WO 2006/064175 PCT/GB2005/003975 -1 Stabilised 99mTc
Compositions Field of the Invention The present invention relates to
stabilised 99mTc radiopharmaceutical compositions of 5

WP EBHFOfosmin, which include an ascorbic acid or ascorbafeeB005/003973

radioprotectant, in the absence of an anfimicrobial preservative.
Lyophilised kits suitable for the bulk preparation of multiple unit patient
doses of the 99mTc-tetrofosmin radbglgharmaceutlcal composition are
also discloses, ..b.. togethe Hons preparing such unit
- doses from the Lyophilised bulk vial. 10 Background to the Invention
Diagnostic imaging radiopharmaceuticals based on the radioisotope

techinktiofke mye@6mTc) are known for a variety of clinical diagnoses,
inciidipectanchivest Giudissy egstaignad), %ﬁdcﬂﬁﬂﬁéﬁmﬁw%ﬂﬁ%ﬁmm of

andgbga Tfhe radlohs ople19 mTc ha 15 life of 6 hours, hence

® such 98mTe radispRAnaCatiG |casaer§f§%5 Bfé'ﬁ%?é&tﬁé?ﬂl%mﬁe&ﬁ% in the
"KkitdseThe géakimnfonidrebprbpasation of. I9rofidlisal G aninate fdicalsoulk
PegRbiRgi RS I MATIRILAIRGH ALDBPRNoRCIG, [aRHeed Vials

containing the necessary 20 reactants, which are designe To be
reCBRORIABREGRUN GO APTIDPE RO ARfelaeeiTi0%Y, feamibarsuidhlyrafea@miTc

to ghupatiexdasiresisisrils ASolhe rAdipnRaimagaytical in a facile manner.
A sterile solution of 99roTc-pertechnetate in isotonic saline is obtained by

10 elution of a technetium generator with sterile saline as is known in the art.

25 Klts for the preparatlon of 99mTc radiopharmaceuticals typically
SPHEHR WeERHEorms a metal complex with 99roTc, (ii) a

iR BlERS RGN et Esod s pmteemgeatﬁm;mm 99m
Tty Mﬁrﬂﬁmﬁ@%ﬁgm&gﬁﬂ% Rﬁﬂ}gg% mnam[?ugies (eg.

product. 30 The biocompatible reducing agent fo
pefflehntd @eifymdanpesialinbeat h@l@n(ﬁym@q{ﬂom@ CBFdies a half-

15 addibefa iexeipienis susfaTwealophatalifGiticals are usually prepared from so-
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called “kits™,

These kits for the preparation of *Tc radiopharmaceuticals permit the user to
maintain stocks of non-radioactive, lyophilised vials containing the necessary
reactants, which are designed to be reconstituted with ™ Tc-pertechnetate (TeOy)
from a supply of **™T¢ to give the desired sterile *™T¢ radiopharmaceutical in a facile
manner. A sterile solution of *™Tc-pertechnetate in isotonic saline is obtained by

elution of a technetium generator with sterile saline as is known in the art,

Kits for the preparation of *"T¢ radiopharmaceuticals typically contain:
(1)  aligand which forms a metal complex with *™Tc,
(if) a2 biocompatible reducing agent capable of reducing pertechnetate, ie,
Te(VII) to the lower oxidation state of the desired "™T'c metal
complex product.
The biocompatible reducing agent for the *™Tc pertechnetate is typically stannous
ton, ie. Sn(Il). The kit may contain additional excipients, such as weak chelating

agents (such as gluconate, glucoheptonate, tartrate, phosphonate or EDTA);



agents (such as gluconate, glucoheptonate, tartrate, phosphonate or
EDTA); WO 2006/064175 PCT/GB2005/003975 2 stabilisers;
pH-adjusting agents; buffers; solubilisers or bulking agents (such as

Wehaimitek1iiositol or sodium chloride), to facilitate handling dd/GB2003/003975
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lyophilisation of the kit components. To facilitate storage and distribution,
the non-radioactive kits are usually suﬁplled freeze-dried in a sterile vial

with closure. The lyophilised f atlo aJso permits facile
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several monts. Ka lopharmaceutical comp03| fons may sufter rom
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more components of the kit composition post reconstitution. It is known to

erfing fadiBrbtiesmg vrRechisgiahiescaleryireharmaprye fredsmarse.

degyadiadionselomicain HagrRHIRHRAMANE RIS S tRKRAHDMokARWN
classes of antioxidant compounds. Ascorbic acid and ascorbates are

disclosed 15 to function as stabilisers for stannous-containing
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preparations are 20 disclose S 4,451,451. The MyoviewTM Kkit'is a
1070 SHRPEES PR RS AASB iR G RIRGIS A PERHSRESHTI AT tBlkeprgom

St@mwsm&rﬂi@rmbm&aﬁa:&a@mnaé RiseghidacsuasalieotdeDag2dmdosed

SOdlﬁ'& Iuco te 1. %?(rSn Sodium h dro en carbonate @g H on
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P%rtgnc qugft:%;%ségqg trlﬁ{:ry 154 O%QQ%HECEX ?Aglspreparatlons Gentisic acid stabilisers
for T radiopharmaceuticals are disclosed in US 4,233,284, Para-aminobenzoic

acid (PABA) and related stabilisers for *“™Ic radiopharmaceutical preparations are
disclosed in US 4,451,451,

The Myoview™ kit is a 10 ml vial containing the lyophilised formulation:

Tetrofosmin (.23 mg
Stannous chloride dihydrate 30 ug
Disodium sulfosalicylate (.32 mg
Sodmum-D-gluconate 1.0mg
Sodium hydrogen carbonate 1.8 mg
pH on reconstitution 83-91,

which is sealed under nitrogen gas USP/NF in a 10 mi glass vial, which upon
reconstitution with Sterile Sodium (*™T¢) Pertechnetate Injection USP/Ph.Eur., vields

a solution containing the heart imaging radiopharmaceutical **"Tc-tetrofosmin. Thus,



a solution containing the heart imaging radiopharmaceutical
99mTc-tetrofosmin. Thus, WO 2006/064175 PCT/GB2005/003975 3 the
MyoviewTM kit does not contain a radioprotectant. A ready-to-inject or

weanjsgaie’spresentation of MyoviewTM has been on sale irrdagaspossnnsy7s
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1997. This "conjugate" form comprises the pre-formed 99mTc-tetrofosmin
s technetium complex in an aqueous sabution in a syringe-vial, ie. a vial
with separate lunger and needle, which is designed to be readily
asHebretiedy giVataes iy o nmdipnetsetdidpharmaceutical. The
MyoviewTM "conjugate" solution contains ascorbic acid at a

concentration of 1.36 ma/ml (7.7 mmolar). 10 Bastien gt al )
NGB TR 0T ONBELICH SR EAI T 9O VI ATt thitAS RS lfetalsrin Japan
adgitten od satine ‘eopeftechnatateninitae thMynviewhbl Rircandaiencs

the radiochemicall Eurity éRCP of 99mTe-tetrofosmin. Murray et al
NSRS GRIR.* 21 2848189 COUBITT 1B A tRE i pred SitlevEh tsparate
mpdimgitragénegdis,iniivh ihdasigpad e dktteadily aviemdb viadidteERgringe
recanstitution can.lead to variable RCP . 1s resuits.due to undesirable .
R e PSR S
My&ediT Mikitizdvsandrahian aif is3deliporb(@ly wrawerinto the vial during
reconstitution to obviate these problems. This is achieved by withdrawing
2ml of the headspace gas when a vent needle is in place, so that 2ml of

airiasHERAR A h&othl A1 péle BEr haiAsE RuUSE DI treoprBlstche prder of
redugiive antamdighisisrianthe2thagndmrinirdittion ahasgardihiits

this degradation. Pat t | Med.Technal., 26(4), 269- 98)
o T T R RE ) o L G Gy RS 0L fhge Cor.
cozl_r,l Mé%&t@éﬁﬁ)}sﬁmﬁmwﬁt@ msa}ﬂme)fnmanufahmitemgam ppemlihet of
B T

clear what restrictions were made onthe 99mTc-pertechnetate generator

elugtaliysig [Suedrejralecefienbapiratymavsides Magiter b tivebsfiesef
reghigad:iRdistinn PXRORWETRIRRTSRMREhAONS RIENARLRN BSICAhES the vial

multiple preparationsrzé and reduced variability in QC results. Murray et al
(cItEEHDSTETHTREP Ao Y e thrse PSR Adtives ohieardr il dimEne 2m!
excbtd Headp afthes Myavievwhivhdiarkagde Beck)strucions lead e §aem into
RGL 5?%9&% ‘é‘é%@%é%?ﬁ%r?&%%"g?%% siablised radiopharmacantcal and
compositions, whic

that the introduction of oxygen inhibits this degradation.

Patel er al []. Nucl.Med. Technol., 26(4), 269-273 (1998)] report the results of a study
of commercial Myoview ™ vials, and conclude that reconstitution with twice the
manufacturer’s upper limit of radioactivity (up to 18 GBq of *™Tc) is successful, but

do not make clear what restrictions were made on the =™

Tc-pertechnetate generator
eluate used. Such greater radicactivity levels are said to confer benefits of reduced
radiation exposure for personnel (one preparation instead of multiple preparations),
and reduced variability in QC results, Murray et o/ (cited above) in fact report that use
of radioactive concentrations which exceed those of the Myoview ™™ Package

Instructions iead to poor RCP resuits.

WO 02/053192 discloses stabilised radiopharmaceutical compositions, which



WO 2006/064175 PCT/GB2005/003975 4 comprise: (i) a 99mTc metal
complex; (ii) a radioprotectant which comprises ascorbic acid,
para-aminobenzoic acid or gentisic acid, or a salt thereof with a

wRigterpkilible cation; s (iil) one or more antimicrobial preseREKiGB3 195003975
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formula (I): 1c2R oM (1) where R is Gl alkyl, and M is H or a
biocompatible cation. The Examples of WO 02/053192 include the
prepasaten of stabilised 99Tc 1 0 tetrofosmin complex compositions via
the additi%n of rajgu,c}protecit(ant and antimicrobial preservative solutions to
convention I\/?yovieW g stpecific examples of lyophilised kits
containingibotte tetlofastedmsndhichadimpriteciacirbiradis gloseshitnyehzoic
02/053192. 1s The,Present Invention. T resent invention relates to.kits
for the preparati%ﬁdo?rs%g%%éce%?@‘?)?ﬁ csi%%?r}g f)es?r%‘lwtll?aagllgﬁﬁgl a@%%t? %3 ’
compositiGhs, wigetheow iy odusbifosthaiprepef &immbf lhit doses of
99mTc-tetrofosmin. 20 Solving the problem of extended
post-reconstitution availability §f& 99mTc radiopharmaceutical agent
means that, at reconstitution ;Ii initial level of radioactivity of 99"Tc must

be high. That is because th r half-life of 99mTc means that half the
radioactivity which will be useéd te provide the diagnostic image is lost via
radioactive decay every 6 hours, and hence only 1/4 of the original 25
“radioactivity will remain after £2 hours have elapsed. Such high levels of
radioactivity for extended period$‘pose s bttt radiolysis
problems for the 99mTc radiopharmacessitsi corhpositiotomatibleecation.
present i “on includes thartfin a rathoprotectont in the oarnposition. The F

active ' ingretiient is susceptible to either degradation by the
The Examples of WO 02/053192 include the preparation of stabilised *™Tc-

tetrofosmin complex compositions via the addition of radioprotectant and
antimicrobial preservative solutions to conventional Myoview ™ kits. No specific

examples of lyophilised kits containing both tetrofosmin and a radioprotectant are
disclosed in WO (2/053192.

