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Bl SPHOSPHONATES This invention relates to pharmaceutical products and
processes f‘86 25{{%%%5 product ion, in particular to phar naq,%%ljpg&l /Oﬂ)r"‘%duct S
conprising DI'sSp ospﬁonates and to processes for producing sucﬁ

bi sphosphonat e products. Bi sphosphonates are widely used to inhibit
osteoclast activity in a variety of both benign and malignant diseases
whi ch invol ve excessive or inappropriate bone resorption. These

pyr ophosphat ecPHARMACEVIICAL PRODUCES COMPRISING BISPHOSPHONATES! el at ed
events but they also provide patients with clinical benefit and inprove
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Yor k/ London pp 68-163). Custonarybi sphosp' honate dosage forms, e.g. for the
t reat ment of BiupkospBinatescrevividelyrused torinkibi osteastast activily ora wasletyt ofdoth bekignever |
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rise to furbi ossi ble |l oss of potency, neither of which can be
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sol ut i onrch@ieatibRdstedPsrosib,bsebpdiitn Ploedh aiscasy bt one, tEMBHr-Diuded b perydléeinia
resistance class | quality is not possible. Also such solufion in glass

pr oduct THEandi mers recently, bang petagnses (B andsmultiplejmyetpma@dMi(for reyiewassept i cal | y

filled, , ' .Catd QRS | " . und | d
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ions are | eached out of commercially avail abl e ass containers (Farm
Vestni k. Vol 54, p. 331 (2003)). Consequently, for short term storage of
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sol uti ons, em ¢
intravenous infusion solutions. However, bisphosphonates solutions, although intrinsically stable,

react with di- and polyvalent cations, especially calcium, barium, magnesium, aluminium, boron,
and silicon present in glass to form insoluble precipitates giving rise to turbidity and possible loss
of potency, neither of which can be tolerated in a pharmaceutical product. Further such
precipitates may lead to blockage of blood vessels and thus could cause a thrombosis as serious
complication of the medication. Thus long term storage of bisphosphonate solution formulations
in standard glass vials, even of hydrolytic resistance class I quality is not possible. Also such
solution in glass products cannot be terminally moist heat sterilized, and must be aseptically
filled, because the leaching of cations is accelerated under the elevated temperature conditions of
moist heat sterilization. It has been shown that at pH values acceptable for parenteral delivery,
significant amounts of ions are leached out of commercially available glass containers (Farm.
Vestnik. Vol 54, p. 331 (2003)). Consequently, for short term storage of solution in glass products
it would be necessary to aseptically fill the solutions, although in view of their high chemical
stability heat sterilisation of bisphosphonate solutions is inherently possible. Such aseptic filling

does not comply with the currently accepted processing norms, as outlined in the document no.
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stability heat sterilisation of bisphosphonate solutions is inherently
possi bl e. Such aseptic filling does not conply mﬁth the currently accepted

processi ng I outlined in the docunent no. 551
PCTf EP2004/‘8§6£@82§ MP/ QAP/ 054/ 98 con., "Deci sion tr eei%&a{??‘f”?@mé@l ection

of sterilisation nethods" issued by the European Agency for the Eval uation
of Medicinal Products (EMEA). The sane docunent also states that "the use
of an inappropriate heat-|abile packaging material cannot be in itself the
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a di ph %ﬁcﬁ@ s, e.gi Areﬂtak@JiﬂdCmedtd@ rmemw dfhige 16% salubility of th be@ﬁnt@te@fdrﬁfad bet ween
5 and 8; and (b) .is free of organlcbuffer and_pol yet hyl ene gl ycol and
wher ei nW%@V%léﬁta&fi Relyvalentgatigngceyen m ay Aevelsiof alkaling parth anetal impwitiesy cont act

wWth t nh

rpur (g il BRRRT AR R BIE fARoP o PABHEFIn ATl BEENIR, 1 6
of at Iﬁa‘atnammof:smhprﬁemtaﬁmwhémmmmmgdoﬂqenunatad bisphospHoakxacidadobrtioas., such as
pol yet hyl ene, pol ypropyl ene and pol ynet hyl pent ene. However, WO 02/22136

does not include any teaching as to how, when or if the product is

sterilised hdH | gmﬁ) o0 keep
t he pT‘—| yal uéf éggxggﬁgh%@gﬁngr?gés‘gg tinme 23’@231? 6{#3}%&% ent rll%?/veﬁg ‘géé
bi sphosphannaveeticabproduct comptiesig contaivericdntamingardiphoaplematelin sdsiamm whetsen f ound
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| Nt er acfyycol and wherein the container is a glass container in which the surface in contact with the

solution has been pre-treated to protect against {eaching of impurities from the glass by the
solution or wherein the container consists of at least one component manufactured from a non-
glass material, such as polyethylene, polypropylene and polymethylpentene. However, WO
02/22136 does not include any teaching as to how, when or if the product is sterilised. Further this
reference does not give guidance on how to keep the pH value stable over sterage time if highly

potent low dosed bisphosphonates as e.g. zoledronic acid is formulated.

It has now been found that bisphoesphonate solutions may be formulated for long term
storage in containers comprising polymeric materials which containers do not chemically interact

with the bisphosphonate solution and which may be conveniently terminally sterilised.

Accordingly the present invention provides a ready-to-use bisphosphonate pharmaceutical
product comprising a container vcdntaining a bisphosphonate solution, in which at least the
internal surface of the container comprises a plastic material and in which the container is heat

sterilisable.



wi th the bisphosphonate sol ution and which maybe conveniently termnally
sterilised. Accordingly the present invention provides a ready-to-use

bi sphospho ceutical product conprising a container containing a
D BRRES PealiFruaity

bi sphospho lon, in which at least the internal P the
contai ner conprises a plastic material and in which the container is heat
sterilisable. 2 WD 2005/ 025551 PCT/ EP2004/ 010470 The products of the
present invention are advantageously solution products for parenteral

adm ni stration which do not require reconstitution of a |yophilisate prior

to use. Conveni engl | so the praduct be heat .steriljsed in sity in the
cont ai ner du °r?g§°‘i3’r°§cﬂf§?q16?ﬁenwgqn%%ﬁﬁeﬁge. bot qwq?ﬁipé? ts 40 nayegterdl; sed
(e. 9. byishReMdnmSciRgy AR rapHe YeodstRRi Al ol Mbphilishte gﬁbﬂ fosévaGhly Level of

at least 10-6). Additionally, these ready-to-use solutions do not require
di | ut i oalsethe produet mayshe. hetaterilisedineity imthe comainendaning produetjonp prefediatilyni st er ed

orally, transdernpl | tEby injectio . .. subcut.gneously, .arterially or

i nt r avelfGYoRyY M n&eaﬁtg%és?gﬁ'%/ by ﬁ%%%‘&l@?’%ﬂ%ﬁm‘f eoq%?ﬂ}’é‘ﬁtai %?F@Y g ssurance
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sol utions which are ready to use, in which the bisphosphonate i's present at
a concenseration suitable for direct admnistration without dilution and as
such are referred to as "ready to use solutions". Preferably the ready to
use solution product is in the formof a unit dose ready to use solution,

i . e. cont ai MeheSptbdhicts dTMbe iAlEHBA Hidk ®O alMinisired oﬁdn?gdr&saeﬁﬁny,ro?a Wy&tion,SUch
unit dose ready to use solution products for infusion typically have a
vol ume &6 heutangaesdy, rrienallyins intrayepouply Most prrferebly tee prpductssefhd ipvéntiopatgbout 50
to abouf , 2: . l.ve about 100 ml (wherein such vol unes may
additio%%ﬁg%te?%ﬁc yﬁggg‘%% olxgglgﬁ't 20mL, e.g. preferably about 2 m, overfill
to accommodate for liquid remaining in the contai ner when the ready to use
solution is .infused to a patient.). Such ready to use sol utiaons

¢

advant ageousTHe RiP@Icky iminvension compEeso g PRSIVNGh 3re ceady b, Frvbichihge with
E?iSZﬁ’ﬁ kfggﬂb@ﬁho%@t%@s B3 artaBhcefttrh for® 5dABle Fol R E a dudl A NDRGv R 8o P! €X1 ng
and as such are referred to as “ready to use solutions”.

Preferably the ready to use solution product is in the form of a unit dose ready to use
solution, i.e. contains sufficient bisphosphonate for a single dose treatment. Such unit dose ready
to use solution products for infusion typically have a volume in the range from about 20 up to
about 500 ml, usually from about 50 to about 250 ml, preferably about 100 ml (wherein such
volumes may additionally include up to about 20ml, e.g. preferably about 2 ml, overfill to
accommodate for liquid remaining in the container when the ready to use solution is infused to a

patient.).

Such ready to use solutions advantageously are brought to a physiologically acceptable pH
value with bases. It has been found that with organic bases that have cation complexing properﬁqs
slight hazes due to precipitates of the drug substance with cationic impurities of the excipients
used can be avoided. It further has been found that compared to strong inorganic bases as sodium
hydroxide, a slight buffering system is formed in situ with the bisphosphonate itself which
enables more easily adjustment of the desired pH-value and ensures optimal stability of the pH
value over the whole storage time. The pH of the solution is preferably in the region from about
pH 4.5 up to about pH 8, more preferably in the range from about pH 5.5 up to about pH 7.5, e.g.
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slight hazes due to precipitates of the drug substance with cationic

i mpurities of the excipients used can be avoided. It further has been found
t hat conpar w® 1005/@5550ng | nor gani ¢ bases as sodi um hydr opdfier064/6Gbd760 ht
buffering systemis forned in situ with the bi sphosphonate itself which
enabl es nore easily adjustnent of the desired pH val ue and ensures opti nal
stability of the pH value over the whole storage tine. The pH of the

| uti [ bly .in th ' f bout . nH 4.5, t b H 8,
more. pr bRitaH & PHANOHLPH QA gE PSR LA dEaBpies by sresis s e . 3 vo
2005102533 mRir o ERARD ¢4 b2 brgnicabiakhs Rtidacki, %m@itg%tla&ié aBidBgRfanAbRYd, PH 7. 2.

Exanpl es of suitable organi C bases include the i umor potassiumsalts of
or gani ¢ tartingacidsfumede peid.aaalelic acids orimaligarid, Fuskarinoreabasik fogs ofamioo acids,
tartaric agi d unaric.acid, .malelc acid, or.ymalic acid. Furthernore, basic
For ma. ofmatHe e SRce i onaceiiBe dtans Sf b §Rnerbafic bt eSS R v oo of
sui t abl & opRstEH PROPhARSS Sidh ﬁy&eg\ddwﬂaﬁate BPdoafusi byare188 1SS Rixngresostine hydr ogen
carbonat'e or sodi um hydroxi de. Al so nmi xtures of the above bases, or

m xt ur esabove hases, eramixgires afithe bases widotheis sprospondipgasids snayehe used. Forekampls,

exanpl e, he for m I on. CONprise a. 1. g .sodiym cihtrate,. wth an
aci d, e.ta‘? Rﬂ%&?@%%f‘%ﬁloéﬁ) élllé?g?éaser-’?'gfsé)@a %}Qﬁﬁgnglaaggacfdz 8_§_ g’ér)g&? "§2%ot assi um
sal t. Wygdfetablynhe 8¢ BSSodiinbe gotassiti@alp Whdnalsingipotlssiut@Gh R, &l phivéivogiedl such
formul ati ons_however have to be carefully assessed, and it is recomended

not to eeleebiity sfsupnfpsmultionsdemerehaeniobscsiilypssseedasiditis rasommsadeds er um
whi ch i A L .
R

t he sol uf imilli-mddesiper it range from about 250 nOsmi kg up to about 400 nOsn kg,
nore preferably from about 260 nOsm kg up to about 350 nOsm kg, e.g. about
300 nOsnf kg. Exanples of suitable isotonising agents .are: glycerol,

pol yet hyl ene gl ycol, propylene glycol, ethanol, cyclodextrins, am no acids,
sugars and sugar al cohols including: ducose, fructose, mannose, nmannitol,
sacchar ose, [Sach rady totusebulbtias mayalsb dypically oorthpriselan istbahising ageht Preferablgodi um

nitrate, wpotassi ymchl oride, urea, anmoni um chloride. Preferably the
| sot oni SBADISHEAL Be Solarion, i ini B faaes @BE BHE P LmOgB e Uht @E@ﬁ#@@ s}%p'gga
sugar, %&ﬁ@ﬁegaggy i a%uoozzdoxﬂbsm&ghﬁ tohabod 350 nmg{mgg,r@g. abg@t%b@ RicnDRg agent s

for use In ution pre-concentrate are nanni propyl ene gl ycol ,
Examples of suitable isotonising agents are: glycerol, polyethylene glycol, propylene glycol,

ethanol, cyclodextrins, amino acids, sugars and sugar alcohols including: Glucose, fructose,
mannose, mannitol, saccharose, lactose, trehalose, maltose, sorbitol, sodium chloride, sodium
nitrate, potassium chloride, urea, ammonium chloride. Preferably the isotonising agent is a non-
ionic isotonising agent, more preferably a sugar, ester, alcobol or polyol. Particularly preferred
isotonising agents for use in the solution pre-concentrate are mannitol, 1, 2 propylene glycol,

glycerol and sorbitol, of which mannitol is particularly preferred.

