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administration of therapeutic products.

Various methods of sterilization of medical devices are known, but not all
methods work with syringes, especially syringes prefilled with a drug or protein solution.
20 Steam sterilization is commonly employed for sterilizing medical devices, which
typically involves heating the device in a steam autoclave. The heat and pressure
generated in the autoclave, however, can have an adverse effect on the device and,
more importantly, on the integrity of the drug product filled into the device. Steam
sterilization may compromise the aesthetics of the product due to packaging
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
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30 As protein and biological molecules will be more and more developed for

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



15 Prior to renoval or inactivation, VHP condenses on all surfaces,
creating a mcrobicidal filmthat decontam nates the contai ner surface.
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30 gasses into the pharmaceutical liquid enclosed by the prefilled container.



Fig. 3 illustrates a block diagram of an exenplary systemfor surface
decontam nation of prefilled containers using tunabl e-beta radiation. 30
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The detailed description is explained with reference to the accompanying figures.
In the figures, the left-most digit(s) of a reference number identifies the figure in which
the reference number first appears.
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
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2011/ 006877PCT/ EP2010/ 060011 secondarily packaged prefilled contai ner to be
provided in sterile outside condition at its point of use.
"Vaporﬁ¥$ﬂlﬁ98rogen peroxi de" refers to hydrogen peroxide in vapor form

capabl e of é%érfb@ngj"aﬁa %fa‘PrWrrEY;;t‘H@'teFriuhHP &@ruﬁza?u%ﬁﬁféﬁesur%&%m@c%nfd?ﬁnﬁ%ﬁ ace

of a contai ner packagl ng terns "sterilization"
" decontmethedt ihenfo)lowmgniermirmidanwjll bantsedi ioradsiosdanceewitimting 'defindons sét

i ”ESrC?c?r'ﬂ%&%W her ei n.

“‘Aseptic” conditions refer to conditions free of bacterial or microbial
contamination.

“‘Administration” 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



"Sterility" as used herein is neant to refer to conpl ete absence of
mcrobial life as defined by a probability of nonsterility or a sterility
assur ancewbeaueloo6$SAL) . The 10 required SAL for a given pcodpedioiosoohased on
regul atory requirenents. For exanple, required SALs for health care
products are defined to be at least 10-6, i.e. a chance of less than 1:1
mllion of a non-sterile product for aseptically manufactured and
terminally sterilized products, respectively. Reference herein to "one

embodi BB " or0Miquidn &R Odhdedther ”Eﬁ_@l'&?icrahaégéﬁts_lﬁsﬁéﬁtésCLHe?)’fidé:?i,atp%téi’nﬁ o

structure, operation or characterisfic described in connection wt

enbodi neeambisantleiblegindld, whetherdasolid e ligniddarmegon@inaraenaybe ieusable Phus,
the ap r S r | at | on: o1 el not necessarily
referrin Ogg&f%h%%sgﬁa&q%r\r’%%&%g%tag Vﬁ&%ﬁ%& ﬁ{)b(gr?ﬁnveg:‘r?cfaghgrpgo%?t i cul ar features,
struct ures, “Prreélled conainer”, cofersitd ardositainesr, sayh be & oyririgee thatris filgd svithtabl e
manner in.one or npre enbodi nents. 20 Term nal. sterilization and surface
Gooant SRIUIGE B Ne s O (FREPRRLBRE 4AGKFENG BN is delivRTaids Tt 454 19 22t P | s

the pregessueh 3tL£hbhitt cA% FdféiondeePalfticRaheddng tidafRbnDIhisa@ad psoduct .
In contrast, an _aseptic packagi ng process requires individual product
conponéefess toorredilest egntaingesdntagsatedirioy neadminisdratiph gleviseckage assenbled in a
sterile 25 Vi; " i il zat | f - t.p i

ar et er assonaiea oot o PPiRond) FeddCcheg o BUBIAHE, PYeBHI o

st eri | idzagramn or 2ngl athed esidiled cirekppessiordedich oz bet usedl iont@gmunitase e

i f th tai di cal .devi. th
cedBndderiuesscRag TP e g Hde FOrnAR i1 Fr B85 OagREntet r alTon.
Descr i eshubRion imtRcio Thatgliakasi Bd pRisenr:dTRIGaAR Abialdland ays@Aebi | | ed

30cont ai ners contai ning sensitive products, such as biotech (biological)
drug séreMideshsepaiatebh of difependenilysel the PEetassold yeaNGHEs- usi ng cl assi cal

term nal stetjilkzati : 20 I 8g o h as
st eam garr!*rglgplré Pg@i’ th i’hﬁﬁﬁ?ﬁ?@éljré%g?gc?ﬁﬁ%g%@n&%r%ggé&ﬁgﬁém@ ﬁyﬂlﬁﬂgd in
phar ma@edtpaciagippodbetdinna @eah,as stere enviromsenis Eeparafesl feoroea nen-gierid t o

dr products, such .as heat radi ation-sensitive drug.solutions ..

ol ol RS Tent i &r Bkt BEbREBA G FbeL bR oShEhISRA danBeiens  ood
by thoggefts bligtlas midderghismdiat any suitable 5 drug product that is
considered a therapeutic agent, whether in solution or solid form can be
housed - or Msdical device”.j as alsﬁﬂelﬂﬁ?ﬂe!rbdreé@ﬁtféi Refeviep yiseds s E‘F'@fﬂ'f'rtﬁ’é'&g

cont ai i&d|s rhénth dr. pechfi G | neW N ~di vigiked

t hat tmdtll%éenﬁle%% iéor} e%ﬁdl e c%nféa\r%%(?t?ni norsgggtnd'g??/t, pac agl’ngg@ﬁgn |

appl i caedquwrenoénty.apunhi asafeiidresgiramestsosetitorth by atgaykrmagntragemcy, duch as
coptroll aple. b r{ain.post-treatment neasures, and exposure to

tungl éh%Ef’%d Pégﬁygwm'ﬁ'ﬁﬁ%?%h the depth of penetration of beta rays into
secondary paskagonigagiuees arerginl lefdrsao taeecdnteat dfar contairre dikdeg ol @naat i on

of prefilled containers, yet not harnful to the stability or integrity of
the coRf@HEd BFNORANS d1Gyqesaseibiens RbPiolqgieainberRRedtlish dnNEnBidgi RORLSES,

descri besteth@dlc@! Bestitd B@o%cfs?%idl'c?@igélrqrééuﬁg,aiwgélggé%@éﬁg%hbe& nd

a
packaging in isolation or outside of Isolation. t he net hods

descri Iseliitihes.ei lvealy acdafierthlase ttbosk fthal ara tewpetaturer dxidatensonradigiess,

W m_nioal i e o 0 tion plant design. A systemis also
prgsi dégh%%ﬁﬂgﬁ? ([)ﬁ%s%sgguféﬁ&Tfaaktgeuégéﬁtgﬁggm%ﬁgti on of prefilled containers
i n secondar y'Sgaohdwy ngackaginge ! refers ta padkagimgpenslosiggi thet prefitied nahtaimdrer i al
for practicing the nethod, . . . : :
such as ptastic 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