The Present Invention,
The present invention relates to kits for the preparation of stabilised ™ Tc-tetrofosmin

radiopharmaceutical compositions, together with a process for the preparation of unit

doses of *™Tc-tetrofosmin.

Solving the problem of extended post-reconstitution availability of 2 *™T¢
radiopharmaceutical agent means that, at reconstitution, the imtial ievel of
radioactivity of *™Tc must be high. That is because the 6 hour half-life of *™T¢
means that half the radioactivity which will be used to provide the diagnostic image is
lost via radioactive decay every 6 hours, and hence only 1/4 of the original
fadioactivity will remain after 12 hours have elapsed. Such high levels of
radioactivity for extended periods pose significant potential radiolysis problems for

the #™Te radiopharmaceutical composition,



Uy

reducing action of the reductout t to h* affect labelling of the el, or
radiobrsis. By using the stabifised moons of the. eat invention, it is
possible s to prolong the useful lifetime PD5t-TSdiOI2beUMg, Men with in '
Te radioactive activity levels. ied DeRgdDILOn of the Invention. In a first
aspect, there is provided a lyophilised, non-radioactive kit i o which
upou'reconstitudon with c-p im solutign gives a s ilised "Fe- fo op eutical
oomposn‘lam said kit having a formulation comprising. (i) tetrofosmin; (ii)

{oriant Geib aﬁm@mmmm@e&mﬁmﬂem

ef ‘bje rlleﬁ%g%sat (%%E%I%? %%%gt in %n am%ﬁg

ﬁeﬁaﬁgwwww (e nGap L Acdlingtote ma;,mfhai

kit.nor the 99'Tc- tetrofosmm 0 compasition contains an
éée %%% row&w om m""ﬂl‘tt ﬁgsegsi}f ¢
twmﬁlfmpmpm idetimphiksestiol & hea

m&} % %ﬁ&gg)p Uainer fitted W|th a closure which permits.addition and
rawa tions whilst maintaining sterile integrity; wherein the kit

is formulated such that 4 to 30 unlt patient doses of c- tetrofosmln

Foess for the preparatlon of multlple unit

i éﬁ"PBWb‘%hW(fﬁ”(‘ﬁW&%ﬂtutmg the

: slaseridionktiainsy m&m&tﬁiﬁn&ﬁlgﬁ&a obtubili
| st a bIO ble foIIo y aeso utlon of, \tc- g g su) oigtlonﬁlgy carrylng
- ‘E‘ﬁ?se ||n g%"cﬁéeo p#e rvave
(i) tatrofosmin;
(i) = radioprotsctant chosen from escorbic acid or e salt thereof with &
biocompatible cation;

- (i) =2 biocompatibie reductant;
v) = pH«aajusbng agent in an srnount effective (0 ensurs that, when the kit
‘is reconstituted with saiine the resulting solution has s aH n t’aa
_ mge RO 9.2

wifn the proviso that neitherthe kit nor the %&tcmmsmm

rediopharmaceutical composition comains an antmicrobial preservatve.
in & second aspect, there is provided a mu}ti-dose_ kit which comprisss the }yuphﬂiséd formulation
as defined above, in & s=alsd, sterile container fitted with a closure which permits addition and
withdrewal of solutions whiist maxnmmmg sterile integrity; wherein tn-h kit s formulared such

that 4 to 30 unit patient dosss of m-t-'troxasmm mgp armaceutical can be obtmined fom
2 single mult-Gose kit.

In 2 third aspect, there is provided s process for the preparation of multiple unit patient doses of the |
tical *™T c-tetrofosmin, which comprises:

@ reconstifuting the multi-dose kit of claims 5 or 6 with sither a

' sterile solution of *™Tc-pertechne

cayTier inﬂéwed by & sterile ss;hﬂinﬁ of ¥ o-pertechnetate;

tate or first & biocompstible

(i) optionally carrying out step (i) in the presence of an anfimicrobial
-preservafive;



-5a- (iii) allowing "To to&ofoarnin lex kanation to take place to give a
solution comprising a bulk supply of the desned Tc to&ofoonfin rediop
tical; (iv) optionally checking the ra6ochainical purity of the bulk supply of
the "To, tetrofomnin lex; (v) withdrgying a unit dose from the bulk supply
of stop (iii) into a suitable syringe or container; (vi) repeating step (v) with
an additional syrlnge or contalner at later tlnlft to glve further unit doses.

il a fouy %utlcal

salt thereﬁf %Ith a bi alqle oaticn, aé a doncentrzflon of 0.5 to0 6.0 lar, with
the provi M&ﬁ%ﬂ? ntion dow not contsm an
avntindargkishemenaiinie A HRBASRRCY Hhers e ddacaunipatient

dose of the radpharmaceutlcal 91-Tc- tetrofosmln which comprises the
compostien agcdféﬁnmwmmx,cllmcal grade container or syringe,

wherein ImTc ra& ad fthe pa oal |s suitable
Vhor ga gﬁ%ie pafléntmg? %’B% %M

ether-suhsistslton giphes @Melatmg agent
12-bis[bis(2- Ethoryethil)phosphlno)}e e, shown: :\VPOEtt which is used

(Vih the comRRRERS nﬁ@ﬂm&mm&wﬁ@xmaﬁw@m it.
99n’ fc((g%%%e{}oé%%acal eg/owew WO 2006/064175 -
PCT/GB hesterm "radioprotectant” is meant a

IGORRRAH RGN IR, Bﬁﬁ%@?ﬁ%ﬁﬁp ra%tlogaﬁhﬁa%h a%l?g%%osmon which comprises;

processes by trappin y-reactive free radicals; suc

{szy@eﬁ%ntmm@ﬁeéwmmmn&@dwmpmadms of water. The
(il = radioprotectant chosen from ascorbic acid or 2 salt thereof with 2
bimmcbiﬁ Saﬁﬂﬁ, at 3: copcesitration of 0.5 to 5-0 mmolar;

sutical composition doss not contain

an spfimicrobis] preservitive,

ine fifth aspect, there is provided & unit pafient dose of the radiopharmaceutical T c-temofosmin
. which comprises tive composition as defined above  in a climical grade container or syrings,
- wherein the *™T¢ raémacnve contezst of the *amopﬁmmuncal is suitabie for imaging 2.
smgic pment

By the term “terofosmin” is meant the ether-substituted diphosphine chelating agent
1,2-bis| bis(2-Btnoxyethyl)phosphinoe)jethane, shown!

=07\ /——_\ yanS
Eto \__/ \\/

witich is used in the commercial ®™T¢ kit for the preparaton of ”"’Tc-temmmn ie.
BT (Ol tetrofosmin),” calied Myoview ™

in

CEt
o
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radioprotectants of the present invention are suitably chosen from
ascorbic acid and 5 salts thereof with a biocompatible cation. By the term
"biocompatible cation" is meant a positively charged counterion which

WEbERIe/ 4R with an ionised, negatively charged anionic groBpTAvR2H5983d7S
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positively charged counterion is alsa ngn-toxic at the required dosage and
hence suitable for 10 administration to the mammalian body, especially
the human body. Examples of suitable biocompatible cations include: the
alR 1 &N SHHRITP GF 13Bta SRRt A comReImd airh Rtdbisdegredavrand
m e an meion . il on

i b B e
"biageenpatiblhadiretantidslmeainz e teingdeest sditalne fOhe
reduction of Tc(VIl) pertechnetate to lower oxidation states of technetium,
WHIEHPECIBHNS,AE THE #TE5AEY IRVSRHI8 S SRR nes s iRabRscRspic acid and

aq;_gﬂ' istratien iR gﬁo%ﬂ}?éﬂ@i@&@&ﬁy’ especially the human body.

Suitable such reductants include: sodium dithionite, sodium bisulphite,
ascorbic acid, formamidine sulphinic acid, 20 stannous ion, Fe(ll) or Cu(l).
Thes, biecempaiiklengaiitstanttispraieraptyadsianrOUSh SaHiSRA@Son which
stannous gnloride, of stannous ittt Tha %%E@"ni"VOBQ”‘%;&E’é} nas {he tivel
conventighial meaning, 1€.’a Feeze-)fjrleaégcomp03|ﬁ§rr1, B’re era Fly ohe Y
whiehgisl prepsaechirs alsteriie-ivrinatthoSRyredeloetgs tadthencechigdble for
Er&‘oﬁﬁfﬁﬂ@&&&ﬁd%‘?ﬁ@ﬂﬁﬂﬁxﬁﬂ%&%{%ﬂQMHE%H%%Q&%W% Fi%}%%}!?é%f

armful micro-organisms such as bacteria, yeasts or moulds. .
arfifiobragresiblatviécnsdyciids dmmieionselsscdinmigappitsiinethe
depenaing:rontbed 0sr NI tindi crelislinfeseiy Ay atshara iy Risalbrarseeito
in£$it the%% wth of 30 micro-org&pisms in the radiopharmaceutical
cONS ORI IS RESSRE TIOHBR e RS A A AV a8 Broduct

itself. Antimicrobial preservatives are, however, also WO 2006/064175
PCT/GB2005/003975 7 sometimes used to inhibit the growth of
pdtEAERIRT RN Ble FEaERs BT ot FHBrE e SRR FSuch
nasdiadaaetive Ky peosdmeeco rsliwtipoxidniitmicrabialf prbsetvativelth is
Inglude: ihe,par %qu??ed %’onzlgéh a %@X& Isf?ﬁ%[%)fé ;i_’érb ; 51%%2%83”@%@
mixtures thereof; Benzyl alcGhol; phenol; cresol; cetrimide and'thiohersal.
Certgimalian body, especially the human body. Suitable such reductants include:
sodium dithionite, sodium bisulphife, ascorbic acid, formamidine sulphinic acid,
stannous ion, Fe(Il) or Cu(l). The biocompatible reductant is preferably a stannous

‘salt such as stannous chloride or stannous tartrate.

The term “lyophitised™ has the conventional meaning, ie. a freeze-dried composition,

preferably one which 1s prepared in a sterile manner.