It has been found in accordance with the present invention that the use of non-ionic
isotonising agents permits easy and reliable analysis, e.g. by ion chromatography, capillary
electrophoresis, and high performance liquid chromatography (HPLC). It has been found, that
with reversed phase HPLC using an ion pair reagent (e.g. tetrahexylammonium hydrogen sulfate)
and a complexation reagent (e.g. ethylendiamintetraacetic acid, EDTA) and the UV detection
mode a very low concentration of the bisphophonate and especially of potential by-and
degradation products can be reliably determined. It is highly desirable to be able to detect such
potential by-and degradation products at the low concentrations at which they are present in ready
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gl ycerol and sorbitol, of which mannitol is particularly preferred. It has
been found in accordance with the .present invention that the use of
non-ioni ¢ weALEGNREsSNg agents pernmits easy and reli abl e mAatPs6isd10460 9. by

i on chromat ography, capillary electrophoresis, and high performance |iquid
chromat ography (HPLC). It has been found, that wth reversed phase HPLC
using an ion pair reagent (e.g. tetrahexylammoni um hydrogen sulfate) and a

I ti ...ethyl endi am nt et t i d, EDTA), d.the W
et ect | rueaRBorar o N Aoyt 4 ' AT =Dn COLE O orsE e HrrPodiftcr |y
of pote g?h@?ﬂ%ﬁ%ﬂ@m&%ﬁ%ﬁ%ﬂfﬂ%ﬁgﬁnﬁﬁﬁ b RelaBly @RhdACTRE M ned. 1t is

hi ghly desirable to be able to detect such potential by-and degradation
pr oduct somdsporus td GhPecelated e thatdecdasd doseywwhich isttheseparting it evitich has todzedy 4 VWO

2005/ 025551 PCT/ EP2004/ 010470, t o use sol ytion .pr.oducts. No derivatization
step i s 2fugedyprder tp Gpmply wi 'W%B“%é"@“g&ﬂ%gﬁugﬂmﬁ?'oduct of the present

invention a GAGRANPédeVTheédusfnfify i%imisomug»eage&k,ieagzlssdiﬂﬂ.adindrfdb,eisiuseﬁbi S
corresponds to 0.1%related to the decl ared [ose, which is the reporting
limt, theseintdrfess with the chraniatograplicimeasurements to ansutsnt/that pdieritiat wraad i onal

regul at qr idelines. In.contrast. |. ne of the customary ionic

i sot oni 2‘%@%@%3?9?3%@&?’0@5&%%?%‘?38Jﬁ‘aﬁ, is used, these interfere with the
chromat ographi ¢ neasurenents to an extent that potential by- and

degradati on [ﬁrqoduct s cannot be reliably quantified. Thus in particular

enbodi nent s Thes in pedigelaembadimentethe inveptinn ingludes pradueipsalsfned above, ihwbish t he
I sot oni g n _ | -koni.c: i) and in which the ;product is analysable
with al erﬁg?tgrg,ﬁﬂé%é‘eﬁhﬂ?xg il%r#'for t he bi sphophonate and its by-and

degradati on pragdicwBick thekodueis tndlyshbte methat it bhquahtitatie foaltlﬁbiﬁfhgpaonate
preferably w thout applying a derivatization ste& and ii) A product as

def i ned abovand ihycamdidszradatioppsedustspf atdeast GL% rpited do the gesohy with a

conpl exati on ‘ A, for ' j;on of the bi sphophonate and
its by-and ggege?%%l?ﬁgﬁnS]F@%gtagglr\}\x#ﬁa@%ﬁ%a%{dof guantitation of at |east
0. 1% r el at edii) A prdduct aielefinddeaboole) hichds adatysailé y wivelsediphaap phrgmawgaphy
derivatization step. Thys in a further grdeferred enpodi ment the invention
provi des a pwatpnqi@gmlq)@gpn %gega §& EDTA, for determmation of the bisphophonate and its

by-and degradation products with a limit of quantitation of at least 0.1% related to the

declared dose, preferably without applying a derivatization step.

Thus in a further preferred embodiment the invention provides a pharmaceutical product
comprising a container containing a bisphosphonate solution in the form of a ready to use
solution, comprising

a) a unit dose of a bisphosphonate,

b) an organic base, and

c) a non-ionic isotonising agent

in which at least the internal surface of the container comprises a transparent plastic

material and in which the filled container is terminally heat sterilisable.

Ready to use solution products may be provided in infusion bags; for instance as
customarily used for infusion of other therapeutic infusion products, e.g. plastic infusion bags
made of polyvinyl chloride, polyolefine copolymers, a Cryovac® M312 foil (Sealed Air
Corporation), Baxter Intravia®, and B.Braun PAB (polypropylene with 10% of styrene ethylene -

butylenes styrene (SEBS) thermoplastic elastomer) or similar infusion bags.
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conprising a container containing a bisphosphonate solution in the formof a
ready to use solution, conprising a) a unit dose of a bisphosphonate, b)
an or gani chw®e00s02655¢) a non-i oni ¢ i sotoni sing agent in pdyERoAlo1d4e@St t he

i nternal surface of the container conprises a transparent plastic nmaterial
and in which the filled container is termnally heat sterilisable. Ready to
use solution products nmay be provided in infusion bags; for instance as
customarily used for infusion of other therapeutic infusion products, e.g.

pl astic infusion bags made of polyvinyl chloride, polyolefine copolyners, a

Cryovac(r) Mpicdniiner (26Rd Sidlauiic Bfm@%v@eﬁ&tm%mp%@éagrasé EUnkAer f¥ing a aNd
B. Braun PAB (pol ypropylene with 10% of styrene ethyl ene - butyl enes styrene

( SEBS) tramsparept platic annet hmngmrﬂrct):rably, bownveer thei cofitaiienis Mg@f pEsMﬁnaeﬁa/aﬁQSSS 1
PCT/ EP2§04/ 0410. T r for th rodu %ﬂlh ntlon

compr | 5808 "t SEPSE AEeh B T e s Ar RS st bie ma e Ased e
Prefer al@bbysulﬂﬁwwcarbbme 9@% §Rhe 'p%ly@ﬁ?l@ @(ﬂ.nm&trmpm)ammeaé/p@gﬁemdoes not

conprise a glass outer shel anp es o | astic materi al

used i neppalgmers,polyplefinesy m,rthammsl@a@mbms;P o polpestas (¢ arRET, PEN/and e lekeé, ( LDPE

ool ymaeaeh RS BBl OB BorvRRGPLTELS FVER, Y Ry iR AN BRI B
acetal (Thebisic mmehaa raedd ot iekek S@e of EddbXher i faverably teemeparértt plablit mateaAly mer

etc. The plastic material used for either type of container is preferably a
transpaﬂédﬁlsmaaélﬂ‘ieétmﬂﬁmlé‘lVlsuailméPeCF‘?nP%th??%ﬁ@f‘%cent and pernits visual

I nspection of the contents. Furthernore the plastic material used is a
plastic which is capable of withstanding heat sterilisation in the filled
and unfi || edFaitidrmore.ths plhsticadistialuseitis hplasticavtieti is icamblecst veithgtanding aeat
sterilisation or su rheat‘{n% wat er Sh%V\%I’I ng steriljsation, at a tenperature
of at | &egiisaliggin ?c llgé sfate, Brefseably meistdicat sterdisations.g #te@inper at ure of

at | easty ligdion Or & ebeaté@Jvat@nzs‘thering ﬁFﬁﬁsﬁﬁ‘éﬁl’i‘ %t% a)c{temBEﬁ{u?é 64 18keabhegRE eri al s

for thescontalner are transparent cycloole
tq about 130°C or higher, e.g. at a temperature of at least 121°C, e.g. at 121 — 124 °C.

Particularly preferred plastic materials for the container are fransparent cycloolefinic
polymers such as Daikyo CZ resin, thermoplastic olefin polymers of amorphous structure (e.g.
TOPAS, manufactured by Ticona). Most preferred are Daikyo CZ resin and similar cycloolefinic
polymers.

Ready to use products may be provided in plastic or plastic-coated bottles having a

volume from about 20 ml up to about 500 ml, e.g. about 100 ml.

Bisphosphonate solutions may also be administered by slow intraveneous injection of a
more concentrated form, e.g. with a concentration in the range from about 0.01 to about 0.5, more
usually from about 0.05 up to about 0.2 mg bisphosphonate/ml. For this purpose the product may
also be filled into prefillable syringes that can be terminally moist heat sterilized, e.g. in syringes
made of Daikyo CZ resin or similar or of thermoplastic olefin polymers of amorphous structure
(e.g. as sold by Schott under the trade name Schott Top Pac or similar)

Commercially available plastic container materials like the Daikyo CZ resin further have a
thermal deformation temperature according to ASTM D648 of 123 °C, which would narrow
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pol ymers such as Dailryo CZ resin, thernoplastic olefin polyners of

anor phous structure (e.g. TOPAS, manufactured by Ticona). Mst preferred
are Dai kyo @ zeso2sssand sim lar cycloolefimc polyners. pdigpghodioRodde €
products nmay be provided in plastic or plastic-coated bottles having a
vol une from about 20 ml up to about 500 m, e.g. about 100 m.

Bi sphosphonat e sol utions may al so be adm ni stered by sl ow intravenous
injection of a nore copcentrated form e a concentration in the

.g.. Wth
range f @6y M%ﬂp@b@lst%izaww.rst;m%teraémoasla\émrtﬁylt hasnpvabrsafounddbat p ¢ o

about 0_2 -m,hi E]ﬁl%;‘ﬂi ' : al so be
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st eri | i asdsurghlgdeformaipns ofybs containie nof tolmpéiyed cOitaines¢losune insagrity. ar or of

t hernopl astic ol efin polymers of anorphous structure (e.g. as sold by
Schott under the trade nane Schott Top Pac or simlar) Commercially

avai | abl e pl padfirRb1G BRIGMHPREhOMIE bR ik ik SnvieRiforl e {ﬁ%%itﬁ%gﬁ%éﬁtﬁinfnlg” her “have
a thermal defornmation tenperature according to ASTM D6 of 123°C, which
woul d nispbespBonal®sipclsding Bi5d hAaR siiexdams (hih Zontaigiauwine proups orsgsperially

sterili ?@{{Si gn .t enper.at ure tt.O. at_.nost 1@3 C .t hagj now Peen 'fl‘ und, t hat

steri | i S0RSF BAVIRR A Chems coppinine pFBs S PYRBIPE IRy Het FIOSt SPesda EY.C"BB‘IWB% 130 C,
| ead neiatdafticnfirogeRasnthinisedffcpdiemt i ons of the container nor to inpaired
container closure integrity. Preferably the "bi sphosphonates for use in the
I nvention are the nitrogen containing bisphosphonates, including those

Cide ohai e ERPAPHPHRANE BRYRPheled forBhot R BloRpR ARy SR BRI )

cont ai Nichaipowde 6P4 plariaédutGala66tptablerthlt theRRF: SL BRiN6- 18 drdvyBivphes], pf sui tabl e
bi sphosphonates for use in the_invention may include the follow ng

conpoun d’;ii)beﬁpb&niﬁ weidrawmidranicacid), e Papidsenate s 3-Nedimethylamino)-1-
o i o TR R 0P AR bhone i€ A0e BN AR, 4 BA ShARK gt 1 O 9 i

aci d, e.dgphosphdrichigid-(Alehirodic acitl))e-gl altnydisrarey bbiydrogy-tthidenel bisphsspheic acidci d
(al endr owi c _aci d), al endronat e; 1-hydroxy- et hi dene- bi sphosphoni ¢ aci d,

e.g. A ! N¢
e.g. et icd ofiffpRate; A-hydeysdp(metinipentyamiaok Rroryidrerbisphepphontsasid, Basgmpis phoni ¢
aci d, baa@qu &8B! ibandronate; 6-amino-1-hydroxyhexane-1,1-diphosphonic acid, e.g. amino-hexyl-BP; 3-

(N-methyl-N-n-pentylamino)-1-hydroxypropane-1,1-diphosphonic acid, e.g. methyl-pentyl-APD
(= BM 21.0955); 1-hydroxy-2-(imidazol-1-yl)ethane-1,1-diphosphonic acid, e.g. zoledronic acid;
1-hydroxy-2-(3-pyridyl)ethane-1,1-diphosphonic acid (risedronic acid), e.g. risedronate, including
N-methyl pyridinium salts thereof, for example N-methyl pyridinium iodides such as NE-10244
or NE-10446; 1-(4-chlorophenylthio)methane-1,1-diphosphonic acid (tiludronic acid), e.g.
tiludronate; 3-[N-(2-phenylthioethyl)-N-methylamino]-1-hydroxypropane-1,1-diphosphonic acid;
1-hydroxy-3-(pyrrolidin-1-yl)propane-1,1-diphosphonic acid, e.g. EB 1053 (Leo); 1-(N-phenyl-
aminothiocarbonyl)methane-1,1-diphosphonic acid, e.g. FR 78844 (Fujisawa); 5-benzoyl-3,4-
dihydro-2H-pyrazole-3,3-diphosphonic acid tetraethyl ester, e.g. U-81581 (Upjohn); 1-hydroxy-2-
(imidazo[1,2-a]pyridin-3-yl)ethane-1,1-diphosphonic acid, e.g. YM 529; and 1,1-

dichloromethane-1,1-diphosphonic acid (clodronic acid), e.g. clodronate.