20 and system descri bed herein. Referring to Fig. 1, a prefilled
contai ner 100 previously filled under aseptic conditions is decontam nated
on surfaowe 20065771 owi ng encasenent or packagi ng in a ser@pd@oye@ackage
104 by vapori zed- hydrogen peroxide or tunabl e-beta radiation as descri bed
herein. Fig. 1 shows one exenplary prefilled container, however, it will be
25 understood by those skilled in the art that various containers, other
than a syringe, are also suitable. Mreover, while the exenplary container

shown %Ecgﬁc%rilylﬁé&a@e8¥fréfﬂ%_ doht@nEl B89 pRIVHERSIR I8 DRSS EbRdtion bt ﬁé‘lo‘“ d

be understood that other variants are envisioned. For exanple, a prefilled

cont ai peintebtseeal ed by a stopper, plunger or other sealing nechani smcan

be surface d am n_j rh O rii t i n
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cont ai rapable of ceyatingge miClobida dirh alpl @ spriete,| duetl axothieaduntaice dfrectortteiner al s,
bottl es, balgs .and ot her nedical devices capable of containing a sterile
sol ot i GhPEFRAPIGMAETAY requiring sterilization. In one embodi ment, the
syringe is frhbl e@nwst hsgerizardr olydontiHiRBLEY, | NsaMBzAtRAm S @hinli¢rabiafl,
sol ution, powder or solid. In another enbodi ment the drug product is a
sol ut i &ieagnent’” ase aseft tersbangaadty fgrejpr ot ei n sol ution that is otherw se
sensitive tas@UROPUES,A o LEADSHALUERS o URhIER JRREe W Gclobi tRE™
sterilization, and Toni'Zing energy, such as ga or beta rays an

oxi di ziasgdefaseskeby d pryledbilitnovfheonsetildyi oreat stetildy dassgraroedlevel (SAbheThéat

has been |.yophilized, in other words solid, and requires reconstitution
190} FERHMEERALGPL @ Sep RO G (el O red PR st dliEniss o HemramEle.

sol ut i egquicedeOXLE FordhédIPdsist dradiidle aF@definédenbe RNeskRsiorabil btchahes of
sterility of the drug Froduct contai ner surface. In one particul ar

enbodi messtthanre! arillign gf adeerstesleprpdestdphasentigaiomanyiasturgd angdieaninakivb
(e.qg. ; ; ution for intravitreal injection. 15In one
enbodi %’EE%{“%? ﬁéodlug%s?gé écad“?@ filled with solution under aseptic conditions,
whet her by &eferetcershaerdinoto Menaabmpodicesy”. orhiesy enteodimertBEnteaoct thae a

contai ner,. are ,sterile apd unaffected surface decont.am nati.on t hods as
Godur] BRI sEathensrEhie, Oftrh i B o BaRleisiE Gl AP Rt G MRS of
cont entegnbcliBbntass _S@éluéléd)ﬂn atnlgnst f&m@@?ﬁ@émméni rbfatheam/ream_sh.atrﬁugmwt )
such as an appropriate volune or appropriate 20 concentration. The
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wi t hi ncharactaristinge mayriscomeined in Bey puisdhlé heshneoint anerer mose pabkdgeentsi t hi n a
se§8ndary package or packaging encasing the prefilled container. Suitable
25 secondary packagi ng i ncl udes wrappi ngs, such as paper, plastic or foil,
and bl iTR@inap seiisizatiopedmeshtaef dbcontaeninbtisn of prefilled toamessTbodi ment t he
prefilled caontajner in secondary packagi ng _undergoes decont am nati on, such
that the cod€ERNG sfertiFiofels JAaGCeecRaRPHIZING B OridesPNipMIRRind A fi@ks of
the pr ?ifablkégféb GroaLiéd. 1eEontPd<e Q@ﬁ@éﬁt@%d&%&uﬁg?ﬂécés%rr@hﬂﬁéé MdRARI Ek&cﬁfét

Thus, 30pretilled contal ner surfaces encl0séd in a secondary packagi ng
decont gampanedtshbip béesterilized 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



WO 2011/ 006877PCT/ EP2010/ 060011 net hods descri bed herein can be presented
to, and opened within, a critical or sterile environnment, such as a

sur gi cal woi20E1/006877 I n one enbodi nent, term nal sterilpczatre@n/oaond: surface
decontam nation of prefilled containers within secondary packaging is
carried out by treating surfaces of the prefilled 5container within
secondary packagi ng with vapori zed- hydrogen peroxi de and appl yi ng
post-treatment measures, within a decontam nation chanber. A suitable

decont ?g&réé%.tsbé’,”sﬂfé@%fee{ni GEM N tionSHCkLI @S téR1iZaHE P prGeRsed Ralrehly t he

means reversibly sealing a closed environnent and equi pped with neans
of maniusadin phgnprassidoalerodechiverandiassenmiy lioes. aMbile (afelenge ds gven toidrig n t he

hanb it] .1 . SUI i . f
e cominditiy 1 20%s S T o0iat8r SouduRt Sh D e O Bl ial i BE S s SBR TS
measur @s geptidesioc erareinpr it wilhbe vaperstastb nyrtbsegskillepan aké aet thatamesditrleng
into prefi n_anot her t he chaqb is

I 1e nt ai ners. I enmbodi nent er i
conf HGrePIGREE ST A2SIEIRE §SIPEY o AORT IR N SN oot e
steril icaatdeORousBiUS. of Bohtaind@-SCil £ pRrMEY Cohin@N S, thasseiid/cddtaiper the
chanber can be configured to accormmbdate a | arge quantity of containers,

accor ditaglf {5 not drug sgre@ifig.nent wi t h vapori zed- hydr ogen peroxi de is brought

about by t g AAPhbGANANaREoIELAAR! REMMLH: W PRRLUASTERPR Seliddiiy the
econt am nati on chanbér. n onhé enbodinent, vdpors of hydrogen” peroxide are
cont r olphakdging i by @nhapphaatids, ofc eap@izedgogiregétD permedd, rentwhictasapes are

applied to ni pul ate aor control the action of vaporized-hydro er oxi de.
P86 Cantalitie by “n . PRS- HEHMRE 2 Sradies, el bR Al drigup oty
rever seadialidte ifliwiaeh it depthvemsenetiatiby of Gta sayhintd18ecorRey paskRyifg avent ed
fromentering into the prefilled container. In another enbodi nent,

addi t i 6RAIFPKEDIR s Bre ddea nioht Surageu desorp@inglioni el prefileddesntederanyet @t dual
per oxi ; i t= es include
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i nagctivating vapori zed- hydroge eroxide .actign. such as gxidative action.
| S noPRerMeaiBRR L ABSuRNT  BEARSITE A Steanr oo e e SEnistR: | on
of 30prefthklheres @Y mefttids dddcibsd e ass vdastalsroongfférenaedhtaved fdivhats

application of tunahle beta ray irradiation. In one enbodi nent, the surface
of a p,oéftyppqsem%mram@éﬂnqrwnggég,qggt,syto production plant design. A system is also

provided which allows for surface decontamination of prefilled containers in secondary
packaging, as well as a kit comprising instructional material for practicing the method

20  and system described herein.
Referring to Fig. 1, a prefilled container 100 previously filled under aseptic
conditions is decontaminated 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.



WO 2011/ 006877PCT/ EP2010/ 060011 packagi ng i s decontam nated by an

adj ust nent of accelerator voltage of an irradiati on generator to provide
bet a radiwbi2on/més7a sufficient dose to penetrate secondaCy/Hracikaciony

Wi t hout penetrating primary packagi ng. I n another enbodi nent, the
accelerator voltage required to deliver the 5 appropriate anount of beta
radi ati on to decontam nate the surface of prefilled contai ners depends on
t he thickness of secondary packaging materials. For exanple, in one

embodi ment, Ir?Bhé%?ﬁl@‘od?r%%élgh@q%r@qﬁie%ré@ﬁﬁnéf f5 b%@ﬁpb?ﬁ@éﬁ%{gﬁﬁlﬁﬁﬂe bififle®S MM

in thickness. Such materials o ess an or equa . nm i n thickness

may be caa@énass inchides viats) bottkesobhgs asdistikrmmadical devibemaapaite of certabmnr y
and pri i - .at or voltage, irradiation plant
desi gnaan%ieﬂ?%?)gﬁ%ﬁﬁ}a% éog%&q%ﬁ%%gg%ﬁgg{é%econt am nation of a prefilled
cont ai ner i i see @nttudmpalc kag syringensifilled avitos tdruy prddeick | syick isehdha gorm
coben BLAS SR S prapy Haskabra e ieb g Bt et "
shi e disgh 68 .3 IsoRNOA R BUtEHEAIGH NS Rl derdifVY © 0SBk gledbagizan be
provi ded by the thickness of the container walls or the material conponents
of t he lerOper@ityTes. SWH] as dnoRe E$gd it Piganesieriizatione andtieniFEngeRNasgy adljalis@srent

of the I and t i f ta
Fays. osentioh BbRl ri(E ArRapiRpily s Sed ot Bpine} shERpirhly 8 diiq bRERE

det er mishede lilyatntess beemdydphdized s or bithdr dasdgy @, sdidc Andgeguitds BRandistiortrer .