By the term: “antimicrobial preservative” is meant an agent which inhibits the growth
of potentially harmful micro-organisms such as bacteria, yeasts or moulds. An
antimicrobial preservative may also exhibit some bactericidal properties, depending
on the dose. Antimicrobial preservative(s) are typically used to inhibit the growth of
micro-organisms in the radiopharmaceutical composition post-reconstitution, ie. in the

radioactive diagnostic product itself. Antimicrobial preservatives are, however, also



s such antimicrobial preservatives are too volatile to survive lyophilisation
(eg. benzyl alcohol or phenol), or have very low water solubility. This
makes their incorporation into a lyophilised kit designed to be

WEsdWAgaHiTad with an aqueous solvent to give a radiopharnfédetliais/0v3s7s
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solution problematic. Certain such antimicrobial preservatives may also
form metal complexes with 99mTc, and may therefore adversely affect the
1QJmeinstianmiaab prkiibi RERDrutbhpoeadhieytanditahdistdbyitmafithee or
99mTc- tetrofosmi .Trhe presence of iﬁtantlml%orgé%lngé §erva'5!,‘\]{11|nth(-?)mI

foPR Ui SEBIR A& R PeRL ALY }?saﬁtgfe erfical Ihcompati fﬁ’t‘)l/ pro I

ompickestaragt) eglaise te pyben, oe. subfiir etymnpabsiactionybyaaben or
phosphines of tetrafosmin..i its.are,desi i i :
R ST EHE SR el N HEE, Corin
diseeh misetiontinomrebidbesteaive THatlipoprserkioshidisalignderid eyl

regopstitiieRaNin, SeRle SN TGP e BORIAIR TR¢ heRUAR:fTam Boration
99mTc radioisotope generator to give a solution suitable for human =
adpifrAdteriBRs MRS ERaTer PRATAMSIBiTd PHE Sa AAFEpEtatithbagve &
Squdiephisabinbicd kb mishhitimpatinie e iaichTArinbioeeR patiie atives
carrier" is a fluid, especially a liguids4n. which the radjophayrmaceutical i
AR BT e RREP SR Wk e BEr Aok HEREE Sif2
totedizislesitad sty RISkt hedctolthivlagivabliaiboiynwitiout Bedcity
0&&P&H&H{?%@é%l&%@%m&%%m3&@@4&%&%@3&%%@%&9@'aso

carrier liquid such as sterile, pyrogen-free water for mgctlon; an aqueous

sofsmeasheisk a5 dmisalirreRpratd baninbigeo 0B i bidms fie dusdo
that {benfinatipiadustioLpltsatianis Bithesdspianie OeRefbyRetoNic); an

agueous solution of one or more tonicity-adjusting substances (eg. salts
of plasma cations with biocompatible counterions), sugars (e.g. glucose

orﬁmﬁrﬁwar@w@agmkﬂ:@gigdagﬁmiﬂtoﬂ:mwnim%g@am&@gble for human
S A B el
calrmgisal hiobompenitiesiyaiic sotilerts BuptreshatiandT Suchsorgigridrom a
S@w}t§a@{§59§$fylé&§g%pilé§e more Inepilic GRMPPGR:0%n administration
formulations. Préferably the WC)g20996n(064175 PCT/GB2005/003975 -8
bidédRipafistbee amtinglpiragertifee WatEFTSFRERFoFCIBNIE SatmEedrn 2
anRAuRgHSy IBthane! Sohdion.Asipdisaied-AbEVR, theupt efteilly a liquid, in
bi?v Oggggipggig}%%g&ruﬁcal is suspended or dissolved, such that the composition is
physiologically tolerable, ie. can be administered to the mammalian body without
toxicity or undue discomfort. The biocompatible carrier is suitably an injectable
carrier liquid such as sterile, pyrogen-free water for injection; an aqueous solution
such as saline (which may advantageously be balanced so that the final product for
injection is cither isotonic or not hypotonic); an agueous solution of one or more
tonicity-adjusting substances (eg. salts of plasma cations with biocompatible
counterions), sugars (e.g. glucose or sucrose), sugar alcohols (eg. sorbitol or
mannitol), glycols (eg. glycerol), or other non-ionic polyol matenals (eg.
polyethyleneglycols, propylene glycols and the like). The biocompatible carrier may

also comprise biocompatible organic solvents such as ethanol. Such organic solvents

are useful to solubilise more Iipophilic compounds or formulations. Preferably the



intravenous injection is suitably in the range 4.0 to 10.5. The
biocompatible carrier preferably comprises an aqueous solvent, and most
preferably comprises isotonic s saline solution. The biocompatible carrier

waf thespesent invention is employed in the absence of an apgiminseabos s
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preservative. The kits of the present invention comprise a suitable

container containing the composition of the first embodiment. The
tetrofosmin.may be in either freg base or. 10 acid salt form, or,may be a
o e 5 e T s Eaneous
teeHratilisgludergue st etbibationhg. pinethl tbx chimngmpgibingetivier for
desiredREadust REgiaabhu e dsiiolasmin & 5 165, 035 {5mmpHiIRR! Sarrier
containers are’those which are sealed and hence permit maintenance of
StOMfETANY FEBRO ERadivseHY Rty apii Sussticieltyahily isereprises isotonic
headsapasRGas (99 HlEERAMIE S2RT805D khilakals PSR EARRIIANN the
and withdrawal of solutions by syringe. A preferred such container is a
sePremRS SRV AR RTEHE G tight closure is crimped on with an
overseal (typically of aluminium). Such containers have the additional

a e that the closure can withstand vacuum if desired eg..to change
| thdeyﬁﬁg%l%(? Ofﬂale presentt vention cmrﬂgrhise %6!1%%%6 contaﬁaer CO agll?l%gﬁ?

Space gas or adegas so S. e non-radioactiv ay
optioregiytienthithe dmspeisd aliaitiondhe trinpaenmisisydie msedher free base or

e Ralaiom RiTAMRIN G AABHLA SUet Ao Hansehalatolmisd campoMnd,

which reacts rapidly’to form a weak complex with technetium, thenis”™ ~
digptitey HyhniechysiynTindsagerafeasmpainion(fermatid achragri@uing

hygieodysiesh teelaneti v {EibT), 2 dsieotostapick rrdudlivnofpertesimatate
com eting%with technglltii9 m com{)I{?xaéiEn. Suitable such transchelators

areCBEHAE: YrghRte NEGE HRRCE BT B S CH BTN BRe Al SRisetegrity
orgaiiis acinstinesatyy, pika bpthaainge ideto ealsitableas (gh mieaden or

or ' ' re acetic,acid, citric_ acid, tartaric aci luconic acid

o B G B O 6 P e
suMgBlEsskivsarerioatite s, S0tuiratatsdarslavdsrgindongaesight closure is

9lRRhRRIONAeS DB PERBIPEyPRENP ISR AL RN PRANALS S RER B R .

such salts are tartrates, gluconates, glucoheptonates, benzoates, or -
pHSEhtRRRhtd¥arssprbfar Alaypneeb Hahs yapuadhdesang og. to change
diphospdenatesasAMIERA6/H641 75 PCT/GB2005/003975 9

The non-radioactive kits may optionally further comprise additional components such
as a transchelator, pH-adjusting agent or filler. A “transchelator” is a compound
which reacts rapidly to form a weak complex with technetium, then is displaced by the
tigand. This minimises the risk of formation of reduced hydrolysed technetium (RHT)
due fo rapid reduction of pertechnetate competing with technetium complexation.
Suitable such transchelators are salts of organic acids with a biocompatible cation,
especially “weak organic acids” having a pKa in the range 3 to 7. Suitable such weak
organic acids are acetic acid, citric acid, tartaric acid, gluconic acid, glucoheptonic
actd, benzoic acid, phenols or phosphonic acids. Hence, suitable salts are acetates,
citrates, tartrates, gluconates, giucoheptonates, benzoates, phenolates or phosphonates.
Preferred such salts are tartrates, gluconates, glucoheptonates, benzoates, or

phosphonates, most preferably phosphonates, most especially diphosphonates. A



preferred such transchelator is a salt of gluconic acid, with a

biocompatible cation, especially sodium gluconate. An additional

preferred transchelator is 5-sulfosalicyclic acid or salt thereof with a
wjoganpatible cation. Two or more transchelators may be usegdkzo0s/003973

combination, and the tetrofosmin kits of the present invention most

preferably s comprise a combination“of’sadium 5-sulfosalicyclate and

sodi lucopate. The term "pH-adjusting agent” means a compound or

REIFETER CAFa RIS ACE 145 bHG B i AP g b FEBBFI FREoR

is sefiedin g caditablghlinaiisdappradditotallpieit el toxdQHe)dor snalfaalicyclic

mammalian administratian. Suitable, such pH-adjusting 10 agenis include

i R R S

[ieuseib{hpdraxyatioth yid i tainefitrmie [kisnof Preaprascce inicattion oossp rabferably

5 Dases-sHeh @meadien &%9&9&}%@9@%9&%@&%%&{%&5 Se.

thereof. A preferred pH- adjusting agent for the tetrofosm s of the .
present invention is sodium bicarbonate. is By the term "filler" is meant a
phesenasauiicaly;aasapiabie’ buiking agepbyvaieh mad-tagiiaie sadetisdaul o
handling during production and lyophilisation, Suitable fillers include

inGRIAITEPBAITS Bich A% LBRATTH LD HHES Hil it arerriahblEndtidapergrimately
sugfar. aleotdly fardivaarsoichosemalaltosieniriarnitel. oS ifrbrleseh FeHainsting

10 pq_%%g%té]gd% %Qts %%&c%ﬁqggcnegsga rl]e%s &gzlg Ig cggg%%n?,‘f? sggqri&%% or TRIS

15

Su ual-tuncuon tilier Is sodium Icarbondte. Preferre

presenisinydraometiriprsmentitbane)faoil iphrenigophitisitiereept griefbrsedsuch
sugh. flerthe terfosmin K Sioh e RIesankinvGHARdE e draldypation

filler sodium bicarbonate. The incorporation of a radioprotectant in the kits
of RS FRIINE MfoltFRie BB sofohnaresees irepntiendavaditipdinssonate.

the 99mTc-tetrofosmin complex is prepared in good RCP and with good

past-reconstifution, stability for,up to 12 hours post prepajation, without
B IR0 (L G BB R ERSEy b SATHEP S R far s e may
Myaiewd MaRackagel lngfdactignsodinsds anddedphiisynlitic Bi0mbsiriieedt

re t [ I manipulation and hence
B e L e e
quitseBe kit disisva wanpibne, Tiaiebeidribalosee péstaispiSodiestihapgents

unysyialsh g Armacy Piacice apfigees Rt Adiskihaletmighhm

inadvertently be omitted, with conseqﬁu,ent adverse effect on RCP. WO

20 HquRE AT s eiaeddo By Bs 3 sasny fyvention comprise a filler to facilitate
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lyophilisation. A preferred such filler the tetrofosmin kits of the present invention is

the dual function filler sodium bicarbonate.

The incorporation of a radioprotectant in the kits of the present invention has been
found to confer the advantage that the **™Tc-tetrofosmin complex 1s prepared in good
RCP and with good post-reconstitution stability for up to 12 hours post preparation,
without the need for the air addition step taught by both the prior art and the
Myoview ™ Package Instructions. This is a useful simplification, since it removes a
process step which means one less manipulation and hence results in reduced radiation
dose for the operator, as well as being quicker and easier to carry out, The air addition
step is also somewhat unusual in radiopharmacy practice and hence there is a risk that

it might inadvertently be omitted, with consequent adverse effect on RCP.