A particularly preferred bisphosphonate for use in the invention comprises a compound of

Formula I



acid, e.g. "ibandronate; 6-am no-I|-hydroxyhexane-I,I-di phosphonic acid, e.g.
am no- hexyl - BP; 3-

(N- et hyl - Nwo pesié2gssani no) - i - hydr oxypr opane- 1, 1- di phosphgei/gpaed/Hos76- 9-

met hyl - pentyl - APD (= EM 21. 0955); 1-hydroxy-2-(in

i dazol -1 -yl )ethane-i, 1-di phosphonic acid, e.g. zoledronic acid;

1- hydr oxy-2-(3-pyridyl)ethane-1, 1-di phosphonic acid (risedronic acid), e.g.
ri sedronate, including N-nethyl pyridiniumsalts thereof, for exanple

N-nmet hyl pyridiniumiodi des such as N§410244 or NE-10446;

i - (4-chl orophenyl t hi 0) met hane-1,1-dip aﬁyhonlc acid (tiludronic acid), e.g.
tiludronate,;

3-[ N-(2-phenyl t hi oet hyl ) - N- met fyf-am. _@xhydroxypropane 1, | - di phosphoni c
acid; 1=hydroxy-3-(pyrrolidin-1- yI)prb |-d|phOSph0nIC acid, e.g. EB
1053 (ieo); 1-(N-phenyl- anlnothlocar &nethane I I-dlphosphonlc aci d,
e.g. FR 78844 (Fujisawa); 5-benzoyl -

di hydr o- 213- pyrazol e- 3, 3- dlphosphonlc Cld tetraethyl ester, e.g. U 81581
(Upj ohn) hl_ ydroxy-2- (imdazo[1l, 2-a]pyridin-3-yl)ethane-i,|-di phosphonic
aci d, ‘6 529; and 1,1 dichloromethane- 1, 1 -diphosphonic acid

(cl odr oni ¢ agietljs, anemgiazabqdcramatlmmmaﬁdxmleatbhammﬁiﬁiazeté lbyrisampspbonat e

for use in the |nvent|on conprises_ a conpound of. Formula I WO 2005/ 025551

PCT/ EP2004/ 0 1uipgels, 1.3.4rtriazqle @iaezzmmzo x %l,mtp@quh@namév@mtqdéw llylan

m dazol e, o M% di
I1 2, 3-Z tri azé%% %aygal?)hgazo & or %%%ﬁggmpgoﬁ?ggﬂlj Pb&%?%ﬁ} op'[: olngFI y
subst it ut ed lajkandy yddicalsadriadbenzyl helicabeptionddiyckubstiphted byalkeix yitro, @ninamt No gr oup

optionally SUbStlabiXi ed by al kyl or al kanoyl radicals or a benzyl radical
optional |y sdB¥1%@tdted by al kyl, nitro, am no or am noal kyl ;

A is a straight-chained or branched, saturated or unsaturated hydrocarbon moiety

containing from 1 to 8 carbon atoms;
X is a hydrogen atom, optionally substituted by alkanoyl, or an amino group optionally
substituted by alkyl or alkanoyl radicals, and
R is a hydrogen atom or an alkyl radical,
and the pharmacologically acceptable salts thereof.

Examples of particularly preferred bisphophonates for use in the invention are:
2-(1-Methylimidazol-2-yl)-1-hydroxyethane-1,1-diphosphonic acid;
2-(1-Benzylimidazol-2-yl)-1-hydroxyethane-1,1-diphosphenic acid;
2-(1-Methylimidazol-4-yl)-1-hydroxyethane-1,1-diphosphonic acid;
1- Amino-2-(1-methylimidazol-4-yl)ethane-1,1-diphosphonic acid;
1- Amino-2-(1-benzylimidazol-4-yl)ethane-1,1-diphosphonic acid;
2-(1-Methylimidazol-2-yl)ethane-1,1-diphosphonic acid;
2-(1-Benzylimidazol-2-yl)ethane-1,1-diphosphonic acid;
2-(Imidazol-1-yl)-1-hydroxyethane-1,1-diphosphonic acid;
2-(Imidazol-1-yl)ethane-1,1-diphosphonic acid;
2-(4H-1,2,4-triazol-4-yl)-1-hydroxyethane-1,1-diphosphonic acid;
2-(Thiazol-2-yl)ethane-1,1-diphosphonic acid;
2-(Imidazol-2-yl)ethane-1,1-diphosphonic acid;



A is a straight-chained or branched, saturated or unsaturated hydrocarbon
noi ety containing froml to 8 carbon atons; X is a hydrogen atom

optional | y wasts/2sesed by al kanoyl, or an am no group opsd@E@bdayb10470
substituted by al kyl or al kanoyl radicals, and Ris a hydrogen atom or an

al kyl radical, and the pharmacol ogically acceptable salts thereof. Exanples
of particularly preferred. bi sphophonates for use in the invention are:

et L) RS s i gosshont a1 o
2- (1- Met hyl | TZiPEallimidabol-4(5) U—Qtlttﬁﬂﬁ:sbhdm@ucﬁmosphom c acid; I-

Am no-2-(1-neth I|mdazo -4-yl)ethane-1, 1-di phosphoni c acid; 1-

Ani no- 2- g 1I b%(f‘zg} Dimpthylingidagolyl-y lkﬂmw@xn?t@nan prdigkosphonic agid,and
2-(1-Me 1
- Bfanzyl ;[ mydiat ﬁ%&}ﬂ’%e g‘re'isé@??ﬁ 1 hy&ré)qg phbna%ﬁo%ﬁéﬂc agld(

2-(Im dmﬁbhafma)do)ogibaﬂyﬁkrcemmbhﬂts&h&eo‘f- d| phosphoni ¢ aci d;
2- (I m dazol -1-yl) et hane-1, 1-di phosphoni ¢ aci d;

2-(413-1,2,4-triazol -4-yl)-1-hydroxyet hane-1, 1-di phosphoni c aci d;
2-('Thi azol - 21\/136@ Eﬂ@ﬁ-@@b&qﬂosﬂhm% R tﬁt,cllndennon are Dx§8dxgx}1-3 vpipg- -1-

2- (1 m dazol - 2-yl') et hane- | phosphoni ¢ acid

CT/ EP2bpdrpeytprepylidene-1,2- lmbngnhpnﬁtcjmhydx(aa(pymyde@mcamd)lanﬂzdmpidmwmc aci d;
2-Ph B
2- E4 5- %ﬁ%}hiﬁ@? adglcg)}&liy IS)%%@F%Q%;;? Jﬁane IQP-H%C% %&hﬁ%%cﬁfpéa%%fa s and

2-(2- I\/eﬂthOfm dazol - 4(5) - yI ) -| - hydr oxyet hane-], I - di phosphonl c aci d, and
phar macol ogi cal | y acceptabl e salts thereof Mre :preferred bi sphosphonates
for use in the invention are D sodiutn-3-amno-|-

hydr oxy- pr opYhd sles) referiedbisphiosphphaie for eseiatiteahyeitioh és I-fiaidadolnsl-aci d) and

2- (i mdazol -1yl
( hydroxyet a?ze-l 1-diphosphonic acid (zoledronic acid) or a pharmacologically acceptable salt
thereof.

Particularly preferred ready to use products are in unit dose form and comprise
from 2 to 10 mg of zoledronic acid or a pharmaceutically acceptable salt thereof. Most preferably
the zoledronate unit dose product comprises an equivalent to 4mg or 5 mg of anhydrous

zoledronic acid, in particular as hereinafter described in the Examples.

Pharmacologically acceptable salts are preferably salts with bases, conveniently metal
salts derived from groups Ia, Ib, IIa and IIb of the Periodic Table of the Elements, including alkali
metal salts, e.g. potassium and especially sodium salts, and also ammonium salts with ammonia

or organic amines.

Especially preferred pharmaceutically acceptable salts are those where one, two, three or
four, in particular two or three, of the acidic hydrogens of the bisphosphonic acid are replaced by
a pharmaceutically acceptable cation, in particular sodium, potassium or ammonium, in first

instance sodium.



hydr oxyet hane- 1, 1- di phosphoni ¢ acid (zol edroni c acid) or pharnacol ogi cally
acceptable salts thereof. The nost preferred bi sphosphonate for use in the
i nvention iwo3edsiopdsgpzol -1yl )-1- hydroxyet hane-1, | - di phegRi®des/ oG

(zol edronic acid) or a pharnacologically acceptable salt thereof.
Particularly; preferred ready to use products are in unit dose form and
conprise from2 to 10 ng of zoledronic acid or a pharmaceutically
acceptable salt thereof. Mdst preferably the zoledronate unit dose product

conpri ses anAJGURFEPES SroBP mhamlawv@llwcawﬁ?}a RJtsds chagactarized Py havdngat | n
particu |

Becept atfis 2pHEe BB KRind 88 phir Rt Col iEocp B IRty CORIIREALAT, Hidpisf
der i ved of the phepphanisadidigroinps. | ia and I 1 b of the Periodic Table of the
El ements, including alkali netal salts, e.g. potassium and especially
sodium salts, and al so ammonium salts with amonia or organic am nes.
Especial ly pmf %ﬂoﬁﬁ%ﬁ%ﬁ‘ﬁe 162 veY mBGtfoRbd AUVE afA iIP IR frddiBRe Where one,
two, three or ou I'n partlcu ar two or three, of the aC|d|c ydr ogens of
t he bi s fiteatpledTiicinalnies thclemaapﬂaamec(sdeyb g EPﬁhélilﬁﬁGepn i184R). [Fonexaaple Bt e

cation, | ar t ass m or n fir nstance
codi um TR POESPEREBE A B A SR B P S pe
phar mac @;yg.b. Qs stwé}p@semé &BbBunahit 8s USRS, 639, 338hnl Y, 112)880 %t -hy'dﬁﬁ t one

acidic rogen and one pharnaceutically accepfable cation, especi al
sodi um 2+(nm@mﬂrl-y®btha¢ﬁel bmphmm aatdndprgp@qbes desgribedives. mﬁﬁlpaisgthom c acid

|l uged RN See it o arEe G rE- 183 e ARAe1 wERe O35 sk B U B T

3- am no- 1- hydr oxypropane-1,i-di phosphoni c acid is: prepared as descri bed
e.g. in US patent 3, 962,432 as well as the disodiumsalt as in US patents
4, 639, 338 andhealinyantiog 83 immﬂegprppdqscs)@p the production of the solution products of the

2- dazol e- 1, 1: di ph | s pr d as d bed
LS parenion yhisSgrranes apihy SR irniel it S8EE8 B G 657 767 and b
0 275 821 B.

salts

Accordingly in a further aspect the invention comprises a process for the production of a
pharmaceutical product comprising a container containing a bisphosphonate solution, in which a
bisphosphonate solution is provided within a container in which at least the internal surface of the
container comprises a transparent plastic material and in which the container containing the

bisphosphonate solution is terminally heat sterilised.