I t 'Qs llmd%rstorcg. by Ihgse in the art that a prefilled container is
asd &b "8y FFOMUQRENIT 0 U¥fhdi ti ons, such that the contents of the container

are sterilejn Whblher eABRhENSTa EHBLEEMN ahpairu@ifodic@Havihg FdRireHIehas er of

the container is SUSC_E‘_PtI ble to contam nati on during further packagi ng and
pr oduc depisdrility néprustaitjtys tednther Frpe apiegisietitGoniingraSkiEgrag 1250 oPEEYIar For
surfac nr%%co‘?rﬁ i i reti j il /i j hods
her ei n%ar e a %@H& erlug(rjb rg{j%cﬁéiég r%tr%g]dﬁégﬁ@ﬁ@g%@agggﬁggpﬁ%bo(ggg?m&i cal
pr oductl® mg/nilssdlatiorofor amtramittesl dgectfoni sol at i on. | n one enbodi nent, a
prefilled container, previously filled der..asept.ic caonditiaons and. | abel ed
S packagel Phe & Bliidar Yo benaier s HFENHE REENo8 7360 ao et e efiosBess i s
pr esent@tier BNaelatedmaedosainhudnebedsy. TRugN thelcopteditd bf &Rt ttainee agalr f ace
decontam pation of the final packaged product. In one enbodi nent, the

pr ef i | EEflewndorafissislypev iere sespBORA I REAIGHS: a5 HeseieariRPEhatkagi ng
i's intrgduegly ﬁ@?ﬁr\% kY réreMRE YRS gl‘i‘éedgt?\?‘e(?)ﬁ cgrco%:lérﬁéfaé B QokRidn, Mo The

conbi nat i on mg_ into t he eamtunnel via an i nl et _and
t r anspopt@ihdroin ahlapproprigieramountofsuch ras @hr apRrhptidte eolbe@not @ppedpriate an

o e odonet RN TR PR RIS oG BB bREhTea aR Ol W Bt RSN th e

cont ai e Rafufe SEGRITdAtSNtP ARH AtRiNGtereldiusest ati onary for all or a portion of
time as the surfaces of prefilled containers in secondary packagi n|g are
exposed to IHRNENGTEYIIRENE HigdratteBler it roasiiened 2 REBENMMPREKaqiRe fal &k ron

beans apgtiga ddntAhEd wiirfl - InPyh R éﬁl%&igrﬁbn@,‘;] th@?&%ﬁé& cbh@lifls is PHeRagdidt the

whol e surface of the object Is scanned by the electron beam In 10 anot her

enmbodi wdthin at becaslisiaer packagm s ebdsadion emasiwathe pefdiedctantainee adwitdbje means
chanber SO dRER AN B MrlePE R RS BB Bhpol R BebF of g biet - the
envi r opaekd inpyermeabld ioouscpbed. of the objects into and out of the chanber.
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



15 Termnal Sterilization of Pre filled Container by Vaporized-hydrogen
peroxi de (VHP) In one enbodi nent, termnal sterilization of prefilled
cont ai nerwoi2nngwesyndar y packagi ng is carried out by antipormredioabootr eat ment
in a chanber with vapori zed-hydrogen peroxide, also referred to as "cold
sterilization". The various steps, or operations, involved in the
sterilization and surface 20 decontam nation process can be perforned
automatical ly under the adm nistration of a system manager, such as a
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manual operations. Furthernore, operations can be perforned 1n a

conmbi ngnvisenraentaguenas adusgidalmitgal processes. I n one enbodi nent prefilled
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automatically to, and secured within, a decontam nation chanber. WO
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packagiohgcortainarsotréquiriegrbtedinmaht stealpgaltionatlihus, ah lzsagescaled prpdicbgrenand
peroxide is, carried out at tenperatures below those used for stealr
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r ecognicaathirisis dadtordifgigct ant . Koubek U.S. Patent No. 4,512,951 describes a
met hod of sterilization with |liquid 15 hydrogen peroxi de which includes

vapori zi ng Afeaifesbuith@PafizesrhydrogeamReseHds i BiaUgBt ahautdas tiengprikation
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sterilization , upon contact Wt . e sterilize
vapor conpeinvent, vapdrsrahhydregesrpardxide que dohlyelladigs in pthesxwatds,arertairepostens.
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porfht TFAMEWNFPSYEE 365 GPEITSi He AR Q% (PRIPlo M QYA (FnidRSE 0N,
but t héyaxjeal dereXiagiaroncesmiesdingne puissirehendritGhe e rd gpmica\vieat direct
condensation of the incom ng vapor before it reaches the itens. Follow ng a

sui t abre Qfi'R¥eisEr—stér direcfighi Fnvancn Siifusiefl faD ks VRRATE 6 IRFRYEG HR8%i ng
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Sterilization with gaseous hydrogen peroxide 1s describe Moore et al.

U. S. Paeasureparedappbed izd destropgany Fesidualgarexidetraces.S. Pat ent No.

4,169, 124. SGL ] i NVol ve .sur i ng
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el ow unti terility is achieved. e L owest tenperature djsclosed in
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W t h seRYxidatife Selisti ons, such as protein sol utions,

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



| eachi ng of vapori zed-hydrogen peroxide into the prefilled container is
detrinental to the WD 2011/006877PCT/ EP2010/ 060011 nol ecul ar integrity of
t he sol utwonsiibwegruse hydr ogen peroxi de vapors that ent eCcTiEre01006d0ai ner
cause chem cal nodifications of the solution, such as oxidation. It
has now been di scovered that applying post-treatnment, or post-application,
nmeasures reduces or prevents the adverse effects of VHP on sensitive
solutions and 5 preserve the integrity, and thereby therapeutic efficacy,

of ot h%’é&ké@né‘?@%bt}:&ﬁ’t?mﬁ@té@ b9"sh hjuBhednt! dredtcermitt Oﬁlrt&ge Bogh iRaMbtiGRL i on

measures are tdeally those neasures that deactivate the oxidizing action of
hydr og@enpetaxiteleproviget heta bpdiadnpvohg \saffisient edoss doogenetrieogeerndary

renderi i rs.l - i nactive state. In one

enbodi ﬁ%ﬁ‘t‘wﬁ%%ﬁ%@&%&"@ﬂ&ﬁﬁﬁ‘g‘i@p%@%%'wed container is prevented by 10
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chapber to inyerse the diffusion direction o rogen per oxi vapors. By
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integrity of the sensitive solution within the container while the surface
of theopgrerabediment gdlabla Rackaging matsiials yase lespthan oergoai el Mlitgen
per oxi r j i t i I f ically
roci 1y Rk Tne. o Pl aE o RS THr ool O PGn T RABRoRG S pRERY
enbodi failst, post-treatnment neasures include neutralizing the oxidative

ability of drogen peroxi de vapors.. |n vet another enhodinent, hydrogen
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VHP follow ng treatnent. O her suitable inactivating agents, such

as
cheni cgMrfagR fesoipmialiopl efsaprefiigd ataipe inesegPndant pagkasit. thilenalerast at e
VHP f ol ' £ Ci 1l - : - il gd

cont ai SerEIEtelySpHinG SRt HRRBEniedRriing 5 FithaAfEA B Reteliafl ot on
process, thé pref iembedinent, aa reitable pEimeey gratkayginga sk ag ispgngea\capableewbv ed

fr the. chamber,. and i s .suitapl.e for, use, by,an gnd user. .l n one
braui ARy pEaip B sedafve BBl Bn ceouiisd pinEE, S Bon fe ioviled: 84

syst emthd-QhicRHEEE o€ thé edcitsindg wells FbiGthe?, matktislis tompeHehts af he PontHimgr am of
a system 200 for decontam nating a surface of a prefilled container in

secondateldngedigchvenesy spahesdstguningd \lyrdudmeshPeiecarasissatop yoltagaiand
control i i t i AdL reaklu, e WO
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202 may ubbeengres shiekling isddetermediat ineaseirgnther abgeobed desage: suchlas wittanber
20% ma%1 i ncl ude an autoclave, with the ability to reversibly seal a closed
en Pro r%??ﬂf.“e he chanmber 202 may al so be equi pped with nmechanisnms to

mani pul at e priessdesstodd B efi@elinethearttHanfal orefiden conthined e 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