The concentration of radioprotectant for use in the kits of the present
invention is suitably 0.0003 to 0.7 molar, preferably 0.001 to 0.07 molar,
most preferably 0.0025 to 0.01 molar. For ascorbic acid, this corresponds

wio asuitable concentration of 0.05 to 100 mg/cm3, preferaby O 2emdiese7s
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mg/cm3, most preferably 0.4 to 1.5 rpg{%mg. 5 When the
99mTc-tetrofosmin radiopharmaceutical of this invention is administered

t0-f, JUSRAN DRI o AraRRIE ATR YILRL FAURAGIVIN IR PRUFEHISIRIAS
range from 185 to 1,221 MBq 55-33 mCi). For heart imaging, when rest

arft&pbs 8 et ivAd selen YW th e QA melay e akixg-0025

Zggtqtggfl&%%g%ﬂ:% fé’?&lﬁ?m@b&@d‘ﬁm Q;@l:bsﬁamll &5&&@%' & of 0.05
- q (15-33 mCi).given approximately 1 to ours later. 4

H&MERY fﬁafﬁ?ﬁhmﬁr@&%‘f&ygéﬁﬁ@ éfg(a‘ﬂﬁﬁéé’&%?iﬁﬁ%g’* to .o mg/om’,

radiopharmaceutical compositions of the present invention is in the range

0.21t0 100 which permits multiple dosing.from the same preparatio

e el e B T R O S UG R Rl o o

kimm@mmuﬂ&’énm@w&fedmiﬁému !h@e@%u@httﬁa‘t e pHowf185 to

the §91L§{% P91 CARSILOR AR, 01 SRUDG IS 8O Secitare

prefera to 8.6."This means that, when the radi?%rotectant IS

astBpesiesd de s aedakahs st Aesrhrribissting44éiBadéds Bhe

adiyisiedd Bhis iscaneensans 18 £nsrevibal28-themimven pipekibadkit 1 1 4

for: 99mTc radiolabelling of tgtrofosmin; post-reconstitugign stability and
S A1 SRR Rt A AT AR A o cBhred such kit
forndidatamiaeatisimbripdptiess nfatio prisgitevéntioxamplh2rankedh? to 100
S s that the _amount of. it icarhonate has to be scal .
e M e R 0D B e A atowng
présehe idesmretiaoeyielind inat, for a 30ml 25 vial kit, increasing the
amount of ascorbic acid to 5.5 mg/vial or decreasing the amount of
sodium bicarbonate to 10 mg/vial results in freeze-dried cakes with an

unsRCBiRiblissA&iE Hhp st S VPRI hRIREeh o et iate fosia 1h the pH
glassni aststienotampasaiumeotarceskicorsitgifchd ©) whizhmrabadibtably 8.0

redo”e§§t°’ e glass-transition, femperatire of ihe formulation. TNSre S g

th&tér8re’ ah upﬁgﬁ it O the AfOURToT 30 a8 &SI 8 did Wivich' é5i5 vé

adgtech:ift axf ¢ edptstble dgophiksddikibissipubedoréparscheSiymificantlyure that

hi %eéﬂﬁ}{ﬁz!r% 8&—159%@4? .k%‘rfl.r mmﬁé?a‘%%@o@ﬁ'r@o@t&% ﬁ%?rﬁﬁ,sﬁatzpeconsﬁtution
stability and suitability for patient administration, are maintained. A preferred such kit
formulation for a 30ml vial presentation is given in Example 2, which shows that the
amount of sodium bicarbonate has to be scaled up significantly over the conventional
Myoview ™ 10 ml vial formulation. The present inventors have found that, for a 30m]
vial kit, increasing the amount of ascorbic acid to 5.5 mg/vial or decreasing the
amount of sodium bicarbonate to 10 mg/vial results in freeze-dried cakes with an
unacceptable visual appearance. This is believed to be due to the Jow glass-transition
femperature of ascorbic acid (-54 °C), which probably reduces the glass-transition
temperature of the formulation. There is therefore an upper limit on the amount of
ascorbic acid which can be added if an acceptable Iyophilised kit 1s to be prepared.
Significantly higher levels of sodium bicarbonate were found to be necessary to

accommodate ascorbic acid and yet still give an acceptable lvophilised plug.



accommodate ascorbic acid and yet still give an acceptable Lyophilised
plug. WO 2006/064175 PCT/G82005/003975 - 11 The radioprotectants
of the present invention are commercially available from a number of

weupliees1 Eetrofosmin can be prepared as described by Cheartaboos/se397s
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[Zhong.Heyix.Zazhi, 17(1) 13-15 (1997)] or Reid et al
[Synth.Appl.Isotop.Lab.Comp., Vol 7, 252-255 (2000)]. The usual

sy m
B a0 e fome

etABMASTTY SpRlieadisHPoRAD FAshecenbed 3 IeseaRfd En Chemer &/
Secand ARROS 78D IeFBNt INEN oM PER HidRS.ANulti-dose kit which

comprises the I¥ophlllsed formulation of the first embodiment, in a sealed

StéMBEHRIHEN AREAC LR B YUk afitn SNt dditistaLsmthesis involves
WlM@W@h&ﬁg@lmmﬁﬁlﬁhmammﬂﬂzﬂﬂﬂemwIﬂ%lwxhecﬁejﬁ ﬁlae Killical
|sf(c)1 ulat dsuch lﬁ 4t013 unit | atlegtdo allof .99rTc- t%tr Oki

ra %‘*r&a&‘éu%ca H'be GBtaEFron d r%mg iP5 e dBse
kltﬂmmtéebie sufficiently robust to withstand significantly higher levels of
radioactivity, and also greater volumes of solution than the conventional

MyoviewTm kit. Containers for the multi-dose vial are suitably of 20 to 50
cm3 volume, preferably 20 to 40 cm3, most preferably 30 cm3 volume.

The sQréainelinA0tltied with.s Sas-tightieal ol isostitalle:ier muiines

with a hypodermlc needle (e crimped-on septum sea|

puncturin

cldeet 3?‘?@1@%&%&@%& (CBRPS &?%lem%af&ﬂg frsieigIfippeainer fitted
pa@ﬁhtadﬁmsdegsdhmwma@@d@ﬁqmﬂ%ﬁdmwyﬁlsowm{eIamﬂmmﬁa{tmtng
doses.ca withdrawn into 25 c |caI e ges at var
O L e T e o QU O PR Yo
thé %WntwtcﬁnsmtmwdmmﬁmgeabcwEgbtf@tmfb&nmla single kit.
radiopharmaceutical may alternatively be provided in a sealed container
as described above. The term "unit patient dose" or "unit dose" means a

ooThe-FatbeRRiH! hasl w&ﬁéﬂﬁ%@ﬁ%kmtﬁémb@g%ﬁmw@%wer leveis
radQ@@M@zﬁ@@t%ﬁww@l&@w@iﬁ@eﬂwd@&ﬁ@ﬂ%@ﬂ%{e&%ﬂ@fﬁéﬁﬂpn toa
single patiept. Such "unit dgs e "are described further in the fifth

erﬁ%‘b }%‘ﬁntll‘b‘elgi?r‘} af‘f?ésrgﬁﬁ BBLERASS MR “ﬁ?éég?ﬁ%gﬁ 30 om’
volume, preferably 20 to 40 cm®, most preferably 30 em® volume. The container is
fitted with a gas-tight seal which 1s suitable for multiple puncturing with a hypodermic

needle (e.g. a crimped-on septum seal closure).

The multi~dose kit comprises sufficient material for multiple patient doses (eg. up to
100 GBqg of #mT¢ per vial), whereby unit patient doses can thus be withdrawn into
clinical grade syringes at various time intervals during the viable lifetime of the
stabilised preparation to suit the clinical situation. The unit dose of ™ Tc-tetrofosmin
radiopharmaceutical may alternatively be provided in a sealed container as described
above. The term “unit patient dose” or “unit dose” means a > Tc-tetrofosmin
radiopharmaceutical composition having a ™ Tc radioactive content suitable for in
vivo imaging after administration to a single patient. Such “unit doses” are described
further in the fifth embodiment {below}. The multi-dose kits of the present invention

are formulated to be suitable for obtaining 4 to 390, preferably 6 to 24 such unit doses



are formulated to be suitable for obtaining 4 to 30, preferably 6 to 24 such
unit doses WO 2006/064175 PCTIGB2005/003975 - 12 of
99mTe-tetrofosmin radiopharmaceutical in a reproducible manner for a
wikapge/ef4199mTe generator eluates. It will, however, be possibiedeussthers
multi-dose kit to give 1 to 40, and perhaps even more than 40 such unit
doses. s As with the first embodiment, the multi-dose kit of the second

e@@dﬂ‘ RONSIE 6 104 B BARUNON SHF R,'D l:‘&g&&? UHHAR REPIOERbe of

which is an important advantage. The multi-dose kit of the present

invengaeraEiopehwies-HuH, rh@%@?ﬁrphpm&laﬁ@ Hsﬁrﬁ’égmﬁétﬁ'ﬁﬂ?mblbm give

99l gotalieinsmin RdiPRla macayticeh RkgPasations, with substantially
reduced operator radiation dose. The multi-dose kit also exhibits

increased shelf-life 10 stability of at least 78-weeks, whereas the

5 convendiahaliiyevievdiiMddtthasalshrlidite @ta{a&&a{d?&nmh&nméaaeho
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adva ég es of the multi- doste it aredE rlb the roces 8Tthe thlr(}h
ment(Below) Thea i S8 IR R ﬁta‘ﬁv H‘E‘“%“p? vigkisy ne
pmnuhsskfsﬁ u:t@pmpmmmﬂx&mmmmm pambmdesqsmfuté}matmn times

raﬂﬁ%ﬁﬁéﬁ@%‘ﬂ%& cgﬂ% 164 %am&%{t}%% E}Qtﬁ'ér?ss W%hsub tantially

reconstituting the multi-dose kit of the secon dlmen’[ elt er a

stEfRe SO RAFSABTOTAIPE-frsrneEhmetalie-dnsfilst altsicabibisamsreasedrshalf-life
foék@waq/ Ry & rigfilessplaioAERAMT S BRUGRINSIAR oeRWN ARIRRA el f-Tife

out step (j) in the presence of an antimicrobial preservatlve (|||)
i gvgérmf% FofdHRT ABISRERTOH RS TBR to et RIEATFBRAS i the
s@itdiers edmhp isinDembadiesap dyiohihe desired 99mTe tetrofosmin radi
opharmaceuti cal; 25 (iv) optionally checking the radiochemical purity of
the bulk supply of the 99mTe tetrofosmin complex; (v) withdrawing a unit
ddse framh asnedutkeqpiiyt o wteiotiibrinvides aspitabiefoyfirgeeprottmider;
(Vihignratng SIEB oWt AR AddIipRaLSWLNgE.PreeRRIRGh ahiRIGHIEReS

30 to give further unit doses.
COHIPr1Ses:

(i) reconstituting the multi-dose kit of the second embodiment with either
a sterile solution of *"™Tc-pertechnetate or first a biocompatible
carrier followed by a sterile solution of ™ T¢-pertechnetate;

(ii)  optionally carrying out step (i) in the presence of an antimicrobial
preservative;

(iii)  allowing *™Tc tetrofosmin complex formation to take place to give a
solution comprising a bulk supply of the desired **™T¢ tetrofosmin
radiopharmaceutical;

(iv)  optionally checking the radiochemical purity of the bulk supply of the
PMrC tetrofosmin complex;

(v)  withdrawing a unit dose from the buik supply of step (ili) into a
suitable syringe or contatner;

(vi)  repeating step (v) with an additional syringe or container at later times

to give further unit doses.