Thus the container containing the bisphosphonate solution is heat sterilized, preferably
moist heat sterilised e.g. by saturated steam, steam/air mixtures or superheated water showering
sterilisation, at a temperature of at least about 110°C to about 130°C or higher, e.g. ata
temperature of at least 121°C or higher, e.g. preferably at about 121 - 124°C. The effective
sterilization time depends on the D-value of test spores in the solution and should be dimensioned
that an overall SAL of at least 105, preferably of at least 107" is obtained. The effective
sterilization time (dwell time) may be from about 15 minutes up to about 3 hours, conveniently
from about 15 minutes to about 2 hours, e.g. preferably about 30 min. Advantageously the heat
sterilisation is terminal heat sterilisation, i.e. heat sterilisation which is carried out near to or at
completion of the production process, after filling of the container with the bisphosphonate
solution and preferably after closure of the container, e.g. with a suitable cap, stopper or other

closure. Conveniently standard production equipment for processing of glass vials may be used.
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The invention al so includes processes for the production of the solution
products of the invention, which processes typically conprise a term nal
heat steril] q%%@p!%tep. Accordingly in a further aspect the invention
conpri ses a%r 4% or the production of a pharmaceut i RAVERIPYHIR4TO
conprising a container containing a bi sphosphonate solution, in which a

bi sphosphonate solution is provided within a container in which at |east the
internal :surface of the container conprises a transparent plastic nmateri al
and in which the container,containing the bisphosphonate solution is
termnally heat sterilised. Thus the container containing the bi sphosphonate

sol ution is Huitebleguiher ptppreas arp those Whish showpnly megligible loaghing pEwetakions likey
t t . . i1 .7 { '
ster: 11 Copbinh Rl AP T8 ok o Alrtbn i WS ERLE S o L MR erGhe o,

hi gher, s¢lutionsalreferred stopiRictave @ 104 ashi cobRaisdnd hreldoated ohitedsroduct side with@her abl y
at about 121 - 124C. The effective _sterilization tine depends on the

D- val ueimapermgahle anddnatbarrier; oi8. meslenf EHE o Feflogis fuerinated glastomers witable hat  an
, 7 - - I : ' t ai Th
of fect | bl ire Y TRASE D7y, BEED71, Daid DASOakie LA A DitEy 70

t 0 aboubn thelppodust sideowitlem ETFE Yayed, ooHelads BM259/0rdoatet] @dthtadapdpobd 2 hours, e.g.
preferably about 30 min.  Advantageously the heat sterilisation is term nal
heat st EPPIopRlyRIFESR:E- fhe Jtetyogbpropuaiany maiskel Quf R OmnlexpIP9d out near to or
at conpletion of the production process, after filling of the container
with the. bisphosphonate solution and preferably after closure of the

cont ai ner, eThe readytth use kisphoagiionate apintict maypke propared indulk adaklivered foathe eni ent | y

VIO 2005FURHSSE (LT EF AR P TISH AF AT eAi o s o0 BispRAE bl PREEE whi ch
show Onm,%e% 18 itlforla8BRRbA 6f BF B bR hdsﬁdb%ié-ici‘cﬁefg?%cﬁédi ic Hﬁ&ﬂﬁ%ﬁlﬂ@ zinc or

silica n contacted with aqueous solutions, e.g.” bl sphosphonate
sol ut i ofierm ¢fracshlt theesnf, St theespdiumesali. Bulk bisphosphanetetsali solatichsanay tequepactddry t he

pr oduct ‘side. wi.th an i nper ble and inert,barrier, e.q. made of ETFE,

e on gl ietaf BteauPRS cerrich of map P ppased SR sy sPhoRg gy o

D- 777- 1 etk Qf Bie/Feb bRphit i ack Wilida bdse) dy Aelratidarion of thd ackPRHEShdngA t he
product side with an ETFE layer, or Helvoet  FM25910 coated with a layer of a
f | uor opbiygmxide foegive the monpisodivmisal rdigodivat saltytrisediemisalt oCietra s9diym salt ®mi f | ex

pl us).

desired, e.g. disodium pamidronate or disodium zoledronate.

According to GMP requirements, all container material used for parenteral products are to
be subjected to a depyrogenization process ensuring an endotoxin reduction of at least 3 log umts
Heat depyrogenisation is customarily used for glass vials. However, plastic vials generally cannot
be processed on standard pharmaceutical sterile drug product filling lines, as such containers |
would not withstand the thermal stress applied in the heat depyrogenization tunnel. Therefore,
plastic vials are usually processed without the necessary cleaning and depyrogenization steps,
thus bearing the risk of contamination of the parenteral drug product with foreign matter present
in the vials as well as with Endotoxins that may be dissolved from the vial material surface.
Surprisingly it has been found in accordance with the present invention that some plastic
containers can be processed on standard filling lines for glass vials, and that provided the washing
process is suitably adjusted an endotoxin reduction by the factor of at least 1000 can be

reproducibly obtained.
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The ready to use bi sphosphonate solution nmay be prepared in bul k and
delivered to the containers; for instance, using the custonary art

pr ocedur es. bi sphosphonate solution nay be in the for

sol uti on ofwm@’@’? 1hi sphosphoni ¢ acid, e.g. zol edroni CP‘%I@P&””“@I“’”% t he
formof a salt thereof, e.g. the sodiumsalt. Bul k bi sphosphonat e. sal t

sol utions nmaybe prepared by dissolving the salt in aqueous nedia, or. nmay
be prepared. in situ in. solution by reaction of a dispersion of the free
bi sphophoni chsimiaddxtﬁdhtaﬂtwssmhsai@st@eﬂiekaxhthma&jmrpmiculahme@dﬁsdc eortdinggdi um

hydr oxi de to give the npno sodi u [ SOdI m salt, odi,um sal t or
tetra sBayhefepyreeenised pros to Bliing @ﬂ"f]gi ilgsag oarWﬁémée gmérﬂsabn'a

zol edro d for
par ont v EE pleSoARE Wil o aicr bRt EFEL e ?sfaé‘b@e&éff"p T *%d?%%@iﬁ%
ensur i nendotoxémelnicentration eyl ficiod of atﬂeaat 1006 @s mofk, kggabont 16000 +HH000. Such a
depyrogeni sation.is custopa far gl ass vials ver, plastic vials
gener al ﬁgpyéng%{!twnggﬁp i} FeE ?&’bﬂ‘“ﬁ)‘ﬁagf‘ﬁ Fk% Pﬁ?fﬁ’ﬁﬁ%@'ﬁquﬁﬁvﬁﬁ%‘m’?ﬂé‘oﬂr ug
product filling lines, as such containers would not withstand the thernal
stress applied in the heat depyrogenization tunnel. Therefore, plastic
vials are usAkbﬂnyti\mbméetmm-ﬂdctdnsuhstantidl)mldet@siarfyeeqil&saqugaiam may be

depyr ogeni zat on ste aring the ri f nt am nat.i on of the

par ent ePFPIAE 8“’&588@&? aﬂé ﬁf%‘ﬁ%‘f"é"ﬁ %W@P“ﬁ‘?eégé?ﬁ epYrﬂgW%W al's as well as
wi t h Endot oxi ns that maybe di ssolved fromthe vial material surface.

Surprisingly it has been found in accordance with the present invention that
sone pl ast i cFurthsnmere therigventinn b@lqdpbpres@m forrprepazation of theiprédunty dfithees f or

andot ox TR CeB IS Rt P D im0 ol BEomREsRerly )
obt ai ned g, AHTHOiLEeS fd) deteldiniiiel/ &WQ&QM&MZ@ and Etbl‘é)ﬁaﬁu dépeladationp io@uét@e

sterlllsatlon step, t he contai ners, artlcul ar the p astic contal ners

my be #éympasepslyseth alimis of quantiiatipn ﬁfgat\lﬁasw 16 selnted tsHbe declared ot on. e have
f ound thaegrr%’lguhtﬂgut @é}yﬁgﬁd%%%t?on"* |s with water under pressure gives

sat i sf a8t epyrog tion ductl on in endotoxin concentration by
a factor of at |east 1000 or nore, about 16000 - 100000. Such a
depyrogeni sation step is pref er ablé@; ncI uded within the production processes

of the i nvenThepartipglarsadgof dithe dosage fay the preduets of theligvention
endot oxi bt Qe P thé attRBE pﬂ%aammngmo account the particulars of the patient,

especially age, weight, life style, activity level, hormonal status (e.g. post-menopausal) and bone

mineral density as appropriate. Most preferably, however, the bisphosphonate is administered

intravenously.

Normally the dosage is such that a single dose of the bisphosphonate active
ingredient from 0.002 — 20.0 mg/kg, especially 0.01 — 10.0 mg/kg, is administered to a warm-
blooded animal weighing approximately 75kg. If desired, this dose may also be taken in several,
optionally equal, partial doses.

"mg/kg" means mg drug per kg body weight of the mammal - including man - to be
treated.

Preferably, the bisphosphohates are administered in doses which are in the same order of
magnitude as those used in the treatment of the diseases classically treated with bisphosphonic

acid derivatives, such as Paget's disease, tumour-induced hypercalcemia or osteoporosis. In other
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obtained froma supplier and such containers used w thout need for

depyrogeni sation. Furthernore the invention includes processes for

pr epar at i onwor2obsmesproducts of the invention as defined @ogmSodsni0¥ Ch
reversed phase chromatography with a conpl exati on agent, e.g. EDTA, is used
for determ nation of the bisphophonate and its by-and degradati on products,
advantageously with a limt of quantitation of at least 0.1%related to the
decl ared dose, E'greferably wi t hout . applying a derivatization step, The

par t i cuWardsyRseferaty theibisphosphonid agkl deryativee atg gdmyustered in dpseswhigh sioaldst ¢ he

i nventi ; . ' : j | 'aﬁn{ (I iNt o account
t he par ﬁ?e(%@estﬁgr?%gﬁ a?tl‘e%e,lﬁ Hgsu%%%[?éaaﬂ){/ﬁggje}?ﬁéve\g%e t ,OEFH%%%JQI e, activity
| evel , hypervalvaémintonbstsopososis, 1.¢) psferatelp theg aseaddniuisiered dmdosesrwhizhadoultbnsi ty as

appropri.ate. st. preferably, however, the bisphosphonate is adm nistered
intraveHUWQFVQERBWﬁ%FLgmﬁﬁﬁgHﬁ?ﬁB@Lis such that a single dose of the

bi sphosphonate active ingredient fromO0.002 - 20.0 ng/kg, especially 0.01 -
10.0 ng/ kg, is admnistered to a warm bl ooded ani mal wei ghi ng approxi mately
75kg. | f desThefllowingExdmples ithugtraie the ibventierkdascribed henenbefore. opti onal |y equal
partial doses. "ng/kg" neans ng drug per kg body weight of the mammal -
including man - to be treated. Preferably, the bi sphosphonates are

adm nistered in doses which are in the sane order of nagnitude as those
used in the treatment of the diseases classically treated with bi sphosphonic
acid derivatives, such as Paget's disease, tunour-induced hypercal cem a or
osteoporosis. In other 12 WO 2005/025551 PCT/ EP2004/ 010470 words,
preferably the bi sphosphonic acid derivatives are adm nistered in doses
which would |ikew se be therapeutically effective in the treatnent of
Paget' s di sease, tunour-induced hypercalcaem a or osteoporosis, i.e.
preferably they are adm nistered in doses which would |ikew se effectively
i nhibit bone resorption. The followi ng Exanples illustrate the invention
descri bed herei nbefore. 13
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WD 2005/ 025551 PCT/ EP2004/ 010470 EXAMPLES Exanple 1 : Zol edronic acid
4me/ 100 nlL I ngredi ent Anpbunt ]kg] per 1000 L Zol edronic acid nonohydrate
0. 04264 kg woanssaassandi ng to 0. 0400 kg zol edroni c aci d aidiyEheudmidyigni t ol
51.00 kg Sodiumcitrate 0.240 kg Water for injection Up to |'015 kg = 1000
L Approx. 85-95% of the total anmount of water for injection is filled into
a stainless steel conpounding vessel. The excipients mannitol and sodi um
citrate are added and di ssol ved under $irring. The drug substance

zol edronic acid is added and di ssol ved under stirring. The pfeparation is
adjusted to the final weight with : . injection. The anmount of sodium
citrate neutralizes the zoledroniggggggig% a pH value of 6.5. The bul k
solution is passed to the filling line and filtered in-line through a
filter of 0.2 mpQre sjze, shed and dried 100nL Dai kyo CZ plastic vials
are fil Esampledy Zole : g M ytion. Sterilized Hel voet FMR59/0

Omi f GWU coa‘T'éd Stoppers ar e| nserteda- |“'F‘W I a n he
st opper e &% T'%t are sealed with alum nium caS'E."“ gt?%fl@“g e sterilized
w th noi . SteriTity Assura [ of 1012, i.e. at
121 - 12%31@1&@%%8:1%&%*&;%@( effective dwel | {lﬁ%&%_ﬁ\{c@he product is stable and
does not ~shoWsRIYs 11030100 RE z8BGHAR At AR GsUnder severe stress conditions
of SO0 7o0RrP e R GO0 o A A s B0y “75% rel . humi dity 75% el
hum di t ypmagnitgPnt hs 1 nmonth Assay 99. 5% 101. 4%19% @ Degradation <0.1% <0. 1%
<0.1% products, sum pl3-value 6.7 6.6 6.6

Sodium citrate 0.240 kg

Water for injection Up to 1'015 kg = 1000 L

Approx. 85-95% of the total amount of water for injection is filled into a stainless steel
compounding vessel. The excipients mannitol and sodium citrate are added and dissolved under
s‘tl:xrnng The drug substance zoledronic acid is added and dissolved under stirring. The
pfeparation is adjusted to the final weight with water for injection. The amount of sodium citrate
n;utralizes the zoledronic acid te a pH value of 6.5. The bulk solution is passed to the filling line
and filtered in-line through a filter of 0.2 um pore size. Washed and dried 100mL Daikyo CZ
plastic vials are filled with 102.0 ml of bulk solution. Sterilized Helveet FM259/0 Omniflex plus
coated stoppers are inserted into the vials, and the stoppered vials are sealed with aluminium
caps. The vials are steriliied with moist heat to obtain a Sterility Assurance Level of 1072, i.e. at
121 - 123 °C for 30 minutes (effective dwell time).

