Antim crobial Agents The present invention relates to antim crobial agents
agai nst Gram negative bacteria, in particular to fusion proteins conposed
of an enayomohaesstg t he activity of degrading the cell waltlEPed10/060011

Gram negative bacteria and an additional peptide stretch fused to the
enzynme on the N- or C-term nus. Mreover, the present invention relates to
nucl ei ¢ acid nol ecul es encodi ng said fusion protein, vectors conprising
said nucleic acid nol ecul es and host cells conprising either said nucleic

aci d nol ecul es O'Slﬁgheevﬁﬁb@rﬁarﬁfﬁﬁ?&atdpﬁretln‘édgé‘aﬁﬁ??ré%f%enti on rel ates

to said fusion protern I r for the
treatnent or prevention of @%ﬁ%ﬁg? f%%nﬁ?gi'?% i nfections, as

di agnostic means or as cosnetic substance. The present invention al so

relates to the treatnent or ﬁf&_@_ﬁ@ FAfe pveNgibNegat i ve bacteri al
0

contam nation of foodstuff, od processi ng equi pnent, of food
proéessi ng ﬂ'hésn'trwentiﬂn sezlafeact@sadoeihng amd eys:’cem fart tewninal Btestisatidrt of dtie
medi cal_ devi c urfa es in _hos ls a S ie Furt her nor t he
or esenPUfiveriEsism Shal 0% sherfRBlndicn AP Gy Sl b b fook

conpr i padkagiag,dviféreirothepprefited coftamr REORINS 8 phathaté dicRPsS g ghdal @uﬁ@r
menbrane, wth its characteristic asymetric bilayer as a hall mark. The
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i nfections caused by G am negative bacteria |i ke Pseudononas aerugi nosa and
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25 degradation from high temperature steam treatment. Moreover, the high temperatures
of the process (e.g. 120° C — 132° C) preclude its use with heat sensitive materials,

such as biotech drug products, specifically protein or other biological solutions.

Radiation exposure is also commonly employed for sterilizing medical devices,
in which the product is subjected to ionizing radiation, such as gamma irradiation.
30 Radiation exposure results in harmful damage to sensitive solutions, specifically
causing destruction to sensitive biologicals such as proteins, as well as generation of

massive amounts of peroxides in agueous solutions that in a secondary reaction further



1991 by Gasson (GB2243611). Although the killing capacity of endol ysins has
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gamma radiation has been shown to chemically modify biological solutions. Radiation

25 techniques, such as sterilization using gamma or beta radiation causes discoloring of
packaging material and affects the long term stability of therapeutic agents such as
protein or peptide solutions. As discussed above, oxidizing gases, while efficient for
killing bacterial contamination, also harm biological molecules in sensitive therapeutic
solutions.

30 As protein and biological molecules will be more and more developed for

therapeutic use, the need for a terminal surface sterilization and surface



(Melo et al., Nature reviews, M crobiology, 2009, 245). Defensins are a

| arge famly of small, cationic, cysteine- and arginine-rich antim crobial
pept i des,wbaungossr7bot h vertebrates and invertebrates. Pefrarionssmne
divided into five groups according to the spacing pattern of cysteines:

pl ant, invertebrate, a-, b-, and g-defensins. The latter three are nostly
found in manmal s a -defensins are proteins found in neutrophils and
intestinal epithelia. b-defensins are the nost widely distributed and are
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aci d réé‘fetc%ég {c8RY% PhRNAMACESHERY HERABHYS ¢ activity. Thus, there is a
need for new antim crobial agents. This object is solved by the subject
matter defined in the clains. The term "protein" as used herein refers
synonynously to the term "pol ypept$UUMA$Me term"protein" as used herein
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hydrogen peroxide cycle will further degrade all potentially remaining hydrogen peroxide
residues. Prevention or reduction of leaching of detrimental concentrations of hydrogen
25 peroxide into the protein solution in the syringe, either by removal of vapors or
inactivation of vapors, ensures that the long-term stability of the protein is not
compromised. It further has been found that among the commercially available primary
packaging components, there are only very few packaging material combinations that
provide the required tightness of the system such as to avoid ingress of sterilizing

30 gasses into the pharmaceutical liquid enclosed by the prefilled container.



nore preferably to about 5 to 30 am no acid residues, wherein the am no
group of one amno acid residue is |linked to the carboxyl group of another
am no aciwonresieg7by a peptide bond. A peptide may haveca/Epp@oiotioct
function. A peptide can be a naturally occurring peptide or a synthetically
desi gned and produced peptide. The peptide can be, for exanple, derived or
renoved froma native protein by enzymatic or chem cal cleavage, or can be
prepared using conventional peptide synthesis techniques (e.g., solid phase
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Fig. 1 shows an exemplary prefilled container in secondary packaging that is
25 decontaminated on surfaces according to the methods detailed herein.
Fig. 2 illustrates a block diagram of an exemplary system for surface
decontamination of prefilled containers using vaporized-hydrogen peroxide.
Fig. 3 illustrates a block diagram of an exemplary system for surface
decontamination of prefilled containers using tunable-beta radiation.
30
DETAILED DESCRIPTION



del etion of one or nore am no acid residues. The term "antim crobi al
peptide" (AMP) as used herein refers to any peptide that has m crobi oci dal
and/ or mwoabiwsari ¢ activity. Thus, the term "anti m croliepkopepdoide” as
used herein refers in particular to any peptide having anti-bacterial,
anti-fungal, anti-mycotic, anti parasitic, anti-protozoal, anti-viral,
anti-infectious, anti-infective and/or germcidal, algicidal, anoebicidal,
m crobi oci dal, bacteriocidal, fungicidal, parasiticidal, protozoacidal,
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refers to a peptide having positively charged am no acid residues.
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oc rrinﬁegarl?acfi ipas&?)'ti des which can be reconbinantly produced are
defensins, magainins, nelittin and cecropins. The term "pol ycationic
peptide" as used herein refers to a synthetically produced peptide conposed
of mostd8fintipgsne and/ or argi ni ne resi dues. The term "anphi pat hi c peptide" as

used herein Qéﬁr%iﬁlg)gﬁg?ﬁ)rﬁ)ﬁ;@ ﬂﬂé“cbﬁﬁin?%t@riﬁ%ﬂibﬂ ld é&fa%@dddéeabﬂfathat@&

functional groups. P . the term "anphi pathic pepti as use
her ei n methed,stheofoowingt fetminwiagynyilabeefseded ancosdayesewith difie ldefinidphs Isee and

hygpopaﬁaigl roups e.g. anphipatic peptides may be e.g. alpha helical,
ng ® nantly non pol ar side chains along one side of the helix and
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phase, with«Afinistration” refers to the method of administering treatment to a subject or
patient in need thereof, such as parenteral administration, intravenous administration
25 and intravitreal administration.

“Beta irradiation” refers to sterilization methods using beta rays.

“Cold sterilization” refers to sterilization techniques employing chemical agents,
gases, or irradiation. A requirement of cold sterilization is that the technique is carried
out at temperatures below those used for steam sterilization, such as autoclavation.

30 “Container”, as used herein, is meant to include vials, syringes, bags, bottles, or

other means useful for storage of medical treatments, such as drug products, whether in



solubility in the oil phase being higher than that in water or in an
aqueous phase. In water, am no acids having a hydrophobic side chain
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am no acids with hydrophobic side chains are al anine, valine, |eucine,

i sol euci ne, phenyl al ani ne, histidine, tryptophane and tyrosine. The term
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prefilled syringe and includes solutions of biological therapeutics and drug products,
protein products, peptide products, biological products, imaging solutions and aqueous
solutions. Ideally, solutions are those that are temperature, oxidation or radiation
25  sensitive due to the molecular make-up of the solution.

“Secondary packaging” refers to packaging enclosing the prefilled container,
such as plastic wrapping, foil wrapping, paper wrapping or other suitable wrapping, such
as blister packs.

“Terminal-antimicrobial-surface treatment” refers to sanitization or sterilization of

30 an assembled container, such as a syringe filled with a solution that is in turn encased

in secondary packaging. Terminal-antimicrobial treatment, or sterilization, allows a
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are a type of nedical vice that are . .
characteristics may be combined in any suitable manner in one or more embodiments.

20
Terminal sterilization and surface decontamination of prefilled containers
Terminal sterilization is the process of sterilizing and/or decontaminating a final
packaged product. In contrast, an aseptic packaging process requires individual product
components to be sterilized separately and the final package assembled in a sterile
25 environment. Terminal sterilization of a product provides greater assurance of sterility
than an aseptic process. Terminal sterilization is also desired and provides a market
advantage in some instances for the use of certain medical devices, such as the use of
secondarily packaged prefilled syringes for intravitreal administration.
Described herein are terminal-sterilization methods suitable for prefilled
30 containers containing sensitive products, such as biotech (biological) drug solutions,

which can otherwise be compromised when using classical terminal sterilization



manuf acturer at the tine of assenbly and provided to the end user,
generally a health care provider or a patient requiring treatnent, in a
steril e owodbtioss77Prefilled containers offer several adcamrPaoeSc@YEr
traditional packagi ng of therapeutics, including ease of use, reduced risk
of contam nation, elimnation of dosing errors, increased drug supply and
reduced waste. O the various types of prefilled containers, prefilled
syringes are the nost common and best suited for parenteral adm nistration
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theref Cc):[)ﬁdlltlgrlis?llsydecon?aemlnated on surfaces 102 following encasement or packaging in a
secondary package 104 by vaporized-hydrogen peroxide or tunable-beta radiation as
described herein. Fig. 1 shows one exemplary prefilled container, however, it will be
25 understood by those skilled in the art that various containers, other than a syringe, are
also suitable. Moreover, while the exemplary container shown at Fig. 1 is a syringe in a
closed and assembled position, it should be understood that other variants are
envisioned. For example, a prefilled container not sealed by a stopper, plunger or other

sealing mechanism can be surface decontaminated on interior portions of the container.



m crobi ol ogically contam nated at their outside. Term nal sterilization of
prefilled containers in secondary packaging is one way to provide the
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the nature of the contents and their intended use.

In one embodiment, the container is considered a primary packaging for the
solution contained within. In another embodiment, the prefilled container is packaged
within a secondary package or packaging encasing the prefilled container. Suitable

25 secondary packaging includes wrappings, such as paper, plastic or foil, and blister
packs impermeable for microbes.