1"



50f air within the chanber 202. Control unit 204 provides
instructions, in the formof signals, to chanber 202 to perform operations
associ at esowntimoss7erili zing a prefilled contai ner 100 (PuTiEPaso®b@M | N
Fig. 1) in a prescribed-automatic manner. Control unit 204 may transmt
signals to chanber 202 to direct chanber 202 (or related parts) to
physically enable a vaporized- 10 hydrogen peroxide to come into contact
the surface of the prefilled container in the secondary packagi ng.
For_exaBRierl h QB€oRERYIpIBRgGIng NE. HABHIGL, UitHer2B¢ FRhahlaNgbdess &f gnal
to a valve (not shown) associated with a reservoir passi ng

vapor i 2ethbrhgiedqyeeesseicsyd eembinagon Ieé tich adeinto theeele@m@m @bauntttnnzbmamsur es
a pres t he pQr 0 in
" condiet 4 iREhied ot PEARAIAE HrBYdh NG A it 15 s QR

pr eset aguthet s$urfecek- cbﬁ pmﬂllédne:oatahrhérel |nU$HdonE@|4/ badt&gmg siré exipgsed td dowhanber

202 _(or _a related device) to cause a eco nation neasure to occur
Co- SaGERDhGelT daBRUBN ofiny SROTES eI PYRMSGEn PRRIIGH: B AReh o ESRTSRTY

ther ebba@kﬁg{ﬁ?‘trbﬁﬁaur\/%mrohéﬁsﬂfd}yw Qe pRRId bl éinfer ag e f durcag cbfngé@ﬂn&?
prefilled container 20undergoi ng surface decontam nation.

exanpl €onfayarsvinngeeandpae ©agkedng aaien axpesed thdowmneray h@rﬁ@trag@moﬁaym
transm [ e

nydr ogancfel SHRahEnE e GlkPah BT Hocli e 6 B kel o agnste ¢ om
t he chdigtdsr such hieat tbalwtadﬂéeswﬁanmoﬂtheaﬂj]mlls rseahoed byrtheadléctran beam. In

hy ogen- per oxi de .vapors inglude 25 IS for intro I ng neutraI|Z|ng
TpaerPlr SEbSUERRS, the, Ofjedt Te asPed bginhe, Srariid Ecioan BBR TS 0By

vvhl Ch WReHhsCOME adhsPbrt ndbrBhRAE Nk ar PBViAg d@p@}?@r ¢ AABthet RENBERINAESAL, the

inactive, and thus harmless to the interror solution of a prefilled

cont ai §8aMber for electrppfhassh dieatrgeniaigeoRes. tbtéa‘-tm@ﬁ@d ttp fae artyfenzest by a

suf fi ch&RiodsPdihk leé%B ctS4b dnd?dut LR he3dRIntd, | €d container. In one

enbodi nent, 3) su1‘o r{%{

Icle treatnment tine or t e duration of the presence of
vapor| zed- hydrogen peroxide within the chanber to sufficiently WO

ot &r milSIT Sglien e VAP elled G o ensreco SO e ST VRl been

SUbJ ected t tdn@aérmibbbllnliéhtveérﬁfméleﬁehwﬁtﬁgeéf pl@flﬂéd:l dﬁ)n@dlﬁer%oiﬂipéé&ﬁwda@y
controls and can be checked for bacterial contanmnation using standard

| abor aP8FRFRStisceArded sQuthby santidigioRial ofeamest Jped t @HMeRATt WHN NYARAIIZ8H} ect
with b I Ag for bacterial grow h,
gener aﬁ&&ﬁfgeﬁfpﬁ%)gg&‘@% E%gtrgaent%?g édgfgc??ﬂg%@rns By plotting treatnment tinme
agal nst predoaceatdushatens; i @l ogecations, timeolvedan ntbet starm‘eattom a&ﬂdn sugace
nt t| on.,. thus the ab ence of
Getlr meReaep i MRt el PR b s Pulibe e el o SErERRHER T 1 s
car ri edysten Mandgesuzieds RyHipgedcesscP X Alenatvele segertshsakaviee pérf@ﬁnﬁéd ed

out by loexposure to beta radiati on as descri bed bel ow.
enbodi $8RETARINGNC BRG] ARErRIOPS4 FUthermerfat @REMAHPRE &5er Q?e@eﬁw%cﬁ dance

Wi th C%ﬁ‘nb‘?ﬁ‘a%thfﬁgtd?ﬁatéd%rngcrﬁéﬁ@él prddiskgp! ementation of a control unit
will be well wthin the scope of soneone skilled in the art. For instance,

the cont rol Irumne mpowmem)prp@@ongmtaw:m@tr@rencmscddprstwmlery packagimgr

tr anond 1oL 8o of BRI el undS AP EL T Pt Aot SeBORN AT B4
st eri | icoatairmers jpre tbeted with any Igrosdt linfoematier, ectltas corodhadt ranee, Viadicatichsst eps,
or operation gchm’o' ved in the sterilizati Pplfe:ﬁ]ﬂ urface decontam nation

process'SEah! % oPifed PHAE olPataNEaFFY N CRdR M EEFat N oREEH"

controlyadRadings described above. Alternatively, operations can be 20
per for rred separately in nanual Jmfer ations. Furthernore, operations can be
per formed i N @necifabodimesh Riefillas eoritw@rsind seeandary @ﬂ@b@@@@re presented

30 either manually or automatically to, and secured within, a decontamination chamber.
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Term nal Sterilization of Pre filled Containers by Tunabl e-Beta Irradiation
In one enbodi nent, termnal sterilization of prefilled containers in
secondar ywd2o0paoksgi ng is carried out by a decontam nat ipom/EPe@ate®@nt in a
chanber equi pped with one or nore el ectron 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 decontam nation process can be perforned

aut omati cal lysiipgdfe dee8naifihatic RAhPBr 9é ﬁﬁ@%%ﬁﬁé@;ﬁdﬁﬁngg% abitehv@s 2

m croprocessor. Alternatively, operations can perfornmne . .
2011/ 0GE8PPRETWILPATERDS0B0 O versidha sealisigya iotoseaneriironpwmmit arth Squippedhwithor e,

e . . ; ) : ; ; |
P oo as (eSB! AYAREIAS Tibeq Pel GRBRIANRY) incal, 4 QURGRE of Ut TP
secondghympac.kegiitighdl eldnoavts @f fi duitablg cfancsertiacioge snesmdeior asegphimodating

conditions. | her e dinent, prefilled contain e | abel.ed with
SovS o aaEnen e AR oo ek TR a P BaSueS [ fhelice i PEaNaTLyEIP 6@ emtering

| NSt T UGhtb PrErilleRf SontBineRY. A QurgRGasemeRt oPh itBblel tRMISEEahBERS té Ae§@ePNdary
packagi ng. In one enbodi nent, prefilled containers in secondary