WO 2006/064175 PCT/GB2005/003975 - 13 The unit dose is as defined
for the first embodiment (above), and is described more fully in the fourth
embodiment (below). The biocompatible carrier and preferred

wembediseests thereof are as defined for the first embodimentdalomee)sdoso7s
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preferred biocompatible carrier for this, grocess is sterile saline solution. s
The process is preferably carried out in'the absence of an antimicrobial

prege ixg Isha% ile,;solution of 99mTc-pertechnetate,is preferahl
obtain%g{frorsﬁ a tec%?{éﬁﬁingr%ﬁgn%rrgéfornﬁb? e ggéﬁg%ﬁ%;é aé}gr%tgearﬁsg? GQ tnore

ogincipiedenrie rambadimeny Sedlaw)s B () dsonipstittebignifethadarde@do
109G RamBReS arakbr el dimCaBe: ¢B %J&%%Bﬂiéﬁexﬁ‘{@ﬁgv’@g.?ﬂ%ée%md

99mTc is preferably no more than 10 GBg/cm3, most preferably more
thBP L3RRk ATID it amae iYskplsirabing sRlwMe desired 99mTc
tetrofosmin radiopharmaceutical has a usable shelf-life of up to 12 hours.
is 99'Tc tetrofosmi com%li?géf rmation, ie. step (iii), is normally complete

witHtf P A AT L HP P OO PRI PR RS 2F9ro s SE AR SliHirqipabrsecrvative.

invention has the advantages over the alternative of reconstituting

M QviewTM | vials that: 20.(a) the number. of manipulations
invo 5%%%55%%%&/&&9 ﬁﬁ%r%%r gtcalf%ietgfggefsa%éfgon %&%eﬁ{%orlgcfl utgé%r,‘e(%‘im
nceetersiRitBir sediphs esceteny o) Gilparisiighta@ @ detesadinasion (Hos

baighuefHRlasEs heLddemesiatas,0pBASed lo Gilelaminalion

per dose; 25 (d) the bulk vial is formulated in such a way that the

foRSReRTHiRaAlyitHS AR eferhiy Boarow e d8 &R a{omelmeE eafIRbNE0
(e)rxf:ﬁwﬂ{aﬁtﬂﬁsfiif@/d:ﬁ\f()@ﬁ& ;ﬁ@;ﬁyé@d é m&?&nﬂ%@@@&ﬁﬁﬂﬁdﬁiré@m@%
nan-radioactive. kit vials are. needed, so fri torage space. is saved.
Rt R s e G R
efficiency), and 30 reduced operator radiation dose, which are more

sm%g%qgggm&gﬁ%;ﬁ l@cef it doses. that are to be prepared.
WO 2006/064175 PC‘[%/GBZ 05/%%%;%9}5 R SEORRAS SR T SRR s
minutes at room temperature.

The process of the present invention has the advantages over the alternative of
reconstituting multiple Myoview ™ 10ml vials that:

(a) the number of manipulations involving radicactivity (*°"

Tc-pertechnetate) is
significantly reduced;
(b) no air addition step is necessary;
{c) only a single QC determination per baich of unit doses should be needed as
opposed to a QC determination per dose;
(d) the bulk vial 1s formuiated in such a way that the formulation can withstand a
range of *"Tc generator eluate conditions;
(e) fewer steps are involved, so automation is more facile;
(f) fewer non-radioactive kit vials are needed, so fridge storage space is saved.
The key consequences are reduced operator processing time (ie. efficiency), and
reduced operator radiation dose, which are more substantial the greater the number of

unit doses that are to be prepared.



- 14 In a fourth aspect, the present invention provides a stabilised
radiopharmaceutical composition which comprises: (i) the 99mTc
complex of tetrofosmin in a biocompatible carrier; (ii) a radioprotectant at a

wepnrentation of 0.5 to 6.0 mmolar, which is s chosen from agqofsRGibz97s
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or a salt thereof with a biocompatible cation; with the proviso that the
radiopharmaceutical composition doas¥otcontain an antimicrobial

preseryative. 10 The "biocompatible carriey" and preferred.embodiments
PP Bt PR R TGN 58 AR} L AR Bt
thaviy@siimoabielwalsi0i®B1 molar. The concentration of radioprotectant

s preferaby ingrang i 5 LIVROIA, Mask RISt

I l% ..105.5
mmolar. ese corr_espond € concentration ranges% S%tgém%gl Fsr’when
the preferf8dtl kitgask ereotigeemboamrmentralion e£8rstit Gt dnmithathwhich is

required volume rapge.of B3R ICRABILELINGIAS N BRI withSSEiocompatible

concentrations of radigprotectant are also lower than those employed in
the MyoviewTM "coFﬁHﬁﬁte" solution preparation which is available in

Japan. 20vRtetaerpebvadiaprciecanspion heetrbil e 6IMROSHIHE AR QD AGin
defined for thetfirst e?mllzodiment. Preferably the pH of the stabilised
compositi%ﬁ‘% HRE e ﬁéesf’.%’?gvgio, most preferably 8.0 to 8.6. 25 In a

fifth aspect, the present invention provides a unit patient dose of the

ragipphasmagelisal AN FCaSWRIRBIINLMRIGH comprises he composition
of the fourth%&(??nbod(i:ment, having agéj%mTc ra{H]lgaéE{l/g cor?ferﬁsgjéﬁgﬁéeﬁgye'
imaging a single patient. 30 The unit patient dose is as defined for the first

embRcimIRIr BRchiRyRUided Hidn Siarils farm SRef L MIPH01 molar. The

administration in a suitable container or syringe. Such %ﬁges are

suFRISRPFSP R RE S digRrolerippt St ara IR S Pudssreen iR Syrilge W
20861064115 RE T /GRRA00E/ QB3R Erredfond et it OrlyiceMa s e Usat WitaaRd

m%ﬁ'&% !e%%k%pr%dTiQ% Y G gl}llb%glrggﬁl lglrel? feconstituted with the required

volume range of **™

‘Tc-pertechnetate in saline. These concentrations of radioprotectant
are also lower than those employed in the Myoview '™ “conjugate” solution

preparation which is available in Japan.

Preferred radioprotectants for the stabilised composition are as defined for the first

embodiment.

Preferably the pH of the stabilised composition is in the range 7.5 to 9.0, most
preferably 8.0 to 8.6.

In a fifth aspect, the present invention provides a unit patient dose of the

1 99m

radiopharmaceutical *""Te-tetrofosmin which comprises the compesition of the fourth

embodiment, having a *™T¢c radioactive content suitable for imaging a single patient.

The unit patient dose is as defined for the first embodiment, and is provided in a
sterile form suitable for human administration in a suitable container or syringe. Such

syringes are suitably for clinical use, and preferably disposable so that the syringe



provided with a syringe shield to protect the operator from radiation dose.
Suitable such radiopharmaceutical syringe shields are commercially
available and preferably comprise either lead or tungsten, as described

why2begam fd.Nucl.Med.Technol, 21(3), 5 167-170 (1993)]. TherumesaBhs
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99mTc-tetrofosmin radiopharmaceuti_call Jnay alternatively be provided in
a container which has a seal which is stiitable for multiple puncturing with

' i - 2Dt | Tk it
o B R Rl e

syBryEdednts s nesETeld i eteer itopemonfersméiatiathdogghtigeble
ragiRACHYR AL Of (e iiH QAR i SHBAY 848y LR AN MBInd preferably

preferably 185 to 1250 MBq. When rest and stress injections are
adfATRStES &h6h pAE Yalnetisyy, 29 deasatmdbudosand i ddiedsT eshmod 21(3),
MBgr7foitogyesk §) to 4 hours later with a second dose of 550 to 1250 MBq.
The preferred compositions employed in the unit dose are as described in
the third embodiment (above). The invention is illustrated by the

noBhkbnitingp & TiPEs eetdiedibeidiopl2iExeuripié ayraividesi ey be provided

LIPRIosID, EXADRIS 2 RIauides 2 hophiised, mult-doge,or

sy tg i i
"bu k'%%{ﬁg? t%ne present invention, with a pre?:arreé1 plrpeesgn é:ttf%)%n%amleda

MyspRszsoc Bsetiqdle B shomBEoW sehjopittadomaii- doseupit dngtkofdhof
th%&a&%%%iﬁmy;%@awsugsﬁemaeaﬁﬁearwmfy@wﬂééj%g%%sz

99mTc-tetrofosmin. 25 Example 4 shows that radioprotectant-containing
lySpritieRl fted whthit dRrR M FSdiochemical purity over many hours

post-reconstitution with 99mTc-pertechnetate. Example 5 shows that,

even without an ajr addition step for the Myoview30 Kit, th

po@ -ere(m%sﬁ?% |%°rjﬁué abi |tt§/n5?ﬁ%ewg§%\?v§09 %Y\%;i%g%t%}?o SO MRS BRsGrebly
radfSaietilds BBiBon dé@mr@ng(&m)itﬁMMy@ma&ﬂiMisﬁxmmlﬁas salse day,
Shﬁ&\é’ﬁm%BEQ%HXMS‘GQW@tok&%&&‘ET%%%&‘%‘834%%"1’5{@; %d%atgﬁcond

range of elution intervals for the 99mTc generator. The range o

radf§a&hvé tinbertidisnsLir ResTeartd ounpvel derrarmlp YO R bhesKo6desesTe
PGJ L ERODR/GQ38%a a&e@dﬁk&!@&ﬁﬁ%}@ means that the kits of the

present invention possess useful flexibility, especially for a
radiopharmacy operation where multiple 99mTc-tetrofosmin
The invention is illustrated by the non-limiting Examples detailed below,

Example 1 provides the synthesis of tetrofosmin. Example 2 provides a lyophilised
multi-dose or “bulk” kit of the present invention, with a preferred presentation called
Myoview30. Example 3 shows how a lyophilised multi-dose or “bulk™ kit of the
present invention can be used to prepare multiple unit doses of **™Te-tetrofosmin.
Example 4 shows that radioprotectant-containing lyophilised kits exhibit excellent

radiochemical purity over many hours post-reconstitution with *“Tc-pertechnetate.