In one embodiment the prefilled container in secondary packaging undergoes
decontamination, such that the contents of the secondary packaging, specifically the
surfaces of the prefilled container, are decontaminated and terminally sterilized. Thus,

30 prefilled container surfaces enclosed in a secondary packaging decontaminated by the



diffusion direction and reduce, if not stop, |eaching of hydrogen peroxide
t hrough the rubbers. Further, inclusion of a gas plasnma treatnent after
conpl et i omoebitvdoes7vapori zed hydrogen peroxi de cycl e w | pcrmrehensaegr ade
all potentially remaining hydrogen peroxide residues. Prevention or
reduction of |eaching of detrinental concentrations of hydrogen peroxide
into the protein solution in the syringe, either by renoval of vapors or
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hydrogen peroxide. In one embodiment, post-treatment measures are applied that direct
— or reverse — the direction of vapor diffusion, such that vapors are prevented from
entering into the prefilled container. In another embodiment, additionally post-treatment
measures are applied that destroy any residual peroxide traces.

25 In one embodiment, post-treatment measures include reducing or eliminating gas
radicals formed by action of vaporized-hydrogen peroxide. In yet another embodiment,
post-treatment measures include inactivating vaporized-hydrogen peroxide action, such
as oxidative action.

In another embodiment, terminal sterilization and surface decontamination of

30 prefilled containers within secondary packaging is achieved by application of tunable

beta ray irradiation. In one embodiment, the surface of a prefilled container in secondary

10



Fig. 3 illustrates a block diagram of an exenplary systemfor surface
decontam nation of prefilled containers using tunabl e-beta radiation.
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It is understood by those in the art that a prefilled container is assembled under
aseptic conditions, such that the contents of the container are sterile. While contents of
the container are sterile, the surface of the container is susceptible to contamination
during further packaging and product labeling using standard pharmaceutical packaging
25  protocols. For surface decontamination of prefilled containers, the sterilization methods
herein are adaptable to standard production and packaging of pharmaceutical products

in isolation or outside of isolation.
In one embodiment, a prefilled container previously filled under aseptic
conditions and labeled and packaged into secondary packaging by a manual or
30 automated process is presented to an electron beam tunnel for terminal sterilization and

surface decontamination of the final packaged product. In one embodiment, the prefilled
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solution at the time of assenbly and packaging and is deliverable for use
to an end user, such as a health care professional or a patient needing
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o fo: CORGH S TEL P Becl 3 S ER SRR b B S LERTRLSRY

encl OS'nﬁéhrish@f @&@hsbér@%é&ﬁh@nﬁlﬁke aSwelingScdPvapdr. tn Whatiek Rehbddrhentvi@@pi ng,
paper wr appi ng or other suitable wapping, such as blister packs.

"Ter mi RARMRKE iTen eleskipalbeam trgatmenteist oRET, "buteshiglded do dhmianvirapingat by a
steril |m(wgrbaq|'f] o?ﬂwea@ojgé@lnﬂg aﬁgrﬁuﬁ“o'f'ﬁ{e CW @as a syringe filled with a

solutiont I's1nturn encased 1 n secondary packagi ng.
Term nal -antim crobial treatnment, or sterilization, allows asecondarily

pa ag ref nt'n. be .prqvided in ile outsid dition at

295090 R el Ul 58091 ARSI d BB BLAY) ot bR S| SHALS aubebdeyepnd (Ton at
' n vapor fOlrmdhép@ﬁﬂb@dm’ﬁerﬁr esiing s?teﬂlzy’u@hlﬁﬂ [dﬁdflllédﬂdﬁnwn@rssw tE@6shdasyich as
the surface of a container or packaging material. The terns

"steri IPRSKAGIRG"IS 03B RYnPYaATtHHCO '%aﬁﬁ?f{‘tﬁmﬂﬁna chagpermvith owararized- _
treat mﬁgaroegghepéﬂéﬁae'a%@F&Qﬁg@@@Qévcdﬂ@érar.nz%.oﬁter' lity" as used herein is

meant to conp eteasenceo mcro life as defined by a
probabi | i ty Tog vatcuseisténsy or opegations] iimyolead un athee stesiizatiqreAnd. sTiface
20 decontamination process can be performed automatically under the administration of a
system manager, such as a microprocessor. Alternatively, operations can be performed
separately in manual operations. Furthermore, operations can be performed in a
combination of automated and manual processes.
In one embodiment prefilled containers are enclosed in secondary packaging
25 following filling of containers under aseptic conditions. In another embodiment, prefilled
containers are labeled with any product information, such as product name, indications;
use instructions, etc., prior to encasement of prefilled containers in secondary
packaging.
In one embodiment, prefilled containers in secondary packaging are presented

30 either manually or automatically to, and secured within, a decontamination chamber.
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required SAL for a given product is based on regulatory requirenents. For
exanpl e, required SALs for health care products are defined to be at |east
10~6 , i.wo2a100v887¢e of less than 1:1 million of a non-stemprb@opsmauct for
aseptically manufactured and termnally sterilized products, respectively.
Ref erence herein to "one enbodi nent” or "an enbodi nent” neans that a
particul ar feature, structure, operation or characteristic described in
connection with the enbodinment is included in at | east one enbodi nent of

the inventi S@\”sui-tréﬁl'éd&Bﬁta@ﬁHHE@drﬁ'&ﬁﬁ%b@F i§ Uiy BRAABES LUchf 98 B alitRnweher ein

are not necessarily referring t e sanme enbodi nent. Furthernore, various

par t i ceqaippedavitlt sxwanst ionceverebly spalingt & elnsedr eiranasnér ard iegsippay Wign
combi ngthd it A aHblARhE JBLORL 1dnBORRE. Ty SFRCALEBM B alEWhiEkne

sterilizatron an econt am nat’i on’ of pre ed contalners Term na
steri | ichamben Additidreal pteveests obl sitablel ¢cranmgerandlioe nterafoaateahmogating i nal
packaged prodyct. |n contrast, an aseptic, K packagin ro equi res
Ry A B P AR ST HBSER RS (4 Fki R R Fatean Y oT e
packagmtgssrefiitlesontaingrs e fiitiferedineANBE AtsuitiBleMEirhb&t i hbhAdtd @BsPby @
product provides greater assurance of sterility than an aseptic process.

Ter ni n&NYy $e@AINING BEToKidei 8aG@Sso desired and provides a market advantage in
Some 'nStan?r?%nEoémEQ& 4 Wd&S@érﬁ HePo B\ GBbr %G}Htr%‘aﬁcefli'rﬁg B3 dnbse of
C prefi’l e ori a

secondari |y pacKage yringes ntravitrea m ni stration.
Descr i le@beheyemeratad ewtteinmonatelestsedi Withat itbe oedrhibels fouia abffesidrdr tipeeto | | ed

contai ners cont ai ni ng, sensitive products, such . as biotech (biological) drug
ol 1 RESnGATee Caft ERbr whe S s oL PuARAE Sopiay S epSRel m nal
steri | i|F &nofHHpr aBs&iARnt, Sasticators b b oB2sa Bydrohas i rtrbRfe 9§ @@fidH out at
sterilization processes currently used in Ehar maceut i cal production and
assenbltgmpenggges welqvethose eisesl der steamyi sferlizedorir ug products, such as heat or
radi ati on-s [ PAYAS) sol pt i aj-ni j ' S ch tides
o pr ot of na Iprodef{ peisicohl M8 15 HsPIoRSeer] fRchiRitas dr s Pledalt

sui t ablkeutiekigU . oBaient tNiat 456 2c3fris ideecrdubsa at hrertlaqk df | stedlggation whiet Ikgxd | n
solution or salid.form can be housed - or contain - i refille

coibai MapraphierSing vilctt PPiudgs B Hng AR acl@pyS satien o PudoBREmeroide
has nownbegdssiig ey esRatiridhaydiogeat parokideiwaeetaporemiaart Rithelrs evacresondary
packagi ng. by an application of vaporlzed-h%drogen peroxi de, in which vapors

are coRtaTHFtY Cha(neer WAPHE. peRAN 1GAREAGeNHN miREEr ©s beafiprézeps e apor
tunabl exREE R BHhC N 1ayel df"?i'qfi[d @Wo@@rﬁ’?@r@fid?%ﬂ%%%én‘?& e REER Ay into
K ol'l'abl e, "are 1 de

secondary packagi ng are ‘contr al tTor surface decontam nation
of prefidriliged carat aiairiamedy st andemparatdfingl below Hiee sdexbipainty obrthé nysjegery of
thg cont enti of theB&)refi |l ed cont ﬁi ner.. The, net hods arhd e%nbodi nent.s

de 8 a&)

ri BRI BRI ARG Pattre §PNHRESTON 5 e Ut uerRsH R

packaginngtibe highlerlbugh toprevriicdadensdtidnl etthenncoming vapor before it reaches

the items. Following a suitable time for sterilization, the condensate is revaporized by

passing filtered, preferably heated air over the surface of the items. Sterilization with

gaseous hydrogen peroxide is described by Moore et al. U.S. Patent No. 4,169,123 and

25  Forstrom et al. U.S. Patent No. 4,169,124. The methods described in those two patents

involve surrounding an article to be sterilized with vapor phase hydrogen peroxide and

maintaining contact between the article and the sterilant at temperatures below 80°C

until sterility is achieved. The lowest temperature disclosed in either the Moore or
Forstrom patents is 20°C.