packagieny remeinitepeivxise ttaaeser manual |y or automatically to a

decont am nat | C i, t i ol i - 1.et, Si

anot her errbj)dd?’ﬁ%n%mp?@Fnc?\epfé’omd;rﬁgél@tp%g%ﬁ%%gﬁggf'3?21 @%ug?%r&étrgotnab%garw ét}hnel .
I n yet eithet lgeneeatbd dwitkint or pretdaskelde vitbontthe netamibare fore ch aoifecidrty timev éal

th h the t | f he i nl i to t tlet. sid bl
ot deoeliAes—af BERl o e S Hae Shrefied Grtibri i e iay e a0g ¢ ne
_chanb_enn %OEHB? @rﬁbécﬂﬁ%ﬁt,oépmilbﬁﬂéﬁ loe dapBfEed-AfdrBgah &eRHRas asl da@riélfb@t at
irradi ati on. 151 n anot her enbodi nent, the el ectron beans are oscill ated,

e.g. byeraperaitygs ibglpvothosagiset ifer steamaderilizgtidnt hat t he whol e surface of the

object is s b el ect I i t o | ect
o) passed ol oy hab g AR hoRfid Tonf Hes IoRa A Rccbpel 7 B skl
mechanikoubek kld.Sa RetenhN@.odbdR851 Idescniteese aboditmehtof sthelizatiohawils lafuid
prefilled containers in,secondar ackaging 20 are.decontam nated during
P T p OB RO E sl BRERPR PR iad S uetus ShEuPT FEBLIBMER Pefcona,
i deal | yndnpaseiry tHeaResulhd Al drogen oistoxidiBlwatet KapdrBINtutd MRS aM Blacuated
tunabl e-beta radi ati on as described herein are significantly |ess than

decont SHMWEEISh ASMRET gURAE. r R GARTRAN WHGUITES sior Pgc Elariized.nEift VBPRES of

251 ol peses i o fayef o L Bbe Pk A R AR TR: Rems Bre

el ect r steribeadn ayensaintenedwatree tgmpar@twel balgw diie edayy gaoinfenérthe eldydregen

tu%bl %’eroxide-water mixture to assure condensation, but the overall chamber temperature
must be high enough to prevent condensation of the incoming 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
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In yet another enbodi ment, prefilled containers in secondary packagi ng are
transported or noved about in a fashion as to expose all surfaces of the
cont ai nerwot2o1iansg7red beta radiation within the tunnel. p8@@Rrromnyoopackagi ng
containers for sterile pharmaceutical drug products are often up to about
30-fold thicker than the secondary packaging material. In one enbodi nent WO
2011/ 006877PCT/ EP2010/ 060011 the thickness of the wall of the primry
packaging material is 20 or nore tinmes thicker than the thickness of the
secondafoleqask Rty BRUAE sBlutioh8Uscal & yBthdbrY B&iihidedps anabsaEP ek bY
the contents in the prefilled container to I'ess than 0.1 kGy. It has been
di scovepei@indigause cheminas gidsifisations phitiessotdiobi auah ahovtlatiritkagi ng 5
conmponents, ,.a I V. i radi at i - put
speed t hat gl ﬁ%%vng)(@h?’ récde?éé ecgen éﬁtn%@ghgg?ogst%%gﬂgﬁﬂsg%rﬁgﬁ'z@? P%#%@f a
prefil Ineshsuoed eedieesior precemdahy guveksageffiests \WhiiIHP tonesersitivend dlutidnst dred

contai ner are essentjall hi el ded by the primar ackagi ng nmaterial .

The? of OFESSTRHTE PIG.dATCMCENST RGP Rt P Gioasingt 9PoEM BY SROFLLuPRbIoRkch as
bi ot echyy rbfllez0lcHhiafitys. PRst-gplicABoP hEBS e agieaticdly MAbSE | Mbasuré8 thah one
enbodi ment, beta irradiation of the prefilled container nmay be conducted at

any doslggetivaethg oxigizndarten ef hydiooee parexide; whethen byi rerlyincdeepaiiedy t he
t ai . o : S tus. h

e a1 ORCisEfoplgsTofaR o Rritertfd' ek, A8i0M0e b Brs o™l RREAYL SRET DL V3 1

radi ati on dépendiergbadimeht lehctikgeds 3/HIP intbea peefdledacontaaek egpreyettaidnbyne

di th i ni terilizi MSD)  of b di gti i s that
" ealli r GAPLG B PR A VAEHUTY e BT AP G oBrb AT Pen R T BHBaGPEn:
steriliirpignge #RS@FUSDE dIFBETIH STthydiréderPérvxideapers. Bdel e piheddircabsnobed
dose). In another enbodi nent, absorbed doses are neasured by dosi neter,

pr ef er ABPYT Blpw, i Nydraeen neerexisle yapoisi e dirgvented efrpiimenseringettee sprefitedh
anot her, i ; i i ; ; -
cecondgPnas, HERey iaf ARl hohichR GhBReHERES caLAln Wi RS ENRREE

t ypi calwhiedii¢ sLigace onthaicoataindrhig deedrstamattited.i on i s desirably provided at a

dosage of 25 k at, the surface of the prefi|led container.. In on
enbod mant - T G e e B L oycrban: PEide, GiheTs Aré Ickvatelefaruingbn 25
t hr ouglhey a6 Uimahpatiie. of rtheRfcaiyb ashidifgin, tRs Gl @ioat icBRtdirfeddyn NBaprfileeh as
magnetic field, electrostatic charge or by energy transfer from hi

. : | hi gh
f r equefePtadGscin amelirst $BboRient, post-treainenh geasedufichiionertidizing Migal

sterili k: : i tahn i : C j
eaves TRzt 8 AR Ryl erP pEIchideEabers; 198K snBuRE iadihcnE g ko
sui t ablperdxide vaporbyarainastivateddry. aguicatior of vibaviotaitrays teethieggondainéagfter a

ceopr ! AR B B sBied Btk SRR TR B AE SR AL 1 ©f
inactivating agents, such 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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secondary packagi ng of fers numerous advantages over sterilization nethods
i nvol vi ng gamma radi ati on, which are harnful to container contents, require
si gni fi canbl2g1/egger exposure tinmes for decontam nati onpcamp2010@6001e

addi tional shielding along the production line, and cause di scol oration of
packagi ng conponents, Moreover, 5 sterilization techniques involving ganma
radi ati on cause significant bottlenecks in production assenbly |ines which
are elimnated by surface decontam nation using tunabl e-beta radiation in
an e-beam t yninghe embodlr‘n@npn%h@”@.QQIeHethan?o%rd%ZCtr%g | TheFi &hy 3suitabiyStem
300 - for surface-decontamnating a prefilled contai ner in secondary
packagidegontamigatigieshamberl dor rinsfand® theashampaie?0230@yeingiugpean \autqo:layne or
nore t r S I r In
ot hed MBS AHIER(S PR RSB SEN Y BbEEd en TR e TP s bl 203 ey BRo 55, of
t he sy@nampadewmmeugamedstt@ mmﬁp@@ﬂeyprgmeaﬁemdebmw}err@yntb@nandaﬂntf&iw on.