Example 5 shows that, even without an air addition step for the Myoview30 kit, the
post-reconstitution stability of the Myoview30 kit is superior at increasing radioactive
concentrations (RACs) than Myoview ™. Example 5 also shows that the Myoview30
kit can be used successfully with a wider range of elution intervals for the **™T¢

generator. The range of both radioactive concentrations (RAC) and ™ Tc generator



preparations may need to be prepared on a daily basis. S Example 6

shows that the Myoview30 kit of the present invention permits much more

rapid preparation times for multiple 99mTc-tetrofosmin
wadinplaimaceutical preparations, with substantially reduces-@rataieenzyrs

radiation dose. The amount of radioactivity used for the QC sample is the

same for Myoview30 and MyoviewTM, ]cﬁjt‘MyovieWBO involves 70% less

ti d.75% joactivity. In.addition, jt i ier 1o for th :
o S A R TS S A BTRY VAN SR ARBTA o
Exeapreplel mﬁsdﬁhahmmeqboseimwnémmmqﬂgﬁmym@ﬁomg be
gzﬁg &a{s&%@%%egw %E%%Bfeg%ﬁ‘l GaiRfroiggmin, whilst maintaining

actory RCP and without "1s comprom smgl%he sterility of the vial
contents. Thus, at 12 hours post-reconstitution the RCP met the

5 Spgﬂﬁiﬁﬁﬂ%ﬁd@@tﬁzﬁ%m@%@m%mg‘ﬁf@%ﬁv%@i&{%\éﬂmts much more

appeared in the culture media aftgr 12 hours and the product complied
witARKPTePaTslioR itnFs SesimurRlst. Thetproferainrditrharaassaisthed,
sheweddbastctah andeioxing Eﬂ%ﬁ%@dﬁ&ﬁtﬂi&@dﬂﬁ;‘“&é%' The i&am@@rtﬁf%
that no viable bacterig or 20 degradation products thereof were detecte
P RN e o o SBORF R IEOARS ARl pH o e ety oo
foMypaisiilcrobiabpiese tvatinae Brd Tidlel &shakiva dieit thn clbdtices iofs easier

10 e Mliose.y E%'gﬁééﬁ‘?ﬁ;}fﬁﬁ%ﬁ@@%ﬁﬁ“%ﬁ% %eretglzit?ﬁgrli”s}%tel‘fcriiq%n

up to 35 times. Example 08e vials 0 e presen
inéntion have a usable non-radioactive shelf-life of 78-weeks (18 months)
when stored at 5C (2C to 8C) and protected from light. Figure 1 shows

that the radioprotectant compositions of the present invention give
saliSFRGry REP HBFroBogose (e TDHGREH SRiRiB R dReddo tgpare
ustfulnBadifetn & tf themproparation)lsHgue:Aiskeuis e eIty efd@without

comparison .of the rate.of | of.99mTe-tetrofosmin.. RCP over time, as a
15 coﬁ‘gsﬁoo 1S rtﬁe terﬁl% o(%%ﬁ Vi Igco&_tgg .)5%}1# 12 ho %cr)]s -We)nstltuﬁon

func radioactive concentration yoview
2006/RER 178 MCTHCHR00F/0880 78ex mTltiplycriencF Wbtutittians addisomtht

can,pe. AR inAtihe MyoxieydQ kitaf e B aReRLAOYERIRR s RrERpore
robust. Example 1: Synthesis of tetrofosmin.
USP/Ph.Eur. sterility test. The preparation dilutions examined, showed bacterial

endotoxins content less than 313 IU/vial. This means that no viable bacteria or

20  degradation products thereof were detected, and that hence the multi-dose vial

functions effectively without the need for an antimicrobial preservative.

Example 8 shows that the closures of the multi-dose vials of the present invention

withstand needle puncturing up to 35 times. Example 9 shows that multi-dose vials of

25 the present invention have a usable non-radioactive shelf-life of 78-weeks (18 months)

30

when stored at 5°C (2°C to 8°C) and protected from light.

Figure 1 shows that the radioprotectant compositions of the present invention give
satisfactory RCP of over 95% at up to 12 hours post-reconstitution (ie. the useful
lifetime of the preparation).

Figure 2 shows the results of a comparisen of the rate of loss of ™ Te-tetrofosmin

RCP over time, as a function of radicactive conceniration (RAC) for Myoview30 and



s All reactions and manipulations were performed either in vacuo or under
an oxygen- free nitrogen atmosphere. Solvents were dried, and degassed
by nitrogen purge prior to use. a-Azo-isobutyronitrile (AIBN) and ethyl

wygnybethgrwere obtained from BDH and Aldrich rpenent,. ..feal;g2005/003975
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Pic(Ainhna hinnlathane was nrennred _a.  ............. r
r__r~__ 1-thane to the literature [Ino_F anic Synthesis, Vol 14, 10]. 10 A

F@fher ressur b?rt}i' d[etlg?ﬁlgefd Lwith sggénglmrzp thell\)ﬂ453'ft5(rrll@‘93laq(rft\gta‘(%e present

cha With e{ yl'vinyl e

blyqu}hosphm@bthmf(‘m@mfs 10 mmol) and a- azo-isobutyronitrile (0.1
g, 0.61 mmol). The reaction mixture was then stirred and heated to 75 C
for 16 hours. After cooling back to room temperature, the viscous liquid

tranff rr dta50 tm3 r‘ound -bottomed flask. Removal of volatile 1s
m St By HeHIY under vacuum. The involatjle material

od%a\ﬁ ﬁ%“’&“\‘}!}&sa% s%"él'& PETGmER Sathes Nwﬂﬁ%é‘i‘%‘: B ppEen-
(1&13!: wltrd gerl el ddghefel SAHERCHZEME, 2h d dhabtaht v uid prior
brt J=7.4 3.4 Hdt 1.16 Hz
O3 R B RS I s e Gl Lt B0
pm:l ?me%mmemmmmmmsmmmm@w the
reg@g&wm&éﬂ& %ﬁﬁﬂggl@r\ngwalgpts of 5-sulfosalicyclic acid at room

gerature in‘ethanol, followed by recrystallisation from ethanol/ether.

SisrhperosuyeBeiiiscawemed rithie o7 fom atighrapgitgrelsaratireedaih
g%ﬂﬁwﬁmﬁéwlmﬁqz%m)ﬁyﬂkmﬁwh ! ﬁﬂ%go %%ﬁéllww&d imol) and o~
etrofosmin us cnjorige ainy rate g, sodiu
sﬁ?&é‘éﬁ “&‘b%]?%ds sﬂoé) JREBY1 %F?&Pé‘%“d%&“%‘%%ﬁ%lﬁ BN r%aﬁd
mg@t‘dﬂ)@@@ﬁ@ﬁ#ﬂiﬁ&&ﬁﬁf /,%2@65]@@3@6’5 to room temperature, the viscous

liquid was transferred to a 50 cm® round-bottomed flask. Removal of volatile

materials was performed by heating under vacuum. The involatile material obtained
was pure by NMR. Yield: 3.0 g, 80%.

*H NMR (CDCl): 6 1.12 (12H, dt J = 1.16 Hz, 7.15 Hz;OCH,CH;) 1.51 (4H, br m;
PC,H4P), 1.7 (8H; brt, I = 7.4 Hz; PCH,CH,OEt), 3.4 (§8H, dt J = 1.16 Hz, 7.15 Hz,
OCH:CH3), 3.49 (8H; br m; PCH>CH,OEt) ppm.

'P NMR: 6 -33.17 ppm.

Tetrofosmin was converted to Tetrofosmin sulphosalicylate by reaction with 2.3 t0 2.5
molar equivalents of S-sulfosalicyclic acid at room temperature in ethanol, followed

by recrystallisation from ethanocl/ether,

Example 2: Lvophilised bulk vial kit formulatien and preparation.
An optimised formulation for a 30ml bulk vial preparation is as follows:

Tetrofosmin 0.69 mg,
Stannous chloride dihydrate 90 ug,
Disodium sulfosalicylate 0.96 mg,
Sodium-D-gluconate 3.0 mg,

Ascorbic acid 5.0mg,



- 18 Sodium hydrogen carbonate 11.0 mg, pH on reconstitution with
saline 8.3 to 9.1. This kit formulation is termed "Myoview30". s Batches of
500 ml were prepared. Thus, approximately 90 % of the total volume of

wyaiesderhzjection (WFI) was added to a preparation vesselpdhesfot was:s
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deoxygenated by purging with nitrogen, Tetrofosmin suiphosalicylate,
stannous chloride dihydrate, Sodium d-glﬁconate, ascorbic acid and
sodium hydregen. car re dispe added and dissolved in
consecuti\%%@ggpzv% %@%&%\A’n%i% mixin%ﬁ.' ﬁneg’dispensing beakers were
rinsed witipideoxyemstitadonwitimabnsulk 8solaion was adjusted to 100 %
Ofﬁﬁﬂﬂ%ﬂﬂﬂ%ﬂg%ﬂﬁ%%‘%@g%ﬁ during continuous mixing. The
nitrogen purging was discontinued. A nitrogen blanket in headspace was
applied during the rest of the manufacturing process. is The solution was

sterieHikereshand FQIptohtbe filtaredssabutiamupscispensed e R s
vials. The vig.lles were. artiagglifsé&%oered and then lyophilised, Example 3:

Procidu fBIHIRECER; £ BURRERSSTE AR 26 c8ftaining
KitleAxlyhyamaied/B0 it sgrtith alitisgen. Exanipiend) whsdeserieddnimous

sujtable. radioactive. shielding.container, and the rubber septum, sanitised
ol R L S R e

insarberateroatsiseersish eddurod i SOIMTE Hpemesiwiy tavedgenshatonstant
e'%ﬁs&&ﬁ@&&g&xz&%m&&ﬁ et Witk Sl M GhRtide LR 1niestion, k) SP

as appropriate which does not contain a bacteriostat; at a radioactive

coldBifratiah s iF gL 06 BopEthe vl veivmg athdeoraaraatad v EbAveing
of dpiaule neBe:(AHe Gillosasedad weingsaosiiald@ds siedle-sWge: in
Tflﬁ venting needle.was then remov cﬁ.ﬁThe reconstituted vial was mixed
Qe RACTC EE RPIES AraRE s b T ESHENE BFOFy ophilised
powder and then incubated at room 30 temperature for 15 minutes. The

ﬁ?ﬁ@%ﬂiﬂ!ﬁ% WhOMEHSHIWAR Stored 8 2R _ﬁﬁ&gdtlggh&(i)ont%}}ssdfsgp%%g[ed into

n 12 hours of preparation. Withdrawn aliquots were also stor

2-28@! ardswiere \ige VIV R0 8RYGEaPES:P @/ (b BPDOBIOIRY 75 - 19

Example 3: Procedure for the Reconstitution of a Bulk Radioprotectant-

containing Kit.
A Myoview30 kit 30 mi vial (from Example 2) was inserted into a suitable radioaciive

shielding container, and the rubber septum sanitised with an isopropyl alcohol swab.
A sterile needie (the venting needie) was inserted through the rubber septum. *™Te-
pertechnetate generator eluate [10-30 em’® volume; diluted with Sodium Chioride
Injection, USP as appropriate which does not contain a bacteriostat; at a radioactive
concentration of up to 10 GBg/om® and a total *™T¢ radioactive content of up to 100
GBq (2.7 Ci)] was added using a shieided, stertle syringe. The venting needle was
then removed. The reconstituted vial was mixed gently for 10 seconds to ensure
compiete dissolution of the lyophilised powder and then incubated at room

temperature for 15 mnutes.

The reconstituted Myoview30 was stored at 2-25°C, and the contents used within 12

hours of preparation. Withdrawn aliguots were also stored at 2-25°C, and were used



within the same 12 hour period as the reconstituted Myoview30 vial.
Example 4: Radiochemical Analysis of Radioproteetant-containing
Lyophilised s Kit RCP Over Time. The radiochemical purity [RCP] of the

wigsanatiuted Myoview30 kit (Example 2) was measured USHer i oos/003975
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chromatographic systems: System 1: Stationary phase: ITLC-SG Mobile
phase: Acetone/dichloromethane [35:6159v/v] 10 This system effects
sepayatign of theg ophilic. 99MTc-tetrofosmin from the %?mTc-

Py CHBBhTTE S B RE RIS THRe RIS P B%EEH ¥ling ) and
99mTe- pertechnetate. System 2: Stationary phase: Whatman no.l paper
15 Mobile phase: Acetonitrile/water [50:50 v/v] This system effects
separalian ofseduoed diolvssdied et (R ich Jemains

t’ lge

U .
MyqayiReBQwiat Wagereconstituted without the use of an air addition step.