30 It has been determined that with sensitive solutions, such as protein solutions,

leaching of vaporized-hydrogen peroxide into the prefilled container is detrimental to the

13



Furthernore, the methods described herein are adaptable to different
container formats or types, with mnimal increnmental costs to production
pl ant deswono11/ossrst em i s al so provi ded which all ows forcsmrb@os6coo11
decontam nation of prefilled containers in secondary packagi ng, as well as
a kit conprising instructional material for practicing the nmethod and
system descri bed herein. Referring to Fig. 1, a prefilled container 100
previously filled under aseptic conditions is decontam nated on surfaces

102 o qubuigh REGHRE TR the YoIUIRAS AlAMisk hyBrSREOBERIUPAEHAI A0 Y the

vapori zed- hydr ogen gerom de or tunable-béta Tadi ation as descri bed herein.
Fi g. 1cgh@mr@a98@z @picat osiifisbtionsdf fb@r&oaltwer sucioaeoddation. will be

under st 00d iy L0Gag, BEL | AL-JBLDGA oAl HAIAUR, AN AR SoRtdigh than

a syringe, are also surt reover he exenplar'y PRNEr” shown
at Fi gméasusesareducesge pravents|ths extivarse aﬁaﬂsﬂmlfeﬂ-lmml é;ermit;vel golsﬂmml ande

under st ood t hat her v are enV|s ed r exa refill ed
oS erstnva Tis DNalilty and Getehyanera i GTAL ophein SR AR ShS T RAHRS can

be surfiRgReflREORbABINERS e@o@ﬂabﬁlfo@hbr@rméé’édrb@”éreofdetahﬁ 1$B5& ahBgsurks HREe
enbodi ment, the prefilled container is a syringe er suitable prefilled

cont ai Keastivate lthelexigizing actien of éﬁdr0§§@§%ﬂ>ﬁd©t wéeth@é@w@mqm vaRprzggdabl e
of con I i i zation. In
one” enbaifUde drdfgé of FerkBab B en b iHe y8flot i i e Elald 221 7 e
formof |iqin dnesmhlurbdlment peacténg af \&dP iicko & rprefnletlrmntmnbloch pmventeldebwlr ug

t t h | yt t t
b1 POr wesBI B o1 . 3Rub ol End tingetbnigerd dfedréel i bt chfdoe Rea™ n
st eam s{veréd tr‘kadlff@Qon AnLcticMbyddo GHEpENdxideUBPoRS BIA&TBrsiHg Petdrecays opNd
oxi di zing gasses. In yet another enbodi nent the drug product is one that

has bedAPPY dioM | hydagen noeoKige WepPers are dieventadldiTpByENteing: deeneiefitied i on
in i q‘ébﬂta%eﬁﬂe\’%%nﬁ'\ﬁg{t%@fn L BeUigrity o 8%'%%&&@?@8% ?@%thur‘?‘th%io&%ﬁtbﬁ?rt he

any drug product gui renents “or eS| rabi r ster
drug pmdiledhe soridee oiethe onfaamer.is decamempzateéd.cul ar enbodl ment , the dr ug

product is rote| sol yti.on, . suc ranlb zumab

proSuct 15 T SHCHEiRe bl s oS hARME R S5 BachIBED o08
cont ai Wéal igtef inchpablel bh chehtidlgn motifgihga septdutRPndbhianisy iMhgt bl@ﬁlléd/ an
automat ed or manual process. Thus, the contents of the container are

st eri | €0RRNIn PESEhEd ngﬂm%ep%&ﬁﬁt@ﬁﬁhm%ﬁh'r%ﬂﬂ% AgUalEdNg ey
her ei “oxE'aﬁvé ity fdf'Ha/%ij% ar 8%%36 Ypbrel & X%P a%Bﬁ]e?'é}ﬁﬁé‘@menPfh;}‘d?ﬁé&W S,
such as sol ution,

cont al ner | n an appropri ate anount such as an
appr oprpemm;dwamre aoe irgepivaledi tyt applicatemof alttnamletTaxee moﬂneoqmtaner afteyumt ,

LOLHTE EcRPRALATE LA M oL o aRRD R e e e
pri mar yngobiokiag ageh®! dubR as chemical agents or gas plasma, can be applied post-
treatment to inactivate VHP following a sufficient exposure time of the surfaces of
prefilled containers to VHP.
At the conclusion of the terminal sterilization process, the prefilled container in
25 secondary packaging may be removed from the chamber, and is suitable for use by an
end user.
In one embodiment, the sterilization process may be performed by an automated
system. For example, referring to FIG. 2, illustrated is a block diagram of a system 200
for decontaminating a surface of a prefilled container in secondary packaging. System
30 200 includes a sealed chamber 202 and a control unit 204 coupled, directly or indirectly,
to the chamber 202.
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solution contained wthin. In another enbodiment, the prefilled container

i s packaged within a secondary package or packagi ng encasing the prefilled
cont ai nerwoSuittmbd7e secondary packagi ng i ncl udes w appi rg3/EP3M0h6@s1 paper,
plastic or foil, and blister packs inperneable for m crobes. In one

enbodi ment the prefilled container in secondary packagi ng under goes
decontam nati on, such that the contents of the secondary packagi ng,
specifically the surfaces of the prefilled container, are decontam nated
and ter m nald yoab eldnhpident "se BESEH! | @RNARAT BiRErmay! fRCesmengliggrd in a
secondary packagi ng decontam nat ed by thenet hods descri bed herein can be

pr esentdedonteminaipnopranaberwifiohiinstaace rthei chambar A% mayeinehwderamagiaclaveuch as

ol ite . : e o ) ;
clecont Wi Bty 10 Pe PSR sntbe bRV filens T8 s+ 2Dzt alei g6
carri e@qQippeldwithr methagsseitd acatpwhtetgressuref e pedattios taidriaflowiahlioutflow

secondary. packagi ng with vapori zed-hydrogen peroxide and applying
pos?- t P@étﬁ’f‘éﬁ?n a@lﬂ’%@erm hin a decontamni nation chanber. A suitable

decont am napoRftof NARDEA dréviasy ifdhaehsrs, is Wed f@hn 8NsigHARCA¥RambbaRohas the
means for reversibly sealing a closed environnment and equi pped wi th neans

of mmniPSUPERiaRgraicsssaRsesiatashyith steriging mprefiled moniainen B0 tiuchias shawd n t he
hanber it . _ - : .
cccommuEd ol LBt ErpOT R o o R bR AT 04 ) REnaihR R

measur ebatmber 202 de doecipchanatdr 20 @riralatdd/ partg)en phgsarllylenéblera eayarizedg i nt o
prefilled containers. In another enbodi nent, the chanber is confiqured to
D LB iBeP PR ot SoBF TbBhrartag: D SAsq ) Herkriler Sranet Fadfon.
Thus, isBcordd¥¢pacrddngr oduction and assenbly lines, the chanber can be
configured to accommodate a | arge I'g'ganti ty of containers, accordingly.

Treat ment wWFOhex¥aipBlel Feane gathegénepe thskeerral N r2ddgnay dI3osmitH, sigral to a

appl i catyj ; : ide- I .3 0y ;

dobont SalRarBL s Eh TSRl AR BRI Bt ERg VapBlisq AydiBlen peraxider. o1
cont r olintabtre, dhamieherTheorcdstrolc enttak®4 poebsureat ae pteset adunaten-af-émeppihé ed to

mani pul ate.or control the.action of.vaporizedh ogen..per oxi de. | n.one
erb VanerasSTbhEn P dE S ir Bem AR SRl i R A SRR e sy s -
the di g epiration apeic gickbtgudionftimd, ied cyRpsIumitaat passmind 8didriapro
enteri ng into the prefilled container. In another enmbodi ment, additionally

post -t & am%n?o%é%rs%_rqigtegrd@vmm EW%%%PO%@QWVHW“P%QW&W Fe?%k’ﬂﬂe

ol 1 i it s o PRAEhEF Jor PRh-p0 PR TRROMAE T U L hat e e
| n yet psengntiog eatsigeddydrogens peroxde rfeorn  difasingeintd nibeudeefillad ccontaineng
va98ri ze épg%gr{go&er?ac%ed’e%)éin le ac |(i)r9.n’ such as oxidative action.

For example, following surface decontamination, the control unit 204 may
transmit a signal to a vacuum (not shown) to reverse the flow of hydrogen-peroxide
vapors out of the chamber 202 to remove these vapors from the chamber. Other
suitable control mechanisms for controlling hydrogen-peroxide vapors include

25 mechanisms for introducing neutralizing or inactivating agents, such as chemical
agents, into the chamber 202, which upon contact with hydrogen-peroxide vapors
render the vapors inactive, and thus harmless to the interior solution of a prefilled
container.

Reference is made to treatment times that are sufficient to terminally sterilize the

30 prefilled container. In one embodiment, a sufficient treatment time or the duration of the

presence of vaporized-hydrogen peroxide within the chamber to sufficiently
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I n anot her enbodi nent, termnal sterilization and surface decontam nation
of prefilled containers within secondary packagi ng i s achi eved by

appl i cat iwo 20f1/doss7abl e beta ray irradiation. I n one enbedrmerin/otdvel surface
of a prefilled container in secondarypackaging is decontam nated by an

adj ustment of accelerator voltage of an irradiation generator to provide
beta radiation of a sufficient dose to penetrate secondary packagi ng

wi t hout penetrating primary packagi ng. I n another enbodi nent, the

accel erEohtakhdtddhe rc%ﬁtéllrﬁé‘rdsdr%cgeié'o‘é?érrﬁlﬁl@d B?%Qﬂﬂ{é @él?da%BPUPBr Qiarﬁﬁlba

radi ation to decontam nate the surface of  ed containers depends on
t he t hicoRwaé¥ss dlﬂatsfm)@nm@rysmw@gltngremm@nt bv yapg@zedelamfpg@n peroXide: are

enbodi i g8

CrO0nt EoMpared'td SRR B THELE Br BacteliER CohBRhtbn iRy StdBid> T
nay be Iarmﬂlatoqi pifcmdcss slunhasohd:tﬂraterhﬁdusmﬁte@ooratM|m9dgbjemt m&hcb;antMrajd/ and
rnar one el er a lrradiati o ant esi gn
P e R 0 B KRS (oE bREiesR| GiAiB: Seeraly BOEted PRIRLLSE o nor
in Sec%mﬁdlbfdl@%k@%%%ot%@ It;%a%aﬁtSflmeoé@mét%aésém@bﬂIbiaate%nb%mﬁ @he t he

prefilled container g rimary packagi materials. |n one enbodi nent, a
&

sui t ablt@abﬂeintaﬁ"?e pade Vﬁgde@né@f@@ﬁtl%et%éaﬁb@IE@S@'ﬂC% of epgterigl graveai &@1 on
sensi t 'e\égllf qJe e Gy, a'{/gﬁtgatl t@cﬂnlqﬁgé %;?deg%ﬁé’tﬂemeﬁﬁ.ﬂ%ﬂ qgéilili?%tieénﬂ'er‘s

t hi ckn€&2 0"t RE CONt Al néF vva onen
cont ai rarriedSoutlbgi nzgpc&fzfedd*tydvcagws@eaa«dé)@sddemrmeldedbme aalj eestie® ndutoby t he

accel erator vqltage and thus the d t of penetration of the beta rays
Eﬁt efX 89?"66?%% %rr@%qu'lo&f P?@B ©1%rt hernore, shielding is determni ned

by nmeasuri ngh tée %?ﬁ@cﬁd?@fénﬂoﬂﬁg%onﬁ‘épmrﬁts 20ut s aadembigRt eand | dpdrétes in