"The product is stable and does not show any sign for degradation eve under severe stress
conditions of 50°C/75%RH and 40°C/75%RH.

Test Start 40°C/ 50°C/
75% rel. humidity 75% rel. humidity
3 months 1 month
Assay 99.5% 101.4% 98.8%
Degradation <0.1% <0.1% <0.1%

products, sum

pH-value 6.7 6.6 6.6
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14 WD 2005/ 025551 PCT/ EP20041010470 Test Start 40C/ 500 75%rel. humidity
75%rel. humdity 3 nonths I nonth Appearance clear, colorless clear,

col orl ess civeanes/msdsor |l ess particle-free solution parti cp@rEr00/0368¢/t | On
particle-free solution Extractables < 0.05 jig/m, < 0.05 pg/nL <0.05 pg/nL
Exanpl e 2: Zol edronic acid 5nme/ 100 niL | ngredi ent Anmount [kg] per 1000 L

Zol edroni ¢ acid nonobydrate 0.0533 kg Corresponding to 0.0500 kg zol edronic
aci d anhydeous 49,50 ke a¥-FT cittate 0. 300 kg \VAte Q
injectionTep to 1'014.5 kg St&kO00 L Approx408H- 93% of the tH°&Y anount of
water for injectionis filled into a staipl e steel co undj n essel .
The exci pi ents mannitol and sodi um cit r?? orgfﬁmg.jﬁlgd andggg@@g‘w&&l nder
stirring. The drag substance zol edroni c acigndnthsadded and dijsagdiyed under
stirring._The preparation is adjusted to the final weiaght with water for

i nj ecti onapdégaRgOUNt Of cRAdEMBAIGEtrat e chaHicbRHEsseS the zZpheEgMss acid to
a pH value of 6.5. The bulk solution is passed to the filling Iine and
filtered in-line througtrtigleffrdetselution 0.partisla-fen solutione.  partiblecfregisolution ed
100m. Daikyo CZ plastic vials are filled with 102.0 m of bul k sol ution.
Sterilize&ximpataplest Fve59/00-80HeMIex pl us <E8at8Akt oppers <9 UgBEr ted into
t he vi al 35 ' ' yy :

vials are sterilized with noist heat to obtain a Sterility Assurance Level

of 10-" gydmifle 2 @%oledédnic adidSnfe/f0@mBO M nutes (effective dwell tine). The
product ﬁ:&‘ﬂ%ﬁm}mm_gw egradation eve under

severe stagdiencondi tions of 500 75%H and 40C 75Gidunt fkg] per 1000 L

\Vi=Wela 0 () a =00 a

Zoledronic acid monohydrate 0.0533 kg
‘Corresponding to 0.0500 kg zoledronic acid anhydrous

Mannitol 49.50 kg
sSodium citrate 0.300 kg
“\:N.atcr for injection . Up to 1'014.5 kg =1000 L

Approx. 8595% of the total amount of water for injection is filled into a stainless steel
compounding vessel. The excipients mannitol and sodium citrate are added and disselved under
stirring. The drug substance zoledronic acid is added and dissolved under stirring. The
preparation is adjusted to the final weight with water for injection. The amount of sodium citrate
neutralizes the zoledronic acid to a pH value of 6.5. The bulk solution is passed to the filling line
and filtered in-line through a filter of 0.2 pm pore size. Washed and dried 100mL Daikyo CZ
plastic vials are filled with 102.0 ml of bulk solution. Sterilized Helvoet FM259/0 Omniflex plus
coated stoppers are inserted into the vials, and the stoppered vials are sealed with aluminium
caps. The vials are sterilized with moist heat to obtain a Sterility Assurance Level of 1072, i.e. at
121 — 123 °C for 30 minutes (effective dwell time).

The product is stable and does not show any sign for degradatioh eve under severe stress
conditions of 50°C/75%RH and 40°C/75 %RH.
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WD 2005/ 025551 PCT/ EP2004/ 010470 Test Start 30C/ 400 70% rel. humdity 75%
rel humdity inverse storage 12 nonths 6 nonths Assay 99. 8% 100. 0% 99. 9%
Degr adat i onWaR019625831 1% <0. 1% products, sum pH val ue 6.&CHe@od/ed0470
Particulate >10.m 10 10 5 matter >25 mO0 0O O NSP) Appearance cl ear,
colorless clear, colorless clear, colorless solution solution solution
Extractables < 0 05 pg/nL < 0.05,ug/n. < 0.05 pg/n. Heavy Metals Ca <50pg/L
<5002 <50g2—Mg—<—50g2—<—~50—g2—<—50—pgit—~A—<100-glkg <i 00 glkg <1 00 g/ kg
Cd <100 ,f¥skg <100 pg/ kg <100 pgltag Cr <100 p@PRG <100 g/ kg 4000 pg/ kg Cu
<100 g/kg <100 pg/ kg <100 g/kg Fe <I00 It 0

<100 pg/ kg <100 g/ kg <100 pg/kg Zn <100 g%?ég@&%‘e ‘Bﬁ %Bﬁ'ﬂ‘&k“%xarrpl e
3: Adjustnment of pit value in zoledronic acid formul ations lﬁwe}ggsgyrggfeerent
bases 533.1 ng of zoledronic acid rmnohydrate (equi val ent to 500 ng of

zol edronic acid) and 480.0 g of mannitol are %;G'g@'@sto 7:520 § mdnthgat er for

'njectio Assay 99.8% 100.0% o 99.9%
Degradation <0.1% <0.1% <0.1%
products, sum
pH-value 6.6 6.6 6.4
Particulate >10 pm 10 10 5
matter >25 pym | 9 0 . 0
(USP)
Appearance clear, colorless clear, colorless clear, colorless

solution solution solution

Extractables <0.05 pg/ml <0.05 ug/mL <0.05 pg/mL
Heavy Metals
Ca <50 pg/L <50 ug/L <50 ug/L
Mg <50 pg/L <50 pg/L <50 ug/L
Al <100 pug/kg <100 pg/kg <100 pg/kg
Cd <100 pug/kg <100 pg/kg <100 pg/kg
Cr <100 pg/kg <100 pgkg <100 pg/kg
Cu <100 pg/kg <100 pgkg <100 ug/kg
Fe <100 pg/kg <100 pg/kg <100 pg/kg
Ti <100 pg/kg <100 pg/kg <100 pg/kg
Zn <100 ugkg <100 pg/kg <100 pg/kg

Example 3: Adjustment of pH value in zoledronic acid formulations with different bases

533.1 mg of zoledronic acid monohydrate (equivalent to 500 mg of zoledronic acid) and 480.0 g

of mannitol are added to 7520 g of water for injection and stirred until a clear solution with a total

weight of 8000 g is obtained. Each 800 g of this solution (equivalent to 50 mg of zoledronic acid)
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wei ght of 8000 g is obtained. Each 800 g of this solution (equivalent to 50
nmg of zoledronic acid) 16 WO 2005/ 025551 PCT/ EP2004/ 010470 are titrated
with (a) avembasnzsssiof 0.500g/100nL trisodiumcitrate dpbysprmbgotosmowat er for
injection (b) a solution of 0.500g/100nL anhydrous sodi um acetate in water
for injection (c) a solution of 0.500g1l00n disodiumtartrate dihydrate in
water for injection (d) a solution of 0.500g/100nL trisodi um phosphate
hexahydr at e i(p water for injection (e) a solution of 0.400g/100nL

sodi un‘r‘i%l?t'&? detn water for i njection The pH val ue after each addition of

200 L qh) dassios of 05005100enT eedtiedcipatk diydarsh Watelfdninjedtien dat a show t hat
due to the val ues of zoledronic acid of 5.9 and: 8.28, a steep increase

Ka
of the (b]ﬁsogaioa@fpém{éo%@bmwaﬂw aegfate ippatepfor dnjegiianr ange of pH 6 to
7.5 is see | | U b : to that with
sodi um( %%bd#aaﬁgfgﬁgﬁg% | umwgoﬁgé%hem%ﬁw%@%ﬁﬁgﬁe zol edronic acid
aci di ¢ (gy Dsttionf 915008100mb ufifcdivan phaaphbts hexalfdrate it Waterifos igjetiopH val ue of

usual ly pH 6.0-7.5 easily can_be adjusted. 11 10- 1 t' Sodium hydroxide 9 A
Tri sodi(e}ﬁ?ﬂliﬁ@ﬁﬁgpéoqy?@%@ FAdumhydrogidedn water for injestion pj sodl um tartrate

5
- - ol Galie aftep .1 Vakrd3ase . "

Zol edr o'Ir'lhle(PHa‘(,:alh%f @ﬁg?a}ggé%ug%@fn%l jt e(c’}/ﬂ\%{ﬁpét oiﬁo ?2%‘3%%“@%%5{ e g@ ag%r.?l;hgr ent pH

val ues datgshewitleat thud-tortheipka valnesbfzoledroniclaeidiof 5.948d 8R28; asteey inoreaséGf thepH 6. 0 pH

6.5 pH 7.0, 17 005/.025551 PCT/ EP2004/ 010470 .
P value in ghe physiologically most preferred pH range of%?l g to 7.5 is seen when using sodium

hydroxide as base. Compared to that with sodium phosphate and sedium citrate the dissociation
of the zoledronic acid acidic groups is slightly buffered, and therefore the desired pH value of
usually pH 6.0-7.5 easily can be adjusted.

11
10 4 Sodium hydroxide
. //
8 ; —
/ . 4 Trisodium phosphate
g 7 e 7 Trisodium citrate
- yd 4
s | /) 7 mmimmem e -
= 6 < e m I T .
O < Disodium tartral
5 - ~/ e e =
| / j/ T T ¥ Sodium acetate
3
2 T ] L) T L) ) T 14 {
0 2 4 6 8 10 12 14 16 18 20

Val Base / Mol zoledronic acid

Example 4: Zoledronic acid Smg/100mL formulated with trisodium citrate at different pH

values
Ingredient Formulation 4A: Formulation 4B: Formulation 4C:
pH 6.0 pH 6.5 pH 7.0
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Zol edronic acid 53.3 ng 53.3 ng 53.
zol edroni ¢ aci d anhydrous Mannit ol

3 ng nonohydrate Corresponding to 50 ny
50.0 g 49.5,g 47.0 g Trisodiumcitrate

di hydrate Owblbog26s5800 g 1.00 g Water for injection UppdWrrhodifdids7sP -tO

1.00 L Up to 1.00 L Exanple 5: Zol
tri sodi um phosphate at different o
Formul ati on Formul ati on Fornul ati on
pH 7.5 ' Zoledronic acid 53.3 ng 53
Cor r espofalédrgpicegdd 50 gy zol edr o¥d-%
50.0 g 50;0 Irisodi um phosphat e

hexahydr'gf”?eo '(?r for injection Up

1.00 L . 0" roni ¢ acid
at di ffe%%’ﬁ"%fcz’%@dl ngr edi ent

alu
pH 6A Zaliakieridicid ashydrob8. 3 ng 53. 3
zol edroni ¢ aci d anhydrous

edronic acid 5mv/1 OOnL fornmulated with
ff values Ingredient Formulation
5A: pH 6.0 511: pH 6.5 SC. pH 7.0 51):
.3 ng 53.3 53.3 ng nonohydrate r
mgci d anhydr 838 m&anni t ol 5338 mg50.0 ¢
0.038 g 0.050,8 0.065 .g 0.085 ¢
to 1.OOL Upto 1.00 L Upto 1.00 L Up to
5m2/ 100nmL fornul ated with sodi um acetate
Formul ati on 6A: Fornul ation 6B: pH 5.5
nmg nonohydrate Corresponding to 50 ng

Mannitol 500g 495 g 470¢g
Trisodium citrate dihydrate 0.115g 0.300 g 1.00g
Water for injection Upto 1.00L Upto1.00L Upto1.00L