Rasilta ROfmRappSEUTRODS o Myouienddwal Witlview30 kit (Example 2) was
99mTc-pertechnetate (37.9 GBq jn 17.5 ml; RAC=2.2 GBg/ml) are given
inrﬁ?&ﬁn‘}‘ée‘iP%&&Wﬂé%?ﬁﬂ&%éﬁ@ﬁﬁ%%ﬁ‘ﬁélysis of
Raghagrotectant-chatainingphyaephilised ZBLIKItIRCP Over Time vs the

Prior Art. Myoview kits, were obtained from Amersh Ic (now part. of
Healthcare). The%@ﬁg%%sr%titution sta[g*iﬁ?yotrjl]i3 1%8%{/013%{3%8 %%E?VEF
folhiglatisiaraf affecirsspnaiivventiche dpdriibaoiiveidiafonypoviwiMhe * Tc-
10piipAntpaulation dmincregsipgiacinnalives Gapeaalralion (RAK) WaS o .
compared. The reconstitution procedure according to the 30 package
inBETERES Whowed for MyoviewTM, ie. the air addition step was followed.
The study was based on 8 preparations of MyoviewTM and 89

preparations of Myoview30. MyoviewTM vials were reconstituted with up

to WHEBG/mI, andt2MPEHRIT vials witV'iFTBER® GBBIMI. For all the 8
preparations MyolebiENthasss 35 reconstieeiedimilt ettt frofwadOMTe

gerigtatofetegrwithinmAfdio or etiRBdMOROA64L R tium [RHT], which
P%%ﬁ‘@é%qg%%?g?e{ B skﬁrke, WAl HReMYOUaWE0 MG R es that migrate.

reconstitute uate from 99T c generators
The Myoview30 vial was reconstituted without the use of an air addition step. Results

for reconstitution of a Myoview30 vial with *™Tc-pertechnetate (37.9 GBg in 17.5
ml; RAC=2.2 GBg/ml) are given in Figure 1.

Example 5: Radiochemical Analysis of Radioprotectant-containing Lvophilised
Kit RCP Over Time vs the Prior Art.
Myoview " kits were obtained from Amersham plc (now part of GE Healthcare). The

post-reconstitution stability of the Myoview30 kit formulation of the present invention
and the commercial Myoview ™ 10ml kit formulation to increasing radioactive
concentration (RAC) was compared. The reconstitution procedure according to the

package insert was followed for Myoview ™, ie. the air addition step was followed.

The study was based on 8 preparations of i\/IyoviewTM and 89 preparations of
Myoview30. Myoview ' vials were reconstituted with up to 4.5 GBg/ml, and
Myoview30 vials with up to 11.0 GBa/ml. For all the 8 preparations Myoview ™ was

reconstituted with eluate from a *"™Tc generator eluted within a 24 hour elution
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with various elution intervals, up to 96 hours without the use of an air
addition step. The results are given in Figure 2. s Example 6: Comparison
of Preparation Time and Operator Radiation Dose for Myoview30 vs

WMYQ)@,@WTM 16 unit doses each of 18.5 GBq (500 mCi) of pcr/GB2005/003975

© 99mTe-tetrofosmin were prepared by gjther: 10 Method 1: reconstituting
4 Myoview30 vials (from Example 2) e&ch with 74 GBq of

9mTc etat thod 2: recon 6 v, WTMn lals each
WI'[?]t ageéﬁ of 9 GW}M? %Zr%%rﬁneta e. %?r%{e%?esﬁi% éﬁe glvei; RETs)
1: m@ﬂm@ma@m;mm@m undin?p GouimetTotaihaetrwiduelasaddition step.
Opﬁ{é‘}%uﬁ'ﬂ?e(ﬁ%ﬂ &rg[%;@tion hands (min) Time min 1 88112 13 2
17528 7 35 Example 7: onstration of Sterility of a Multi-dose Vial. 20
Three separate batches of Myoview30, prepared as described in Example
2 were studied. Immedlately prior to the reconstitution, in each of the two
HArRlibAENES af v BN IALEPR REELGeB ose for
.224m sterile and pyrogen-free Millex
i fitnsiewddiTvviaeiey vials were reconstituted with 23 ml Sterile
Sdﬁnmsdmas)nadhlhﬁb&l5991311&@@&1@112)fﬁ?j“iﬁxa@@@fmmmwnﬁm@drafe&y
aftggwards into the vials, such that the radioactive content was ca. 2
GBqg/vial. The vials were stored at 25C for 12 hours. After 15 minutes the
vidfsthiodre trearsttaingHoMrovicraieizis\ifomderops £75ach with 74 GBq of
P@ﬁ@@g@m&ws - 21 Table 2 Time post- Simulated dose Total

number of reconstitution, volume wjthdrawn individual doses
Method 2: reconstituting 16 Myoview  vials each with 18.5 GBq of ™Tec-

pertechnetate.

The results are given in Table 1:

Relative radiation Compounding QC time Total
Method dose to operator Time (min) Preparation
hands {min) Time {min)
1 88 11 2 13
2 175 28 7 35

Example 7: Demonstration of Sterility of a Multi-dose Vial
Three separate batches of Myoview30, prepared as described in Example 2, were

studied. Immediately prior to the reconstitution, in each of the two vials from the
three Myoview 30 ml batches, a ventilation needle, BD Microlance 21G assembled
with a 0.22um sterile and pyrogen-free Millex GP filter, was inserted. The vials were
reconstituted with 23 mi Sterile Saline Solution. Diluted **"Tc-eluate (2 ml) was
injected immediately afterwards into the vials, such that the radicactive content was
ca. 2 GBg/vial. The vials were stored at 25°C for 12 hours. After 15 minutes the vials

were treated as shown in Table 2:
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(hours) (mL) withdrawn 0.25 0.2510 6 0.510 12 1 10 Thus, 30
simulated doses were withdrawn at 15 minutes, 6 hours and at the end of
shelf life, 12 hours. The doses were withdrawn using | ml BD (Becton
Biekinsonyssyringes assembled with BD Microlance 25 G needles26o9608975
syringe/needle was s used for each withdrawal. Doses number 1 and 21
were sent for RCP analyses. The last “dose' (number 30) was sent for
L%ggafterial endotoxins by Limulus Amebocyte Lysate) test and test of
osmotic pressure. The remaining volume in the Myoview30 vials after 12
hours, approxikiateyefioml, wasimsiattdodasterility dotehdinghieradrrent
USP/Ph.Eur Test Ehnsdhe fenmipiasyalianyas diidediarifwo. nd
sterility tests were performedjand incubated in Thioglycollate Medium
(TGY) ar|d Trypf#e88y Broth {TSB) fdFtl4 days in|25C Hithdpve
IncubatofS. TAL {g5% The dose numigs 30 from éach vial wgs Sent fo
bacterialiendotoxin testing..The 15 content.in.the vials were initially
reconstitited with 5 ml Sterile Saline%blution. Further dildflon was made
by taking 0.1 ml ofithis solutian and adding to 9.9{mI Waten §or Tnjection

(WFI), The-LALtest was-performed-using-the tube method. The Bacterial
E o h HRRARHAPRES QT SHINEY S £5 N/ 5t RASHTRS & i P4 1
reshdtfligs repoiiad Thatifsaowgrawtitiappenisingthent BB coediBihignson)
product compli ith, ¢ t for sterility (passes 5P). RCP: Al
o R P e ISR A B Se st
pHissfl dacerchatvitis awehstpecs tohd@. 2 apé 1 averesentdfou R B andasts vithe

wagfepEeaindine Product camples it ine ko AiNe By Pasas (P)-
WO 2006/064175 PCT/GB2005/003975 - 22 The results are summarised
in‘Faphooyte Lysate) test and test of osmotic pressure. The remaining volume in the

Myoview30 vials after 12 hours, approximately 7.5ml, was tested for sterility
according to current USP/Ph.Eur Test. Thus, the remaining volume was divided in
two, and sterility tests were performed and incubated in Thioglycollate Medium

(TGY) and Tryptic Soy Broth (TSB) for 14 days in 25°C and 32°C Incubators.

LAL test.

The dose number 30 from each vial was sent for bacterial endotoxin testing. The
content in the vials were initially reconstituted with 25 ml Sterile Saline Solution.
Further dilution was made by taking 0.1 m! of this solution and adding to 9.9 m]
Water For Injection (WFT). The LAL test was performed using the tube method. The

Bacterial Endotoxin limit with this dilution was: 313 T{/vial.

Results.

Sterility:, The result was reported that if no growth appears in the culture media the
product complies with the test for sterility (passes =P).

RCP: All preparations showed an RCP of *™Tc-tetrofosmin of 96-97%

pH: The pH of each vial was measured to be 8.2.

LAL: The result from each vial was reported that the product complies with the limit

given, passes (P).



Table 3: Summary results of sterility an d RCP stability Batch GBg/vial
Time p.r, Sterility LAL/vial hours 1 2.050.25 NANA 2.04NA12PP PP
21950.25NANA 183 _NA12PP PP 31.970.25 NANA 2.06 _NA

whZzhdbcit R Overall NA NA P NA average NA=not performedt/EBpassnsy’s
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5 Example 8: Demonstration of Closurg |ntegrity of a Multi-dose Vial. The
Myoview30 closure used was PH 701/45 red brown (1178) and the
copfaineris &95@#&%%@%&@?@9:“' Ten Myoview30 vials were tested
according to to Ph.Eur.3.2.9, except that 35 piercings were carried out

compared with 10 in Ph.Eur. This was necessary to simulate the extended
n@@@m MIATH Gring Riefatabit E ach closure w
pierced 35 tin|daiih o RBeMAonTimrcRRddRenlityan Lkéridl diameter
of 0.8 mm. Each piercing-was on HBRESNt sites. The laist piercing ‘was
also an injectioh of ultradiftéred wattfto nomifd volumé‘,rff’hat is 30 ml.
The 10 15 pierced andiﬂj_gf‘i vials were submerged upright in a bebker
with methylenge blue s Ritton 19 i%. The extBrnal ,nrm?um was reduced
with 270 mbatto-750-mbar for- 10, min. Sllhcﬁ%lmnﬂyf atmospheric
pressure was réstored [ahdthe viald trere left anothé¥30 minutes
immersed in the methyj} o5 blue solution. THe.vials wele
12 P

NA P
P P
3 1.97 0.25 NA NA
2.06
NA 12 P P
P P
Overall | NA NA P NA

average
NA=not performed; P=passes.