understood by those in the art that a prefilled container is assenbl ed

under &sepdABCe ¥l eedmexeation QmatProprRssebnl ke irPleMartrticoel aiceatrobeit
steril g YBidd \ﬁﬂﬂﬁ‘?ﬁ' §08;§e bPEorRBBhAsKIREd H TheShf EdSin tIaHEe %Efc,%ﬁ?ropunﬁ he

contai ner I's suscepti 0 contamnation during furt er packagl ng an

pr oductmayabelanygoarsomay conznder, dniptegrocessat, |m’a¢thprasdmeajzlmgiepnces ocapable Bor

suréace de ont an n b on of refl Iti)&d contaj ners ihe sterilizati,on t hods
/ H

i n 4Pe %aﬁ?%\%l At Srodt QHANSSh SHE'H A IS BT PPt i cal

pr oductpﬁysmauys@drqpmgaautqhecstérﬂtd@oro rdcegs.ation. In one enbodiment, a
prefilled container preV|ousI% filled under aseptic conditions and Iabeled

and package#f Wit §esaprggiaicd Bk A Ygrieys SieRmu cBeralignemitvelesr Bréke |
presenied;itoida QGﬁédg‘d&%ﬂﬁMﬁﬂ% éUes%%’éH‘bréaﬁerﬁ)trﬁl'éH %&ﬂ%b@%ﬂ%{ﬁﬁ%lﬂ”faoe

decont am nat1 on rg# f1nal pac age produ I'n one e
prefil Itfwedmmrastrmbnlcpf & eqriral aunit qmdﬂwgbag abgvé.nhlteydaidwaty, cmewattmnsmanaberanual
n tion of t intaq

Pr 26T Bttty SERAErDi ARl Pl RuRE Rl BB oreltiontrean 58 Betbined, of
time thwawemdimgios- di%@lmrhalt@ﬂeindtrﬂaﬁurelwbéégses

Terminal Sterilization of Prefilled Containers by Tunable-Beta Irradiation
In one embodiment, terminal sterilization of prefilled containers in secondary
25 packaging is carried out by a decontamination treatment in a chamber equipped with
one or more electron beam generators that are tunable to generate an appropriate dose
of beta radiation onto the surfaces of the prefilled containers.
The various steps, or operations, involved in the sterilization and surface
decontamination process can be performed automatically under the administration of a

30 system manager, such as a microprocessor. Alternatively, operations can be performed
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as the surfaces of prefilled containers in secondary packagi ng are exposed
to | owenergy beta radiation. In another enbodinent, prefilled containers in
secondar ywpaockagsstg remai n stationary for all or a portipon/BrRotios®1as t he
surfaces of prefilled containers in secondary packagi ng are exposed to

| ow- energy beta radiation. In another enbodi nent, the electron beans are
oscillated, e.g. by application of magnetic fields, such that the whole
surface of the object is scanned by the el ectron beam |n another

enbodi gep ératél?elnoﬁia‘?ﬁﬁal ichePaRRd MAIRWNLRE §58AM6MI BheBh! PEHBRIE ibYa Means
of a transport mechanism |ike a moving conveyor. |n another enbodi nent, the
chanbeICOffthm%IIOéctfladtﬂrb@t&dtanﬂéaﬁmmitprG)@S@p@n but shielded to the

envi r onnent f S d - er
Term nal St Ie'?ﬁ”?z%’ﬁ?éﬁ'%t %gﬁ“q%l c%@g%?%féﬁéerer{?m ag]ﬁrlséz)e d%b/dbggke%ﬂﬁdm

per oxi dellofwthrdilling ob mentaireosliumest asé;ﬂrcmdmiitloﬁntsern anather embodinperef |brie|fil$£id

cont ai ners in sec?ndgrrwggéﬁg s carrjed out by antim crobi treat ment

n a clamaehiers IHerBRiQe Sugh 5 W@ﬁd‘é? eI dn Ea QOSH d

sterl liggat iructidite “ay i pusr %eléﬁcaﬁméme'bﬁtbr‘é'ﬂﬁed | E)HRAIKEE 1iR §8&ndary
sterilization and surface decontam nation process can be perforned

aut omatPRelddigd.under the administration of a system manager, such as a

M CT ODT 0CeSfplne A EdiHehY rxf.lle%mangpé.rte@c&gd Psggs,emte%%‘?é’% &hda ! "

manual operations urther oper a I'ons can
conbi naithemmahualiyt mmjtenhaamllyrtarwd\écqmtmmsers chambenwitk randdietsiae govoedn | | ed

I d kagi foll fil
conbal REhE: S8 Sndisr eboReTtdRe oA ERTbAr SaBiend At clscfn Heay
cont ai m@irfel.ar ¢ |®beér€tﬂhé\r' @mmméhp%@fllléd?fc@hfmrﬁér@nareslrh@ébt@ﬁlcl@ﬂ@d%{/ed‘aﬁe
i ndications; use instructions, etc., prior to encasenent of ﬁr efilled

cont ai #¥PYN the Bevebiey hedriegsiss. t0|them@ebwﬁ@mnn@movablaemﬁp MisoRE ner s
in Sec%@.%a&&n\%?&}‘at%@g Alfel BRGNS Ve B o B HR! dha PERLHERLS f O

and secur ed , econ?am nati on chamF) A Sul t rT(')cferad&lecont am nati on
chanberprefﬂledmpntamb@ne espmﬂeobtstwhaan&ohmilcawe, equi pped with nmeans for

b pul at | nlf APaben ol e P BOPER peafiRiand oG4 ol FoulRefiom ol ne

Cha%ermag%@btﬂeqtma'su@h&ﬁﬁmtt% whole Swdoabbfethehaiber isi stehHee byemaseltetion
accommopdating treatnent by VHP and post-treatnent neasures to reduce or

preventbeVIIP“t ?Bﬁ‘ih@ﬁ?mhoﬁtjm'ﬁt 3‘%‘?@?‘?"“? PaseeshbelPwdhg sCANRInE EIRGtrasI ke of a
sui t ably t eroxi de traces. In one
: nté‘?r?%) 'a r8ndRAND ebRafS LAY, %V'np%?uced&g p

enbodi ogen peroxi de vapor 1s in into the chanber, either

gener at ed win hie esnbadineat doke witfaces oherefiledrbentafrers in se¢drdaine packaging t o

degﬁg;%ﬂ%necontapnrmétreg aoturlngtepnee%%gu‘?c%me 0 [o%\]; Iplelngtcrlatl OnBat'anr%rdlsatlloH 5H&8L dary
than one second, ideally in less than one-half second. Thus, treatment times with
tunable-beta radiation as described herein are significantly less than decontamination
using gamma rays, which require surface treatment times of several hours or longer for
sufficient decontamination and sterilization.

25 In another embodiment, the electron beam tunnel is configured with an electron

beam generator, whereby the voltage of energy generated is tunable.

In yet another embodiment, prefilled containers in secondary packaging are
transported or moved about in a fashion as to expose all surfaces of the containers to
emitted beta radiation within the tunnel.

30 Primary packaging containers for sterile pharmaceutical drug products are often

up to about 30-fold thicker than the secondary packaging material. In one embodiment
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I n anot her enbodi nent, application of vapohzed-hydrogen peroxide is carried
out at tenperatures bel ow those used for steamsterilization. Hydrogen

per oxi de wo 2bigsst7f orm has | ong been recogni zed as a dipeirpecianiorlr Koubek
U S. Patent No. 4,512,951 describes a nethod of sterilization with |iquid
hydr ogen peroxi de whi ch includes vaporizing an aqueous sol ution of hydrogen
peroxi de and passing the resulting hydrogen peroxi de-water vapor m xture
into an evacuated sterilization chanber where, upon contact with itens to

be sterpd 'trﬁélgwes's*%ff tMERRHII &’QHQE‘dPﬁr?a?yt&écR ?Hb@nét%ﬁlrlsoio bt FHdrél iy Pakar

peroxide on the itenms. The 1tens t0 be sierilized are maintained at a
t enper &an thebbickneshof thensgrsindanopackaging mateyiah ihos @lipwngratresulinxdose t o

assur & 00denSalihgRonliihs HRe RIS RLcoRIARBAE ILATBERA Hi@ Must. be hi gh

enough o pre condensat1 0 the inconm ng vapor fre it reaches the

itens. Fol | twhawg baenudisedleeed ithat it ¢ pRiseibld ta dindoa cofrmﬂn@tmmdeﬁeatl@gnsg
revaporized b filtered, refer eate ov r the surface of

e e A AR R ALY O GE  R  IA  a
Moore efloR! a $irfacePabeshtaMihatibnl® sddcansteiRdasibhosh at ptfilled): ontdiatem No.

4,169, 124. The met hods described in those two patents 1nvolve surroundi ng

an ar t iseFendasy packaging.| whilsdhgicontapisp ef therrestaingicrreesepiialyahiridesh ity the
mai nt a{g@h@%ﬂ@%@@{ g?ﬁéﬁ?ﬁ& ! fige fotre(:lé)%t%ﬁgra B%oﬁtS{S'éé‘rﬁota%ff&& N

bel ow is ac Ieve ov\et era ure I'sclosed in
ei t her bidmolbbuales, suchl-‘ecsrtsbirenfndneg solusons i the prlrharsy ﬂmﬁagnﬁgtmatenaled t hat

Wi senS|t ve sol uti uch. as,.prote sol i | eachi of
VanBr o niibes Ebadiant et i Ridten ot e el e ner Ty e Condistedy 1o

t henol ¢ uh@rdos@g@géemytoo;ﬁrowae SHlcHié QRFiliSFAUTEN At He@BRdIng HXdigiNeABPT S

that enter the container cause chem cal nodifications of the solution, such

as oxi &t SOHENtSt USY oW Ke@wn &@aow@d@ilonhapp@rebmwhpegtatlp%t\/ﬁﬁa@e or
post - a@%hbfa‘i‘ér‘ %F u;géFﬁé\é”é@ IERBIC GFitHP th & SUEIES of %d%ﬂéﬁrﬁpéﬁ) e VHP
on sensitive soO an

Ions and preserve the i1ntegrit herapeutl c
ef fi ca(tlyickrm‘ssa):fmm seEmdsenpatkagengsol uti ons in pr ef| | | ed contai ners.