Example 5: Zoledronic acid Smg/100mL formulated with trisodium phosphate at different

pH values
Ingredient Formulation Formulation Formulation Formulation
5A: pH 6.0 5B: pH 6.5 SC: pH 7.0 SD: pH 7.5
. Zoledronic acid 53.3 mg 53.3mg 533 mg 53.3mg
| b‘;;nonohydratea
éorresponding to 50 mg
zoledronic acid anhydrous
Mannitol 500¢g 500¢g 500g 500g
Trisodium phosphate 0.038 g 0.050 g 0.065 g 0.085g
hexahydrate
Water for injection Uptol.00L Uptol00L TUptolOOL TUptolOOL

Example 6: Zoledronic acid Smg/100mL

formulated with sodium acetate at different pH

values
Ingredient Formulation 6A: Formulation 6B:
pHS.S pH 6.0
Zoledronic acid 53.3mg 53.3mg
monohydrate
Corresponding to 50 mg

zoledronic acid anhydrous
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18 WO 2005/ 025551 PCT/ EP2004/ 010470 Mannitol 49.5 g 49.0 g Sodi um acetate
anhydrous 0.125 g 0.500 g Water for injection Up to 1.00 L Up to 1.00 L
Exanpl e 7: Wol2ewtroesssc aci d 4ne/ 100 nlL | ngredi ent Amount ddegp26Rf10RP0 L

Zol edroni ¢ acid nonohydrate 0.04264 kg Corresponding to 0.0400 kg

zol edroni ¢ acid anhydrous Mannitol 51.00 kg Sodiumcitrate 0.240 kg \Water
for injection Up. to 1'01.5 kg = 1.000 L Approx. 85-95%of the total anount
of water for injection are filled into a stainless steel conpounding
vessel . Mpmitekci p| ent s manni tol and¥%Y&li umcitrate are add®d &nd di ssol ved
under stlrrln rug substance zol edronic acid is added and di ssol ved
under stJodiBhee Y‘gP\éspar ation |so=1§éjgusted to the final %80@ht with water
for inj bul k solution.igs ed to the fill] line and filter
in-li ne%&ﬁ%ﬁ’émﬁ’ PRIter of O. 2%%0‘&@ ize. Enpty pl aytplqg i%usi onbags

made of—a Cryovac(r) MBIZ TOil (Sealed AT Corporation), Baxter intravia(r),
and B. Braun PAB(r) (pol ypropyl ene based foil) are filled wwth each 102.0 m
of bul KE sah&ﬂorlole’ﬂhmlbaggmgmﬂ"anet i cal I y seal ed. The bags are sterilized
W th ,

wat er valpamdlqntessure at the chanber terrperatureAelm}p?ér[lﬁgialeedO%Ler
shower i

10-", i . 30 minutes (effecPi0fo4k@l| tine). Exanple 8:
Zol edrom c acid, 5me/ 100 L redi ent Anount [g] per 1 L Zoledronic acid
rmnohydr%‘tf?SPP"GB‘Séo804%k$€§ﬁg%f’ﬁ§} d aghygr®E00 g zol edroni ¢ acid anhydr ous
Sor bi to'Matho}al line 50.0 g

51.00 kg
Sedium citrate 0.240 kg
Water for injection ' Up.to 1'015 kg= 1000 L

Approx. 85-95% of the total amount of water for injection are filled into a stainless steel
_@‘émpounding vessel. The excipients mannitol and sodium citrate are added and dissolved under
st’in*ing. The drug substance zoledronic acid is added and dissolved under stirring. The
preparation is adjusted to the final weight with water for injection. The bulk solution is passed to
the filling line and filter in-line through a filter of 0.2 pm pore size. Empty plastic infusion bags
made of a Cryovac® M312 foil (Sealed Air Corporation), Baxter Intravia®, and B.Braun PAB®
(polypropylene based foil) are filled with each 102.0 ml of bulk solution. The bags are
hermetically sealed. The bags are sterilized with moist beat under a supportive pressure of at least
100 mbar above the water vapour pressure at the chamber temperature (superheated water
showering or steam/air mixture) to obtain a Sterility Assurance Level of 1072, i.e. at 121 — 123

°C for 30 minutes (effective dwell time).

Example 8: Zoledronic acid Smg/100 mL,
Ingredient Amount {g] per 1L

Zoledronic acid monohydrate 0.0533 g
Corresponding to 0.0500 g zoledronic acid anhydrous
Sorbitol crystalline 500¢g

Sodium citrate 0.300 g
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Sodiumcitrate 0.300 g 19 WD 2005/ 025551 PCT/ EP2004/ 010470 Water for
Injection Up to 1.00 L Approx. 800g of water for injection are filled into

t he conpoundiomoes/@ssel . The excipients Sorbitol and sodp J%Mﬁ&% are
added and di ssol ved under stirring. The drug substance zoledronic acid is
added and di ssol ved under stirring. The preparation is adjusted to the final
volume with water for injection. The solution is filtered into the vials
through a filter of 0.2 mpore size. Wshed and dried Dai kyo CZ plastic

vi al s arWafer fdrégjeationh t he bul k sol ution. Sterili ZipdoHdd0doet FM259/0

Oomi f | ex—plus—coated—stoppers—are—-hserted—nto—the—vwi-als,—and-the-stoppered

vi al s apgpros £5008 @f Whfehfor inj£6tidh 4 flRd $nto ﬁi&&:omﬁ&hrﬁﬁxﬂg‘ébsﬂ?l‘ﬂe'e!xéiﬁﬁnw th noi st
heat. As can be seen fromthe table below, the fornulation is stable even
aft er s8ombitel and sedinmciftate @ added pnddissplvpdinderstiring: The drog substantezdl¢drenici on

after sterili,zatl . . m f .|V L Col or col orl ess
ool o 1 otgh ingaAdt 4 Vsdieda bnder Wiinl o BlebiffionS it b 8 b Rlie it ' 5
. 6.1 Ngah&p@fedtion dBRaylutiah iefiliefedibpate dsls taoubhiy filesr 086.2\h poresizaf t er
sterilization no degradation products at |evels above the limt of

det ect i S¥pshesiand dped Paikye CZmlastip vialsgre flladavithothe bulksalutinn./Sterilizad Helvgetedi ent
A t . ' i.d . . di t
010800 §23P8 Qribiex £ SR orBE ofe FUNBNRS e Sicks, Bndthe Soppditd RABGRT M9 1

ci t r at esddledGithohlurdihivii cdpss Thevisls heGterilifedivithlmOiSt heatdppr ox. 800g of water for

injection are filled into the conpoundi ng vessel. The excipients
As can be seen from the table below, the formulation is stable even after severe heat intake of

121 °C/60 minutes

Test prior to sterilization after sterilization (121 °C/ 60
min effective dwel time)

'-“Color colorless colorless

kz;larity clear, particle free clear, particle free

i)H-value 6.3 6.1

No change in assay value is observed, and prior as well as after sterilization no degradation
products at levels above the limit of detection could be found.
Example 9: Zoledronic acid 5mg/100 mL

Ingredient Amount [g] per1L

Zoledronic acid monohydrate 0.0533 g
Corresponding to 0.0500 g zoledronic acid anhydrous

Glycerol water free 225g
Sodium citrate 0.300g
Water for injection Upto1.00L

Approx. 800g of water for injection are filled into the compounding vessel. The excipients
glycerol and sodium citrate are added and dissolved under stirring. The drug substance zoledronic
acid is added and dissolved under stirring. The preparation is adjusted to the final volume with
water for injection. The solution is filtered into the vials through a filter of 0.2 pm pore size.
Washed and dried Daikyo CZ plastic vials are filled with the bulk solution. Sterilized Helvoet
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gl ycerol and sodiumcitrate are added and di ssol ved under stirring. The drug
subst ance zoledronic acid is added and di ssol ved under stirring. The

prepar ati onWs20asj2sssied to the final volunme with water pofppRhffibdon. The
solution is filtered into the vials through a filter of 0.2 m pore size.
Washed and dried Dai kyo CZ plastic vials are filled with the bul k sol ution.
Sterilized Hel voet 20 WO 2005/ 025551 PCT/ EP2004/ 010470 FM259/0 Omi fl ex

pl us coated stoppers are inserted into the vials, and the sto(ﬁpered vial s

are seBEM230/0Oomiflex plystoated stoppers ednspried wtothe vislseand the stapparedvislopzst heat .
As can . H;“%,h& : = olg Lon is stable even after
severe %glggwiﬂ%tag]?g 0 Ré%é%ﬁﬁg%?g%a e@tlﬂ%i%t?}gégt o sterilization after

st eri | i Aatdnthe sedriftortithe télfle betbw, the faramiation thwedble dvienafier sGpdroheat takielofs s

col orl ess o&‘? arf,t}/ clear, particle free clear, particle free pHvalue 6.4
6.2 Noldn&fbmim®Sssay val ue is observed, and prior as well as after
sterilizgrfon No degradarion, Qrogucrs. at | evelrs gphove et T t-nf

det ect i ﬁstoul d be found. | 'T’ég 2800 o dr oni ¢ %ﬁ%’agﬁsﬂﬁf*&%&ﬂ oeﬁ(‘fpedi ent
Amount [g] per 1 L Zoledronic acid. nonohydrate Gnfibdfeclive &REN 8iepndi ng to
0.0500 g zoledronic acid anhydrous 1,2 propylene glycol 19.0:8 Sodium
citrate €blé00 g Water for colirlesst i on Up to 1.00 LeofeRkdPX. 800g of water for
injection are filled into the conpoundi ng vessel. The excipients Propyl ene
gl ycol afidrityodi um ci trat e alear,pddiett fesed di ssol vedleandsmrticdé frée i Ng. The drug
substance zoledronic acid is added and di ssol ved under stirring. The

pr epar atplbmaling adj usted tobGhe final volune withe.ater for injection. The
sol uti i i ' i i

No change in assay value is observed, and prior as well as after sterilization no degradation

products at levels above the limit of detection could be found.

Example 10: Zoledlronic acid 5Smg/100 mL

3

s',I.ngredient Amount [g] per 1L

Zoledronic acid monohydrate 00533 g

Corresponding to 0.0500 g zoledronic acid anhydrous

1,2 propylene glycol 190g
Sodium citrate 0.300 g
Water for injection Upto1.00L

Approx. 800g of water for injection are filled into the compounding vessel. The excipients
Propylene glycol and sodium citrate are added and dissolved under stirring. The drug substance
zoledronic acid is added and dissolved under stirring. The preparation is adjusted to the final
volume with water for injection. The solution is filtered into the vials through a filter of 0.2 pm
pore size. Washed and dried Daikyo CZ plastic vials are filled with the bulk solution. Sterilized
Helvoet FM259/0 Omniflex plus coated stoppers are inserted into the vials, and the stoppered |
vials are sealed with aluminium caps. The vials are sterilized with moist heat.

As can be seen from the table below, the formulation is stable even after severe heat intake of

121 °C/60 minutes
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pore size. Washed and dried Dai kyo CZ plastic vials are filled wth the bulk
solution. Sterilized Helvoet FM259/0 Omiflex plus coated stoppers are

i nserted i Lals, and the stoppered vials are sealed with alum nium
caps. The \%glzlisolgggsékxgt erilized with noist heat. As can BETIRAN4PLHT t he
table below, the fornmulation is stable even after severe heat intake of 121
C/ 60 m nutes 21 WD 2005/ 025551 PCT/ EP2004/ 010470 Test prior to
sterilization after sterilization (121 C/ 60 mn effective dwell tine)
Color ¢C rl'ess colorless (. parti cl . , e free
pH val uge§.4 6.3 No chang@llalﬁ\btaés‘eslglélﬁéyue S obggt%%/gtgf'ﬁ%ﬁg{ p(rl?giég@ wel | as
after sterilization no degradation products at mnsiueffectivealreellthme) i mt of

det ect i-on—¢ d—h d—Exanple —\Vashing ¢ endot oxin renoval
The pl a€blor vials are procededesson a conventi onalcolordessgr at ed aut omatic
liquid filling processing line. Washing is perforned in a conventi onal
rotary €asity washi ng machi nelegepaticladige ch&St r oebelcleas partiglsdireor Bosch RRU
2020) as_used for glass vials. The vials are put gn the feeding belt of the
washi ngPHe@Hene. In a firs 4i nstance the vials afé subnerged in a bath with
hot waterzand--treatad 1y TH O A Rt e v retransported
to the oo%ha “%e %aé%?kgﬂ%{éé’tb ?oﬁé&’agﬁa‘i !?bé'a%h@ésr%%éggtev?;éag‘épﬁaﬁféa‘za&? Brrpl I shed by
a_ pr ogipasaes apleoeleatsove thediniit afdetewtibe todld befound t hrough nozzles inserted
cinto the vials. The vials are first washed with recycled hot Water for
Injections (>70C), blown out with filtered air, then washed again with

fresh 'i%a- éﬁ:WQ§h-iﬁ bEVTALL &Pnrpth%‘{j out with filtered air. Foll ow ng

their normal position, and then

transfetrre the conveyor to the helt. of t hot _ai r..tunpel . where they
e aritEcplantt Pra ROt ohh LFeriimh RleratE b mdi ioni Rl ek ac i ng
speed QfneBWating & pefforiied ih 8§ coRiehfbia® rotss) vinl Rasiihy MERKiIRDRD, BaukhXEadbR]
washi ng speed is at a machine setting of 5.8 - 6.5 scale units.