Al ternagl veI tron % nms are oscillated, such that the electron beans
hita IO F‘Eié’Y' mfe L%y ef i I 1 ed container and increase the exposure
surface of U&ﬁtr@aEGﬁlBQ@hQﬁbwdes instruconEtin MO TR o 8GRI TRNERarhBEr 202 t@T
nore generators 304 apply an accel erator voltage to pr oduce a sufficient
anmount PeffopBtaReratifinatassaciateclwitl rsteritizingt 2 prefile mon%eeroTOQ fﬁeJCbr@f shouey
cont ai ek e AR t he
t hi ckngig%wmh é@e%%ﬁgar yucgt%ﬁ e angFI %&ﬁt{(ﬂﬁ% ness rﬁ‘w ﬁﬁn&ﬁ lée)gb

cont ai mbamb&h@s? t@@irebietraamizati 202 @m relsatesd pant@ctotphypmaey eaaleletdweawlzeddar y

PR R A5 R PARSER o SBRRLFL Bhash SPYSL ISl chiBoh, SRl

t hat ars,gc(smgry@la@mg”ﬁ?) termnally sterilize and surface decontam nate the
prefilled container n one enbodi nent, a sufficient treatnent tinme or the
duration of théxﬁmélsﬁeﬁt@n@ﬁmmféﬂ@r @hﬁ getep! Luali 2o fBﬂY\Nﬁaﬂﬁmﬁ a pignalierel to

25 Suf UoREaAL! UnclPANBRIAAG) Gth PrRBICH RFbaSting AaBoli SRl FLEbAS e

routine val or exa cont al ner
treat mamo the whbebeadildei onntnole undirrﬁ@tﬁ echeasuresnar pk@e:hndhream-betlmleecbrk@d for

b i al j.nat i ' t andard | t h
nddbat BRI SRt BEr Tl 45 EPaR BuebRe i NG S5e MEEZion A SRl A TRt um

and t he/porh@@iiatien bpthdPpriset daatioh @Mifme, lBye BbBtFdliuMe 204e@4M@Aits hisighal to

30agai nst pr esence of bacterial growh, the treatnent tinme to achieve

decont RPRRET 8082 (PN telated d@d@h&cwse@@pgﬂj%or@qrﬁw@mn aaasEERiq e to
det er m-gg¢he t 1/ PCTHEE?2 0 |y
whet her ter m\{ﬁ% Ei’étegﬁ?el ?gth.m n |:§§dg rri eé c?%%;ﬁgg ggﬁgaglﬁéﬁ]?gﬁ grieré@?
descri Ipegentiog evaporizadtHydobgsunt pleyomo‘mmedtﬁusmgimrme ihhes prafiled eddaioer
Ré rencggl S. NoOw de,to the f | | ow ng exanpl es. These exarrpl es are

vi d&l rgrog}ge C&ﬂe&%‘ g ?'T ustration only and should in no way be

construed agsobedx@gnpleMfoiRving ke dé@@ﬂﬁbﬁﬁn:—hl@h ritathesntediouhid 1% aaagt rued
to enconpass any and all vari at| ons, which becone evident as a result of
t he teér@ﬁﬁ%t %rsdﬁﬂadjéﬂ EAGHAN T@Eﬁ%%ﬂletol reverse the fophgf P)Sq’rPEWﬁﬁrox'de

exper i WBpbrs BLELF Ithe Ehayiddrags W@r@rﬁdv%a%gewédb@ fNGHR Ohb Z&shrhysl QSBBr

peroxide sterilization treatnment in a chanber, either by a single pass
t hr ouglsuiiableir contrpl | meghaiampr deedoeryralling \Abyctragerwe(@mmvawors héncladg e

bebow el Ot S, HoEb A" b hROGaY Shentd " LGP SRR RIS N
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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15conpared to control syringes treated with VHP to determne if the

integrity of proteins present in solution was naintained. A
formul at iwo 28s/@eseri bed in U S. Patent No. 7,060, 269 waeTiEP2410@6d00T
protein degradation follow ng treatnent by VHP. Approxi mately 10 niL

of solution was filtered through a 0.22 pmsyringe filter. 20(MIlex GV
filter available fromMIlipore, Billerica, MA USA. ) Filling of 0.5 nL
syringes was perforned in a sterile |ab for hydrogen peroxide treatnent.

Anal ys'd%céﬁtta?rﬂnétgethérc%ﬁﬁd%tsdﬁatc:@ |¥'ﬂ%tér?dfﬁ‘@d 69 rblihd 9é||c%%HgF8Ir 8k&hple,

contents, visualized by HPLC analysis: byproducts and degradation products
by HPL@omaE@;rs dnat hguepberistigeated tadgaiment by vapodzes-BydrpgePlpeEr@sieCpre 25

Tels FoERRREAE S LBt b 6P bR e B led Sttt

laboratory protocols, such as incubation of suspected contaminated object with bacterial

5 growth medium and then checking for bacterial growth, generally performed by the use
of bioindicators. By plotting treatment time against presence of bacterial growth, the
treatment time to achieve decontamination, thus the absence of bacterial growth, can
easily be determined. Validation techniques apply whether terminal sterilization is
carried out by vaporized-hydrogen peroxide as described above or carried out by

10 exposure to beta radiation as described below.

In one embodiment, the control unit 204 is automated, and operates in
accordance with code executing on a processor. The implementation of a control unit
will be well within the scope of someone skilled in the art. For instance, the control unit
may be any personal computer, microprocessor, or other suitable devices, capable of

15 executing code that is programmed to transmit signals to devices associated with
physically carrying out the sterilization process.

It will be appreciated that the various steps, or operations, involved in the
sterilization and surface decontamination process can be performed automatically under
the administration of a control unit as described above. Alternatively, operations can be

20 performed separately in manual operations. Furthermore, operations can be performed

in a combination of automated and manual processes.

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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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
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
either manually or automatically to a decontamination chamber with an inlet side and an
outlet side. In another embodiment the decontamination chamber is an electron beam
tunnel. In yet another embodiment, prefilled containers are mechanically moved
through the tunnel from the inlet side to the outlet side on a movable mechanism, such
as a conveyor. Thus, prefilled containers move through the chamber as the surfaces of
prefilled containers are exposed to beta irradiation.

In another embodiment, the electron beams are oscillated, e.g. by application of
magnetic fields, such that the whole surface of the object is scanned by the electron
beam. In another embodiment, the object is passed below the scanning electron beams
by means of a transport mechanism like a moving conveyor.

In one embodiment, the surfaces of prefilled containers in secondary packaging
are decontaminated during an exposure time of low penetration beta radiation of less
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.

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.

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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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 allowing a resulting dose
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 combination of packaging
components, accelerator voltage, irradiation plant design and throughput speed that
allow a surface decontamination or surface sterilization of a prefilled container in
secondary packaging, while the contents of the container are essentially shielded by the
primary packaging material. Therefore, beta irradiation does not affect sensitive
biomolecules, such as biotech drug solutions, inside the primary packaging materials.

In one embodiment, beta irradiation of the prefilled container may be conducted
at any dosage useful to provide effective sterilization without degrading the container or
its contents, using any known beta irradiation apparatus, such as a low voltage
generator or particle accelerator, with the amount of radiation depending on the
thickness of the secondary packaging

In one embodiment the minimum sterilizing dose (MSD) of beta radiation is that
required to deliver the required SAL for the product. In one embodiment sterilizing
doses are measured with Gray (Gy) or Rad (radiation absorbed dose). In another
embodiment, absorbed doses are measured by dosimeter, preferably by film
dosimeters, calorimeters or cerium dosimeters.

In another embodiment, the amount of radiation depends on the presence of
secondary packaging and the thickness of the secondary packaging. For a typical
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
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
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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The results seen were within the requirenment; there were no differences
between the results of the untreated syringes and w th hydrogen- peroxi de
treat ed syoiogames7Anal ysis can al so be carried out at dipCirapenb/otoome poi nts
followi ng treatnent, such as 1 5 nonth, 3 nonths and six nmonths foll ow ng
treatment by VHP, or over the shelf-life of the product of the prefilled
container. Analysis can be carried out to determ ne continued stability of
the protein solution, including tests by HPLC for presence of by-products
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beam generators 304 of the system are configured to variably generate low-energy beta
radiation. Alternatively, electron beams are oscillated, such that the electron beams hit a
larger surface of a prefilled container and increase the exposure surface of the
15 container.