Po appl i c tion re ideally those asuf. deacti vat he
oxTii 21 ng. abt POR SToqapapEl pilBRm et EE AERe SRR g Foaaon & fl
vapor i zeglhedr aoaslire! i Rgured rSAdesH @ Psdiuesenn e s drARHR Stetilitifg an
i nactive state. In one enbodi nent, |eaching of VHP into a pref| 'l ed

cont ai HEPSS ST BOBRHTER WU 4BV Ca)i o KA 4 BdkasialARROTewd doke).on eRgher
anti m e fheht eﬁBéEf‘rBéd' Bo&é%yﬁ#@%@ésdr@d' By RSindter, dig fr%ﬂévaporg\'grﬁl?ﬁ' on

of hydrogen peroxide vapors reversing th irection
hydr ogé&asipeeterss, dalotiayeters caceripmelasimelgrs.r om entering the prefilled

W ehin the SbRraMeereserhant FralhCet dafn el e Shol3Rei B e
I n yet sapoidey sadkagdingeahd thy dhigassPer ake dsecoagars packadimgiCEov at 8@icasuch
that prefilled container, the beta radiation is desirably provided at a dosage of 25 kGy at the
surface of the prefilled container.
In one embodiment, a particle accelerator generates beta-particle acceleration
25 through a vacuum tube. In one embodiment, acceleration is by means such as magnetic
field, electrostatic charge or by energy transfer from high frequency electromagnetic
waves.
At the conclusion of the terminal sterilization process, the prefilled container in
secondary packaging leaves the tunnel by the outlet with surfaces decontaminated and
30 is suitable for use by an end user. Because treatment time for surface decontamination

is as short as about one second, surface decontamination of prefilled containers in
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they are incapable of chemcally nodifying the solution contained in a
prefilled container. In another enbodi nent, post-treatnent neasures include
neut r al i 2awWo@otimeesyri dati ve ability of hydrogen peroxi depecamre®Lo/obovyet
anot her enbodi nent, hydrogen peroxi de vapors are inactivated by application
of ultraviolet rays to the container after a sufficient exposure tine of
prefilled container to VHP following treatnment. O her suitable inactivating
agents, such as chem cal agents or gas plasma, can be applied posttreatnent
to i nagktydidfy WeaRkh@hh WeRInanBHild ShRMaGIPORI RefilBoR indiRBds iVoRFRS Of
prefilled containers At the conclusion of the term nal
st eri | igaatma ma@abemswhich Hase grasmiul| teccand@inai aentents, g@wwedallwﬂpanﬂha@n@gr may
be re (o] e t fQr b n one
embod BERpoUrp el 6 ABEBhon MR M At AbultBRa s P RBL abEEL 1t
syst empréductiex atimé e, arnidef @usiengli¢aidrhfion Zof ||d>éaksgm@t emmaor@ntd ocMordowr am of
as stem 00 foa?ﬂ?f contamn tlng a surface of a refllledtcgntaln i

2

in
secondasfligaliah 'q%ﬂ%“rﬂ‘ém) 9aHRINGq BJIal UL sadEe cHINeRNt2BOMtISRGCKS ¢bnt r ol

uni t Z%Mﬁ@heﬁbséﬂﬁﬁl?QHe% @hichndid ikiNated Ooy ReirfaBa dedonedtiinkBo®N&ing
enbodi ment, the seal ed chamber 202 may be any suitabl e decontamn nation

chanbe tunatig- betesiadiaiien in pe echeamévn®d2 may include an autoclave, with the

a0i 114y 10 SEVH hlidodifoh, %l asd gyl ERNENG sTlgncpgber 0% meed! 50

be equi pped w ul at e Jpr éssur terrper ature i nfl ow
and outdbbomanflnwtlng a\nptrdzﬁIledtdmta)hamiulesedmaar@mkaghngjm nncnﬁd@sparmeieﬂ:dmn-

f I t m to f t
2odBci SPal PR SYSPRIPRPIGE BroP! (1060 WOHI P RGH ODRS (L B AETS U
Fig. 1)as'\)bltéﬁéf%ﬁéfatbéd?)@wIﬂ@ﬁdtl@er@rﬂb@dﬂlme@@nﬂwé%n@w Fno?é"ﬂurﬁmﬂe-bre%ﬂ@ﬁlt
signals to ¢ 202 to direct chanmber 202 (or related parts) to

physi cReR( gengspiors 304 ebHe st a6 eanfmed tejuatably. gagerats ow-onergy ethe
surface,q tuééﬁ“?\lt% ﬁe(tlvlﬁ: f@le%%ﬁ%'&ﬁ{s éagoo;s%ma&%gena@%tw&@afrm behits h\ﬁ/’txaf‘”p' €

in one e control unit ransmt a Si
(not sherge) sasfeoei aft @d pvefiliedacomrsieey cand ﬁmremihegexmsuraaﬂxﬂaydr ofgehre
per oxi de nto the chamber. The control unit 204 neasures a preset

tlgti SRVEYi e the vapori zed- hydrogen peroxide is to remain in contact

WI th the prefiél sbtssdrabodmentithe@ofe drpedteRjepief@tbisB0PAppIP@nRIcReRkator
duration-of-time, the control unit 204 transmts a signal to chanmber 202

(or a veltagetp H@@P@%)ﬁ suficentsameuny o¥ betho@sintion tadecentaminaiertbesyrfaee 6f t o
F Sven B SSRRERIAL YRR RO SEAREMANRF R bl SDRIRE o Ui oY
cont ai ticknasserfdbe rsgcenddry gackage andrthedhickmess of the prefilled container. Thus
20 beta radiation is allowed to penetrate the secondary package while the thickness of the
prefilled container shields the contents therein from beta radiation.

Reference is made to treatment times that are sufficient to terminally sterilize and
surface decontaminate the prefilled container. In one embodiment, a sufficient treatment
time or the duration of the presence of low-energy beta radiation within the tunnel to

25  sufficiently decontaminate the container surface is determined by routine validation. For
example, containers that have been subjected to treatment by beta radiation are
compared to controls and can be checked for bacterial contamination using standard
laboratory protocols, such as incubation of suspected contaminated object with bacterial
growth medium and then checking for bacterial growth. By plotting treatment time

30 against presence of bacterial growth, the treatment time to achieve decontamination,

thus the absence of bacterial growth, can easily be determined. Validation techniques
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For exanple, follow ng surface decontam nation, the control unit 204 may
transmt a signal to a vacuum (not shown) to reverse the flow of

hydr ogen-wenoximes7wvapors out of the chanber 202 to renoveTiHres®/0d@PDrs from
t he chanber. Ot her suitable control nechanisnms for controlling

hydr ogen- per oxi de vapors include nechani sns for introducing neutralizing or
i nactivating agents, such as chem cal agents, into the chanber 202, which
upon contact w th hydrogen-peroxi de vapors render the vapors inactive, and

thus h%b?iyexﬁﬁeﬂwer tdhmindl (8 Rt G0 EARBd Qut ByRbeth irhbigfors @8t duisBRbed BBHEE €NCe
is made 10 treatnent tines that are sufficiént to termnally sterilize the
pref i | loggawieat Ut yrexppaurerie \éhh adidesatibechalkaMer.i ci ent treatnent time or the
duration of the presence of vaporized-hydrogen peroxide within the chanber
to sufficientlydecontam nate the container surface is determ ned by routine

val i dati on. Refgrerzeigpoh@y ntadd @i thefslidwiag eRawmeldseTheseibkaapled dre prowadédrent
by vapari zed- hydroge eroxi de are conpared to controls and can be checked
f or 3 badtid AP BLITRSTR STl AL B OB s STRHIGAT B0 MRSV UBAGERANG IMUEL P as

i ncubathéye e%arfipieB st @dtHe? ThalidnBé *RInShiES to WhEbmpPassd ahl alngdalPvhkati@l um
and then checking for bacterial growh, generally perforned by the use of
bi oi ndivdighopeconsy epident asg reswieinee teaching Rigaidedthepeiesence of bacteri al
growh, the treatnent tinme to achi eve decontani nation, thus the absence of
bacterial growth, can easily be determ ned. Validation techni ques apply
whet her termnal sterilization is carried out by vaporized-hydrogen

peroxi de as descri bed above or carpied out by exposure to beta radiation as
deé@ribed_beIOML I n one enbodinentéliﬂﬁi%introl unit 204 is automated, and
oper at es i N|RGESIFHIRWIRg VeXpRifRAE Srefled ISYEn§Es Avepé AFSRS® 'withl Bevaporized-

i mpl ementation of a control unit will be well wthin the scope of soneone
ski | | edydrpgenepaspxide sigrilizatiamiieatmeant én @oranerunitiertaya isinci pagre teeugh
conmput gryypi e kLt i f i ng
code 1 oy PSTERRARGERRREoR oW baSEb YA [EEaEDE R 252 AL SRS,
physi cMHR stegitizatiomgorooediree Syrieges iczatairomg praseiessolutionsvidated by b eerat ed

th t he various stepns, .or_operatjons, ,.Lavolved in t steri.]ization and
st ac SomBRLet e R ey Dbt Ree R A AR s stmite tohadh BRI, Saking e
adm ni prednt Msallitich washidhtalidd as descri bed above. Alternatively,

operations can be perforned separately in manual operations. Furthernore,

oper ati ons Aal®hElaten fasr deseribgddn dbrbiRiRNt VP -of 0806 Revasitestrd frimyatein
prOces%?radﬁ%&ﬁ#&%‘wiﬁ)ﬁsbﬂrﬁéﬁtﬂy%Pf Prefill ed Containers by Tunabl e-Beta
0

Irradiatron I'n one e rment, ‘termnal sterilization of prefilled
cont ai ners Appsedoaiddy Opatkefgsaigtians waarfiliesed durouply aa Oec prt ayvingst filbar.

thap axDietaf RFEVE LR SeBT Sty SRR MIbLEAT Flilig®d ST L5ARGES o
was performed in a sterile lab for hydrogen peroxide treatment.
Analysis after the treatment with VHP revealed the following protein contents,
visualized by HPLC analysis: byproducts and degradation products by HPLC (IEC) and
by-products and degradation products by HPLC (SEC).

25
Table 1: Protein Stability Following Treatment with VHP

Batch IEC (% main peak) IEC (% basic peak) SEC (% monomer)
Control

9823.01 CSi 98 2 100

9823.02 CSi 98 2 100

1 x treatment

9823.04 CSi 98 2 100
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of beta radiation onto the surfaces of the prefilled containers. The
various steps, or operations, involved in the sterilization and surface
decont amwetiomops7ocess can be perforned automatical |y wodapilo®e0011

adm ni stration of a system nmanager, such as a m croprocessor.