FAU 6000 or Bosch RRU 2020) as used for glass vials. The vials are put on the feeding belt of

the washing machine. In a first instance the vials are submerged in a bath with hot water and
,t%patéd by sonication. After that the vials are transported to the rotary washing station and are
iléverted. Cleaning is accemplished by a programmed process of air and water flushing through
nozzles inserted into the vials. The vials are first washed with recycled hot Water for Injections
(>70°C), blown out with-filtered air, then washed again with fresh hot Water for Injections and
blown out with filtered air. Following washing, the vials are inverted again to their normal
position, and then transferred by the conveyor to the belt of the hot air tunnel, where they are
dried at 110°C. On a Bausch&Stroebel FAU 6000 washing machine, a washing speed of 84 vials

/ min is suitable.
On a Bosch RRU 2020, a suitable washing speed is at a machine setting of 5.8 — 6.5 scale units.

The efficiency of this process has been assessed by comparison of the endotoxin load of
endotoxin-spiked vials prior and after the routine washing process. The results show more than 3
log reduction of the endotoxin challenge, i.e. the requirement of more than a 3 log reduction was

met at each position tested during the washing process.

Endotoxin recovery from treated vials
Endotoxin is spiked into the plastic vials and dried. The endotoxin spike recovery from five non
washed vials is determined in duplicate (spike controls). The spike is 8538 EU (IU) per vial, i.e.

the mean value of the results minus two times the standard deviation.
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The efficiency of this process has been assessed by conparison of the

endot oxi n | oad of endotoxin-spiked vials prior and after the routine
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endotoxi n challenge, i.e. the requirenent of nore than og reduction was
nmet at each position tested during the washing process. Endotoxin recovery
fromtreated vials Endotoxin is spiked into the plastic vials and dried. The
endot oxi n spi ke recovery fromfive non washed vials is_determned in

dupl i cAtwse@eplifcationfns aleperiomed. agh rynl zdals spiked With epdotoxis age distritatted ¢ he
mean v Agded deviation. 22 WO
2005/ 0%@?&%%@%@%ﬁ%%§7@u \)r()ﬁe&gé%ua ??l cg%[ on runs are performed. In
each rtg B vtalds!osg | ked g;h endotoxin are distributed into one batch of
un- spi u ed in the washi ng machi ne. Results of endotoxin

recovefy: EU (U /vial Run 1 Run 2 RunEégM! af <0.63 <0.63 1.57 ial 2
<0. 63 g0.63 <0.63 Vial 3}<0.63 <0.63 <0 al4 0.64 <0 63 <O0. 63 Vial 5
<0. 63 o 63 <0.63 Vial p ;UK U-69 < U g2 Al Fén < 0.63
'ial8 g 0.63 < 0.63 <0.68 Vial 9 < 0.63 <O. 3 < 0. 63 <063<0.63
<0. 63 Hmmatt—viats—testEd—am endotoxT T eduué}i Ot Ufou treast—a—fact or 1000
S shO/\Nlaléxarrpl e 12: SteriliZdtbdn of |zol edr B8P ¢ add 5ne/ OUNL St udi es have
shown that—t+he—setuti-or—for—afustor—s—chemecaly—afd—physteaty—sit abl e
duri ng| Vial 2 <0.63 <0.63 f <0.63

| Vial 3 | <0.63 | <0.63 | <0.63

| Vial 4 - 0.64 | <0.63 | <0.63

| Vial 5 _ <0.63 | <0.63 <0.63

| 'Vial 6 o <0.63 | <0.63 ‘ <0.63

| Vial 7 ; <0.63 | <0.63 | <0.63

| Vialg | <0.63 <0.63 | <0.63

| Vial 9 <0.63 | <0.63 | <0.63

| Vial 10 ] <0.63 ‘ <0.63 <0.63

In all vials tested an endotoxin reduction of at least a factor 1000 is shown.

Example 12: Sterilization of zoledronic acid Smg/100mi,

Studies have shown that the solution for infusion is chemically and physically stable during
autoclaving. Upon sterilisation of up to 150 minutes at > 121 °C no degradation of the drug
substance could be observed (please see results in the table below). This heat resistance allows an

overkill sterilisation cycle yielding a sterility assurance level (SAL) of at least 1072,

Based on the spore reduction kinetics, expressed in the decimal reduction value (D-value) of
Geobacillus stearothermophilus spores in the Zoledronic acid Smg/100mL drug product solution,
a sterilisation time (dwell time) of 30 minutes was derived to obtain the desired spore reduction

rate. The chosen sterilization procedure is in line with the requirements of Ph. Eur. and USP.
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container closure integrity, a heat resistance study has been perfornmed. 20
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hour s, Copartd tesmultiple sterilinationemglasstials,@odgicreasd inypanticubatemater indiétedted. Theor mal |y
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to be the nost critical paranmeters for vial tightness. A negligible

Example 13: Eyaluation of plastic vials under worst case sterilization conditions

During processing, the vials are exposed to dry heat (drying after washing) of up to 120°C and
moist heat (during autoclaving) of up te 124°C, To assess any potential risk for damage of the
{rjal and the container closure integrity, a heat resistance study has been performed. |

f)lv(:) exﬁpty vials as used for Example 2 are subjected to dry heat at 125 °C for 10 hours, which is
a{iove the temperature of a drying process which is normally set to 100-120 °C Prior and after
heat treatment the inner diameter and the ovality of the vial neck were determined as these
dimensions are considered to be the most critical parameters for vial tightness. A negligible
reduction of the inner diameter of the vial neck by 0.03 mm (range 0.02 — 0.05 mm) is observed.
The apparent ovality, given as the difference of two perpendicular diameters of the vial opening
divided by the sum of these diameters, remained unchanged and is 0.18% in the selected samples

(prior to treatment: range 0.05 — 0.45%,; after treatment: range 0.00 — 0.50%).

Vials from Example 2 are subjected to a worst case steam sterilization cycle of 60 minutes in
saturated steam at 124.5 °C, which is above the thermal deformation temperature of the vial of
123 °C according to ASTM D648). Supporting overpressure is not applied during the sterilisation
phase. Sterilized as well as not-sterilized reference samples are tested for dimensional changes as

well as for tightness by dye intrusion and weight loss.

Results of the evaluation of vials in worst case sterilization

Before sterilization After sterilization
(124.5°C / 60 min)
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di mensi g %h }I%r tightness bydye 1 ntrusion and wei ght

| 0ss. Results o eval uatron of” vials in worst case sterilization Before
steril im0 on After st erilizat (ramge: 20222 5@n) 60 (rangy: 212523/AnH005/ 025551
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Sterilization at worst case conditions does not have any detectable influence on vial tightness as
. z&pressed by weight loss and resistance to dye intrusion. A very slight change is observed in the

irmer diameter of the vial mouth, but the values are within the specifications of 22.0 +/- 0.2 mm.
»

Example 14: Analytics of Zoledronic acid 4mg/100 mL solutions
Column Luna, RP —-C18 (2), 5 pm (in steel), Phenomenex

Length 250 mm, internal diameter 4.6 mm, or equivalent

column

Stock solution EDTA Accurately weigh to 0.001 g 0.365 g of EDTA into a 100 ml
volumetric flask, dissolve with 5 ml 2 M NaOH and fill up
to the mark with water

Mobile phase Accurately weigh to 0.1 g 6.2 g of disodium hydrogen

phosphate  dihydrate (35S mM)and 4.5g of tetrahexyl-
ammonivm hydrogen sulfate (10 mM) into a flask, add
900 ml of water, 100 ml of acetonitrile dissolve and add
2 ml of EDTA stock solution and mix thoroughly. Adjust
the pH to 7.9 with 2 M sodium hydroxide solution.

Flow rate 1.2 mV/min
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Exanpl e 14: Anal vtics of Zoledronic acid 4nm& 100 m, solutions Col um Luna,
RP -C18 (2), 5 m(in steel), Phenonenex Length 250 nm internal dianeter 4.6
nm or ol umm St ock sol ution EDTA Accur at el h to 0.001 g
0.365 g o%é%‘f‘%%???ﬁ a 100 nil volunetric flask, di ssd’?lqz‘?"\%ﬁ’t“‘r‘?l%”"m 2 M
NaOH and fill up to the mark with water Mobile phase Accurately weigh to
0.1 g 6.2 g of disodium hydrogen phosphate dihydrate (35 nmMand 4.5 g of

t et rahexyl - amoni um hydrogen sulfate (10 mM into a flask, add 900 m of
wat er peldflogrt of acetonitridgghssol ve and add 2 ml of EDTA stock sol ution
and m x thoroughly. Adjust the pHto 7.9 with 2 M sodi um hydr oxi de

sol ut "l%Hr efah@Wv rate 1.2 m /44 26 WO 2005/ 025551 PCT/ EP2004/ 010470

Det ectlon 215 M Tenperature 30C Injection volune 160 gl Run tinme Approx.

80 m R, ?}"éﬁﬁﬁ remar ks PER ,ﬁapl | lari es are recomrended at | east between
colunn an etector In order to avoid adsorption on glass surfaces use

pl asti uto sanpler vial SA and teur pi pettes made from plastic.

Ref er iméol utions have to ];S p%ﬁ%d with volunetric flasks of

frequently used gl assware or of plastic and stored in plastic flasks.
Exanpl e 15 - Ready- to use formulations of pamdronic acid

Important remarks PEEK capillaries are recommended at least between column

and detector

In order to avoid adsorption on glass surfaces use plastic auto

sampler vials and pasteur pipettes made from plastic.

Reference solutions have to be prepared with volumetric
flasks of frequently used glassware or of plastic and stored in

plastic flasks.

Example 15 — Ready- to use formulations of pamidronic acid
Composition per unit dose pack of 100.0mL equivalent to 101.5g:

Ingredient 15mg/100ml. 30mg/100ml. 60mg/100mL 90mg/100mL |
strength strength strength strength

Pamidronic acid disodium salt  19.79 mg 39.58 mg 79.16 mg 118.74 mg

pentahydrate

equivalent to pamidronic acid 15 mg 30 mg 60 mg 90 mg

Citric acid Ph. Eur. ApproX. approx. 3mg approx. 6mg  approx. 9 mg

up to pH 6.5 1.5 mg

Mannitol Ph. Eur. | 5185 mg 5170 mg 5140 mg 5110 mg

Water for injection 96.29 g 96.28 g 96.27 g 96.26 g

Based on the basic composition of one dosage form unit given in the table above, the amount
needed for the batch to be manufactured is calculated. A typical batch size is approx. 5L for a lab
scale batch, 100 L for a pilot scale batch and 1000L for a production scale batch.

Approx. 85-95% of the total amount of water for injection are filled into a stainless steel
compounding vessel. Mannitol is added and dissolved under stirring. The drug substance
pamidrionic acid disodium salt pentahydrate is added and dissolved under stirring. The pH value
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Conposition: per unit dose pack of 1,00.OrLL equival ent to 101. 5g:

I ngredi ent 15ng/ 100niL 30ny/ 100ni 60ng/ 1007l 90ng/ 100nmL strength strength
strengt h si{yeneddrsssPam dronic acid di sodium salt 19.79 por/gteliome 79. 16 ny
118. 74 ng pentahydrate equivalent to pamdronic acid 15 ng 30 ng 60 ng ' 90
ng Gitric acid Ph. Eur. approx. approx. 3 ng approx. 6 ng approx. 9 ng up
to.pH6.5 1.5 ng Mannitol Ph. Eur. 5185 ng 5170 ng 5140 ng 5110 ng Water for
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di sodi stoppsesl are jpserted ijte itherdals,and thestppaergd yialsont seel¢d widealuminiym capy. Thkhe pH
| ue 27, WO 5% sol f
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final weight with water for injection. The bulk solution is passed to the
filling line and fllter |n I|ne through afllt_er of 0.2 mpore size. Washed
S gil 42 : : BIC ALl | ed wi th each 102 niL of the

bul k sp| @,(ssnw;sa bdsé% ggmgw%@we& Qi 5o plus coated stoppers are

i nsert Tt o tr1e are sealed with al um ni um

caps. m?ef @l s are ster 1556001 rr@oﬁg/mm omgFdorkL” oo 15

m nut e ective dwell tine). 6 - Ready- to use for ations of

oami droni c acid Oorrp03| tion sptengthnl t dsﬂs‘mgthck of stréd@On 1L esyrengtd ent to

str engPimidtontrgidhdisadieangtth 1579 mg  39.58mg  79.16 mg  11874mg
pentahydrate
e@uivalent to pamidronic acid 15 mg 30 mg 60 mg 90 mg
Phosphoric acid 85% approx. approx. approx. approx.
up to pH 6.3 2.35 mg 4.7 mg 9.4 mg 14.1 mg
Mannitol Ph. Eur. 5185 mg 5170 mg 5140 mg 5110 mg
Water for injection 96.29 g 96.28 g 96.27 g 96.26 g

Based on the basic composition of one dosage form unit given in the table above, the amount
needed for the batch to be manufactured js calculated. A typical batch size is approx. 5L for a lab
scale batch, 100 L for a pilot scale batch and 1000L for a production scale batch.