In yet another embodiment, the one or more generators 304 apply an accelerator
voltage to produce a sufficient amount of beta radiation to decontaminate the surface of
the prefilled container, wherein the sufficient amount of beta radiation depends on the
thickness of the secondary package and the thickness 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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apply whether terminal sterilization is carried out by beta radiation as described above

or carried out by exposure to VHP as described above.

Reference is now made to the following examples. These examples are provided
5 for the purpose of illustration only and should in no way be construed as being limited to
these examples but rather should be construed to encompass any and all variations,

which become evident as a result of the teaching provided herein.

10 Example 1
In the following experiment, prefilled syringes were treated with a vaporized-

hydrogen peroxide sterilization treatment in a chamber, either by a single pass through
a VHP sterilization procedure or two passes (shown in the table below as 2 x) through a
VHP sterilization procedure. Syringes containing protein solutions treated by VHP were
15 compared to control syringes treated with VHP to determine if the integrity of proteins
present in solution was maintained.
A formulation as described in U.S. Patent No. 7,060,269 was tested for protein
degradation following treatment by VHP.
Approximately 10 mL of solution was filtered through a 0.22 um syringe filter.
20  (Millex GV filter available from Millipore, Billerica, MA USA.) Filling of 0.5 mL syringes
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 98 100
9823.02 CSi 98 100
1 x treatment
9823.04 CSi 98 2 100
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The results seen were within the requirement; 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 time points following treatment, such as 1
month, 3 months and six months following treatment by VHP, or over the shelf-life of the
product of the prefilled container. Analysis can be carried out to determine continued
stability of the protein solution, including tests by HPLC for presence of by-products
using standard HPLC laboratory protocols. Analysis can also be carried out by the
presence of physical changes, such as measuring the concentration of H2O- in solution
10 by a fluorescence test using an over-the-counter commercially available kit in
conjunction with an apparatus with fluorescence detection.
Example 2

The following experiment was carried out to determine the effectiveness of
surface decontamination using beta irradiation. A commercially available e-beam tunnel
15 for outside decontamination of containers, equipped with KeVAC accelerators from
Linac Technologies (Orsay, France), was used to investigate the penetration depth of
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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when the product was packaged into plastic bags. Even after 5 times passing
through the electron beam treatment tunnel, the absorbed dose within the packaging
material (behind a 1 mm thick glass wall) was far below the limit of quantitation which
was 1 kGy for the dosimeters used.

Additionally, the oxidative stress exerted on a 0.5% Polysorbate 20 solution in
prefilled glass syringes (1mL long, ISO) was investigated by measurement of peroxides
according to standard protocols. The total amount of peroxides was measured by the
Ferrous Oxide Oxidation (FOX) test, according to a standard protocol.

Table 3: Peroxide Levels Following Beta Irradiation of Prefilled Containers:

Number of passes through E-beam tunnel | Peroxide content of 0.5% Polysorbate 20 solution

in water in 1mL long glass syringe (ISO) [uMol/mL]

Reference (not treated) 0.04
1 pass 0.04
3 passes 0.03
5 passes 0.05

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
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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98 (97.8) (1.3) 3 passes 98 (97.5) 12 (1.5) 5 passes 98 (97.6) i1(1.4)
There were no differences between the results of the untreated syringes and
wi th el eawoaniiweswsterilized vials, following 1 pass, ¥cpara@e/oei1b passes
t hrough the e-beam sanitization process, as shown in the results at Table
4. Thus, tunabl e-beta 15radi ation as descri bed herein proved safe to
solutions within prefilled containers. The descri bed enbodi nents are to be
considered in all respects only as exenplary and not restrictive. The scope
of the shRigALWSS filtEred h%@gjrpraeo 2Qngﬂn6ﬁ+ft@rdarw arsQEtlc,séHRJ RSt |p?é gﬁsrﬁ@é&er

t han by the foregoing description. changes cone wth
20neanighagsanials; aaggptictlle @lased mﬁbyaoﬂeﬂlee r@btaarnstoap@r ta@dbée@lﬁadawéhi aw thin
their §ﬁﬂﬂﬁun1¥$%3g56/006877PCT/EP2010/060011 CLAI V5

The containers were passed through the above described e-beam tunnel with

5 identical settings as for the other experiments mentioned above. Containers were
analyzed after the treatment with electron beam radiation to determine protein contents,
visualized by HPLC analysis for byproducts and degradation products by HPLC (IEC),

as performed above in Example 1.

10 Table 4: Protein Stability Following Beta Irradiation of Prefiled Containers

§§Number of passes through E-beam tunnelIEC (% main pea

There were no differences between the results of the untreated syringes and with
electron beam sterilized vials, following 1 pass, 3 passes or 5 passes through the e-
beam sanitization process, as shown in the results at Table 4. Thus, tunable-beta

15 radiation as described herein proved safe to solutions within prefilled containers.

The described embodiments are to be considered 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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W claim 51. A nmethod for surface decontam nation of a prefilled container
i n secondary packagi ng, conpri sing: appl yi ng vapori zed- hydr ogen

per oxi de wo 2vtwossmf ace of the prefilled container in secompasgopackagi ng;
al | owi ng vapori zed- hydrogen peroxide to remain in contact with the
10prefill ed container surface for a sufficient tine to decontam nate the
prefilled container surface; and causi ng a post-decontam nation
measure to occur to reduce the presence of vaporized-hydrogen peroxide,

t hereby preventing vapori zed-hydrogepapggoxi de fromdiffusing into the
prefilled container. 15 2. The nmethod of claim1, wherein the prefilled
contaiqgécéﬁna syringe containing a drug product otherw se sensitive to
sterilization treatnent by ganma radiation, sterilization treatnment by

cxpgeure §osShem 30 SHELL A LIST I o BHARLRARIR B, 1AB

prefilled ceatkdgied, dosnprisyy: i nge containing a therapeutically effective
anount of rani bi zunmap. 4. The met hod of nt)é previ ous claim wherein
0

| : ,,a :
sufficient tinme BBPYBYoNERPAZPEIYArAeED RAIPYIdR elCothe rRUrsCEs PI 1188 R'GHERS ner

i's determ nggniBerd & b cldofaf-ment tinmes and conpared to a control
standard. 5. r'}'he emetﬁgﬁi S%Waﬁyc prge 'ous claim wherein the

gost - _decon]'E ami naailayvingeg@mmézeﬁﬁmdm@aww asdxitiengtoa remeinurin f edntaeii mitht ffee
gt on of clifieh TRttt BuXaROT2 s, AR08 BELGKhSsis L E! Shileg

reversing e 'on~o vaporiz xi de and
preventi ng cohtairgrearfate;\abr i zed- hydrogen peroxide into the prefilled
container. WO 2011/,006877P5T/ EP2010/ 060011 6. The mnet hog of anz of clains