Al ternatively, operations can be perfornedseparately in manual operations.
Furt hernore, operations can be perfornmed in a conbination of automated and
manual processes. In one enbodi nent prefilled containers are enclosed in

secondary ggsiggagsng f gl fow ngggfi FTTng jof comnt aQ' ners unper aseﬁ)@d C

condi tJ—ans—l—n—agﬁt;heﬁ
any produc%X'i“?"f‘f'B tiqgn, such as product nane, |nd| cat ons, use

instructi on9$2m7c pri or to eB®asenent| of pref2 | | ed contai ner$0i n secondary
packaging—bgp3Ee embgdiment gprefitied contarzers i pecondagyy packagl ng
are presented either manually or autonmtically to a decontam nation chanber
with an inlet side and an outlet side.| In another embofiment the
decontam nation chanber 1s an electron beamtunnel. Tn yet another

enbodi nent, _prefilled containers are mechanically noved through the tunnel
from the i niTBE resylis 3e5n wereotithia the repsirgmest; ooV erenre Adsrees etnees a
convey I t 6@% a a

surf acg@e or% pr e]p i tﬁé (JJ Hct?r%%%?%gﬁg% gnggoggg erf}b? @g%rfrﬁréangt[eldoﬁyﬁﬂb%s

anot heﬁrmnlmscsdcm'eatso héheamiedcaut@t difterast time pwints|foliavedg teeagmebly sapiplascht i on

he e SR 1B BEAR 3 SR stwhs IBSARPLf MT50 et e EShel Bt B e
scanni rpmdilcﬁ(df rtiog d@@f&l@a dpntaren Areflysis haarmpoartnedmhamdﬁmmuhe antovédg
conveyor nbodi ment, the surfaces OfBBLE?fI |l ed contajpers in

secondéF%b"Bé@géB? RO SB%‘BH{ KU PSRN X RIseRES: Phey B oJusi
penet r%%|n%”st%ﬁ8§rd PHLE I brHory %?éto&&@”A%ﬁ/s%eﬁé‘ﬁ‘%ls Beatdry blrbdteéﬁ thdran

one-half Second. Thus, treatnent tines wth tunab dbeta ra |at| on as
descr i @&B@i@emfmhas@abcc@mges;:wﬁh gs rrmunrhgaﬂwaj@@memmlmpf bleOp #1 a«yu@@rmm
u C e f u g for
G P o ML luBBtcsfiod tasE fsing °8 cBTkr bbTBRNRr BEHIsRall bl KO e
eI ect r@onjmaamrt withah dppacato$ withrfedradcehcadetdctionr on beam generator wher eby

the voltage of energy generated is_tunable. In yet another enbodi nent,
prefilled containers in secondary g are transported or noved about

in a fashi O'Thésfo‘llgwﬁ*?gpéﬁﬁerﬂhéntsWafsa§§r$|e9f olith® GRMrAiMNE thet &fRHEAEE BEt a
radi ation within the tunnel Primry Eac aging containers for sterile

phar na@étfﬁ%éec@ﬂa@lﬁﬂ*@du&ﬂ@ beta lﬁﬁtﬂlé OrthAtCQW@Eﬁtha”SB@WIJﬂQEB erlegrefUNNgAN t he
secondary a I t 'l of
PIERY SHREIEREAIARSIEA, of RSBt BBR e KA ISRl e

t hi ckné.amaooTecthlcmem(ﬂmay, pearicagi wags maedrto ahyestipate thiel mniamgatlan raepth of ng
dose

h

the electron beam in different materials. For example, penetration was measured in a
polyethylene bag with foil thickness of 50 um, an aluminum bag with foil thickness of 0.1
mm and a glass slide of 1 mm thickness.

20 To increase sensitivity of the study, multiple passes of the samples through the
tunnel were investigated. Far West 60 Film dosimeters, available from Far West

Technologies (Santa Barbara, CA, USA) were used to record the radiation absorbed.

Table 2: Beta Irradiation Absorption by Packaging Materials:

Number of passes
through decontamination Absorbed dose

tunnel Dosimeter in Dosimeter in Dosimeter shielded by
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absorbed by the contents in the prefilled container to less than 0.1 kGy.

It has been discovered that it is possible to find a conbination of

packagi ngvoeopanesw's, accel erator voltage, irradiation pcamr2dess@n and

t hr oughput speed that allow a surface decontam nation or surface
sterilization of a prefilled container in secondary packagi ng, while the
contents of the container are essentially shielded by the primary packagi ng
material. Therefore, beta irradiation does not affect sensitive

bi onol ecul eg,suUcCh as brotech daugmﬁgbgdgonsﬂwﬁmﬁﬂg@ t1¢nm{@gg@mbpackaging
materials. | n one enbodinent, |beta irradiatjion of the prefilled contaiper
nmay be condptead at any dosage3eke@ful to prdViM%/effeciFM@M@ﬂéﬁwlizatiJn

Wi t hout degggiddss tTe Comtai eh7 [, TtS COMt[egILE, usT g dLUQ('GH‘kW beta

irradi ati on ;mnar atus. _such as a | nw volta enherator parti P| e
accel erat or | ° 9% t he amount OFOFK®i ation d 1&85@1’/ ng on f'h%dsf% Rhess of the
secondary packaging In one enbodinent the mninumsterilizing dose (MsSD) of
beta radi ation is that required to deliver the required SAL for the

duct terilizi d t
e 1 sai ot TOR TeSURRLToa, sBowEq Indl Al8aly “iRuBhse DR ctliest sehings by L '
measur %dﬂiﬁn%nﬁ'ﬂe@bntaﬁr@étﬁf@mhﬁeby suifbpe desiligBidT §®u|§€tie06btﬁ”ﬁfe@lr($>-025

ceriumdosi neters. I n another enbodiment, the anmount of radi ati on depends

on t he ke e thss p@@@éhwaﬁypqsé@aa@um@ plastia hags.hikueneaftero? times Be¥Mdary
packagi C r e @?.Lé

des:§r agﬂg Ill’]:gble% déﬁzr?tn géa ostgédeth]oﬁgﬁ &aﬁw@eéb °té$l°§dup?§§é”'@‘$ t heBQd@q (‘?ed
cont ai mmterlalr(behmdemﬁadmrmmk glaspavdll) elas fac delosr ﬁta)hmge:lﬁeruaahemtlon which

bet a- parti k& Zc | erati qn t hr g}ggh a vacuum tube. In one enbodi nent,

accel EIMﬁSI vy r‘?é’ﬁﬁ% &S magnetic field, electrostatic charge or by

energy t ran&ﬁ@lﬂoﬁéﬂ%}“thé@iﬂdﬂﬁ@!ﬁf&}é @Jeﬂéﬁr@ﬂ%%@'% PolResate A0 sHation in
concl u5| on of the termnal sterilization process, the prefilled container

i n secomRfiled %%f"csx%)(jinﬂésl &aldang.He Q) wyateinvestigatrd bmmeeasummﬁnts@rﬁea%ges
deg@nt aRboRe b EHAGRIC TRE HBF MUl of PRkt wEEARErdd BRI
time for sur ace econtam nation Is as short a about one second, Surface
decont dermoasiQxride Oxgadibin I(FOX) tentt adooeding it s stantdad projackagi ng of fers

numer ous advant ages over sterilization nmethods invol ving gamma radiation,
whi ch are harnful to container contents, require significantly | onger
€XPO0S UlTaeblt BnBxgoxide Lalesdiollauwing Btiadnadiatiod olfemﬁiléoecaﬂdhérisonal shi el di ng al ong
the Product e Bbas @l SR Bl SRLIO AR B rer PO B BB AP AE M
Moreover, sterilization techniques |nvjolving gamma ra I on _cause

si gni ficant|bottlenecks in production d%é’ét(%'f‘ mHOﬁ@glaWﬁymgeél,SQ EMolat ed
by surface (r€gemb@nhdai@tated) usi ng tunabfeedeta radiation 1n an e-beam
t unnel .

1 pass 0.04
3 passes 0.03
5 passes 0.05
15 No significant influence of the electron beam treatment on the peroxide content

of the solution enclosed in glass syringes could be observed. Thus, beta irradiation
proved safe to solutions within prefilled containers.
Additionally, the oxidative stress exerted on protein solution in prefilled glass
vials was investigated by measurement of degradation products according to standard
20  protocols.
A formulation as described in U.S. Patent No. 7,060,269 was tested for protein
degradation following treatment by electron beam irradiation. Approximately 0.3 mL of
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In one enbodi nent, as depicted in Fig. 3, a system 300 - for
surfacedecontam nating a prefilled container in secondary packagi ng -

i ncl udes wo 2e11@6s70nbeam t unnel 302 equi pped with one OPCEIEP2010/060011

tunabl e- el ectron beam generators, shown as voltage generators 304. In

anot her enbodi nent, the one or nore tunabl e-el ectronbeam generators 304 of
the systemare configured to variably generate | owenergy beta radiation.
Al ternatively, electron beans are oscillated, such that the el ectron beans

hit a lsglgeh was ffi?fél"e_oofhr@ugFH &f blooednCamdraamne asBptedichiRasHtd Pre-Sichfised ©
surface of the container. Tn yet another enbodi nent; the one or nore

gener atotass Sils, aggspfically atasedewithoa sterileagebhas piopgeic@nd seduredi witlh amount
of bet %|L{ '%ﬂwt.r ptc8 decontami nate the surface of the prefilled container,
wherein CUSufTiRiceRt amount of beta radiation depends on the thickness of
t he secondafMyepankaigersawdrd passdd tkoegls tiod abbee ptestiibéd @-loeamh aunegl. wilihus,

beta radiation js allowed to penetrate the secgondary package while the
t hi eknd&tigal SRUINGP c7% Y?'@erewec hefi REPETURSRISgIen %”?Fj)rﬁbé’ﬁ?s 'BP"F VP& bet a

radi at i;palyzB8¢bREL HELréAmERE Kith @IddtRAL BB rddigBsh 1d\@éteRhiRe Pibieir t&MtEnts?
termnally sterilize and surface decontam nate the prefilled container. In

one enbyisgitizas by 4R nalysist for byatageats andrdegradakien @iedidiohy diPLGélBSresence
of | Owag.rb%rrlg)}‘mpﬁta%o(/@ﬂ{a@;(érﬂBlevw thin the tunnel to sufficiently

decont amnate tThe contarner surface is determ ned by routine validation.
For exanpl e, containers that have been subjected to treatnent by beta

ragpat Lo, ar e CQRPALSH ol inc%%farlr?:!\oslatiar?gf FrallePonfigRked for bacteri al
dranda aboratory protocols,” such as incubation of