Example 8: Demonstration of Closure Intesrity of s Multi-dose Vial.
The Myoview30 closure used was PH 701/45 red brown {1178) and the container is

30 ml vial type 1, Schott. Ten Myoview30 vials were tested according to
Ph.Eur.3.2.9, except that 35 piercings were carried out compared with 10 in Ph.Eur.
This was necessary to simulate the extended number of multiple dosages of a multi-
dose vial. Each closure was pierced 35 fimes with a new hypodermic needle with an
external diameter of 0.8 mm. Each piercing was on different sites. The last piercing
was also an injection of ultra filtered water to nominal volume, that is 30 ml. The 10
pterced and filled vials were submerged upright in a beaker with methylene blue
solution {1 g/ I). The external pressure was reduced with 270 mbar to 750 mbar for 10
min. Subsequently the atmospheric pressure was restored and the vials were left for
another 30 minutes immersed in the methylene blue solution. The vials were
thoroughly rinsed and inspected for any discoloration against a white background. The

result of the testing showed no intruston of dye into any of the vials.



thoroughly rinsed and inspected for any discoloration against a white
background. The 20 result of the testing showed no intrusion of dye into
any of the vials. WO 2006/064175 PCT/GB2005/003975 - 23 Example 9:
wStalsdingdiesting of Multi-dose Vials. Multiple vials from thre @ SepdRaes/003975
batches of Myoview30, prepared as in gxa_mple 2, were stored at a
controlled temperature of 5 C protected from light. Vials were tested at

ISR AIRIS. UWRIBiIR W@ﬁmpﬁﬂﬁi-aﬁé%@n' ascorbic acid, stannous,
5 HardnaliRRES WD 3E XY BRI TEREINE R SBER £ANENL WStEhple 2,
assayed. The purity of the tetrofosmin was monitored by 'H and 3IP NME%.
THERE®TB] 3o PRI RAROISERARABHE R dCuBRRlF g Siorkligtits Vials wrse tested
measuecht gachpime pointeel€ GidtdQRSUltelrufdanial sWE beihakMWiaous,
pa u%ci uicLIaLI b CCLfa%a_auuuS wu§utawr uat-k10 (2to 8 C) protectgd
5 frdMATGAT SUEPISA RIS WEECh SRR atith &ALl AR LASH assayed. The
evaltigted &redtstatfstioat myyamimertgmiéoh;ﬁiﬁéramemmﬂaiys_‘i%’fc-
A AUAVIANRRIRISIN B Invesliaele & (BRtonship
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the parameters and storage time. The correlatio

between eac
coefficient obtained from the regression analysis was tested for

signifleanioectisiigPaarsahidast iheu9biccaniijentainiervalehsfaean: 5 °C
individual-parameter was . calculated. the parameter.could onl
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catealiaaied. Ml st9GsYsabonditiancenetiond dnveregeessiomimedyhaveabeemed
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period covered by long term data. This is the maximum extension of s

lif @ BHBEES A ST ARAGrRE r dA T O HERG R Sg B et o frrerikisagssion
Canderancaordiarmosigationmet tashmcalReauie ents ot Reiatatingval
; of Pharm ce%ticals for Human U%?ﬂu(ﬁ%yz%e 1E. The earliest time at
5w ?6#?}1‘8%9‘5‘ L BRI TRRiEGHIRE T HiE REB AR ReSorph §aby decrease
adoeptarzaee)coiteriimis baeyenddhk ci8idesles ifasrsample s skanatat Tke 95 %
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e S R R KRR B R s

WHIWBIS o8 9cE Bp shogirchbpretdohe mrited Yo@erg0s/(062d wBm data. This is the
PekiR0RAAARR/5r shéft el BMBon the available results according to ICH (The

20 International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use) guideline Q1E. The earliest time at
which the 95 % confidence limit for the mean, intersects the proposed acceptance
criterion is beyond the 78 weeks for samples stored at 5 °C. Batches of Myoview30
stored as described above for 78 weeks, exhibited an RCP of over 90% at 12 hours

25  post-reconstitution when reconstituted with 5.5 to 89 GBgq of *™Tc-pertechentate.



1. A lyophilised, non-radioactive kit which upon reconstitution with 99mTc
s pertechnetate solution gives a stabilised 99Tc-tetrofosmin
radiopharmaceutical composition, said kit having a formulation

wapmpnisiags (i) tetrofosmin; (i) a radiopro tedant chosen hone s carhic ackd7s
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or a salt thereof itl1 a biocompatible %iop; 10 (iii) a biocompatible
reductant; (iv) a pH-adjusting agent in an amount effective to ensure that,
when the kit is reconstituted with saline the resulting solution has a pH in
the range 8.0 to 9.2; with the provigg thayigeither the kit nor the
99mTc-tetrofosmin 15 radiopharmaceutical composition contains an
antimicrobial preservative. 2. The kit of Claim 1, which further comprises

ot o2 g AUBSIBI SHRSERIom. &suiosalixlc acd audalconi

acid or eréof with a biocompa of Cfaims 1

or 2, pdrextibabiatenopatibe 1etudiant TOMprisRIoSaMNAERpifnAcdiiRal
kit of any one of Claims 1 to 3, where the pH-adjusting agent comprises

sodiufABResHERh &R b1 ravingq fRramddivn omeR¥B&Eprises the lyophilised
formulatiod?)of Galmsdidg.4. in a sealed, sterile container fitted with a
closure which permits addition and withdrawal of solutions whilst
maintainirg)stezitedistegrittanviboein fhedidkisiosmuilbied sichidhat 440 30
unit patient doses of 99mTc-tetrofosmin WO 2006/064175
PCT/GB2005/0039 78§°0B%aiihla safNmaceutical can be obtained from a

single mufiidose,tofipkhisidnitiplesdose kit of Claim 5, where the

container Is a septum-sealed vial of 20 to 40 cm3 volume. 5 7. A process
for the préparateflefimstingleceniipatiemodosefeofitiego ensure that, when the kit
radiopharmaceutical 99mTc-tet50f0 min, which comprises: . ,
1s reconstituted with saline the resulting solution has a pH in the
range 8.0 to 9.2;
with the proviso that neither the kit nor the **™Te-tetrofosmin

radiopharmaceutical composition contains an antimicrobial preservative.

2. The kit of Claim 1, which further comprises at least one transchelator chosen from

3-sulfosalicylic acid and gluconic acid or salts thereof with a biocompatible cation.

3. The kit of Claims 1 or 2, where the biocompatible reductant comprises stannous

ion.

4. The kit of any one of Claims 1 to 3, where the pH-adjusting agent comprises

sodium bicarbonate.

5. A multi-dose kit which comprises the lyophilised formulation of Claims 1 to 4, in
a seaied, stenile container fitted with a closure which permits addition and
withdrawal of solutions whilst maintaining sterile integrity; wherein the kit is

formulated such that 4 to 30 unit patient doses of ™ Te-tetrofosmin
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(i) reconstituting the multi-dose kit of claims 5 or 6 with either a sterile
solution of 99mTc-pertechnetate or first a biocompatible to carrier
followed by a sterile solution of 99mTc-pertechnetate; (ii) optionally
weaenyangaas step (i) in the presence of an antimicrobial preservatbmpLing3e7s
allowing 99mTc tetrofosmin complex“foignqtion to take place to give a
solution comprising a bulk supply of the desired 99mTc is tetrofosmin
radiopharmaceutical; (iv) optionally checking the radiochemical purity of
‘the buikisphpmaseurabomideofobfrim eoimglexawly-detediawing a unit
dose from the bulk supply of step (iii) into a suitable syringe or container;
20 (vi) repeating step (v) with an additional syringe or container at later

tingesTRegiMetipIiARE4 Kt SRS, WierPiaseshOhed alm sépiheseindhgal of 20

99mTc-perte§:hnetate used in step (i) has a radioactive content in the
rangeSHHCI0VEBEE 25 9. A stabilised radiopharmaceutical composition
which comprises: (i) the 99mTc complex of tetrofosmin in a biocompatible
carrier; (ii) a radioprotectant chosen from ascorbic acid or a salt thereof

with aAWHoc200i61064 prp 04T b1GB RV Baticabdblieconapatible cation,
at a concentration of 0.5,to 6.0 mmolar; with the proviso that the

Ll

radio%?ﬁ?&ﬁ@ﬁ%&i m%Fﬁﬁﬂfﬂ%&@ﬂ%ﬁé@ﬁfﬁﬁ?r&ﬁ%ntimicrobial |
presemvatiyp. > 10. IaGAmeseanal CRIDG: Ykinne Sacantahen,

of radioprotectant is in the range 1.4 to 5.5 mmo he composition
of Claims 9 or 10, weike thiutiadioptStEctpmntdshasearbicasid b:dRpdilige
composition of Claims 9 or 10, where the radioprotectgnt is sodium

ascorbate. 13. Thg%ﬁ?ﬁb@&ﬂﬁ’ﬁdo}?%ﬁff‘@ﬂ@ ﬁ’flﬁlﬁ’i’rﬁ 9 theEr RS Re
biocompagjple Cam%tﬁfﬁﬂ?ﬂ”ﬁ?@ﬁ@'&ﬁ §9{PH?E}1 the presence of an antimicrobial

preservative;

(111) allowing *™T¢ tetrofosmin complex formation to take place to
give a solution comprising a bulk supply of the desired *™T¢
tetrofosmin radiopharmaceutical;

@iv) optionally checking the radiochemical purity of the bulk supply of
the *™T¢ tetrofosmin complex;

(v} withdrawing a unit dose from the bulk supply of step (iii) into a
suitable syringe or container,

{vi) repeating step (v) with an additional syringe or container at later

times to give further unit doses.

8. The process of Claim 7, wherein the *™Te-pertechnetate used in step (i) has a

radioactive content in the range 5 to 100 GBa.

9. A stabilised radiopharmaceutical composition which comprises:
(i)  the ”"Tc complex of tetrofosmin in a biocompatible carrier;

(i1} aradioprotectant chosen from ascorbic acid or a salt thereof with 2



is 14. The composition of any one of Claims 9 to 13, where the radioactive
content of the 99mTc is 150 to 850 MBq. 15. A unit patient dose of the
radiopharmaceutical 99mTc-tetrofosmin which comprises the composition
wof [Maitnsl FBto 14 in a clinical grade container or syringe, wher&ia 2015163975
99niTc radioactive content of the radiopharmaceutical is suitable for
imaging a single patient. 16. The unit patient dose of Claim 15, which is
provided in a syringe having a syringe shield to protect the operator

against radiation d caigpatible cation, at a concentration of 0.5 to 6.0 mmolar;
with the proviso that the radiopharmaceutical composition does not contain

an antimicrobial preservative.

5  10. The composition of Claim 9, where the concentration of radioprotectant is in the

range 1.4 to 5.5 mmolar.

11. The composition of Claims $ or 10, where the radioprotectant is ascorbic acid.

10 12. The composition of Claims 9 or 10, where the radioprotectant is sodium ascorbate.

13. The compeosition of any one of Claims 9 to 12, where the biocompatible carrier

compnses saline solution.

15 14. The composition of any one of Claims 9 to 13, where the radicactive content of

the *™Tc is 150 to 850 MBq.

15. A unit patient dose of the radiopharmaceutical *"™Tc-tetrofosmin which comprises
the composition of Claims 9 to 14 in a clinical grade container or syringe, wherein
20 the ®*™Tc radioactive content of the radiopharmaceutical is suitable for imaging a

single patient.

16. The umt patient dose of Claim 15, which is provided in a syringe having a syringe

shieid to protect the operator against radiation dose.

25