1-4, wherein the®P63td 89?9%‘ 39{?0{3%'%@%8@%%%%@%%@ "&RpFS iy FSEPeNi ol et
rays fol | owpng vhp6riALY-Hdregerd defGMATENheMity MaRERiFE dvhysHReeR PEserxi de,
t hereby inactivating oxlidative action of hydrogen
peroxide from diffusing into the prefilled container.
15
2. The method of claim 1, wherein the prefilled container is a syringe containing a
drug product otherwise sensitive to sterilization treatment by gamma radiation,
sterilization treatment by exposure to steam, and sterilization treatment by
exposure to vaporizing agents and gases.
20
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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5peroxi de vapors. 7. The nethod of any of clainms 1-4, wherein the

post - decont am nati on neasure includes gas plasnma treatnent. 108. A nethod
for surfawe 2Wamosg7an nati on of a prefilled container i npse@EPRai@NY0011
packagi ng, conpri sing: presenting a prefilled container in a
secondary package to an el ectron beam tunnel equipped with one or nore
tunabl e el ectron beam generators capabl e of variably generating | ow energy
beta radi ation, and capabl e of 15oscillating el ectron beans such that a

| arger surface of the prefilled container is exposed to beta radiation
during decontam nati on; and appl yi ng an accel erator voltage of the
one or nof.e Thanmabthedebkany @i dricn® Genevhareinstheoppstetheontamisatidn sieasureinount

of beta radigti t i e rfac f ot refi al ner,
wherei n  neBdSFBRDREE SHERGR b e il 3ne 0t B osieE Wt

t hi ckness oWvapdvizesienyainogary pprauxideg eharethytinactiviiting reddatiot ddtienpsfelfiydrogeh
container, such that beta radiation is allowed to penetrate the secondary
pacRage whi PE'HRE Y3 ¥Rness of the prefilled container shields the contents
therein frombeta radiation. 259. The nmethod of claim8, wherein the

t hi ckness of the wall of the primary packaging material is 20 or nore tines

t hi cker thafhensethedcriasy cbfclaife $€s viRieN hecRagidRgontareination meagsre

reducing th ﬂﬁﬁ product in the container to less than 0.1
kGy. 3010. ﬁ‘rﬁ:e m;%t o?ﬂé%glt'%@gﬁt()r claim9, wherein the prefilled

container is a vial filled with a solution or solid otherw se sensitive to

sterilizatiqn treatnent by ga WD 2011/ Q0687 7E EP2010/ 060011

adDati b & 488 6T e HereRENp U BrelIe SRR dnaPENdeSht i on
t r eat ment bba@k%ig{fc@nip?isvr@@mi zing agents, gases or peroxide form ng
substances. 11. The net hod of any one of clains 8-10, wherein the prefilled

container is a 5PESFENHR@ o prqf@advﬁqnltﬁilaer_sm awm@&wwﬁ%%&&m$|6§tr@rb
onur o oSEPILSFER B TR, CAS1 o e ShSEL! LEBLOR IR AIRIEY

agents and gagadeoof pariakiydgeheratingg lswbsemyc ésta radiation, and capable of

15 oscillating electron beams such that a larger surface of the prefilled container is

exposed to beta radiation during decontamination; and

applying an accelerator voltage of the one or more tunable electron beam

generators to produce a sufficient amount of beta radiation to decontaminate the

surface of the prefilled container, 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
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1012. The net hod of any one of clains 8-11, wherein the prefilled container
is a syringe containing a therapeutically effective anmount of ranibi zumab.
13. The mwDhod/és7any one of clains 8-12, wherein the pegetppativosodepth is
measured by dosinetry. 15 14. The nethod of any one of clains 8-13, wherein
sufficient energy to decontam nate a surface of a prefilled container is
that which provides a dose of beta radiation of at |east approximately 25
kGy to the container surface. 2015. The net hod of any one of clains 8-14,

wherei n suf tadgihedH, stdHizatiort Qeéit‘?ﬁé?ﬂ‘bﬁr@x’ﬁ%&@re%%t‘éérﬁ%nd’&teﬁIlPét%fn' trdRfhent

container is that which provides a dose of beta radiation yielding a 10-6

Sterility AbswaﬁweL@\yepor@ﬂng Rgeniat gasks wfpertide formangeubsiandesce. 2516. A
system for decontam nating a surface of a prefilled container in secondary
packagi ng, the system conprising: a seal ed chanber; and a control

uni t coupl edhtomeliddbarpgr oné fod caints 8H10ynivheretmtthey wreilleidocantbimemtis cal |y

(i) _enable a v xide to cglnt act th surfﬁce of 30t he

e o c o ahes will & SaEDaR BomiSs s 5, stehfizaiint Res\rass: P od-

hydr ogen pegamm’& ré&atr&f@téhnzat.s@mﬁe@%em by ekpSs e abidtbaf; aRAIsElehtiGYT f ace
for a WD 2011/006877PCI/ EP2010/ 060011 predeterm ned time: and (il i) cause

a post- decofreatmenit Pyrexpeadisr 60 (v@pPeteing agente itk geRes p?reﬁér@é@eoformlng
vapori zed- hgggﬁgﬁ&soerom de in the chanber, thereby preventing

vapori zed- hydrogen peroxide fromdiffusing into the prefilled container. 5
17. A systemfor surface-decontam nating a pr efilled container in secondary

packagi ng, ., the s risin an el e - beam tunn dvmth one
b Tlior e maliie RS <5 Ao RP gin AR ST ¢ WBoriTndbe BB lack Fon
gener ators, sg@iyd (%Htﬁlﬁlrigoa fHerapariticaly) ¥fragnerabsurt OmrsiEanabet a r ad' ation,
(i) oscillate the
13. The method of any one of claims 8-12, wherein the penetration depth is
measured by dosimetry.
15
14. The method of any one of claims 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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10 el ectron beans such that a |arger surface of a prefilled container is
exposed to electron beans; and (iii) apply an accelerator voltage to
produce aveubfiimsent anpunt of beta radiation to decont aoTEeb@otob®isur f ace
of the prefilled container, wherein the sufficient anmount of beta radiation
depends on the thickness of the secondary package and the thickness of the
prefilled container, such that beta 15radiation is allowed to penetrate the
secondary package while the thickness of the prefilled container shields

the content 3. dae&@liRed kiR, RABAIIN 28L8E I20Pbst M coftakdihat m_@ﬁE@r‘étt%rEde&gF kdig the

surface of a prefilled container in secondary packaging in a seal
chanber, theedkice henpiesener)of aiapprized-hydriogan fraroxidé g théechambsasathaielbhanber

to (i) appl ri - hyd e i t ontact th u C he
pref 1100 cBel B9 VEBHPELRIEGP TAtIE | foficiEing sl Brefiled
vapor i zed- hgdntagen. peroxide to remain in contact with the
prefilled-container surface for a predetermned tinme within the seal ed

charber; and (ii1) cause a post-decontam nation nmeasure to occur to reduce

the presencea Oéyété\rlﬁoﬁé)rz%ﬁa@é—deb?ﬁﬁﬂaﬁﬁ@ﬁid@eré)éér@ﬁlléd‘ ddh?aiﬁé‘rarmeéecdrfb_%hr‘by
preventing vapori zed-hydrogen peroxide fromdiffusing into the prefilled
cont ai ner. Packaging, Ah& Bystedy caprising -afed eetrembaami tHgnel gsiuéFed with ea ok ner

. q ; h |t Ceing: . L ¢ .
vari bl y gt ot e patecitn Bt g RREIS B b SR R Rheldidrs, ¢ e
prefilled coonfiguned ;toaldvérniably peodrate law-ai@rgy) betd068aTGCT(IIERACLAIO GO 11

sufficient a nt of beta radiatjon to decontaninate the.surface of  the
SUAbi 11 g o BlRtPhd et st i Rulatdht e o dBtae g copideh s drpeses to
depends on eRetbhi sddiessasd (fil@ppRCandadosidraek adfagddot hedtbe ckeasisiept t he
prefilled container such that beta radiation is allowed to penetrate the

secondary pagieage oileteeradivdiontipidgeaatnipatet the suiare|qf doe peaitliad montaiterel ds
the content ﬁ/h%gé?ﬁ Gﬂ'u? S[Jff@[@ﬂ?%i@)dﬂ%%‘f BetP Padigdr USYSHE DR HRPIHEKIGsE f ghal M 16
cording to claim e

or a kit ac , Whereln post-decontam nati on neasur
i ncl udes gasegdratamp packagarand .thd @hickness of the prefilled container, such that beta
15 radiation is allowed to penetrate the secondary package while the thickness of

the prefilled container shields the contents therein from beta radiation.

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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sufficient amount of beta radiation to decontaminate the surface of the prefilled
container, wherein the sufficient amount 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

5 thickness of the prefilled container shields the contents therein from beta
radiation.

20.A system according to claim 16 or a kit according to claim 18, wherein post-

decontamination measure includes gas plasma treatment.
10
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