SuspeciNaphb&r@npaxBestAbesh BBdaClinisl THT (Pakaie pead) IEC Gvbasidipedkiim and t hen

checki pg; epépmegﬁ;egeh)al """ growth:= E;‘dé"@lf.@f" “r‘ng““t‘fﬁﬁwent t''me agai nst presence

of bactertalgrowthythe-treat-nept: ffppeegs é:'.hi'"ﬂ"v'"e""d'e'cont am nation, thus

t echni §wesseppl y whet her ter i nal 98©9é6) | i zat i @f1Ps carried out by beta

radi at spasses descri bed above or ea@repd out hy1exposure to VHP as descri bed
above. "Reference s now ade to T the  Tolr Towing exanples. " These exanpl es are
provi ded for the purpose of illustration only and should in no way be

construed adhbes wgrd nordifietencestietweer iansiselis blitheruntieated diyirlggsamdowitist r ued

to enc 13l i gl , i.chab Vi a of
the T oaiTD B iRY TR, RLERE LSRR T RE SR &

prefi : !bednfsﬁahilﬂg@t&)n/\l@ﬁﬁ:dse,eatseﬁﬁ%ﬁ n ahgaﬁgmltsé@dHW@glfaﬁrmsr, Qxhﬁ@e'beﬁa p
sterilizatjon treatpent in a chanber, either a single pass through a

st épi | i@‘i?f‘%%PS%@W&%?'W%V%%‘C%O(SQWSW\S M%htwef'gftﬁ %grB@'lnSW-as 2 X)
through a VHP sterilization procedure. Syringes containing protein
solutions treated by VHP were conpared to control syringes treated with VHP
to det diheidescriped penbodiregts e &F beiconsidared in all respects only as exemplary and

not restrictive. The scope of the invention is, therefore, indicated by the subjoined

claims rather than by the foregoing description. All changes which come within the
20 meaning and range of equivalency of the claims are to be embraced within their scope.
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present in solution was nmaintained. A formnulation as described in U.S.
Patent No. 7,060, 269 was tested for protein degradation follow ng treatnent
by VHP. Approxiomweszel y 10 ml _ of solution was filtered tpcompbodotoo22 mm
syringe filter. (Mllex GV filter available fromMIlipore, Billerica, MA
USA.) Filling of 0.5 m _ syringes was perforned in a sterile lab for

hydr ogen peroxide treatnent. Analysis after the treatnent with VHP reveal ed
the follow ng protein contents, visualized by HPLC anal ysis: byproducts and
degradation products by HPLC (1 EC) apgdifg- products and degradation products
by HPLC (SEC). Table 1: Protein Stability Follow ng Treatment with VHPThe
resul t%?%%’i}ny"ere within the requirenent; there were no differences between
the results of the untreated syringes and with hydrogen-peroxide treated
syringes., Analysis can also be carried.out .at different, tine points

ol Pow ng'« Pomiiefy 785 sBiats echBliminaudngiih e ahle ERh AN Pefigianng
treat ment bpadkiigin@rcoayrisidgie shelf-1ife of the product of the prefilled
container. Analysis can be carried out to determ ne continued stabi|ity of

the protein sol uBPRIMING NePRIFEHdMAEQIEN Rerpie 100 the rREaeeeObitheyPIsfilRRict s
usi ng st andapgkatiRktn ﬁé’&?fd%“x% ch¥gfiPcol s. Anal ysis can al so be carried out
ical” ¢

by the presence of physical’ changes, such as measuring the concentration of
H2Q2 in sol uti onakgwingf vaparzeddydeogarstpenexiag ton rewveain tinecedaeit avth the

{1 007 esconc L AUB RN SEbulried % e SRobhIR, FL BRI Rt E el ou

t o det er m neottameeklifaté;\aress of surface decontam nation using beta
irradi ati on. A commerci al | é{davai | abl e e-beam tunnel for outside

decont ani nati on EFULEREA® gcondamnien W?WrﬁéQ/Réc'érc@erPQP%\? HTESprfetS_Gﬂ?q_i nac
Technol ogi egf ( Qé%é‘ﬁzeﬂ@?_@?%n WRroxiged th@lrésb@/VE%r‘e'VGﬁﬁrﬁg t Rep O K \RIrb§éh dept h

of the electron beamin different materials.” For exanple, penetration was
measur ed i nparqxiie/fsemyditurindido itie prefited cemieidRness of 50 nm an al um num
bagswith foil thickness of 0.1 mmand a glass slide of 1 nmthickness. To
inCrease sensitivity of the study, multiple passes of the sanples through

t he tunne2. Waeanethodsifig@imed, whareinésd pedilléd Iconthirsar rietaes\singavaintaibing 4 r om
Far West Technol ogj e Sant a Bar bara o U were used to record the

" adi at i on aB6F BRI SH1EWSe: SEye 1o Ao FEABIBE PYrS By Pa B HG
Material s: DeamRestion tiRAghes: bhr exsdsude contrannabh® NstoRsaHtiBe dirdapeeri Uy el
Dosi nmeter in Dosineter in Dosineter shielded byThe feasibility study showed

t hat al r eadPXRP3uUie th¥aROM7HIY a@entFiandPasesti ngs of the el ectron beam
deggnt am nation tunnel a surface sterilization could be obtained (>= 25

3. The method of claim 1 or claim 2, wherein the prefilled container is a syringe

containing a therapeutically effective amount of ranibizumab.

4. The method of any previous claim, wherein sufficient time to decontaminate the
25 surface of the prefilled container is determined by validation of treatment times
and compared to a control standard.

5. The method of any previous claim, wherein the post-decontamination measure
includes applying a vacuum following the duration of treatment with vaporized-

30 hydrogen peroxide, thereby reversing the direction of diffusion of vaporized-
hydrogen peroxide and preventing intrusion of vaporized-hydrogen peroxide into

the prefilled container.
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kGy) when the product was packaged into plastic bags. Even after 5 tines
passi ng through the el ectron beamtreatnent tunnel, the absorbed dose

wi t hin t hwopackmegsmg material (behind a 1 nmthick gl asecwaipk)ionemif ar
below the limt of quantitation which was 1 kGy for the dosineters used.
Additionally, the oxidative stress exerted on a 0.5% Pol ysorbate 20
solution in prefilled glass syringes ( 1nL long, 1SO was investigated by
measur enent of peroxi des according to standard protocols. The total anount
of peroxi des was neasured by the Ferrous Oxi de Oxidation (FOX) test,
according to a standard protocol. Table 3: Peroxide Levels Follow ng Beta

| rradi at i ®nToe rretifodl dlednCoftcidimsr -4, Nehaseigninei pasitdacentaminaiéorpmadsgre

el ectron be a r d e S ed in
gl ass. syri B dsSE R Rind LubaViole i SIS The ClyiaBan8l oA EEAMATS

sol uti ons waporizeorefdrogerd persxids, rthe&byAddctwaongldxydatltvb%cmnokafthy/dfogénr ess
exerted on rot n solution in prefilled glass vials was investigated by
measur ement BTO’QJCL“QY%R%% on products accor di ng to standard protocols. A
formul ation as described in U S. Patent No. 7,060,269 was tested for
protein degradation follow ng treat nent by eI ectron beam i rradiation.

Appr oxi mef-eilpeongtheld olbasylaftdaimswh fwhareinetnet pegfudpeoataminationnmeasues and
asepti cal | Y; i%dde%ﬁids;ﬁlgsr%?r %Erﬁéilnl ized glass vials, aseptically closed with
a sterile rubber er §95€elred with an alumnumcrlrrp cap. The

contai ners were passed through the above descri bed e-beam tunnel wth

i denti cal ti s,as for,  the oth I ent s i oned above. Containers
weill anal &2 &umatied BnsUipee IR ARG oLt GNeDEaCRaGNS | D SeeP BB r i no
protei n conpapksying icoufdrisad by HPLC anal ysis for byproducts and

degradati on products by HPLC ﬁil EC), as perforned above in Exanple 1. Table
4 : Protein StabPreseptitg|a sugfilgd BOniaingr Kdpasecondary pagkagel & atopleairomr s
There were i § n e t t r d s and
with el ect rgg @eaJrrrﬁge;Fe |6zég{i\o@iﬁaf)ﬁg ?rr ﬁﬁ)% t?mQ%le E%SHBQ ﬁiésr@e ewe{rb@g%asses
thr ough t he cepalen s’amamabazt igeneratioge &sy- eaergsyhdmta |rad'laltienr E&Eldl tcapableTabl e 4

IH tunab bet f]a %’[I on as C{E fl’l bed herein ove ﬁ%e tto sol.utions
wi thin pref PF?' 'r@o?ntea §aMprAIChDa ?B%rg%ﬁ%%ﬁ e RIFLTGY CRRIAER S der ed
in all respegbSseatoypeds r&KgiaN @linh onedmihasdm; dHd ve The scope of the
invention is, therefore, indicate y the subjoined clains rather than by

the foregoing de§EFP|V'ﬂ9|thaCQ@fPratﬂﬁa’ﬁ’&é@e\%mﬁwo%ﬁ’émr@ HenaRle slesiQAibeg™ind
range of eﬁgb V\%‘a@cﬂ%%‘ﬁq&&% &'s&l‘ﬁg%nf‘éﬁlohﬂt ?ﬁbé’cﬁ?ﬁ&%ﬁgn% HQbShtémﬁ?eftg the

scope. CLAI met h or surface decontam nation o
prefilled ceuntfatmef thenprefibeshdamtainer, wherein the sufficient amount of beta radiation

20 depends on the thickness of the secondary package and the thickness of the
prefilled container, such that beta radiation is allowed to penetrate the secondary
package while the thickness of the prefilled container shields the contents therein

from beta radiation.

25 9. The method of claim 8, wherein the thickness of the wall of the primary
packaging material is 20 or more times thicker than the thickness of the
secondary packaging material, thus reducing the dose absorbed by the product

in the container to less than 0.1 kGy.