Approx. 85-95% of the total amount of water for injection are filled into a stainless steel
compounding vessel. Mannitol is added and dissolved under stirring. The drug substance
pamidrionic acid disodium salt pentahydrate is added and dissolved under stirring. The pH value
of pH 6.3 is adjusted with a 5% solution of phosphoric acid in water for injection. The
preparation is adjusted to the final weight with water for injection. The bulk solution is passed to
the filling line and filter in-line through a filter of 0.2 pm pore size. Washed and dried Daikyo CZ
100mL plastic vials are filled with each 102 mL of the bulk solution. Sterilized Helvoet FM259/0
Omniflex plus coated stoppers are inserted into the vials, and the stoppered vials are sealed with
aluminium caps. The vials are sterilized with moist heat at >121 °C for at least 15 minutes

(effective dwell time).
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Pam dronic acid disodiumsalt 19.79 ng 39.58 ng 79.16 ng 118.74 ny
pent ahydrate equivalent to pamdronic acid 15 ng 30 ng 60 ng 90 ny

Phosphoricvﬁ;id@jy&gg@lapprox: approx. approx. approx. uppé&PePitefersszs- 35 NU
4.7ng 9.4 ng 14.1 ng Mannitol Ph. Eur. 5185 ng 5170 ng 5140 ng 5110 ny

Water for injection 96.29 g 96.28 g 96.27 g 96.26 g Based on the basic
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scale batch, 100 L for a pilot scale batch and 1000L for a production scale batch.

Approx. 85-95% of the total amount of water for injection are filled into a stainless steel
compounding vessel. Mannitol is added and dissolved under stirring. The drug substance
pamidrionic acid disedium salt pentahydrate is added and dissolved under stirring. The pH value
of pH 6.3 is adjusted with a 5% solution of acetic acid in water for injection. The preparation is
adjusted to the final weight with water for injection. The bulk solution is passed to the filling line
and filter in-line through a filter of 0.2 pm pore size. Washed and dried Daikye CZ 100mL plastic
vials are filled with each 102 mL of the bulk solution. Sterilized Helvoet FM259/0 Omniflex plus
coated stoppers are inserted into the vials, and the stoppered vials are sealed with aluminiuvm
caps. The vials are sterilized with moist heat at >121 °C for at least 15 minutes (effective dwell

time).

Example 18 — Ready- to use formulations of pamidronic acid
Composition per unit dose pack of 100.0mL equivalent to 101.5g:

Ingredient 15mg/100mL  30mg/100mL 60mg/100mL 90mg/100mL
strength strength strength strength

Pamidronic acid disodium salt  19.79 mg 39.58 mg 79.16 mg 118.74 mg

pentahydrate '

equivalent to pamidronic acid 15 mg 30 mg 60 mg 90 mg

Lactic acid Ph. Eur. approx. 2.5 approx. 5.0 approx. 10.0  approx. 15.0
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(effectiv Exanpl e 18 - Ready- to use fornulations of
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60 ng 90" ng Lactic acrdPh. Eur. approx. 2. r oX pr ox.
appr ox.and $iter mZQCW@OSﬁIEZ%QZ HMZIFWE&ZGOHNM@Wned Daikyo CZ 100mL plastic

vials are filled with each 102 mL of the bulk solution. Sterilized Helvoet FM259/0 Omaiflex plus
qgated stoppers are inserted into the vials, and the stoppered vials are sealed with aluminium
cips. The vials are sterilized with moist heat at >121 °C for at least 15 minutes (effective dwell

fad

time).

Example 19 — Ready- to use formulations of pamidronic acid
‘Composition per unit dose pack of 100.0mL equivalent to 101.5g:

Ingredient 15mg/100ml. 30mg/100mL. 60mg/100mL 90mg/100mL
strength strength strength strength

Pamidronic acid disodium salt  19.79 mg 39.58 mg 79.16 mg 118.74 mg

pentahydrate

equivalent to pamidronic acid 15 mg 30 mg 60 mg 90 mg

Tartaric acid Ph. Eur. approx. 1.5 approx. 3.0 approx. 6.0 approx. 9.0

up topH 6.5 mg mg mg mg

Mannitol Ph. Eur. 5185 mg 5170 mg 5140 mg 5110 mg

Water for injection 96.29 g 96.28 g 96.27 g 9626 ¢

Based on the basic composition of one dosage form unit given in the table above, the amount
needed for the batch to be manufactured is calculated. A typical batch size is approx. 5L for a lab
scale batch, 100 L for a pilot scale batch and 1000L for a production scale batch.
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up to pH 6.5 nmg ng ng ng Mannitol Ph. Eur. 5185 ng 5170 ng 5140 ng 5110 ny
Water for injection 96.29 g 96.28 g 96.27 g 96.26 g Based on the basic
conposi ti dosage formunit given in the table anount
needed fosv?g@sﬁia%s%lh to be manufactured is cal cul at ed. Pi%}fg%"‘gg s\715)atch si ze
is approx. 5L for a lab scale batch, 100 L for a pilot scale batch and
1000L for a production scale batch. Approx. 85-95% of the total anmount of

water for injection are filled into a stainless steel conpounding vessel.
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aci d i pantiatiGiic heid disodiesitsal pentdhydr4té & pddedtand disclvedadidesitieding. Tht PH vaiuaal
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79.16 ng 118.74 rng  pentahydrate equivalent to pamdronic acid 15 ng 30 ny
60 nmy §me Tartaric acid Ph. But .approx. 1.5 approx. 3.0 approx. 6.0
approx. 9.0 upto :pH 6.5 ng ng ng ng Mannitol Ph. Eur. 5185 ng 5170 ny
5140 ng 5110 ng Water for injection 96.29 g 96.28 g 96.27 g 9626 g Based
on the basic conposition of one dosage formunit given in the table above,
t he anmount
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needed for the batch to be manufactured is cal culated. A typical batch size
i's approx. 5L for a lab scale batch, 100 L for a pilot scale batch and

| 000L for a production scale batch. 30 WO 2005/025551 PCT/ EP2004/010470

Appr ox. 85-95% of the total anmount of water for injection are filled into a
staknl ess steel conpounding vessel. Mannitol is added and dissol ved under
stirring. The drug substance pamdrionic acid disodiumsalt.pentahydrate is
added and di ssol ved under stirring“&iggugg value of pH 6.3 is adjusted with
a 5% solution of tartaric acid in r injection. The preparation is
adjusted to the final weight with water for injection. The bulk solution is

passed to the filing |] N | il of 0.2 pm
pore size. sheé‘ 55‘%‘3“&’?‘?‘2%‘ p&hﬁ&{,%k@%ﬁ'ﬂbﬁééﬁegbﬂa%&gﬁd P hglﬁéafi lled with
each 102 nlL of t bentdindrkomaihingiacolutids cfizoledrawid adid brvosit theb@BEI0 Omi fl ex pl us

ted st ' ted-jnto the vials, and t t d vi al
seal od wi th al unAPHRMEABET a8 el bast Wng eene L BB RIS B hear at >121

C for at |east lihithRtless theaitéraalisintfedndk contdindfRdmprdsks Cpiddtimatdrial A
pharmaceutical product in the formof a ready to use solution conprising a

cont ai ner cont ai ARhg Whiddhggongipenis heaisishlisshlec acid or a salt thereof, an

i sotoni sing agent and an organi c base buffering agent of sodiumcitrate, in
which at least the internal surface of the container conprises a plastic
material arkd i nAppdist aceerdingiiq elaimel. havingephysiotogically asgentable pH valueyr oduct
according to claipy}sshaypyng a physiol ogically acceptable pH value of pH
5.5-8.0. 3. A product according to claiml or 2, wherein the isotonising
agent is mannitol. 4. A product according to claimany one of clains 1-3,

which is ana] ysahl e r rsed_ph o ' | exation
agent, e.g. aiEDTA?‘ ‘frgc?%t %fggr\éﬁjﬁlﬁ%g ‘B’oﬁg‘ﬁlf %F %’e b.%‘%ﬁ‘%ﬁﬁ%ﬁ%‘qﬁéﬁ I|lci S by-and
degradation products. 5. A pharmaceutical product conprising a container
containing a4.bI S%“ﬁ%&’u@? ancac'gr%ing to claim any one of claims 1-3, which is analysable by
reversed phase chromatography with a complexation agent, e.g. EDTA, for

determination of the bisphophonate and its by-and degradation products.

5. A pharmaceutical product comprising a container containing a bisphosphonate
solution in the form of a ready to use solution, comprising
a) a unit dose of a bisphosphonate;
b) an organic base buffering agent, and
¢) anon-ionic isotonising agent
in which at least the internal surface of the container comprises a plastic

material and in which the filled container is terminally heat sterilisable.

6. A product according to claims 1-5, in which the container is a prefillable
plastic syringe.
7. A product according to any one of the preceding claims, in which the plastic

material is transparent,

8. A product according to any one of the preceding claims, in which the plastic

material is a cycloolefinic polymer.
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solution in the formof a ready to use solution, conprising a) a unit dose
of a bi sphosphonate; b) an organic base buffering agent, and c¢) a non-ionic
i sotonirsing agent in which at |least the internal surface of the container
conprises a plastic material and in which the filled container is
termnally heat sterilisabte. 6. A product according to clains 1-5, in
which the container is a prefillable plastic syringe. 7. A product

accor di ng t &% any Aopredust acoprdingrte elaim $idn Whish the plastic matedad isipPalyaSZi ¢ materi al
is transparent. 8,.A RIOHHCE ‘?&ﬁm & any one of the preceding clains,
st AR a‘c@c:o

in which the plastic nateri olefinic polynmer. 32 9. A product
according to claim@8, in which the plastic material is is Daikyo CZ resin

or a simlar_cyclool efinic pol r J10Q. oduct accordi to claim8, in
whi on’the. pi 45t 1 & Rafist Pefrolg o im. & do whleRleR Bl GRERH MARCNET o5 ot
according to cl aipDMAS Pdlyrdti ch the plastic material is a Schott TopPac vi al

or syringe. 12. A product according to clains 1-11 in which the container is
an infusion bag. 13. A product according to claim12, in which the infusion

bag is made pf  ROpBBEDREORINE to BIRInY Bif RiicE BR/plsid materl @iSchen nul ti | ayer bag
wi th polypropyl ene or polyethylene at the product contacting side. 14. A

product accor di ngopBrccMiglioRdYIPEE.i n which the infusion bag is a Baxter
Intravia container. 15. A product according to claim12, in which the
infusion bag is a Braun Ecoflac container. 16. A product according to claim
12, i n whi chlZ he A priodusit aseotsiéng to slainsS-hluin whigh the contamer is an infusion bag.

13. A product according to claim 12, in which the infusion bag is made of
polypropylene, polypropylene/Kraton blend, a multilayer bag with
polypropylene or polyethylene at the product contacting side.

14. A product according to claim 12, in which the infusion bag is a Baxter Intravia

container.

15. A product according to claim 12, in which the infusion bag is a Braun Ecoflac

container.

16. A product according to claim 12, in which the infusion bag is a Braun PAB

container.

17. A product according to claim 12, in which the infusion bag is made of a
Cryovac M312 foil.

18. A product according to claims 1-17 in which the container is made by the
Blow/Fill/Seal technology and the container material is selected from

Polyethylene or Polypropylene.

19. A product according to claim 18 in which the container is made by the

Blow/Fill/Seal technology and the container material is Polypropylene.
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contdiner. 17. A product according to claim 12, in which the infusion bag is
made of a Cryovac MB12 foil. 18. A product according to clainms 1-17 in

whi ch the container is made by the Blow Fill/Seal technol ogy and the
container material is selected from Polyethylene or Polypropylene. 19. A
product according to claim18 in which the container is made by the

Bl ow Fill/Seal technology and the container naterial is Polypropylene. 33
20. A producf, accordi ol =Y s made by the
Bl ow/ Fi | |/ Se% tgﬂgﬁ g o&‘%c&éaﬁllft%’ Eieaa’g(l)sm“g‘ﬁwg &l @@@P%ﬁ{%% t}ééne 32\p

pol ypropyl ene. 3Blow/Fill/Seal technology and the container material is Rexene 32M2

polypropylene.
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