeeEdphpfoltie; dndse unit and t he network
of tubing is aéugagdihgrygoeme thar comce iofluidlvempiluicationtwithaih outpliverdof the

chromatography column;

b. wherein, the reagent reservoir also contains a sterile, non-pyrogenic solution of about 4.0 N to
about 9.5 N HCl.

22. A kit for use with the automated system of claim 21 comprising:
a. a removable radioisotope specific purification cassette which includes a network of tubing
mounted on a rigid support, wherein the network of tubing comprises:
a first tubing segment that connects in fluid communication with an elution station and the at
least one fluid collection reservoir;
a second tubing segment that connects in fluid communication with the at least one fluid
collection reservoir and a reagent reservoir;
a third tubing segment that connects in fluid communication with the at least one fluid
collection reservoir and an input end of a chromatography column; and
a fourth tubing segment that connects in fluid communication with an output end of the
chromatography column;
b. a reagent reservoir having a sterile, pharmaceutical grade non-pyrogenic solution of a chelating
bioconjugate;
c. a reagent reservoir having a sterile, non-pyrogenic buffer solution; and
d. a reagent reservoir having a sterile, pharmaceutical grade non-pyrogenic solution of
transchelator.

23. An automated system for purifying and concentrating a radioisotope and formulating human-
grade radiopharmaceuticals containing the purified radioisotope comprising:
an elution station capable of receiving an isotope;
a module comprising a formulation panel and a base panel;
wherein the formulation panel further includes a plurality of valves and at least one reaction
or fluid collection vessel;
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one or nore fluidic punps in fluid comunication with the network of tubing
of the fornulation cassette; and a control system wherein the punps and
val ve assenbly are at |least partially controlled by the control system 24.
The aut onmat ed aggusatdmnesichehgeinble 9B cifigtiermalation ¢reseitakapable af ecgvingeat saoparanch t he
group cofisthstdomgrising ongion oteresztwaks eiiebing pprntdok avadid/eippor? svhefFghaut onat ed
syst em oformblaiion @8¢ttd eomhépex to tterfpmiwdatiog pargtiofahe base sien@adrtise ehadrk detubiog isand
guant i f yengagiddaonhe vi mhyre bf haphtaliteaStlvene point within the network of tubing
of the fornul ateicdmoeaigdit pempoin flulddochnmolchintwionhy esselk ofindingelf eigs such

i nf or mat fenuitort daseagnabd ol system 26. A nmethod of purifying and

concent r at i nga eontratyeie GO BPEN BRIMAMPS hlliQalve h&E@bIViafttht &eaftlpditidlly Sotrol by the
conposi t téirof fyewma radi onucl i de generator; purifying said isotope

conposi tion at a nodule conprising a purification panel and a base panel
wherein said prdukdnbadd s?ﬁelﬁ%ﬁﬁhmpﬁmﬁér@ﬁ%he@afv@&@r@@él@cted‘ fFﬁl@{h@ I@?Hﬁg@é\ms@ng

radi oi so,PRRHSRRES ;Hdgm%acgg‘e\t/ath%s a plurality of valves and | east one
reaction vessel, and wherein sald base panel includes at Ieast one

wast e- cobk ect irpn, ¢ ttédosgste,w GETE hRfed doHbSnd 0 @geqso%gfde&at hgn panel
to at | eg%m r}gTI Leh[lv Ymcg) ot w’ithﬁthe ne?vs)or% 6P lnngft%u{flir rmtlltag(pn ctag)seﬁe

receivin
The net ho'aﬂlg < e¥uon%£%sepan rela Ssucs]a'f](ﬁ)mg ‘to}clirtratth%ﬁonct:%)ﬂ?ays%w systemis a corrputer

28. The tho g V\$1ere| sai d i 8 of receiving is an elution
station that “iﬂ\f’gr% fyingap 86”1"138??1 PRECPOREPFYEEonuc! i de generators
in parallel. ?@e“”’l*ﬁé %‘&Peﬁf" ?Séﬂ roge Tajqaed ‘neLEPY st ep of purifying
conpri ses: PaBWiTHigs 3 SPOBY eyPositphy<imq dyle CP‘F?P%%%ﬁn a purification panel that
i ncl udes at | eagtlrlf&ﬁéowwebandaﬁaseavaveémharéwéb@@ue FHARPBGH pmyisE Ittt havi ng
an i nput ingiehaggrgblamdiniospe seasific cassetteagturdineoivrlyrnddt least proiRadties ¥esydiand  and
at | east “hereinsaid dpsepana) ésbiges at3gst oThwasieedllsetiofstasioni s 26, wherein said st ep
of fluid trangémsfermmnipridssenn swkpuwificatomeparidl ¢ afilegst Opemlpsmatngrfaplmoélumn and
comuni cat i oncautroHing kad sepswdréce ofngt prvifyngge, efd trdvefepingibyiag attomnated aswet {yetem46

27. The method of claim 26, wherein said automated control system is a computer.

28. The method of claim 26, wherein said step of receiving is an elution station that delivers an
isotope from one or more radionuclide generators in parallel.

29. The method of claims 26, wherein said step of purifying comprises:

Passing the isotope composition through a purification panel that includes at least one valve
and a replaceable chromatography column having an input end and an output end;

at least one fluid collection reservoir; and

at least one reaction vessel.

30. The method of claims 26, wherein said step of fluid transfer comprises one or more fluidic
pumps in fluid communication with the network of tubing of the purification cassette.
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