30 10.The method of claim 8 or claim 9, wherein the prefilled container is a vial filled

with a solution or solid otherwise sensitive to sterilization treatment by gamma

25



packagi ng, conprising: applying vaporized-hydrogen peroxide to the surface
of the prefilled container in secondary packagi ng; allow ng

vapor i zedwbydriomesy7per oxi de to remain in contact with tipeTmrediolobmal

contai ner surface for a sufficient time to decontam nate the prefilled
cont ai ner surface; and causing a post-decontam nation neasure to occur to
reduce the presence of vaporized-hydrogen peroxide, thereby preventing
vapori zed- hydrogen peroxide fromdiffusing into the prefilled container. 2.
The method ofqighicH, Bekiliz s BEANIIR b ShbbliRtoRBAR! AR siefiliZatN théMifent
contai ning a drug product otherw se’sensitive to sterilization treatnent by
gamma r adi aby @xposuretd Vppariding agerist geses dpespde forening sylbsiangesand
sterilization treatnent by exposure to vaporizing agents and gases. 3. The
method of claim1 or claim?2, wherein the prefilled container is a syringe
cont ai ni npl.ahtheetrel of aalyl ynefdf edbimee 8attyuaherein tlaaidbeflleanbontdineftie aret hod
of any previous clﬁégéwﬁgerein.suff'cient tine to deco i nate the surface

, tam
of the pref FYIRGs & @ PRIUHER HRAPIYERE HPNFENE ot ?t@ﬁ'ﬁ%ﬁ lony WsRimeft BY nes

and conpar egafna r&RBfidr | stiIRRHGH Greatmerdtsy BREGAF Qb ABYMPEAY Isteizalich M
wherei n the post-decontam nati on neasure includes applying a vacuum

fol | owi ng t Heauuenit Py rexprsuice iR MAROIANE haGRIPS randk dR§es dyeReiPxidsx faraing

t her eby revg&gétgg é§1e direction of diffusion of vaporizedhydrogen peroxide
and preventing 1 Nt usi on of vapori zed- hydrogen peroxide into the prefilled
container.6. The nethod of any of clains 1-4, wherein the

post - deco i nati.on asure includes yi ultraviolet rays.follow ng
Phabaur aclon i MetBa ATORR Tadars et hyaPoitn hermsens coiginesys 3

i nactivati ngymded@dritaidindcd tHenagdutiduy egeniveeirirlf vamsizéma. The net hod of
any of clains 1-4, wherein the post-decontam nation neasure includes gas

pl asma treatnment. 8. A nethod for surface decontam nation of a prefilled

cont ai “er1é.“ﬂ§ee°rﬁé'tﬂ€gyoﬂo%gg§j1é‘%f camy ! -Hﬁ',QWh%FﬁgefPﬁei ﬁ%ggﬁrﬁf&f ldeb@flis .

container 1'n a secondary p age to an el ectron amt equi pped with
one or nor emaasakdacbetesimety. beam gener ators capabl e of variably generating
Ioi/- energy beta radiation, and capable of oscillating electron beans such
tha? a | arger surface of the prefilled container is exposed to beta

radi at i om4urigmeentamangt iodd; ofndlaims 8-13, wherein sufficient energy to
decontaminate a surface of a prefilled container is that which provides a dose of

beta radiation of at least approximately 25 kGy to the container surface.

20 15.The method of any one of claims 8-14, wherein sufficient energy to
decontaminate a surface of a prefilled container is that which provides a dose of
beta radiation yielding a 10° Sterility Assurance Level of the outside of the

container surface.

25 16. A system for decontaminating a surface of a prefilled container in secondary
packaging, the system comprising:
a sealed chamber; and
a control unit coupled to the chamber, the control unit configured to
automatically (i) enable a vaporized-hydrogen peroxide to contact the surface of
30 the prefilled container in the secondary packaging; (i) allow the vaporized-

hydrogen peroxide to remain in contact with the prefilled-container surface for a
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appl ying an accel erator voltage of the one or nore tunable el ectron beam
generators to produce a sufficient anount of beta radiation to

decont amwet2e1tdoes7sur f ace of the prefilled container, wererappomoeootl
sufficient anount of beta radiati on depends on the thickness of the
secondary package and the thickness of the prefilled container, such that
beta radiation is allowed to penetrate the secondary package while the

t hi ckness of the prefilled container shields the contents therein frombeta

radi ation. %redg?&nﬂﬁé@ﬂ%e?fanal(ﬁf) r@agsoe whsdRidacbR@ntimatfdneeas@e thsecimkd of

the primary packaging material 1s or nore tines thicker than the

t hi ckness ofeduse becpicsange paolanglizefd-hydregenalperoxide in dbacthamheiie thselky

absor bed by d ! a r.10 s than 0. 10,

met hod of c L%nﬁﬁgrvéﬁgﬂl%%ﬁ%\gﬁgﬁ, hgﬁ’f'eotepr‘lé nP@@%‘:‘éﬁ' ti}tgngghel s&aef'@?‘gl
filled withcantatlenti on or solid otherwi se sensitive to sterilization
treatnment by gammaradi ation, sterilization treatnment by exposure to steam

and’sterilization treatnent by exposure to vaporizing agents, gases or

per oxi de fprm egstembsbanefRce bbcdh@niBithRd PfprefieP®nedingl ah MBedonbry
wherein the prefilled container is a syringe filled with a solution
ot herwi se s@Askading the systerm ¢ampising: ary @lactkharmbeay tyanereauipegwighone or

sterilizatign L rtﬁ%ﬂg@e&%ggéﬁﬁ ngleﬁ]&?%oﬁst qﬁéntuwe-%ﬁe%grjob%k%e?ﬁtﬁé@g%&a@@%mnt

by exposure to vapori zing ases or per oxXi hces.
12. The net bodfigafredrty @neardbly |geinesat8-lawienande oeitan radiatipm,efii) | dsedlato thei ner

i's syringe, contai ning a therapeutical effectiye amount af ranibi zumab.

1318 mha. ot FIERTBN BARORGCIb e EE PSS gCe e BIaT G EOBIeR B PORSTAL -1 5

neasur ed by effR&oREb&IMSs;14nd Ting applyhad SdcefititoPn@ltahe abaprdBude b duffivleat ei n

suf ficient energ\é to decontam nate a surface of a prefilled container is
e

t hat whi ch PpPSWNE et batad@siation thedegontaminatedhesurigee|atdRe pegifed contairgry 25
kGy to the i : 0 0 =1l 4,
wher ein suf i e IR sBifclgtf Smekis of Berd FASrO s tF ol ufciilels e
cont ai ner i setdredaryipackage and dbs thickivass off theeprafiledi cattaorery sethdihag betd 0~6

Sterility Assurance vel  of th ut.si de of the containe urface, 16. A
oySbem for CRUBITAm ARy pelRral diaroesShia iR ot bt K TESE Ghdar y
packagi ng, tHeeprYildEodRamer shielts: the cermnesthebanponi bétadtadiagent rol unit
coupled to the chanber, the control unit configured to automatically (i)

enabl e a vapohzed- hydrogen peroxide to contact the surface of
18. A kit for decontaminating the surface of a prefilled container in secondary

packaging in a sealed chamber, the kit comprising: an instruction for using the

20 sealed chamber to (i) apply a vaporized-hydrogen peroxide to contact the surface
of the prefilled container in the secondary packaging; (ii) allow the vaporized-
hydrogen peroxide to remain in contact with the prefilled-container surface for a
predetermined time within the sealed chamber; and (iii) cause a post-
decontamination measure to occur to reduce the presence of vaporized-

25 hydrogen peroxide in the chamber, thereby preventing vaporized-hydrogen
peroxide from diffusing into the prefilled container.

19. A kit for surface-decontaminating a prefilled container in secondary packaging,
30 the kit comprising: an instruction for (i) variably generating low-energy beta

radiation to contact the surface of the prefilled container; and (ii) produce a
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the prefilled container in the secondary packaging; (ii) allow the

vapori zedhydrogen peroxide to renmain in contact with the

prefill edvoanti@iosssy surface for apredeternined tine; ane@cigrz)10068003€ a

post - decont am nati on neasure to occur to reduce the presence of
vapori zed- hydrogen peroxide in the chanber, thereby preventing
vapori zed- hydrogen peroxide fromdiffusing into the prefilled container.

17. A system for surface-decontam nating a prefilled container in secondary
packagi ng, Ghficys LRBACBPLLE Riathh © 85drRAmPRAMNHd ALt iHPEEAiEd h one
or nore tunabl e-electron beam generators, the tunabl e-el ectron-beam

gener at or s, ceotainegumégreio {He) suficiend] gmgente 0ht keth olediationggepends raaditke i on,

R R e A

Vﬁl t agef to pu?dthﬁﬂ b@t@tefoﬁttdrﬁetallaw_ednb p@ﬁeb&ﬁe&hé&ﬁzbﬁhd?}?_ﬁa@kd@%ﬁlamhéla} e
the surface of the prefilled container, rein the sufficient_anmount o
beta radi at Fm?}‘r@éﬁeﬂ{jsta%npﬁeﬁ'éeqofﬁo@@%%rs S%?Q%éﬂ%e%ﬁﬁ%tﬁytrﬁ%@a&@”h 13 he

t hi ckness ofgdifgpoprefill ed container, such that beta radiation is allowed
to penetrate the secondary package while the thickness of the prefilled
container shields the contents therein frombeta radiation. 18. A kit for
decont am i e - o) efiLl ingr i ) kagi ng
o seal S0 Rt AracHaRGre e MeChh g REACRRUPGTE, ol 7 Y RS

seal ed chandecorttamingticappéysuae waghataszgad- pigsimadexatrppenoxi de to contact the
surBace of the prefilled container in the secondary packaging; (ii) allow
t hé vapori zedhydr ogen peroxide to renmain in contact with the
prefilled-container surface for a predetermned tinme within the seal ed
chanber; and (iii) cause a postdecontam nation neasure to occur to reduce
the presence of vaporizedhydrogen peroxide in the chanber, thereby
preventing vapori zed- hydrogen peroxide fromdiffusing into the prefilled
container. 19. A kit for surface-decontamnating a prefilled container in
secondary packaging, the kit conprising: an instruction for (i) variably
generating | owenergy beta radiation to contact the surface of the
prefilled container; and (ii) produce asufficient anount of beta radiation
to decontami nate the surface of the prefilled container, wherein the
sufficient anount of beta radiation depends on the thickness of the
secondary package and the thickness of the prefilled container such that
beta radiation is allowed to penetrate the secondary package while the

t hi ckness of the prefilled container shields the contents therein from beta
radi ati on. 20. A system according to claim16 or a kit according to claim
18, wherein postdecontam nation neasure includes gas plasna treatnent.
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